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INTRODUCTION

The 32011 growp of psracolom bacterie (Stuart et al 1943a)
(Stuart and Rustigian 1943b) is composed of a mmber of organisms
vhich show common biochemicel resctions in baslc media designed for
the study of the enterie group. They belong to the genus
Paracolobsctrum (Borman et al 1944) (Breed et sl 1948) and sre
members of the species gerogenocides. Preliminary studies revealed
the prosence of & nmumber of antigenic groups but no further classi-
fication of the sometic or flagellar fractions was attempted (Stuart
and Rustigisn 1943b). With the inoreased importance of this growp
in the medical fleld as incitants of enteric disorders, it vas felt
that a further study of the antigenie relationshipe with respect te
the various somatie and flagellar fractioms would seem to offer a
contribution to the epldemiology of the group, as Las previously
been demonstrated in the Salmonells group. With the above inm mind,
this paper will present an anslysis by serological methods of the
somatic end flagellar antigens present in this group. It will also
present any interlocking relationships between the members of the
group and the somatiec and flagellar antigens of the Salmonella

Eroup .«



HISTORICAL BACKGROUND
In the study of any members of the family Entep

it is vell to bear in mind that here is a large growp of closely
related, highly integrated and somewhat unsteble bacteria which
actually form a gontinuous series of types, both physiologically and
serologicelly (Parr 1939) (Wheeler et al 1943) (Sephre and Wassermann
1945) (Edwards et al 1948a).

Blochemieally, the Entergbacte 088 may be separated into

broad groups (Kauffmann 1949). Early 'workers recognized the presence
of intermediate groups and attempted to set wp methods of
differentiation by various combinations of blochemical characteristics.
Mac Conkey (1905) studied coli end coli-like orgenisms on the basis of
fermentation of cane sugsr and duleite, end gelatin liquefaction,
sction on litmus milk and indol production. Bergey and Deshan (1908)
studied the oolifaerogenes group with respect to fermentation of
saccharose, dulc:;t, adonit and irulin; liquefaction of gelatin; Voges=
Proskauey {(VP)reaotion; indol reaction end motility. Mac Conkey (1909)
felt that the tests in use at that time did not sllow a differentiation
of the lactose fermenting bacilli adequately and suggested that
certain other tests were necessary. Bronfenbrenner and Davis (1918)
suggested the use of lactose concentrations above 1% in identifieation
of late lactose fermenters. Nungester and Anderson (1931) noted con-
siderable differences in the use of liquid and solld media containing
lactose. Kennedy et al (1932) felt that some weight should be given
to the fact that 21 ocut of 22 late lactose fermenting strains produced
indol. Werkman and Gillem (1932) proposed a new gemus of Citrobacter



for certain coli-aerogenes intermedistes. Kriebel (1934) studied

a group of non-lsctose fermenting bacteria isolated from stools and
concluded they were closely related to the colon group since they
tended to dissociate into lactose fermenting organiems when cultured
in 5% lactose solution. Tittsler and Sandholzer (1935) made a
detailed study of the cultural characteristice of 29 methyl red (M.R.)

positive and V. P. negative Escherichia-Aerobacter intermediate cultures.

They found that on the basie of citrate utilization, HoS production
and the fermentation of cellibiose and a-methylglucoside these
cultures could be divided into 6 major groups. However, they found
an additionel 25 subgroups on the basis of motility, production of
indol and the fermentation of other carbohydrates. Carpenter end
Fulton (1937) found that the culturel and physiological characteristics
of 125 intermedlate strains showed such heterogenicity that it was
impossible to claseify them with methods in use then, but concluded
that primary cleseification might be made on the basis of the V.P.
reaction, citrate utilization and the M.R, reaction. Melcolm (1938)
felt that on the basis of the V. P. reaction, citrate utilization,
fermentation of inésitol and the indol reaction that all coliform
types could be arranged into & serles of well defined subgroups.
Stokes et al (1938) studied 32 strains of the "paracoli" group and
found that they produced some degree of lactose fermentation in 5%
lactose broth. Parr (1938) felt that while a great many testa had
been used to differentiate coliform intermediates up until that time,
a good working basis was indol production, the M. R.-V. P. reactions

and citrate utilization. Stuart et al (1939) gave a suggested group-



ing of slovw lactose~fermenting coliform organiams on the basis of
lactose fermentation and the Invie reactions and further suggested
the term Paberrant coliforms®™ be used to desoribe all gram-negative,
non-gporulating bacilli which ferment lactose slowly or weakly at
37° C. The general picture seems to be that blochemical reactions
of this growp only offer a broad olassification and show no definite
relationships.

