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1.

THE ANTICENS OF SEIOELLA PARADISINTIRIAR,

Introdnetion.

The geous Shigella. as defined in Uergey's "Mamual of
peterminative Booteriology® (1), consists of gram negative non-
motile rods which attask a number of carbohydrates with the
formation of acid but no gas, and do not produce scetylmethyl-
eardinol, It imcludes all of the bacteris wbich ave definitely
known to be capable of causing dysentery in man. Bergey's Mamaal
subdivides the genus into species on the basis of the fermentation
of certain earbohﬂmtn. of which the most important are lactons
and meanitel). O, dysenterias, 5. ambigus, and S, somnel, three of
the four Shigella species whieh are accepted as stiologleal agemts
of dyeontery. ave homogemeous both blochewically and serslogiecslly.
Ths fourth, 35, parsdysenteriae, with which this paper i3 concerned,
differs from the others in being not completely homogeneous bio-
chemically and very heterogeneous in 1te antigenie characters,

Thie epevien, as defined in Bergey's Hanual, includes
the members of the genus Shigelia which fermend mannitel and fail
to ferment lactose, xylose and duleitol. The first deseription



of bacteria poa“um ruch ﬁuehmiml ahnmepn vas made by

Flexmer (2) $m 1900. ¥ithin the next few years eimilar strains

were desoribed by Strong (3) and by Hise and Russell (L). Teeause
both of the latter strains differed from the one deseyibed ty Flexner,
both in their antigens and in minor bi&ahuﬁiw respects, they wers
for many years eonsidered separaie species. The thres were, by common
sonsent, designated "Strong", "Hiss~iuesell Y' and "Flexmer® bacilly
rospoctively. Later more careful serological analysis entablished
the mﬂ:ﬁ@tz r&l&tie#shly between the strains, and their biochemical
dffferences wers found to De incomstani. The term *Flexner basilli®
was extended to incluie the *Hise-Russell ¥V and "itrong" bacilli, as
well as other ma@m«m and biochexically roleted straine. It ie
now used eommonly s¢ o synonym of S. pamdysmteﬁm. and will be ueed
in this paper in that semse.

Beoause of the extreme diversity of antigenie and bivchemical
characters which are found amomg different strains included im the broad
definition of the Flexner species, many attempte have been made 4o sube-
divide the species into biochemical or serologlesl warietics or rases.
dhc. attompts to create Miochemical varieties were made chiefly carly
in the study of the group, and mone was successful beeause of the in~
constancy of the characters on which the warieties Wwere baved. Antigenio
structurs was found to be much more stabls, o correlate better with
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pathogenieity, and to demonstrate more satisfactorily the
fundamental ulauénshipu batween all of the etrains of the
specdes, For many yesrs most smtu of the elnstrm@kiu of
the Flexners have bosn dased on serclogieal relstionships, with
biochemical charseters occupying a seoondary p}wm

Une of the earlisst thorough mm“ of the Flexmnesy
satigens was made by Andrewes and Inman (9) in 1919. They placed
933# of 116 ssmn iu one or another of § serclogical races, which
they called ¥, W, X, Y and Z. They aleo recognised 2 subraces,
Vi and WX. A1l of the straius were represented as containing
varying proporéions of V, ¥, X and Z antigens, the races being
named for the predominating antigen. The ¥ race was belleved to
connist of a falrly equal mizture of the antigens of the other
races, without amy specific antigen of 1ts own. The position of
the I rave was x-ﬁ in question. It was slassifted as a separate
mece, but was not as clearly defined as the V, ¥ and 2 moes., 9he
Vi subrace differed from both V and 4 in the relative proportion of
the two antigens, but absorption experiments showed 1t to be more
closely related to V than to Z.  Yhe UX subrace bors s similar
relation to ¥ and X, Andrewes and Immam believed that the
classification made by them included the major antigenic factors
found in their wveries of straine, but recognised the possibility
that others might exist,
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::‘am-:l. sfintlar annlyses wore made by other workervs,
notably by ¥ruse (6) and Y Sartorius and Replob (7) in Germany,
and by Acki (&) 4n Japan. liost of the races desoribed bty these
authors duplicated mw of Amh-em apd Inman, though each worker
used a different system of nomenclature. Kruse and Sartorivs and
Reploh glassified Vi as a separate race; divtinct from both ¥
end Z.

Yo new aﬂtsmw vaces were found which were gemerally
asccepted in the Engiish-spealring coumtries until the work of Boyd
(9). Ee found that of nearly 5000 strains of mannitol-fermenting,
non-lactose-fermenting dysmtery bacilli isolated in Indts, only
76% belonged to the Andrewes and Inman wages. A~ cxtended analysis
of the remainder enabled him to classify all but 1% of the total by
creating O new races. Three of thess, which he originally ecalled
310%, 7119 and BB, were clovely ralated antigenically to the Andrewee
and Inman races, though each possessed its own distinotive antigen.
Though the streins of the 58 race which were isolated in India were
blochanienlly typteal of the Flauner spscies, they vare found to be
identical antizeniecally with the "Hewcastle" and "Manchesterh
baoilli, whioch bad been described previously Wy Clayton and Warren
(10) and bty Downie {11) respectively, and which differ from the other
ébigcnu in produsing swell ssounte of gas from glucose. Doyd in~
c¢luded both the "Newecastle' and "Manchester' baeilli among the
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¥lexners, as membdors of the 88 race. The other new races, called
170, P28, b1, DIS, PIN3, and PI7Y, were serologically distincs,
possessing few or no sntigenic components in common with essh other
or the older races,

Boyd's findings have been widely confimed Wy other
workers, and rapresmtauns of most of the new races have been
ldentified in wamy parts of the werld., Boyd {Ic?ﬁ has proposed a
nev terainvlogy for the emtire group, in vhich roman mumerals apve
uwoed a® race names., His terwinmology., a® well as several others
vhich have been proposed by other wovkers, is given in Table I
at the end of this section.  He owits three of his mew races
from his ¢laseification bocause of thelr infrequent cocurrence, snd
places 170, P28€ and D1 {a & new species with the prtﬁx Boyd.

Boyd's work on entigenic variation im two of the new races,
which will be discusped later, led him to believe ‘th{w each Plexnmer
race contsined a speeific antigea and & serfes of group antigens, the
serclogical relationship between the races being due w‘ common £roup
lﬁtigma. ’!h deecribed several of the group antigens and designated
thes Wy arable mmerale. e 2lse prepared moncspecific ssrume for
several of the races by absorbing the group agplutinins and leaving
only the speeific ones, Ie omite the Andvewes and Inman reces X
and ¥ from his ehnaifimﬁu because hLe was unable %o prepare mono~
speeific sorume for them, sud considers them as group wariants of 3



and ¥ respectively. N

Two American workers, Theeler (13) amd veil (14}, have
recently published studies of the antigens of the Flexner specien,
including the new races described by Boyd. They both used the ,
 agelutinia absorphion technie, and attemted to prepare monospecifie
serums for eash waé. Wheelsr's conclustions agreed elosely with
those of Boyd. He wae able to produce monospecific serums of high
titer for ¥, U, &, 103, P119, and 86, but was wneuccessful in his
atteapts %o producs one for 7.  fhough he could absord heterologous
agglutinine from an anti=X serum, the $iter which remsined for © was
very low, He omitted X and ¥ from kis 1ied3 of specifie waces. He
also analyzed ths Flexner group antigems, identifying several which
hod bDeen deseribed Wy Soyd and three sdditional omes. Iie 444 not
rocognize the VZ and WX subraces, but divided the ¥ race fate two
subraces om the basis of different group antigene. The tomuinology
whtch he proposed, and which 1s given in Pable I s similar in most
respects to Doyd's, except that he ineludes in the peradysenterise
species the races which Doyd places im the Doyd species, and aleo
includes the thres rsces omitted dy Boyd. |

Weil's approsch to the prodlsn differs markedly from that
of Poyd and Wheeler. He considere all of the antigenic conponents
found in the velated races to be qualitatively equal, instiad of being
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divided into specific end group factors. The primary astigen of
one Frace appears as a secondary antigem in other races, according
to bis comeept. In this respeet he agrees with the prigiml theory
of Andrewes und Insan. Veil differs from all of the other workers
in finding ¥ to have a primary antigen and in considering it as o
true ruce. He alse finds a primary X antiges and producel mono~
spwzﬂek serwss for both X and Y.  The Vi and ¥X subraces are termed
dual races, containing two primary antigens. He deseribes two #m
dual mces, one baving X and Fl19 as ite primary antigens, the other
having Z and 105. vwell considers Wheeler's type stvain for the 103
race to be o £ =103 dual race, and Uheeler's type ¥V strain to be o V3.
His proposed terminology differe from both Boyd's and wheeler's,
becanse of the inclusion of X and ¥ as races. Ifke Wheeler, he includes
all of Boyd's races in the FMexmer species,

¥auffeann (15) moﬁ s vary emall mumber of strains, which 4id
not dnclude X or any of Doyd's races. e aleo apparently sroups
and ¥ together., He classifiess V as an incomplete variant of Vi, lack-
ing the Z antigen. He uses the same method in analyzing the Flexner
antigens as the one used for the salucnellas, assigning to each race
an antigenic formula, without distinetion betweem group and speeifiec
mﬂgﬁa. His momenclature 13 the one originated by Kruse, and
genorally used since in the Jerman literature.
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Another recently suggested terminology is thot of Neter
{(16). He compares the terminoloyy of several earlier smthors with
that of Boyd, and suggests » numerical nomenclature using arabie
numerals. Thie 1s eimilar to the later suggsstions of vwell and
Whesler in including all of the Hoyd races, but the mumbers do pot
corrvespond to those of any other classification.