Serological work in the classification of this growp of organisms
seemed to offer much mare toward the picture of where each group stood
in the series. Gyfrgy (1920) studied 47 cultures of paracolon bacilli,
end while he wes able to find 20 groups biochemiocally, he felt that
their serologlcal behavior depended entirely on the colony type.
Trawinski (1924) studied 91 strains of paratyphoid B~like organizms
isolated from feces and according te¢ thelr biochemical reactions he
placed them in 4 groups. He prepasred an agglutinating serum in
rabbits against a representative of each, Each serum agglutinated
ell the members of ita own group to the same titer as its homologous
orgenism but he apparently did not try the sera against the other
groups. Fothergill (1929) studied a group of organisms called
Yatypieal paratyphoid” baoilli from the stools of patients suffering
from "summer diarrhea®. Within the growp, sgglutination showed that
they were not 2 homologous grow like the typhoid bacillus. Havens
and Irwin (1932) studied variants of Morgan's bacillus and found
antigenic changes as different variants sppeared. Sandiford (1935)
studied A7 strains of paracolon bacilli of the coliform or inter-
mediate type and found that the organisms did mot agglutimate with



paratyphoid agglutinating serum. Be also found that the group as a
wvhole was serologically heterogeneous but it did show some small
degree of common antigens between individual streins. Kriebel (1936)
studied 19 strains of non-lactose fermenting wariante of Escherichia
ccll and found that clespification of the cultures by agglutination in
diagnostic sers was imposeible. Farr (1939) in & review of coliform
bacterie states that certain authors early ompméized the serological
heterogenity of the coliform group and concluded that "either the
number of kinde of Escherichia coli is very considereble or the

serological variability ie very great”. Paluffo et al (1942) studied
7 paracolon strains which they found to be serologically related to
the Salmonella. These strains gave 5 serologic types and the antigenic
composition wes studied. Thie was the begimning of the work om the
Arizons streing, studied more fully later on. Edwards et al (1943)
studied &4 cultures of yaracclc;n organisms and found that they had

H end 0 antigens related to recognized Salmonella types. They
divided this group into 14 types by antigenic analyeis. Stuart et al
(1932a) studied 465 cultures of paracolon organisms biochemically

and eerclogically. They found that the parecolon Aercbacter group
could be separated into 2 divieions on the basis of their Imvic
reactions. Division I gave strong V.P. reactions, grew on citrate
and fermented cellobiose in 2k houre. Divieion IT gave week V.P.
reactions and did not ferment cellobiose. In the strains of the
second division they found that 47.84 of the oultures were closely
related or identicel serclogically. Nearly all of these cultures had
been isolated from human sources. Scme contained Salmonella antigens.



In testing the cultures in normal Agrobscter and Sslmopells sntisera,
it was found that they were no more closely related to normal
Aercbacter than to Salmopells.: HNo further attempt was made to
fractionate these antigenie festors. In subseguent work Stuart and
Rustigian (1943b) studied 149 strains of one of the more pathogenic
of these paracolon jerobacter cultures which they celled 32011, The
work was started with 35 streins end others added as isolated. A
resumd of their work with this strain follows: "Of the 35 strains
isclated 32 were antigenically identicel or closely related. As nev
cultures were obtained, hovever, it was evident that 32011 was
serologically heterogemous. OSeveral stralns agglutinated in serum
dilutions of 1-160 and & mmber of others as high as 1-1280 of 32011
antiserum, but failed to reduce the homologous titer when used to
sbsord the antiserum, Eight types were finally identified and 85.2%
of the cultures fell into these groups., All eight possessed interw
looking scmatic and, in some instances, flagellar antigens. Three
serotypes had minor unlebeled somatiec antigens in common with
Sajacvells cholepaguls snd Salmopella yublslaw, Twenty-two of the
149 strzins did not bslong to any of the 8 serotypes. These sirains,
however, possessed antigens in common with one or another of the

8 serotypes. Fourteen of them agglutinated to high titers with one
or snother of the 8 antisera (5 to the hamologous titer) but in no
instance was the homologons titer of any antiserum reduced upon eb-
sorption.* The present study is a contimuation of the above work.
Wheeler et al (1943) studied the Sglmopella antigens of coliform
bacteria and found that those that possessed complete or partial



Ssimonella antigens belonged to various sections of the coliform
group, Borman et al (1944) reviewed the taxonomy of the

pe9 and suggested the new genus [

certain members of the intermediate growp. This term is now acoepted
by Breed et al (1948). Saphra and Wassermann (1944) studied the
serological relationship of the Selmopelle

and concluded that there is considerable contimuous individual
variation in the growp and that there are numercus biochemicsl as

well as antigenic interrelations and transitional forms among the
individual types, as well as between groups, species and genera.
Michael end Harris (1945) stuiied paracolon bacilli end found that

on the basie of their Imvie reactions they fall into growps that are
antigenically similar in themselvee but dissimilar from their counter-
perts in the typical coliform growps, Stuart and Van Stratum (1945)
studied the antigenie relatiomships of 254 Egcherichis goll, parecolon
and lactose negetive cultures isclated from feeal specimens of infants
in two institutions. They found 47.8% of 115 cultures from one
institution to be antigenically identical with one or another of
twelve cultures used to produse antiserums, vhile 69,8% of 139 cultures
from the other institution were antigenically identieal with 10
cultures used to produce antisera. It was interesting to note that
the percentage of cultures fram one institution antigenicslly identical
with cultures from the other was small, Felsenfeld and Young (1945)
studied 1200 paracolon organisms isolated from different sources and
found that only 33 strains originating from 10 esses showed Sglmonella
O or Shigells antigens. Barmes et al (1946) studied a group of



paracolon organisms isolated from & small outbresk of mild gasteroe
enteritis and found them to be biochemically and serologically re-
lated. Edwards et al (1947) made a complete review of the Arizona
paracolon group with a study of 373 oultures both biochemically ard
serologically. These cultures fell into 19 groups and 55 types by
antigenic analysis., A1l sre related to the Salmomellp. West et al
(1947) studied & group of diphasie paracolon cultures which had been
included in the Arisona growp at first, An antigenle table was
worked out, showing the reletionships to each other, to the mono-
phasie Arizona strains and to the Salmonells. Kauffwarm (1947) (1951)
studied the serology of the coll group with respeet to the 0, K and H
antigens aend established a diagnostic schema. He conecludes that in
this growp, "ocultural tests play bul a minor role, so the type
division has to rest on a serologicel besis®. Edwerds et al (1948)
studied 2 straine of an anserogenic sucrose-fermenting coliform
bacteria which had Selmonells antigens. They were sble to reversze
the flagellar phases by cultural methods. Stuart et el (1948) studied
the antigenic relationships of 765 Parag:

and observed that 59% were antigenically identical with one or ancther
of 34 strains used to produee antisera. They alsoc felt that antigenie
contimuity appears to be much greater in the Paracolobact

Edvards et al (1948) studied 32
strains of paracolon organisms which had been studied earlier Wy Barnes
and Cherry (1946). In an antigenio analysis they were able ta divide
them into 8 serologic types through the examination of their O and H



antigens. They designated the organisms as the Betheada growp.
Buttiaux and Kesteloot (1948) discuss the biochemisal and antigenie
reactions of "B. paracelld” and find that it poses quite a problem in
diagnosis, especislly vhen the paracolom organisms possess Salmonells

or Shizella antigens. Schuabacher (1949) studied 90 straims of pare-
colon baellld, and found that there was no constant sssociation
between biochemical and serologleal groups. There also appeared to be
no antlgen common to all or even the majority of strains studied.
Stuart and Carpenter (1949) studied the flagellar antigens of
Eggherichia goll and found that the contimuity of H antigens in that
group was far less than in the Salmopella grovwp., Mushin (1949) studied
36 strains of paracolon organisms that had been isclated from various
sources. Using 9 antisers prepared with these organisms she found that
23 of the strains were agglutinated. Seven of these cultures also
reacted in Salmopells antisera emd 16 reacted in Shigells entisera.
Using the reverse procedure with 5 Selmonglls cultures she found that
none of them were agglutinated by the paracolon antlisers, while 15 of
16 strains of Shigells reacted. No titers are givem so it is not
known hov complete the remctions were. Moran and Brumer (1949) made
further studies on the Bethesda group of paracolons and found that 9
0 groups could be divided into 25 serclogic types on the basis of their
H antigens. Bruner et al {1949) studied the Ballerwp growp of para-
colon bacteria both bioshemically and serclogloally. Antigenically the
45 cultures studied were divisible into 3 groups and 21 serological
types. Nineteem of the cultures possessed Vi antigen, Edwards (1950)
studied 8 cultures of an intermediate ocoliform organism which exhibited
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EXPERIMERTAL METHODS
Biochemical studies. All the cultures used in this study

conformed to the biochemicel pattern esteblished by Stuart and
Rustigian (1943b). Cultures 26311 through C-7 (table I) were
obtained from Dr. C. A. Stuart, Brown University, Providence,
Rhode Ieland. Cultures 10-265 through S8A-622 (table I) were
obtained from Dy. L. A. Barnes of the Kaval Medical Research
Institute, Bethesda, Maryland. Cultures P1l46 through P352
(table I) were obtained from a culture collection at the Army
Medical Service Graduate School, Washington, D. C.

This group of organisme fermente glucose, mamnitol, maltose,
and occasionally salicin, in 2k hours. Strong acid reactions and
20-30% gas are produced in glucose; a moderate to strong acid re-
action and a budbble to 104 grs is produced in mannitol; e moderete
acid reaction, with or without a bubble of gae, is produced in
maltose and with salicin some straing ferment it repidly, others
slowly and some are negative within 18-24 hours. ILactose and
sucrose are fermented slowly or not ab all; some strains ferment
one or another or both of these carbohydrates in about 6 days and
other streins only after 3 to U weeks. Growth occurs on citrate
agar in 1 to 5 days. The Voges-Prosiauer reaction is positive,
though it may be weak with freshly isolated streins. Only 2 of
the streins ueed in this study were non-motile. Because of the
relatively slow action on meltose and mannitel in 18-24 hours,
this group of organisme almost always can be distinguished easily
from other paracolon typee. Table I gives the biochemical reactions

of the organisms used in this study.
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« Negatives No reaction in carbohydrates
+ Acid only in carbohydrates; positive;