Havdy (17) bas pu.'bl.tshd an antigenic analysis of the
Flexners based on differences showm by direct auluimiim' ‘minh he
considers sufficient to distinguish the races. fie worked vith only a
few wtralns, which 4id not incdlude any represmiatives of Doyd's races
or of any subraces.

The precipitin reaction has beom umed bw a fow workere as &
method of antigenic aualysis of the Flexner species. foebel, Binkley
and Porlman (18), by extracting the bacteria with glyeol or‘ preidine,
obtained sntigenic substances vhioch they characterise as lipocarbo-
hydrate proteins. They use the temm Yspenifie antigen® in referring
$o tho substancs, but their protocols indicate that both grovp and
spegific factore are present. 7The injection of an antigen prepared in
this way from a otrain of the V race resulted in the production of snti-
bodies both against ¥V and other races in much the same proportions as
those obtained by the injection of whole Wmcteria,

Gonssles and Morales Ctero {(19), using foruamide as m ax~
tracting agent, found their sxtracts to be markedly specific anti-
genically when prepared from freshly isolated cultures, Thay typed
896 cultures succssefully by the precipitin method, using unabsorbed

antiseruns,



The subject of S~R wariation among the Flexners bas been
stodied by Maclensie and Pitzgerald (20) end Macensie and Batt {21).
They eoncluded that the S~R change involved the asguisition of a new
antigen and the less of part of the original antigen of the § strain.

A different kind of waristion wes originally deseribed by
Takita (22) and later studled extensively by Doyd (9). Takita
found that cultures of ¥V, ¥ and % gave rive to two fypes of golondes,
One of these typee contaimed both fPovy and specific antigens and drod
true, while the other contained only wpecific antigen, The second
t7pe d1d not breed true, subculturee of the sriginal colomics giving
rise to o mizture of the two types, Boyd obwerved the save kind of
variation in two of his new roces, 103 and P119, mHe found that
freshly teolated strains of the 103 race were highly epeeific in
their antigenic composition. They were agzlutinated only sligntly bW
antiserums prep=red fram the V-i races, thoush antiserums produced from
103 etraine agglutinated the other races moderately well. After vary-
ing perisds of growth on sartificial media, a variant wa® produced whieh
was agglutinated strongly by the serams of other races, It also removed
agglutining for a1l other races from serums made from the original 103
strain, but left a high titer of sgglutinine for the original speeifie
103 strain. The original specific antigenic type, which Doyd ecalled
103a, continusd to produce variants, while the varisnt, which he called
1030, bred true. iHe belioved thst 103b had lost ite specific antigen,
with a consequent enhancement of its content of group aantigen. The
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behavior of the F119 variant was similar. He found that the b
variants of the two maces were sinmilar but not fdentical in thelr
antigene, and showed that they wers both slosely related to the ¥
race of Andrewes and Inman, He bDelieves ¥ ‘w be a b vartant of the
W. race, |

The distinotion between 103a and 103D i¢ commenly made in
the Zeglish literature, but in the imerican 1iteraturs the oaly refor-
eace to them is made in a recent article Wy veil (23). He reports the
fdentification of several straine of 1031b which haéd been recently isolated
from patients. All of the workere who heve studied the a=b type of
variation agree that 4t is different from the S~R vartation. Though
the b variants often produce larger and more irregular and opague
colonies than do the a strains, they do not sonform to the ather
eriteris of roughness,

Topley and Tilson {24) give & thorough ds.lmﬂm‘n! the
antigeniec structure of the Flexners and propose a tentative serologieal
claseification, Their claseification differs from Soyd's in includ-
ing X and in excluding the emtire 85 race on the ground that the non~
gaswproducing strains of this race are varionts of the aas-nrodueing |
Kewcastle and Wanchester bacilli, vhich they do mot coneider acceptable
nendere of the Flsxner species because of their blochemical reagtions,
Their inclusion of X is tentative, and they suggest that the fimal
classification of the group be postponmed wntil the status of % is

dscided,
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4 study of the conclusions reached by the authors whose
worlc has been reviswed shows that there ars several important
cugetions otill undesided. Thess may be sunmarised as follows:

1. The ouestivn whether all of the complex antigenic factors
of the Flexner reces are equal in quality dut differ yuantitatively
from one race to smother, or wvhether thay should be separnted into
qualitatively distinct speeifie and group antigens., Andrewes and
Inman, Kruse and Jeil comsider them qualitatively equal, while Boyd
and healer differentiste between group and specific fuotors.

<. The statue of the subraces, such a¢ Vi and WX. The smerican
Type Culture Collection and the Army Medioal School {perssnal
commnications) malke no distinction between them and nmormal strains of
the ¥V and ¥ races, Hardy and Sheeler do nst mention f-hn. though
?fhailar aotes differences smong the group antigens of strains of the
V and ¥ races, and subdivides ¥ on this dasie., Soyd etudied the V2
race separately, and Andvewes and Inman and Yetl give the subraces a
prominent place in thelr discuseione,

3« The status of the Newcastle~lanchester-83 etralins, Bavd
includes all of them among the Flazpers, as do Theeler and Teil.
Topley and Wileoom excluie all of them begeuse of the production of
gae by the ﬁm'klu and lianchester atrains.

Y., The status of Hoyd's races 179, F28E, D1, 119, PI43 and
PETH. Doyd and Topley and Wilson place the first three in a separats
epacies and do not elassily the others., sheeler, Veil and Yeter imolude
all of thes in the Flexner species, -



1z2.

5. The status of the X and ¥ races. Toyd and ¥heeler con-
ui&ar neither of them valid races. Veil considers both of them
true mm. and Toplay and Wileon believe that the status of I wye~
quires further examination, dut agres to the exclusion of ¥.

6. = The nomenolature of the races. Seven different systems are
being weed currently Wy inglieh and American iam,. and none of the
sgvan agroes exsctly with say of the others, ‘

The original purpose of the present study was the serological
classification of 17 locally isolated ¥lexner strains which had accuma-
lated in this laboratory over & period of years, ‘uﬁ. of 29 strainse |
shich had bash received from Few Sulmes in IS43. 4l1 of the straims
were biochemically typical of the Flexner species, and had been
isolated from casee of clinical dysentery, but their antigenic race
had not been determined.

As & preliminary to the ¢claseificaticn of these otrains,
several cultures of serclogically identified straine of all of the
races were obtained from various other laboratories to serve as
#type strains® for th- preparation of antiseruvus and as standard
antigene for the agglutination and agglutinin abeorption tests, It
scon became apparent that supposedly typieal etrains of the same ﬁma
received from rmxexwi sources were not always identical serclogically,
In some instances, notably among strains of the V asd 103 vaces, the
antigenic differences were very maried. m’asavnbnmuem led t0 an
extension of the original problem to include a detailed study of the
antigene of all of the races as represented by the cultures in guyr
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peuenuﬁn in order to determine which of the previously claseified
strains was really typical of each race ns described by the &m;
fnvestigator, and the antigenic besis for the atypiead reactions of
the strains which had bean alaaa'ific& a8 balouging %o the same ™en
but which differed antigenically from the type strains. Thirty=five
previously claseifted strains were used for this purpose, From
smong them & type strain was selected for sach race and sudbrace. .In
two instances strains from our inm collection were used o typa
straine, in one ¢ase becsuse no yrmmlly cﬁuﬁiu stratn of that
race ¢ould be obtained, and in the other becnuse our strein wes
identical antigentieally with a provicusly claseified one, and was
somewhat mors semsitive to mpeoifie agglutination., The study of the
atypical named strsine and the subsequent atudy of cur owm previcusly
unclassified strmine led o discoveries wiich seemed to portain to and
to throw some 1ight upon some of the controvereial subjects which were
lieted above in the ddscussion of the literature, The findings and
the conclusions derived from them are pressnted in the body of the
paper and in the accompanying tables.

Becanse of the eonfused state sf the nomemclature, the
original namss of Androwes and Inmam and of Boyd will be used throuwgh-
out the paper.
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fources of materisl.

 Herologically classified strains were received from
‘saveral sources. A number of straine from the Zritish Type Culturs
Collection were obtained through the courtesy of Dr. J. H. Glynr, and
othere direotly from the lister Institute. Two of Glymn's strains,
Oxford V and Whittington %, have the same strain namee as those used
% Androwes and Tmwen and ty Boyd. Dz, K. M. Yheeler kindly muplied
representatives of the Boyd races, and, in addition, duplicate straine
of several raoes ware obtatned from the American Type Culture
Csllsetion, from the Ary Medical Schbool, from ir. A. J, Weil, and
from the Parke~Davis laboratories. In all, 51 strains were investigated,
35 of them having already beem glmss:lﬂd by other workers, Seventaen
iscally fsolated struins and 29 imolated in New Guibhea Y Dr. Howard
Richardson were alse studied, ,

A list of all of the straines used in the study, with their

source and the ruce %o which they wers assignsd as a result of this f{n-
vestigation, i» ziven in Table 2. Strains selected as type straine
for each race are marked with an asteriek.
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Lathods

m"mmo modium ueed throughout the work were beef exiract
broth and besf extract agar. Antigens were prepared by imoculating
Hlake bottles of agar with young broth cultures and removing the growth
after 12 hours with physiologieal saline eontaining 0.3% formalin. ‘The
saline suspensions wers incubated fai 18 hours, tested for sterility,
then centrifuged snd resuspended 4m a suall amount of salins containing
0.55% formalin. The heawy suspensions were stored in the refrigarator
and used both an absorbving sutigens and as suspensions for agglutination,
For the latter purpose the suspensions wevs 2iluted %o o density
corresponding ¢o the BaSQ, standard mo. 3, (MacFarland Nephelometer).
fﬁieu stored heavy suspensions retuined their antigonic sensitivity for |
wany weeks, and provided a susply of antigen of untforms charscter for s
large neries of tests, |

Antiserums were prepared W imjecting radbita intravenously
either with formalinised ealine suspemsions prepared in the above manner,
of with young broth cultures preserved with O,3% formalin, Ordinarily
four &n&i&ttmc were givea at thres to four day 1@t-am1t. the anounts
of the injections being 0.25, 0.5, 1.0 and 2.0 ml, respegtively. The
animals were bled seven days after the last injoction and the serus was
prﬂarm by adding an equal quantity of glycerine. The titers of the
serume obtained vin this way varied from 1-2560 4o 1-20,000 after the
addition of the glyeerine.
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Agglutination tests ware performed by making serial dilutions
of serum in tudes and adding au smal quantity of antigem to nake a
total volume of 1 ml.  The fimal dilution of serum in the fired tube
w8 usually 140, and the dilutions wers oarried ous to the titer of
the sarum for the homologous organfsm. The tubee were incubated for
18 hours in o waterbath at 50°C. and examined immediately after ths in-
cubation period. The diter of the serum was constidered to be the higheet
dilution giving agglutination which was visible without the use of &
hand leaw. Physiological saline was used for waking the serum dilutions.
| adsorption tests were curried out as follows:
& portion of the heavwy saline suspension of antizen was pPlaced in a
15 ml, centrifuge tube greduated in tenths of ml., and centrifuged
for hslf an heur at approximately 2500 ¥o.  The supernatant fluid
was them disoardsd and the appropriate amouant of antiserum, @&lnﬁtd
1-10 with saline, wes added and thovoughly mixed vith the antigen.
Usually, & volume of bacterial cells aqual to one~half the valume of
undiluted antiverum was sufficient %o remove all agglutinine for the
absorbing strain. It was rarely necessary to repeat the sbeorptions,
The serumantigen mixturs was incubated for & hours at 37%C., e@tum
and the supernstant fluid tested in serial dtlution for the presance of
agglutinine, 'hem more tham ane absorption was carried out on a single
sample of serum, the same procsdure wee followed compegutively with the
different antigens, the partially absorbed serum mixture belng used to
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revuspend the packed bacteria im cubsoquent absorptions,

During the investigation of wariants, sutiseruns prepsred
from vhole eultures were absorbed with antigens made ty imoculating
flake bottles with broth cultures grown from single colonies, and the
ubsorbed serum was tested for agglutinine against the whole culture.
1f the single~oolony antigen removed all agglutinine for the whole
culture, the oculture was assumed to ﬁe antigemically howmogeneous, If
the single~colony sntigen falled to remove all agglutinine, the original
culture was plated out, a mumber of isolated colonies transferred to
broth, and sfter 1& hours’ ineubation, the living broth oultures wers
tested for agglusination wiith the a‘bmrm serum, Cultures which were
sggiutinated, and therefore differed from the antigen ueed for absorp-
tion, were used to inoculate Zlake bottles. Culturss of the single
eolonies of both antigenlc types were thes preserved by the lyophils
procese, The antigemic characters of the single-colony culbures proved
to be moderately stable, however, even when kept on agar slants under
ordinary laboratory conditions,

Antigenioc relationships between the Flexmer fnces a8
indicated by agglutination $iters in unabsorbed
antiseruns,

Each of the straine was first tested for agglutination in
anticorums of all of the races. There was marked ecrose-agglutination
among moet of the races, but a few of them were suffictently speeific
in their reaction to be dentified readily without the use of absorption
procedures, The titers given bty the antiserume of sach race with represents-
tive straine of all of the races are shown 4am Tible 3. All of the straine
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TITERS OF UNABSOREBED SERUMS OF THE FLEOIER RACHS.

Serum
Antigen ¥ ] A | Z 103a 7119 €8
v 2560 640 1280 1280 320 320 60 &
] 320 5120 - 5120 = 320 - ho
% 2560 160 2560 1280 1280 64O 2560 0
Y 2560 2560 2560 5120 320  6uo 1280 840
Z 640 - 1280 320 5120 & 1280 4o
1032 320 640 640 1280 = 2560 320 -
P119 &0 - 160 160 0 - 2560 -

-

8g - - - - - - 160 2860



16,

of the BE ruces were oo specific im thelr resctions that they wors
omitted from the later absorption studles. 2119 strains gave slightly
stronger crose~resctions, but were agglutinsted sivongly only by their

antiseruns,

¢ ais of Flemner Haces ¥V and VI.

; The lack cf standardisation of type straine 1s especially
ovident among ¥ and VZ straine, Though lnglish publications ordinarily
differentiate between V and V2, American mthﬁw. with the exception of
¥oil, d¢ not do so, and consider doth as V. Of U straine labelled V
which were received from differmmt laboratories, 2 proved to be VI, and
it 1o apparent from the protocels of ﬁwml recent publications that the
suthore werc using VZ etrains as type Vs, |

| The VI subrace was described ly Andrewes and Inmsn in their
monograph, and was distinguished from V Wy its relatively bigh content of
Z antigen. Andrewes and Inman found that & ¥V serum could be exhsusted
of all of ite agglutinine by euffictently large absorbing doses of Vi
antigen, but that V antigen could mot abssrb ald agglutinins from V2
serum, Combined absowption of Vi antiserum with V and 2 antigens 414,
in their opinion., give complete absorption, though in their work they
did mot ordinsrily atbtempt to obtain t’:mlaf. removal of all agglutiniue
from thelr sbeorbded serums.

T™he relationship of Vi to the V and 2 ruces wae aleo studied

by Boyd and by 7eil. Boyd found that a monospeeific V serum prepared
by his method a0till agglutinated Vi, but that a monoepecific 2 serum
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4%d mot. Vell did not attempt to remove V3 aggiutinine from either
his V or his I monospecific serums. Nelther Poyd mor weil tosted VI serume
by combined absorption with V and : suspensions,

The German authors, Lruse and Sartorius and Reploh, consider
Vi »s a neparate vace, whieh 1s called 4 in their synten of nomenelature,
Hauffonann claused his '9‘ strain as a sudgrowp of Vi, lacking one of the
antigens present in Vi.

¥e studted U strains labelled ¥ which were received from
other ladoratories, Two of thn« wers found te De Vite, the other 2
wore true ¥ straine, One locally teolated Vi otrain, and 1 V and &

Vi strains from the New Gulmea collection were also studled.

The agglutination reactions of the V and VEZ etrains and
sorums amd the resulte of absorption of the twe serums with wariocus
antigens are shown in Table 4. The differences in the antibody content
of the m seroas become very evident after the serums sre sbsorbed with
% and ¥ antigensn. The antigen responsibdle for the cross=agzlutination
botweent Vi and i was shared by the atypical 103 strain 570, as was
shown by both Theeler and Weil. Absorption of Vi serum with sither 2
or the 570 strain removed agglutinins fox both, but mo other antigens could
remove agglutinins for either from VZ serum,

The only umexpected results of the analysis of the V and VI
strains wers obtained in our attempt to :l.mnmm the i1dentity of the
specific components of the two types, It Bas hesn generally assumed
since the work of Andrewes and Imman that the came specific V antizen



TABLE 4

DATA SHOWING TEE COMPARATIVE ANTIGENIC COMPOSITION OF FLIXNER RACES
s, Y _AND V2

1 Agglutiﬁin titers of unabsorbed serums of the FPlexner vaces with Vv
and YZ suspensions.

_Serum
Antigen ¥ V2 W X Y 2 103a 103b Pi1
Oxford ¥ 2560 5120 6W0 1280 12 3 3
O'Hara V2 5120 10,240 640 640 64O 2560 160 2960 320

11 Agglutinis titers of V and VI serums with antigens of the Flexmer races.

Titer with Antigen
i

Serum Y2 W X Z 103a 103D

oxford V 5 2560 2 3 12

O'Hara VZ 5120 10,240 80 1280 2760 2560 160 1280 -

II1 Agglutinin titers of ¥ serum after absorption with X, Y and V2
mﬁigﬂi!.

| __Titer with Antigen

Oxford V serum ¥ vZ2__ X 1 2 103a 103b P119

absorbed with

X antigemn 1280 1280 160 =~ 640 - - 160 -

¥ # 1280 1280 =~ &0 - 1o - - -

Y B 6}40 6"‘0 - - - - - - o=

vz 4o - G40 640 O B0 1280 WO

XeY+V2 - = s - - - - - -

IV  Agglutinin titers of VZ serum after absorption with X, Y, V and 2

antigens,
Titer with Antizen ‘

0'Hara VZ serum ¥ Z__ ¥ p 4 b 4 x i03a 103b
absorbed with
V sntigzen - 2560 ~ ho - o - -
Y o 2560 5120 - - - 2560 =~ -
Z 2560 2560 80 - 80 - 50 160
Wz " - b40 = - - - - -
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is prevent in both V and ¥’ races, and that V% etrsine contain no
sutigen which i» not shared by eoither ¥ or z stralns., If this
assumption ie correct., it should be poseible, after removing all
agelutining except the specific 7V agglutinin from V serums by appro-
priate absorptions, to abeorb all of the reasining agglutinins fros
the serum by sbeorbing 1t with V2 suspensions. Tt should alse be
paﬂmia to remove all agglutinine from VI sorums by nhmrpﬁén with
¥ and Z suspensions,

Two ¥V antiserums, prepored from different straine, were
avsorbed with X and ¥ antigens, which removed a1l agglutinine axeapt
those for V and Vi etrains. The absorbed serums were ﬁmx absorbed
with Vi suspensions., This procedure removed from the serums all de~
tectable aggiutinins for our three ¥ strains, and demonstroted that
the specific 7 antigem was present in the VI strains, as had deen
assumed.