+ Acid, bubble of gas

p2z7
pag
P2z
P25
P260
P28l
P319
P3ld
P352
b

® Reaction reversed - acid to alkaline

24 Incubation for 24 hours
48 TIncubation for 48 hours
7DA Incubation for 7 days

® Acid and gas, 10% gas



The fermentation reactions in carbohydrate broths were studied
using a 0,5% amount of the respective carbohydrate and brom crescl
purple as an indicator (Bacto Purple Broth Base, dehydrated), Citrate
reactions were observed on Simmon's citrate agar (Difce). Tests for
the Voges~Proskauer reaction were made by growing the organism in
Bacto MyRe~V.P. media for 24 hours., Three oo\ of a 50% solution of
potassium hydroxide which contained 0.3% crestin wes then added to
en equal amount of the incubsted culture of the orgeniem, It was
shaken vigorously and observed for 24 hours. A positive reaction was
indieated by the production of a red color. Motility wes observed on
the media recommended by Edwards (1942), using petri dish cultures.

Serological studieg. Serological studies on this grow of
organisms followed the pattern set wp by Edwards (1942) in the study

of the Sglmonells group and alse that followed subsequently by

Edwerds, West and Bruner (1947), Edwards, West and Bruner (1948), and
Moran and Bruner (1949).

Ereparation of aptigera. Somatie antigens vere prepared for the
immunization of rabbits by imoculation of a tube of Trypticase Soy
Broth (Baltimore Biological Laboratories) and incubation at 37° G
for 24 hours. The culture wus then placed in a beciling water bath
and held there for 2 hours., It was then cooled and standardized to
& nephelometer # 3 reading with sterile 0.85% saline. This culture
wvas then checked for sterility in Trypticese Soy broth and Thio-
glyecllate media. If sterile, it was then ready for inoculation.
Certain of the strains were found to be highly toxic to the rabbits
when given intravenously , so it was necessary to slter the above



procedure by sutoelaving the oulture for 2} hours at 15 1bs instead
of bolling it, Edwards et al (1948) had used broth cultures heated
to 121° C for 2% hours for preparation of their sera, and found them
to be equally satisfactory with sera prepared from cultures that were
boiled at 100° C. The rebbits were then given the following amounts
of the antigen in an ear vein at four day intervals: 0.5 ce, 1.0 cc,
2.0 co and 3.0 cc . The rabbits were trial bled 6 -~ 8 days after
the last inoculation. If this bleeding showed that the titer was not
satisfactory (1-1280 or above) a final inosulation of 1 oe of a heavy
suspension of the organisme was given. B8ix to eight days later the
rabbits were bled aseptically from the heart, the blood was allowed to
clot and the serum removed snd preserved with aquecus merthioclate
(1-20,000).

Flagellar antigens were prepared by first enhancing the motility
of the culture by a number of passages through motility egar. Cultures
were inoculated at the side of the petril dish of semi-solid agar and
allowed to incubate at 30° C for 18 - 24 hours., The organism was not
considered satisfactory unless it had spread to the opposite side of
the plate within thet period of time, Most of the organisms met that
oriteria after 2 ~ 4 pessages in the semi-solid media. One loopful
was then inoculated into a tube of Trypticase Soy broth which was
allowed to incubate overnight at 30° C. One cc of this culture was
then inoculated into 50 ce of Trypticase Soy broth which wes incubeted
overnight. Fext day an equal amount of 0.6% formalinized normal
saline was added to the culture. This was allowed to stand overnight

at room temperature and was then standardised to nephelometer # 3



standerd with 0.3% formalinized normal saline. Sterility was then
checked as above and inoculations made into rabbits as has been
desoribed., The rabbits were trial bled after 6 - 8 days and a titer
of 1-5120 was considered adequate, Most titers ran 1-10,240 and high-
er but if an adequate titer was not reached a fifth injection of

3.0 c¢ was given. The rabbits were then bled and the serum preserved
as has been described above.

Determination of presence of diphasic flegeller fractions. Tests
were made to determine if these cultures contained diphasiec flagellar
antigens by using the technic of Gard (1937). One tenth of a ¢c of
antiserun was added to 15 cc of melted, cooled, semisolid ager and
the mixture poured into a petri dish, After the agar had hardened the
medium was inooculated with a loopful of the hcmologgus strain on one
side of the plate. The dish was incubated in an upright position at
300 C for 48 hours. In case of the presence of a second phase a
swarming of the orgenism takes place, while the homclogous phase is
suppressed. HNone of the cultures in this series showed diphasic
fractions.

Agglutination tests. Somatic and flagellar antigens as prepared
above for the production of antisera were used in the tube agglu-
tination tests which demonstrated the homologous and heterologous
fractions of the strains in this study. The somatic antigens were
prepared in large tubes (40 e¢ ) of Trypticase Soy broth, boiled for
2 hours and then standardized to nephelometer # 1 standard for the
performance of the test. No dilution of the flagellar antigens was

necessary when prepared as described above for the performance of the
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agglutination tests, since the suspensione were of the proper density.

All normal saline for agglubtination testes and for all procedures
throughout the study was prepered using Merck reagent grade sodium
chloride (Blue label).

Doubling dilutione of the antiserum in normal saline vere made
from 1 -~ 10 through 1-2560 for the somatio antigens and from 1 - 20
through 1 - 10,240 for the flagellar antigens. Five tenths of a cc
amounte of the diluted serum was added tfg a small test tube and 0.5 cc
of the etandardized antigen added. Tests with the somatic antigens
wvere incubated at 50° C in a water bath for one hour and then allowed
to stand overnight at room temperature before resding. With the
flageller entigens, the tests were incubated at 50-520 ¢ for one hour
end then read., Titers were read ef the highest dflution giving a two
plus reaction.

Agglutinin absorption technic. Absorption of somatic antisera

vere carried out at firet by using thickly poured petri plates of
Bacto Heart Infusion agar, streaked with cotton ewabs which were
heavily impregnated with growth from a 2k hour egar sleant of the
culture. One swab wes used for each three plates streaked. After
24 hours incubation at 37° ¢ growth was removed with 2.0 co of
sterile normal saline per plate and trensferred to sterile 15 cc
centrifuge tubes. These suspsnsions were then boiled for 2 hours.
Organisms were packed by centrifugetion at 3000 R.P.M. for 40-60
minutes, the supernatant discarded and a serum dilution of 1-10
vas added to the packed cells. Growth from one plate was used for
each 2.5 c¢' of serum dilution. Three absorptions were carried out

at 37° ¢, the first for one hour, the second for 13 hours and the



third for 2 hours. After the third absorption the serum wae checked
for the complete remowval of the homologous fraction by a tubeagglu-
tination test. This was the criteria used throughout the study to
determine if absorption had been complete. If it was found that all
homologous fractions had been removed the serum was then used for
tube agglutination studies with both the homologous organism and the
heterologous strains which had shown titers of 1-160 or above, as
antigens. It was later found that i1f ebsorption was carried out at
50° ¢, only two were generally necessary to remove the homologous
somatic fraction. Most of the work wes completed using the higher
temperature. It was aleo noted at this time that the Trypticase Soy
agar greatly enhanced the smoothness of the culturee so it was
substituted early in the work ir the Heart Infusion agar. Also by
using Kolle flasgke it wes found that an equivalent amount of packed
organisms could be obtained in the ratio of one Kolle flask to 3
petri plates. The flasks were inoculated with one to 2 cc of a 2k
hour broth culture of the organism and the growth removed by the
addition of 5 cc of saline. The procedure was then carried on as
described above.

Absorptions for the flagellar entigens were carried out by
inoculation of Kolle flaske containing 75 cc of Trypticase 8oy sgar
with 5 ec of a Trypticase 8oy droth culture of the organisme which
hed previously been passed through semisolid agar to enhance the
motility, as has previously been described. These cultures were in-
cubated at 30° ¢ for 24 hours and the organisms were rvemoved from the

surface by gently tilting the plate back and forth. The organisms



were poured into a sterile 15 cc centrifuge tube and an equal amount
of 0.6 formalinized 0.85% physiological saline added and the resultant
mixture allowved to etand overnight at room temperature. The growth
from one flask wasised to absord up to 10 cc of a 1-20 dilution of

the serum after the organisms had been packed by centrifugation at
3000 R.P.M. for 40-60 minutes. One absorption was carried out at 50° ¢
for one hour and the resultant serum was used to make dilutions for
trial tube agglutination tests as described above. Certain of the
strainge required further absorptions with the packed organisms to
remove &ll homologous flageller fractions. When complete removal was
found the serum was used in tube agglutination tests with the hetero-
logous etrains vhich had shown reactions, a&s antigens.

Studies with Salmonella antisera. Using 24 hour Trypticease Soy

agar slant cultures of the organisms and Salmonella somatic antisera
all strains were tested for the presence of Salmonella fractions
according to the technic of Edwerds and Bruner (1942). This slide
agglutination technic gave excellent results. To teet for the presence
of Salmonella flagellsr fractions, the technic as descrided by the
same authors wvas used. Here, with the tube agglutination tests, it

wae necessary to test blindly for both phase one and phese two fractions.



RESULTS 4ND DISCUSSION

Somatie gntisera. Teble II shows the results of the cross
agglutination tests in 32 somatic antisera. From the first it ves
suspected that it would be necessary to prepere quite a number of
aentisera to obtain reections to titer of all strains. Hence the
first 10 antisera prepsred were from the group of orgenisms supplied
by Dre. Co 4. Stuart, As it was found thet all of these antisera did
not give complete resctlons with all the straims, other antisera vere
prepared using next the cultures supplied by Dr. Barnes and finally
those obtained from the Army Medieal Center., From the reactions
shown in this table, all heterologous strains showing a titer of
1-160 or higher were used to absorb the homologous antiserum with
somatie entigens. After absorption of all homologous agglutinins,
each serum so prepared ves used in a series of agglutinetion tests
to determine if the heterologous strains had removed all or only e
part of the fractions.