T V2 antiserums were absorbed with ¥V and % suspensiens, all
agglubinine Jor ¥V and I strains, as well as those for atratns of the
other races and subysces, wore removed, but o moderately hizh titer of
agglutinine for Vi stralne remained. The experizment wue repeated ltmr-l
timee, with three differemt V2 seruns, with the same resulis,

Two interpretations may be offersd for the resalls which were
obtained, The first, which i» in agreement with the usual concent of
the structure of the V2 race, is that the results wers dus to purely
quantitativae éitfarm&a in the amounts of speoific V antigen present
in our strains, and to wrwgmaug differences in the spscific antibody
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content of the serums, Jf the ¥ straine which wers used as antigens
for agglutination snd absorption were wmeually low in their content of
specific antigm and sur Vi straine ususually high in their content of
of the same sntigemn, it might be possidble for V2 etrains to remove all
of the specific antibodies from & V serum without the Vv strains badng
able to produce the same result in Vi serums, In favor of this imter
pretation 1s the long period, at least 25 years, uhich has passsd since
the original isclation of the Quford V strain, our type strainm of the V
race. Such a pericd of artifielal cultivation may bave caused s do-
creace in the content of speecific antigen. Nuch shorter periods have
been sbown Yy Hoyd to result inm complete loss of specific antigen by
strsins of the 103 amd F119 races. Alse in favor of this Interpretation
is the relatively low level of residual agglutinine in the absorbed V2
serums, The titer of the residual agglutinine varied in different ex-~
poriments and with different serume from 3 to 124 of the origimal titer
of the serum, Andreves and Inman considered theiy absorptione uup!at'w
oven when a small percentage of agglutinine remained in the serum,

The seccond interpretation of the differenves in the resotions
of absorbed ¥ and VZ serums is that VZ straine contain, in addition to the
spegifie V antigen, wﬁar which is different from mny found im typlcal
etrains of the V mdba races. This interpretation ie cupported by several
cbservations. First, residusl agglutinine for VZ suspensione comld be
Gewcnetrated consictently n all three Vi serums which were mhd; The
agzlutinins resctod againet all 7 Y2 straine in our colleetion, though at
least one of the straine had been growing umder laboratory conditions for
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nine years, One V strain, and 2 2 strains which had beem isclabed only
two years previously failed o be agglutinated im a 1+20 dilution of
absorbed Vi serum im which the $&ter for 72 streins was 1~64C, Absorb~
ing doves of V and 2 antigams of more then twice the smount needed o
Femove complotely all agslutinine for the absorbing strains failed to
lower the $i%er for Vi suspensiond, Though the residual %iters wars
low when considered a® percentages of the origimal titer of the seruue,
they woere equal to those remaining in sompletely monospesific L esorums
when these were evaluated in the same way.

The coneclusion which was drawn was that our Vi straine ponsessed
s specifiec antigen which was ot present in the V or i straing which wari
examined. The emall mmber of strains and antiseruns which were awailable
for study prevent our mmiring a more gemeralised stotemant, in exanination
- of many more strains bty other investigtore will be necessary in crder to
deternine whother an individusl antigen §» characteristic of V7 struins
4n general, The marked differences in the minor antigens of ¥ and V2
strains, vhich are shown by our results ae well as the previcus work of
Andrswes and Inman and of Yeil, jJustify o diatmtim betweon the two
types on that basis alone, even 1f differences in specific antigens are
not found to be conetant.



23,

Antigenie gualysie of the Flsxney Hacse ¥.

$ight of the seventeen sirains isolated in this community were
found to be members of the ¥, race. The locally isolated etrains as well
a8 the one selected as & type strain corresponded well with the usual des-
eription of the race in regard o their agglutinabllity in the serums of
other rages, Thelr crose-reactions with other mces are shown in
Table 1.

¥ antiserums absorbed with ¥ suspensions were found to
agglutinate only mesbers of the ¥ race, demonsteating that all of the
heterologous anbigens of the ¥ simains wevs pressnt ia the ¥ race. This
{8 in secord with the results of Boyd and Wheeler, and with Hoydls theory
that ¥ 49 the group veriant of @, Five antiserumns which were teeted waried
markedly in their residual $iters for ¥ strains after absorption with Y.
In one of the scrums the titer for the homologous strain dropped efter
ihutptinn from 1-10,000 to 1-320, in another from 12560 o 1~160. The
other serums 444 mot show such o marked reduction in titer. Since all
of the strains used in the preparation of antiserume bad Deen isvlated
many years previously, the resulte wers interpreted as indicating a
reduction in their content of specific antigen end & proportionate in-
create in group antigen which brought them closer to the antigenie com~
position of the Y race. $4ince all of them were agglutinated to some
extent by serume from which all sgglutinius for T had besn removed, they
had not lost completsly the specific characters of their mace.
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The "X subrace was firset described by indrewes and Inman and
was discussed reomntly by Vell, sho bBelleves that it corresponds with
Yheeler's subgyoup IIb. fThe only strain ia our series which seems to
belong to the 7% subrace 18 X Toner, which was received from amother
laboratory as & typieal 5. It differesd from the cther I strains in its
strong crose-agglutination with 7 and wae considered by us to be a WK
for thie reason, Ite agglutination reactions in the antiserums of other
roces were identical sith those of X stralus excapt in ¥ antiserum. The
WX strain reacted to titer with W antiserum, and ¥ straine rescted to
titer in eerum prepared from i, whereas our i stvaine.and serums gave
uo gross~reaction «t all with ¥, The antiserum prepered againet the WX
strais agglutimnted all vof our stralus of the Flemer and Noyd races
which have common aniigenic components, with tha exception of those of
the 86 race. With $his exception, 74 antiserum served as an excellsnt
"polyvalent® astiserum for all of the races. |

Then the WX strain was tested with absorbed serums of other
races, 1% reactoed like a mixture of X and Y. Neither X nor ¥ was
ordinarily capabdle of removing agglutinine for ¥X from serums of ath#r
races, Absorption of such seruws with X would usually leave the titers
for X and ¥ relatively untouched, and absorption with Y ma leave
corresponding titers for T and Wi, ¥X suspensions, om the other hand,
could always adeord sll agglutinins for both X and ¥ from heterologous
serums, WX fallsd to absord agglutinine conmpletely from X, ¥ and W
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antiseruns, ‘bnt it d44 reduce the hamologous agglutinins $o & very
low level. .

Helther ¥, % mor ¥ was capable alone of exhausting the WX
serum of agglutinine, Several combinations of absorbing antigens, how
ever, readily removed all agglutinins from the serum, %% and ¥+% both
being effective. Table 5 shows the principal reactions of the WX
strain, '

The behavior of this stratn seems to be moet effectively
explained on the busis of Boyi's theory. It behaved consistently 1tke
& pure "group phase" organiem. The high ‘mntqui of group antigen
related both fo i and to ¥ cculd account for 1te marked agglutivability
in heterclogous serume and the strong agglutination of other organisms
in 4t9 serum, b8 lack of a distinetive specific antigen ie shown Wy the
ease with which different eembinations of hetsrelogous antigens were
able to remove agglutinine from & WX antiserum. The relation of X and
¥ antigems to the group~specific theory #ill be discusesd more in
detail later in thie paper.



TABLE 5.

DATA SHOWING THE AWTIGERIC COMPOSITION OF THE FLEXNER SUBRACE WX

I Agglutinin titers of unabsorbed serums of the Flexner races
with UX suspensions.

wE antiﬁm

I1. Agglubtinin titers of WX serum with antigens of the Fiecxner races,

Titer with_m_ggn

: 2 103a 103b FPll 88
¥E serum Iﬁ iﬁ.?@ fﬁ 240 5'3.20 Eﬂﬁ 2560 2333 ET% o0 =

1XI. Agelutinin titers of wx serum after ublorp!ss.an with antigens of
Flexner races.

__Titer with intigen

WX serum Y 1 [ A S 103a 103b pi19
absorbed with ,
Z antigen _ 160 640 B4 -~  6ho ko -
b " 320 - 1280 1280 1280 1280 320
Y " * - 320 640 - 64 - - 320
%4 o - - - - - - - - -

L] - - - - - - - - -

11_*"_2.




e

gis X,

Five X straine from different laboratories were studied.

Oue of thewe, Toner X, has already Desn discussed as a WX Another,
“PDs will be dioccussed in the chapter on the Arnold subrace of 103.

The other three straine were closely related to each other, Two of thom,
X London and 7 Weil, sppeared to be identios) in their antigens, The
third, IATCC. differed slightly from the others, Its resctions w11l be
desoribed later. The reactions of the X London stroin and the anti-
serun prepared from 1t are shown &n Table 6.

e statns 52 O X os s ﬁﬁw‘fé'i & subject of a great deal
of debate axong varlous worltere. Andrewes and Inman reported 1t as a
separate race, though they found it lees sharply defined than the other
races. Doyd doubts its status a® & true race, since he was unabdle to
prepare satisfactory monospesific seruns for it. In his lstest pudblica~
tion he stated that he believed 1t t0 e am incomolets wariant of 2¢ but
ke bas not yes published his ressons for this souclusion, Yheeler leaves
its status i doubt, finding that thoush 1t was possidble $o prapare
monospecific X seruns, they wers left with a much lower titer than were
those of the other races. iell considers it & walid yuce, and appears to
have been able to produce eatisfactory momospecific serums for 1%,

Gtudy of the wtrains in this collestion leads %0 a conclusion
more in agreeuant with those of Boyd and Vhesler than that of Weil. The
antigenic composition of our X strains is comples, M share sntigene
especially with the V, Y and Z races. Hone of these races slone could
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absord all agglutinins from londen I entiserum. A comdined absorp-
tion with ¥ and %, however, lowered the $iter of the seyum 0¥ X
strains to 1~80, This vesuls, together with the sivong sgglutination
of £ strains in serume of other races suggests thet X 42 & raos with
largs quantities of group anbigen and 1ittle or mo specific antigm.

~ The XATCC etrain showed soms evidence of un antigen met
possessed by the other two straine, It reacted in heterologous
soroas mio X London m'y ¥eil, since sbsorption of the saruvms of
the other Taces with any of the thres X straius removed agziutinine
for both of the others, XATOO also completely abuorbed aggiutinins
was absorbed with cither of the vther tw strains, variudie results
wers obtained, On ene cceasion, sbsorption with X londom remuved
agglutinins Yor X London and for 7 ¥eil, but left & tiser of i=320
for IATCC. The origiml $iter of the serum was 1-20,000. "ho the
sboorption was vepoated, using & #ligatly larger abaorbting doss of
F 4 m the titer for IATCC was redused to 1=20, Absorption with
7 #eil removed al) sggiutinins fron the ZATCO serum. In both of the
experinents in shish agglutinine for XAPCC remained after resoval of
those f& the other strains, ﬂu 57 %oil wirain, shich wve belleve $o
be & 119 =1l aa smsually lavge group sadigem content, wes agglubis
ated to the same Fi%er a8 XAFCC. Siuce the residual $iter was wlways
lov and eculd not be demmsiveted consisteatly, 1t was interproted
as being due to & slight difference in the relative proporticas of
the antigems present in the thres strsins, rather than to the pressmce
of & qualitatively different autige in the IAP00 strain. Thoe reactions



ZABLE 6.

DATA SHOVING THE ANTIGENIO GOMPOSI¥ION OF THE FLEXWER RACE X,

I. Asglubinin titers of unabsorbed serums of the Flexner races
with X suspensions, .

e s

b e

Londoa T ¥ W Wi X T B 30ia 3030 PL1Y &8
X antigen 2560 1280 160 5120 2560 1280 1280 0.0 2860 80

I, Agelutinin titars of X serum with antigens of the Flexner races,

11l Agglutinin titers of X serum after absorption with antigens
of the Flexner races,

London

X serum pb~ Piter with Antigen "

sorbed with Y T ¥ SR Z__103s _ 103b Pl119
% antigen ® - & 2“33 60 - - <

¥ # 4o 320 - 320 - - 80
'x ] w - - m - - - ™ -

} £ # ol - b 80 - - - - -
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of our X strains in a commpreial “monocspesific X seran® suggest
fhat the “epesific’ agglutinin of this serus fs of a similar char-
soter. Only ene of cur etrains, 7 Well, wae agglutinated well by
the serum, X Tondonm was sgsiuntinated slightly, and the XATOC strain
was mot agglubinated at all.

Antigenie Analyeis of the Fiemor Bace I.

The ¥ race has besn generally comsidered to lack a distinet~
ive antigem, or, according to Noyd's concept, %o be a pure "group”race,
¥eil is the only worker who had claimed $0 bave found a distinctive
antigen for ¥. In this series, two Y strains were used., They appearsd
to be tdemtieal ia all respests, and gave complete reciyrocal abserption.

The most notable feature of our X sntissrums was the ALFFI~
culty of absorbing all heterologous agglutinins from them, Antigms
of all of the other races, except F119 and 88, were agglutinated well
W Y serum, ut nene of them could remove more then a small fraction of
the aggiutinine for other vaces from the serum, Seversl comdinetions
of absorbing strains vers used. In several cases three or four differ-
ent antigens were used onm & single sample of seywm, without complete ab~
sorption either of T sutibodles or of these for the other races. Oom
bined abdbeorption of & ¥ serum vith Oxford ¥, the Zook strain of the & race,
and the 2003 strain of the 103 rece lowered the S$iter for ¥ frem 1-5120
to 1~160, bub left a & Ater of 1+80 for W, and 140 for X steains, This
experience differed markedly from that meoumtered with serww of the
other races, in which & combination of twe antigens ususlly succeeded
is adsorbing all heterclogous agglutinins, The conclusion dvamm frem
thase results was that the ¥ strains hed an wmsually complex antigenie
structure, comtaining group elaments common t0 all of the other races,
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but no speeific antigen of its om. This 48 in agroement with the
conclueions of Andrewes and Immsn, Boyd and Theeler.

In & commercial "monospecific ¥ serum” both of our ¥ strains
wers agglutinnted, but a sirainm of 103b and the WX strain were also
aaluﬂhtw&g indicating the presence of a group sgelutinin in the

l‘!ﬂ’iﬂ.

Antigenic Analyeis of the Flexner Bage Z.

B . AB ah

tares siralns representative of ke I ruce were obitained
frem other laborstories, and 4 loeally isclated straiue and 2 from
Hew Guinea were included im tho study. The etraim called Vhittington 2
was used for most of the abuorption experimente and for preparing an
antiserun, A serum was aleo prepured from one of the looal strains,
Sool, since it 4iffored antigenically from Whittington 2.

The race was found to w a distinet and homogeneous one,
though some strnine wers Bot agglutinated in as high a titer as others
by serums of other rnoes, The rme'ziam of Shittington Z and JZook are
shown in parte I and II of Tudle 7. The degree of agzlutination of
other races Yy the £ seruns wae wuch more marked than that recorded W
Boyd, though he also used Whittington % ns n type strain.

The heterologous sgglutinine nf the Whitsington serum were
related chiefly to X, VZ and te ¥heeler's strain 570, which is am atypical
meber of the 103 race. The X component was distinct from the other two,
while the Vi and 570 components were very closely related $o each other.



30.

X was the most efftcient of the three in removing agglutinins of So~
tally unrelated reces from & anbiserum, but was entirely ineffective
against the ¢ther two maln componemts. Absorption of I serum with
elther VI or the 570 strain markedly reduged the titer for the other,
but did not affect the X component. All thres of the components could
be romoved by absorption with the three antigens, leaving a serum eom=
pletely momospecific for L, demonstrating that neme of them contained the
specifie Z antigen. Part III of Table 7 shows the results of absorption
of a Phittington antiserun,

A1) 9 of the I strains which were examinegd -m egglutinated
squally well Iy monospecific L serum, and therefore eontatned the sawme
speeific antigen, They aleo were agglutinmated to the ssme titer Yy un~
absorbed 2 serums prepered from three differemt strains, Two of the
straine, Hess and Zook, were fdemtics] vith esch other, bub differed
greatly from the others in their sminor sntigenic components. The Zook
strain was ﬁhﬁd in detail. &y plating out the original culture and
exanining antigmme prepsred from single colonies, 1t was shown that the
eulture was compoued of & miztare of two antigenic types, ome of which
was identical with Whittington, and the other, which predomimated greatly
in the original culturs, had an entively different proportion of minor
antigens, An sntiserum was preparved agninst the antigenie form which
differed from Whittington. The reactions of Whittiagton and of the
entigenic form of Zook which differed from it ave shown in parts 2, 11,
and IV of Pable 7. It can be seen thad thoush the mly wnabeorbed
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sorume whoue $iters with the two suspensions differ significantly are
those for T and 103a., in absorbed serums of ¥, 1 and ¥, and in the tw
% antiseruns, m:u are strixing differsaces in the reactions of the
two strnine, |

Sivce the differences in the serological reactions of
Wbittington and Zook do mot involve o loss or even a decrease in the
amount of speoific antigum im either of them, neither represents the
group phase of the race, 7The warisilon seeme explained best on the
baais of o difference in thelr smounte of I and ¥ growp antigems.
Thittington condalne a much Ligher proporéion of the X greup factor,
and nla.ﬁnxi much less of the Y group factor than does Zook. leil
also noted that the Z strains studied Wy him varied inm theixr d»rree of
relationship to ¥,

fSeven of the 9 strains sindled were similar to Thittington
in the proporiiens ol the abuve two factors. Theve was no correlation
betwean the length of time since the itclation of the umtkzi and theiy
mntigenic preportions.