Antisera of cultures 10-848, SA-599, P206 and P10 gave no
reactions above a titer of 1-160 except with the homologous organisms,
s0 vere oonsidered to be single factor sera,

Tables III through XXIX give the results of the somatie
sgglutinin absorption studies of all other antlsera prepared for
this study.
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TABLE O
RESULTS OF AGCLUTINATION IN SOMATIC ANTISERA
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Results of Somatie Agglutinin
Absorption Study of Culture

TiBLE III

26311
Serum Antige
TR 26311 | 40-128 | 40177 | 82-156 | 82-190B | 100-794 | 103-147 1114~304 | SRC | C-1 | P319
szorbed 2 F_m 640 1280 220 640 640 160 320 640 | 160 | 16C .,
26311 0 0 0 0 0 0 0 0 0 0 0
40=-128 640 0 320 320 320 320 0 20 640 | 40 o
40=177 0 0 0 0 0 0 0 0 0 0 0
82-156 80 40 80 0 80 160 80 0 640 0 0
82-1908 0 0 0 0 0 ] 0 0 0 0 0
100--794 0 4] 0 0 0 0 0 0 0 0 0
103=-147 320 0 320 320 320 640 0 40 1280 | 20 0
114~304 160 160 160 0 80 160 20 ¥ 320 0 0
SRE 0 0 4 Y 0 0 (¢ 0 40 0 0
C-1 320 80 320 40 160 160 0 0 160 0 0
P319 320 80 320 160 320 640 0 20 640 | 20 0




TABLE IV

Results of Somatic Agglutinin

Absorption Study of Culture

32011

Serum m

R 32003 | 1001305 | SA-622 32611 C=6 C-7 P173 P259 | P319
j.haorbzd by 2960 2260 1280 040 320 320 160 £ 640
32011 0 4] 0 0 0 0 o 0 0
100-1305 0 0 0 0 ¢} 0 ¢ 0 0
SA-622 0 0 0 0 0 0 0 0 0
32611 160 160 160 0 0 o 0 80 40
c-6 160 320 320 0 0 0 0 640 160
C-7 320 320 320 0] 0 0 0 320 160
P173 320 640 320 v 20 20 0 320 160
P250 0 ] 0 0 ¢] 0 0 0 0
P319 320 640 640 0 20 20 0 320 0




TABIE V

Results of Seomatic Agglutinin
Absorption Study of Culture

32611
=erum pntdpe
32011 40-128 103147 C=b C-1
32611 "o
Ungbsorbed 1280 2500 160 220 220,
4bsorbed by
32611 0 0 0 0 0
40=128 40 0 0 40 40
103-147 160 o] 0 40 40
Cwb 320 640 80 0 0
C=7 160 640 40 0 0
TABIE VI
Results of Somatie Agglutinin
Absorption Study ofCulture
37711
v
syt {10351 | God | PL6 | P253 | P20
Unebsorbed, 1280 1280 £0 640 1280 1280
Absorbed by
37711 0 0 0 0 0 0
103-57 0 0 0 0 0 0
Cemdy 640 640 0 640 640 640
PL46 0 0 0 0 0 0
P253 0 0 0 0 0 0
P260 0 0 0 0 0 0




TL{ELE VII

Results of Somatle Applutinin
Absorption Study of Culture

44211

Serun Antigens

44311 | 19-397 | 82-125 | 100-658 | S4-1634 | 6-1 | ©-6 | C-7 | P173 | P<27 | Pzz8 | p281 |
%g%lgorbed 1280 320 640 160 640 160 | 640 | 640 | 1280 | 1280 | 1280 ] 1280 _
Absorbed by
L4311 0 0 0 0 0 0 0] 0 0 0 0 0]
19~397 40 0 40 0 320 0 0 o 80 160 160 160
82-125 0 0 0 0 0 0 0 0 0 0 C 0
100-653 160 160 40 0 80 o 20 40 160 160 160 160
£A-1634 0 C 0 0 0 o 0 0 0 0 0 0
C-1 80 160 40 0 160 0 80 80 80 160 160 160
-6 40 0 40 0 160 0 0 0 40 80 160 160
C-7 40 0 40 0 160 0 0 0 40 160 160 160
P173 0 0 0 0 0 0 0 0 0 ¢ 0 0
P27 0 160 O 0 AD 0 40 40 0 0 ¢ 40
P28 0 160 G 0 40 0 40 40 O G 0 40
22311 0 0 0 0 0 0 o 0 0 0 ¢ 0

1
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TABLE VIII

Besults of Somatisc Agglutinin
Absorption Study of Culture
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TABLE IX

Results of Somatic Agglutinin
Absorption Study of Culture

63511
Serup
63511 2171 Gl P146 P22 P260
63511 "o*
Ungbsorbed 2120 160 160 220 160 160
Absorbed by
63511 0 80 0 20 80 40
37711 2560 0 20 0 0 ¢
Cmds 1280 20 0 20 40 40
P146 1280 0 ¢] 0 0 0
P253 1280 0 0 0 o 0
P260 1280 0 0 0 0 0
TABLE X
Results of Somatie Agglutinin
Absorption Study of Culture
68411
68411 10-305 55 Gl
68411 o
Unabsorbed 5120" 2560 2560 640
(40,960)
Absorbed by
68411 0 0 0 0
10-305 0 0 0 0
C-3 0 0 0 0
Cdy 2560 2560 1280 0