The problem of the relationship of the 4 race %o tha Vi
subrace and stroine of the 103 race such o the 570 strain is one which
needns clarification, Strains delonging to the VI race sre sucountered
frequently, Judging from our expevience and from veports of other workere
w0 have differentinted it from V straine, "hether 103 straine with
marked antigenic relstionship %o % are an commom as Vi strains sannot
yeot be dotermined. Several sidely different methods of preparing
monq-peeﬂm % serums are im curremt use, DBoyd's method of preparing

puch serame removed agglutiniane for 7S, Wheeler's method remows



1. Agglutinin $iters of umabsorbed werume o.f ths Flemer races with
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agglutining both for ?32 end for 570, Veil's method leaves agglutinins
for both of the subraces in his monosnecifie Z serum, His method hae
the edvantage of differentiating such straine from those having the
usual ¥V and 103 aentigemic character, and also eliminates the extra
abeorptions néaessm to remove agglutinine for them from Z antiserums
However, since agglutinins for such strains can be removed from Z
serums and a satisfactory titer for straine of the Z race retained,

it seems very doubtful that their relationship to the Z race is
through the specific antigen. If this is frue, an antieerum which
sgglutinates V2 aad 570 canms
serum, It‘teux highly desirable that absorbed serums to be used
for ths i&sati;ﬂmtim of the Plexncr races should be standarcizcd as
to agglutinin content so that the term "monospeeifie’ should represent

the same definite factor for each race,

4ntigenic Analysis of the Flexner Bace 103.

Boyd'z 103 race proved %o be the most complex of the mceﬁ
which we studied. ¥Four supposedly typical straine of 103 obtained
from different laboratories proved %o be dissimilar in many reupects,
and all of them reacted much more #trongly in antiserums of othsr races
than 444 the strain originally described by Boyd. Since all of them
contained a similar predominant antigen different from those of the
other racss, it was assumed thai this factor represemted the eiisﬁimt—

ive antigen of the 103 race. 103 ATCC, one of the two straine in which
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the distinctive antigen was present in the largest amount, was chosen
as the type strain of 103a.
Since we were unable to obtain s styain classified as a

103b, an attempt was made to find one among the 103 strains which
were available., One of them, 2003, appeared at firet to fulfill mat
of the requirements of the 103b variant. I% was agglutinated more
strongly by serums of the other races than was the 103a strain, and it
was able to absord all heterologous agglutinins from 10ja serum without
markedly diminishing the titer for 103a. It%s chief difference from the
reactions deseribed by Boyd for 103b was ite lack of close relationship
for Y, a character which was stressed by Boyd. Absorption of either
103a or 2003 serum with ¥ failed to lower the diter for 2003 %o a signi-
fivant extent, and 2003 was unable to absord all agglutinine from & Y
antiserun,

| By the selection of single colonies, s varlant was isolated
from $.c 2003 strain which conformed more nearly to Boyd's description
of 103b. The variant removed all heterologous agglutinins from the
serums of 103a and 2003. Agglutinine for 1% in 103a and 2003 serums
were renoved ly adsorption of these eerums with Y and absorption with Y
of & worum prepared from the variant removed all tut traces of agglutinins
for other races and reduged the titer for the variant to 3% of s
original value. Thevariant was not as effective in removing agglutinins
from a ¥ antiserum, but it 4id remove heterologous agglutinins and lower
the titer for T to a greater extent than did any of the other absorbing
antigens except WI. The variant was 'ﬂ.:urﬁfari selested as the 103b

type strain,



Comparative reactions of the 3 strains, 10ja, 103b and
2003, are showm i‘a Teble £. The results indieate that 2003 stands
midwey botween 103a and 1030 in its entigenic composition, containing
lens specific and move group antigen than 103a, but retaining en
appresiable amount of specific antigen whioch is totally lacking in 103b.
SMKC colony antigens of 2003 which were not of the pure 1030 antigenie
strocture were like the parent sitrain in their resctions,

Whesler's wtrein 570, shich has slready been discussed in
connection with the i race, differs from all of the strains shown in
the table, It is not entirely homogeneous, mﬁu rise to ocolonies
which differ in some of their resctions, but sinos the differences be-
twegn them wore not as striking or as consistent as thoss shown bty sther |
wariants, they will not be anslysed im detail. The reactions of the 570
strain in unabsorbed sorums and the $iters of 570 antiserum after absorp~
tion with relnted antigens sre vhown in Teble 9, 1¢ will be noted that
crose~reactions betwemn 570 and other races are very slight except for
thoss with V2, 2 and the 103 strains. The compoments whioh 70 shaves
with VZ and 2 are similar, though not identical. The reasons for com
sidering them group rather thas specific components have alveady been
uumm in the seotion on the £ race. The 103 compoment is slearly
s spegific one, since 570 serums can be absorbed to leave only agglutinins
for 103e dnd S70. The agglutinine for 103a cannmot be removed from such
an adbsorbed serum without removing those for 570 as well.
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: Agglutinin titers of unadsorbed seruns of the Flexmer races with
570 antigen.

IT.  Agglutinin titers of umabsorbed 570 serwm with antigens of the
Plexner vaces,
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S%udy of the streins described adove, s well as those
vhich will de discussed in the following seotion, indtcate that the
1035 race is mere complex than Boyd's desoripiion shows. m change
from the specific to the group form iz not always as complete as that
represented b the 103a to 103d type of reversien, since the 2003
strain demomstrates a pardlal chamge, with the retention of part of
the charactarietios of doth 103a and 103b. The intermediate character
of the antigenic structure of 2003 &5 not dus to a mixture of ocolenies
of the two types, since single~colony antigens bave ths same structure
a5 e parent strala. The alteration in the antigwmic patiern of the
race whick {s found in the 570 strain is entirely d4ifferent from the
103a to 103 varfation. The 101b antigens are very weskly represented
in this etrain, vhereas the group antigen shaored with 2 4¢ the dominant
faotor in i%s group antigen comtent. Still another ﬂlﬂ of the
antigenic complexity of the 103 rece and 1ts capacity for different
antigenic combinations will De discussed in the following section.

Five strains, U4 of which wers isolated in this hﬁm:m,
showsd characters vhich set them spart from the others being studied.
Their chief distinction was their capacity for antigenic wariadion.

Three pheses were found during the course of the investigation, two of
thes indistingaishable from the X and 103 weces respsotively, and the
third a combination of the other two phases. In this phase thess organ-
iems differed from any other representstives of the nﬁw or Boyd races
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i our collsction in thelr combimetion of major snd minor antipms,
Though the mjor antigen of the § strains ;laces them in the 103
race, the appeavancs in the suwse cultures of pheses representing s
complete change in g roup anbigens is sufficlently usasual to warrsnd
& deseription of their bihaviorw,

Tares of the steuine, Armold, Eerr 8 and Xerr J, weve
studisd YW direst agglutisation ot the time of thely fselation, The
other $wo sbruins, Vinton and IPD, had beem growing en artificial
uedia for sevaral yesrs bDefore belng studied. Al of the ntraiss
showed evidenes of lack of antigenic homegensity st the time they
‘were fivet studied by we. e vriabllity of thetr mntigmic stroot~
ure was fired noticed in their reactions to direct agglutination
with seruse prepered from the Asdrewes and Tmman yaces. intigens
vere prepored Yy suspending ager slant cultures in seline, Bus~
mammummmummmummum
with antiseryes of the Vi, Y and & moes, and $o 39-90£ of the
ﬁtwwmt»x-m Suspenslons prepared in the came =y fyom
mmmaumwmmmmaumwmmmw
¥.T and 7 antiverams % ttere approximating shose for the homologows
reges;, tub withoud belng sgglutinated completely even in low dflutfons,
"hen sntiges were prepared from subsultures of eingle golondse,
sleapegut differences were obtained, antigens osrigimsting from some
colonies wore agglutinated in Migh ddlution by v, ¥, and & antissrume,
those from othor colontes only in low dilutions, but in &)l eases
agglutination, whem 1% oscurred, me cloar=cut and complete, e
astigmic étracture of the culturss ordgisating from single colonise



remained comstant for many weeks, maling 1% pnit!.hl-o to study
them 4n detall. Colonies having the sotigenic structure which
will be called phase 1, and others having the strusture called
phase 2 were found repeatedly im all 5 strains, Fhase § has been
found in four of the five strains, Arnold, Eerr 8, Eerr J, and
Vinton. The Arnold strain was ueed as the type culture for the
subrace. In each of {38 phases it wad apparently ifdemtical with
similur phates of the other strains,

Suspensions having the antigmic structure of phase 1
vere charasterised Wy their fatlure to ngglutisate in T sntiserws
in & dilution of 1~320., leter, eolonies were vonsidered to bde
in phase 1 1f antigens prepered from them vere agglutisated by &
phase 1 autiserum absorbed with X, and falled to sgglutinate in an
¥ serum abeorbed with phase 1 antigen, ' |

The agglutination reactions of phase 1 sntigens in un~
absorbed verums of the Flamer races ars shoun in part 1 of Table
10, and the reactions of the Flemer races in phase 1 sntiserum are
shown in part II of the same tabls., I8 #ill be moted that theough
the phase 1 suspensicn ws agglubinated to 255 or less of the tisere
of all of the Flexner serums except that of P119, all of the Flexmer
antigme except ¥ were sgglutinated to relatively much highor titers
48 anti-phase 1 serun. The aces o which phase 1 strains showed She
closest relationship were X, 103 and F119. Antiserame of these
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Taces wore absorbed with phase 1 antigen and aleo with antigens of
other races showing antigenie relationship to phave 1. Phase 1

serum was aleo absorbed with antigens of the other yeees. The re-
sults are shown in part IIX of Table 10. Only the resctions of the
racss most elowsly related to phase 1 ave recorded 4n the tadle, though
all of the straine used in the investigation were tected. It will be
soted that phase 1 was not affective in removing aggiutinine from any
of the serume prepared from other races. In 10 cese did it markedly
lower the titer for the bamologous antigen, or remeve all heterelogous
agglutinins, Yts officlency Ao sn absorbing agent was no$ greater
than that of several totally warelsted races.