TiBLE XI

Results of Somatic Agglutinin
Absorption Study of Culture

70811

Serum Antigeps

70811 | 10-265 | 22-4 | SA-133 Geg | Q=2
70811 “oM
Unabsorbed 2120 | 1280 2560 220 2360 | 160
Absorbed by
70811 0 0 0 0 0 0
10=265 0 0 0 0 0 0
22wl, 0 0 0 0 o | O
SA=153 640 640 640 0 1280 80
C~2 0 0 0 0 0 0
Ce3 1280 640 1280 320 80 0

TABIE XII
Results of Somatic Agglutinin
Absorption Study of Culture
14~103

dded 03 §2-136 114204 SHe
14=103 "o®
Upabsorbed 2280 160 260 160
Absorbed by
14~103 0 0 0 0
82=156 1280 0 0 0
114~30A 0 0 0 0
SRC 1280 0 0 0




Results of Somstic Agglutinin
Abgorption Study of Culture

TABLE XIII

19-397

Serum Antigens

. 19-397 | 20-167 82-125 100-658 | SA=1634 | 32011 C=6 g=7 P173
m 2560 160 320 640 220 160 2560 1280 160
19-397 0 0 0 0 0 0 0 0 0
20167 2560 o 160 160 160 40 1280 1280 80
82-125 1280 0 0 160 40 20 640 640 0
100-658 1280 0 80 0 160 20 640 640 0
SA-1634 1280 0 0 160 0 A0 640 640 0
32611 1280 20 160 160 80 0 1280 1280 80
c-6 320 0 0 20 20 20 0 0 0
C-7 640 0 0 40 20 40 0 0 0
P173 640 0 0 80 0 20 640 640 )

6



TABLE XIV

Results of Somatie Agglutinin
Absorption Study of Culture
19-406

Serus ‘ Antigeng

T T 19406 30-265 224 82-156 | 114~308 70811 C=2 P319
Wy 4280 160 160 220 320 320 160 320
19-406 0 0 0 0 0 0 0 0
10265 320 0 0 80 160 0 0 160
224, 320 0 0 80 160 0 0 160
82156 160 80 80 0 0 160 20 80
11/4~304 160 80 160 0 0 160 20 40
70811 320 0 o 160 160 0 0 160
c-2 160 0 o 80 160 0 0 160
P319 80 80 80 80 80 160 20 ]




TABLE XV

Results of Somatic Agglutinin
Absorption Study of Culture

20-167

31

20=167 19-397 100-638 g=6 | C-7

20-167 TO*

orb 2560 220 160 160 160
Absorbed by
20-167 0 0 0 0 0
19-397 640 0 0 0 0
100=-658 640 40 0 20 20
C-6 640 20 0 0 0
C=7 640 20 V] 0 0

TABLE XVI
Results of Somatic Agglutinin
Absorption Study ofCulture
22-21

TR T 22=2) | 19397 | 40-128 |103-147 | 56211 | G~6 | -7
Ungbsorbed | 1280 | 160 640 320 160 | 320 | 160
Absorbed by
22=21 0 0 0 0 0 0 0
19397 320 0 160 160 80 20 20
40=128 320 80 0 40 0 80 80
103-147 320 160 20 0 0 160 | 160
56211 320 0 0 20 0 0 0
Cab 320 40 320 160 320 0 0
C-7 320 40 320 320 320 0 0




TABLE XVII

Resulte of Somatic Agglutinin
Absorption Study of Culture

89=224

Senm Antigens

73
TR T £9-224 d2611 21
Upabsorbed 2560 160 260
Absorbed by
89=22/, 0 0 0
P173 320 0 0




TiBLE XVIIX

Results of Scomatie Agglutinin
Absorption Study of Culture

100-658

Serym Antdp

QT 100-658 | 19-397 | 20-167 | 82-125 | 541634 | 32011 | C-6 | C=7 | F173 | P28
Unabgorbed | 2560 1280 1280 1280 2560 320 12280 | 1280 | 640 | 160
'ig?:f’é??d i 0 0 0 0 0 0 0 0 0 0
19-397 2560 (¢ 20 160 160 40 160 160 80 80
20-167 2560 320 0 320 320 320 | 320 320 | 3w 160
82125 1280 80 ) 0 20 40 160 160 0 )
SA-1634 1260 40 ) 0 0 40 160 160 0 0
32611 2560 160 20 160 160 0 320 160 | 8 40
Cmb) 1280 80 0 80 160 40 0 0 80 40
C-7 2560 80 0 80 160 40 20 ) 80 80
P173 640 40 0 0 0 0 80 40 0 0
P28l 1280 80 0 0 20 L0 160 160 0 0