‘The close relationship of phase 1 o the 103 yeeo was the
moss striking result obteined from those esperiments. Though 1% was
not aggintimated t0 o high %iter in the unabsorbed serums of 10ja
and 2003, and though 1t did not absord agglutinins fvom these serums
sffectively, it proved to De impossidle to remove agslutining for
phase 1 frem the 103 serums by abeorption with any other race, oF
with 103%.  Absorpiion with efther ¥, WX or 103D removed all aggluv-
tinins from 103 and 2003 serums exoept those for 103a, 2003 and
phuse 1. The titer for phase 1 remained almoot as high as that for
the hemologous strain. Agglutinine for phase 1 were removed from 10%
seram only W absorption with 2003.

e adsorption of phase 1 antiserum, shown in part 111 of
tadble 10, gives further indieation of the antigenic relationships of
the races under dlseussion. Nome of the i muces whose sbscrptisn
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reactions are showa in the tabie removed all agglutinins frem
phase 1 antiserwm. Combimed absorption with X London and 2003
completoly removed all agglutinine except those for phase 1, and
reduced those 8o a low level. The resulte in repested teste varded
botwesn complete absence of agglutination at a dilution of 140 and
partial aggiutinetion omly in a dilution of 1~80. ¥¢ waw dseided
- that if euch aggintinine represented o speeific antigenie factor,
1% played & very minor role in the entire antigentie complex of the
strains. For practicsl purposss, the antigens present im phase 1
were all represented sither in the X wace or in 103, with those
related to 10% badng the mjer smes,

Phass 2 colonies of the § stmins were differentisted from
those of phase 1 Wy thelr ability to agglutimate in anti~¥ serum in
& dilution greater than 1-320, iy their agglutimation in X mﬁtxw}
absorbed with phass 1, and their failure to agglutimate in phass ]
antiserum absorbed with X, l Mrect agglutination with antisernns of
the Flexner races, absorption of Flexner antiserums with yluu 2
antigen, and, fimally, reciproosl absorption betwesn X lLomdon and
phase 2 proved that phase 2 was antigmically fdentical with X Lenden.

Foane 3 was detected late in NMM*&M experinents
and hat at present been found in only B sivains. Colontes which
yielded antigens with this structure differed from thoss of phnse 1
end ¥ in being agglutinated by both of the absorbded seruss used in
differmtinting the phases. A series of direet agelutination and ab-
sorption tests similar to thone outlined for analysing the other Swo
phases showod phaes 3 o be identieal antigenically with she 2003
strain of the 103 w»ace.
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The tendeney of the three phases to change tate one of the
others has not bBoen fully determimed. Ome phass 2 culturs of Vintea
wes kept for o poriod of & year, and examined after that time for
the presencs of other phasos, It was feund to have Decomo s mixtare
of phete 1 and phase 2, with phase 1 colonies predominating. A phase 1
culture of the same strvaln, kept for the seme length of tims, contained
chiefly phase 1 colonies, with a fow 4o phese 3. The origima)l culture
of Aynold gradually lost its phase 2 colomies. Whan the culture was
firat 1eolated “.‘m 2 colonies were sneily found, Two yeurs
later the proportion of phase 2 colonier hod decrsased until axtended
ssarch was nesessary in order to find them., Four years after the
original fsolation of the strain, 58 examimstion of 100 coloniss
fatled $0 reveal axy in phase 2. BExmsination of cultures made from
siagle colonies and kept ﬁw periods wrying from & few days +0 several
wosks roveslod 5o change frem the origimal phass. Ho phase 3 culjures
have bemn kept for suffiofent periods of time S0 detormine whether
they are capabls of reversion. The studies made wp to the present
time suggest that the tremd of reversion is fyom phase 2 Soward
phase 1, and them to phase 3. lNome of the cultures which have bean
studied have dencustrated aay return 0 phsse 2 in suboultures of
colonies which were origizally in one of the cther phases, Not more
than two phases have beem found in any mlture ot cne time. The
cultures shich mow contaln phase 3 have no detectable phase &
eolonies,

There was ordinarily me visidle difference in the appear-
ance of the solomies of the thres phoses. The ene sxception wes found
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in the Viaton sivain. The phase £ colonies of this strain were more

opaque than those of phase 1, though both kinds of colenies appeared

sasoth. In nome of the etraine were She phaves biochemisslly differvenmt.
The interpretation of the reactions of the srnold strains

can be mads most logloally on the basis of an alteradion in the

character of the group astlgen. According to this sheory, %he

strains belong te the 10) race, but, in their original form, 2ad the

X group satigen in place of the uwsual 103b group astigen. Fhase 2 is

the group wariant, containing only the X growp anbigen. 1In phase 3

the I group antigen is replaced by the wswal 103 group antigem,

isaving phase } & wormal mewber of the 10F race, with a mixture of

growp and speoific antigens like those of the 2003 stwvain. Such & com

ination of entigens han its “tm in other stralne. The 570

strais is amalagous o phase 1, differing only in the mature of the

substifuted growp sutigen, and the fact that the J70 strain appears

to be stobls in 19 antigenic composidion. An exempls of dhe sub~

stitution of one growp antigew for amother {s also found in the Sook

straln of the & race. ¥he Aracld simins differ from 570 and Zook

is undergoing & slovly pregressive series of chenges, :m gne phase

of uhich the spesific sntigen of the race is entively losé.



The analysis 2f the F119 raoe was limited to the stuly of
three strains, Iwo recelved fren other laborstories as typiesl ro-
prosentatives of the racs;, and one frem the New Guinss collection.
Though the New (uimea atralu was ngglutinated mors strongly them was
the type strain Wy the serums of other races, it sompleotely mbsarded
agglutinine from & serum prepared from the type ctrain, end wae
thersfore not & gwoup verisad,

Ths reactions of the type strain of P119 in eornms of all
of the Flammer races, and the reactions of represeatatives of the
other racee In P119 cerum are shown in Table 1. The 7110 stwain
wat agglutinated so weakly by sercas of the other mease that it
identif¥ication in voabsorbed serums gould be made without diffiamlty.
Its ochief group components were these Amzntad with I, and absorp-
tion with & mmwm of X and ¥ antigens removed all heterologeus
aggintinius from P119 serun. Weil's @ual Peace VVIT alse renoved pll
beterologous agzlutisins from P119 serum, but reduced the titer for
F119 mueh sore than 444 aboorption with X and T, The VY1l etrain
was not studied suffictemtly to detevmine Lte cxaet relatiomship so
the other reces, dut it clearly 414 nob sontaln all of the specifie
sntigan of P119, and probdably was a P119 etwain with s large emount of
group antlgem and relatively 113%le specific antigm, corresponding
to the 2003 atrain of ths 103 raoce.



| The Boyd EF race wa® reprecented in our saries Wy & strain
of & gus-producing Neweast? - basillus ned & non~gaseproducing &8
sirain, Yotk of which were received from other laboretories, emd Yy
20 etraine from Now Culmes. Sixty-eight percent of ﬁn New Guinea
straine belenged to the 83 race, but no atraine of this race were
found in our swall collestion of locally imolated strains. Fons of
the Fev Guinea sultures produced gas, and all fermented mannitol and
failed to forment xyloss, The strains varied only slightly in their
degres of tization is the antissrume used is he investigabicn.
They showed ruch escant arcsc-reactions with othar riyces that thay were
not ineliunded in $he abdsorplion experiments.

The position of the 85 raoce i» complicated by its ssrological
rolationship with the Newgastls and Manchester Bacilli. The Newoastle
bacillive ferments glucose with the formtion of & small amount of gas,
and falle %o formemt mannitel., The Manchester bacillus Zerments
both glucosa and mannitel with the formation of emall amounts of gae.
Heither orgasnism ia, therefere, actentadle as a Flexner on biochenioal
grounds, Doth ave sntigmicelly indistinguishable from the mou-gas-
produsing ctysing of the 28 mece, uwhich conform to the »lochenteal
eriteria of the Fletmer specien. DBoyd considers all of the orgsniems
shich poerexs the £€ mntigem ae Flexrere, bm they possess the
Tlexvor grovp antigen., Ne states that the race differs from all
othar members of the Flezner group in that its diochemical resmeticns
are isconstant. Boyd's viewpoint has Deen acoepted ly most workers,
vho includs both gas-preodusing and noa-gas-producing strains in the 88
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rage. Topley and Wllson %ah $he oppoalite posision, oonsidering the
nnu-pi-m straing aw variaats of the giseprodueing omes, and
sxeluling all of them from the Flesmer species. Sinco otreius which
poszess the biochemicsl charmctorictics of the Flaxners appesr to be
encvantered wore frequently ti-n those of the Newcestle and lienchester
trpes, the production of gas by some wtraine does net coem o compietely
wmlid rman for excluding &1l of them from the Flexmer speoies,

Both Bovgey and Topley and Wilsonm inmclude the Newesstle bacilium

among the sbigelles, Shough this gemus by definition includus omly
nop~gns~prodveing straine, |

Only eme previcously classified stwain of cnch of the races
170, P288, DL, D39, P43 and F27H, was awilable for study. Antiserams
wers prepared against eseh of the straims, and wers vsed for teoting
a1l af the stsine in cur collsotion. Nems 5f the sther struine was
agglutisnted by any of the zix antisezums,

Disouseton

he conelusions which were dramn fron the results of the
study recorded in the body of thio puper will Yo ddecussed and
cunmarised in relatlon te the controversial guentions lisded im
the introduction.
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1. s masgion of the OYSEM i

proup and speeific antizens. Our resulis lad o the conclusi

that sush gqualitetively dietinet antigems 46 exist. This senelu~

%
sion was based on the cheerwmations that all of ths haterslogus
 agglutintns could de rewved from all of our ssrww by absorpiien
with ome or mors of thrse cutigenie somplazes. The agzlutinins
vhioh vemsined 4n each Serwn wore fouwnd only ia maberm of ous
rane. This was interpreted to mean that sach wace has » spssifis
antigen peculisny to iteelf, and thol the remuindsr of the anbigens,
sadch camse the ¢ ss~reactions belvean the races, fmil inio thres
grouge. The !I'ine fwe group antigend were present in X and Y
stroine, und were neved the I group antigen end ¥ group antiges
pespectively, fhe hird, which wes celled She 3 group satigen.
cecurred fo straine of the 2 e, ths Vi subrace, exd the 570
strgie of the 1037 rece. The X and ¥ straine wers composed solely of
grovp antigen, ut the straine containisg the 2 grun antigen oon=
tained, im additdon to 4%, the specific antigen of thelr race. Taeh
of the three group entigene ie a complex compossd of many sepeyate
facters, come of which are present in only one of the thres, othere
present in wore m one. An attempt to clasaify the separate
factore, a8 wos Gone Wy Ioyd mnd Vheeler, was abandmned shen it be-
cane evitant that s complete classification would b t00 combersame
to Yo of proctical usre. The consideration of sach of the three
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complexes as & unit was found to comvey the information
nacessary for an understanding of the serclogical reaction: of
ouyr straine, The antigenic composidion of cur sirains accovding to
this method of amalysis is showm in Table Il,  All of the
straine shich were mot typical of thelr race were distinguished
sither by posssesing a different group antigen or bWy their re~
lative proporticus of group and specific components.

The £ group sntigm differed from X and Y in being much
less widely dlstriluted than the other two, and in being present
in relatively largs amcunts when 4% appearad ab 811, 186 (afleence
on the serological behavior of straine containing it was so strong
that Well considered it the major antigen of the i rase, and oon ~
sidered the antigen which we olansify as the specific % satigen to
be & minor and mmeﬂni factor. The opeeific £ antigen of Boyd and
Whoesler corresponds to ours. Our I group autigen is identical with
Yhooler's group anbigen 6, and almost fdentical with Boyd's 6, though
we do not find 1% in X straine as he did.

2, The status of the subrases. Our colleection included

several stralns and groups of strains which differesd sufficiently frem
the normal pattern of their race to Justify classifisation a8 subraess.
Bone of them oontained more than ome specific antigen mmnmtu
of & rocognised race. They could mot, therefore, be called dual races.
The antigenic pattern of the alypioal etrains was deseribed in the
preceding section. The X and 1035d wtrains contained mo specifie
antigen, and the VI strains showed evidence of the possession of a
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vZ v, {ver) (1).2
¥X - % ¢
570 103 Z
Arnold 103 z

% parentheses indicate group mtigcni which are present
only iz small quantities in noymal members of the rece.
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distinotive specifis antigen, The other tem atypical strains
differed from the ordimayy members of their wace only in the
character or proportion of thelr group antigens. If monospecific
serums alone were used for the classification of strains, the die~
tinetive characters of these siratus would not be revealed, ¥s have
8o spidemiologieal evidence concerning the significance of sulraces
exeept the cocurremce of strains of the Arnold type in $wo members of
the same family at the same %ime. Since 4% is possible that they
may be significand, and since their identificstion would add very
little to the work invelved in claseifying strains, we fesl that
they should be differentisted from normal members of the serologioal
races. The addition of three serums to the ones uwsed for ruce $denti~
fication would permit » elassification of the group antizens of all
of the strains in our collection. The best sorums for the purpose
were WX serum absorbed with Y, which demomstrated the X group antigen,
the same serum absorbed with X to show the ¥ group antiges, snd £
sorum absorbed with ¥X for the idemtificeticn of the Z group antigen.
The same result ¢ould be odtained, in olightly less alwq}wh fashion,
by X sorum absorbed with ¥, ¥ serum absorbed with X, and 2 serom
sbsorbed with X. The use of “growy” serums would have the ndditional
advantage of permitting the recognition of strains which lack &
specific antigen and thus fail to agglutinate in monospecific serums,

3 Tes ,
of the strains of the 88 race ia cur collection were biochemically
typical Flamevs. Gas-produsing strains corresponding to the Neweastle
and Msnchester varietios were apparently not encountered bty Boyd,
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Yhealer, or Well among their previcusly unclassi{fied wtrains,
From these reporss, snd others which have not been specifically
discussed in this ‘mu. we obtain the impression that nom~gns~
wa&#atn: sivains containing the 58 speeific antigzen are much move
frequently found than are gas-produsing onss, The antigeaic ro-
lationship bebwesn our strains of the S5 race snd the other Flemmer
races was 2ot as striking as ﬁt’bmownwf. # X ¥, & 103, and
P119 strains. Thay do, howevor, Share Sowe antigens with the races
Just mentioned, snd have more olaim to inclusion in the Flezner
spacies tham 4o the sntigsnically distinet Ioyd races, which will
e discussed in the nexi mectien. ihe Howonstie daoiiius im in
cluded in the Shigella gemne Doth by Bergey aand by Tepley and Wwilsenm,
in epite of its production of gas. If 41t bslongs in the Jhigells
gomas &t all, 1% delongs, bDecause uf ite sntigenic charasters, in
ths Flemner spscios. The pressnse of a fev gas=producing strains
snong largsr nuubers of nos~gas—producing ones does not seem $o us
s valid veason for sscluling suy of them from the Flesser speeies.
oy, Plk
P27h. On this subjeet no personal opiniom can be Justifiadly made,
Only one strain of each of these races wae available for estudy. None
of pur previously mlﬂu straine belonged to any of the six

races,

5. 3he stafut of X and Y. Our results agreed with those of
Boyd, and vheeler in failing to demonsirate & speeific sntigen in
efther the X o» the ¥ race. Thay therefors are not entitied %o the
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status of true races. Our esuviotion that the group antigens
should be included im antigenic analyses of the Flexner races
malzes us bDeliew that some placs should be found for Z and ¥ in
the system of nomenclaturs because they condain the two most
important group antigens is purs fomn.

5‘; =08 DeNEnOLRTure 01 tha Fleine

7o suggest

anothor aysten of nomenslature would simply =dd to the existing
confusion. The only satisfaotory solution to the prodlem would

be the establiodment of an internstional commuiseion such as was
greated for the nomenclature of the salmonelles, with suthority to
@s0ids upon & sysien of classification which eould be wmiversaliy
socepiod a8 official. Our personal opinfon i¢ that the gholoe of
roman sunerals was unfortunate becsuse of the possibility of cone
fusion concerning the syubols V and A, which appear as letters in

120 indrewes and Inmsa classifioation, which is still frequently used,
and a® nusbsrs in the newer systens. For tho present, the use of
the originel termimology of Andrewes and Iaman and of Boyd, both of
which are wiversally usderstood, or the interpretation of the new
clasaifiontion ly an explanation of 4ts relationm to the elder system
are the safost courses to follow, Vo agree with Theelsr thal same
provicion should be made for group antigens in any schame of olasgie
fication, but prefer the use of three grow antigens invtend of ths
sine that he suggests. Such a plan wuld sliminate X and ¥ from the
specific races, but would inmalude them among the growp astigems. The
group antigens could be desigmated by letters, if mmbers sre used foy

the spesific antigens, or as arable mum :ulc 4f roman mum-Tals are
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used for the zpecific races. If numbere are used, sur pereomal
opiaion is that either uncapitalised roman sumetels, such a8 avre
uked by Topley and Wileosm, or arsbie mmcrple such as Betor ussd,
ers preferadle to the ordimary roman Pumerals, for the reasons

glven adove,

RIUEL 3 g
Bighty strafus of Flemer tesiill were etudied antigeni

cally tr the agglutinin abuowpkion method. (ualitative se well es
guantitabive diffsrencss ik (he smbigens wore found, Spesific
antigens were found in all waces except X and ¥. These last two
recen wove Delieved 0 consict wholly of group antigene., The re-
latSonships Detween the races sppoared to be dus cddefly e the
almost universal presence of the X and ¥ group sutigme, inother,
the T group angigen, played a domimant part in the antigenic Lo~
bavior of cartain strains and ecoounted for the distinctive behavior
of twe subdeces, None of the strains contained move than one
speeifie antigen. The thres group antigens wers sl complex, ench
condaining several antigenic facters. For the sake of simpllolty
¢sch was econsidered a8 s unit.

Sgralng were found both among the "types® otrains sed
those looslly isolated, whiok varded froa the aommsl meuders of
their race in thelr grovp antigens. Verlente wnich lacked u spesifie
antiges were gloe found among strafne of the 107 race. The VR
strafn showed evidemoe of tho existence of a dietinetive antigen

not shared by ¥ or I,



m prodliem of the momenclature of the Flaxner races
wasd ﬁ&u@u&. The 1imitations of the use of momospecific serums
a8 the sole method of identifying mew styains as members of $he
Flexuer specles and for assigning them $¢ specifioc races was
aﬂﬂehﬁd becauss of ite failure to yeveal the difference
between typical sdreins and those belonging to subraces. e
sddition of three group serums to the series of momospesific
seruss was$ yroposed, in erder to pormit the Ldentifiestien of
subreces and strains lacking s specific antigen.
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