154



TABLE XIX

Results of Somatie sgglutinin
tbsorption Study of Culture

11/~30A

Serum Antigens

— 114=304 | 14-103 | 19406 | 40177 | 82-156 | 821908 | 100-794 | 26311 | SRC | C=1 | P339
ziizd bz 520" | 2560 | 260 | 3080 | s120f | ase0 | s120% | 2560 | 0s0fne0 | eso
114~304 0 0 0 0 0 0 0 0 o | o 0
14~103 5120¢ 0 1280 | 160 80 80 640 160 | 160 | o 160
19-406 1280 40 0 80 80 40 160 80 80 0 0
40-177 640 0 160 0 80 0 320 0 o | o 80
82-156 0 0 0 0 0 0 0 0 o | o 0
82-190B 640 0 160 0 160 0 320 0 0 0 80
100-794 320 20 80 0 40 0 ) 0 o | o 80
26311 640 0 160 0 320 0 320 0 o | o 80
SRG 640 0 80 0 320 ) 320 0 o | o 80
C-1 640 0 160 80 80 80 320 80 |40 | o 160
P319 1280 0 40 160 160 80 320 160 |40 | o 0




T4BLE XX

Results of Somatic Agglutinin
ibsorption Study of Culture

S4-153
SA-153 10=265 P 70811 C=2
SA-153 "on
Inabgorbed 1280 640 640 640 1280
Absorbed by
S4-153 0 0 0 0 0
10=265 320 0 0 0 0
22« 320 0 0 0 0
70811 320 0 0 0 0
-2 0 0 0 0 0
TABLE XXI
Results of Somatie Agglutinin
Absorption Study of Culture
5A-56988
2eIVR. Antigens
SA=56958 22000 6333 SRG.
SA-56983 "O®
Unsbsorbed 1280 160 220 220,
Absorbed by
SA=56955 0 0 0 0
32611 320 0 0 0
63511 640 0 0 0
SRC 640 0 0 0




TABLE XXII

Results of Somatie Agplutinin
£bsorption Study of Culture
C-1

Serum Aﬂ!ﬁ&m&

el J0=A06 | 40=l77 | S2-)sé | 200794 { 114-304 [ 2671 [ SC 1 PAD
Unabsorbed | 1280 160 320 220 220 220 640 | &0 160
Absorbed by

G-l 0 0 0 0 0 0 0 0 0
19-406 320 0 160 40 80 40 80 8C 0
40-1T7 160 o 0 0 0 0 ¢] 0 0
82-156 160 0 20 0 0 0 20 20 0
100-794 160 20 0 o 0 0 0 0o 20
114-304 320 0 80 0 40 0 80 40 0
26311 320 0 0 o 0 0 0 0 o
SRC 320 0 0 0 0 0 0 0 0
P319 320 0 80 80 80 80 160 160 0




TiBIE XXIII

Results of Somatic Agglutinin
Absorption Study of Culture

Cedy

senum Antigens

Gt P189 B246
G"A Boﬁ
Unsbaorbed 1280 1280 1280
Absorbed by
C’, o} 0 0
P189 20 0 80
PR46 20 0 0

TABLE XXIV

Results of Somatle Agglutinin
Absorption Study of Culture
C-5

T C=5 82-125 SA-163A | SA=599
Unabsorbed | 2560 160 160 320
Absorbed by

Ce5 ) 0 0 320
82-125 1280 0 0 320
SA=163A 640 0 0 160
SA=599 2560 80 80 0




T4BLE XXV

Results of Sometic Agglutinin
Absorption Study of Culture

P189
Serum Antigens
2189 R246
P189 nom
Ungbsorbed 2560 a0
Absorbed by
P189 0 0
P46 320 0
TZBLE XXVI
Results of Somatic Agglutinin
Absorption Study of Culture
P246
Semnm. Antigens
P246 2189
P2 ﬁo‘t
haorbed 2560 320
Absorbed by
P246 0 0
pP189 160 0




TABLE XXVII

Results of Somatic Agglutinin
Absorption Study of Culture

P319
Serug Ankicegs
T P319 1 19-406 | 89-224 | 100-1305 | J14~304 | S4-622 | 32001 | PR30
dnsgbsorbed | 5120 2120 160 640 640 £40 640 | 1280
Absorbed
P319 0 0 0 0 20 0 0 )
19=4,06 1280 0 0 1280 20 80 1280 640
89=224, 1280 1280 ) 1280 1280 80 640 640
1001305 320 1280 160 0 1280 ] 0 0
114-304 320 8o 0 320 0 160 160 160
SA-622 320 320 160 0 1280 ] 0 )
32011 320 640 160 0 640 0 0 0
P250 320 640 160 0 640 0 0 0




TABLE XXVIII

Results of Somatic Agglutinin
Absorption Study of Culture

P3L4
seram Antigens
P44 1001305 |  SA-622 E230 P232
P344 ®O®
b 1280 80 80 80 3280
Absorbed by
F344 0 0 c 0 0
100-1305 320 0 0 0 640
8A=622 320 0 0 0 640
P250 320 0 0 0 640
P352 0 0 0 0 0
T4BLE 3XIX
Regults of Somatic Agrlutinin
Absorption Study of Culture
P352
Serm éﬂﬁﬂﬁﬁﬂﬁ
P332 100-1305 |  SA=622 P250 P344
P352 uQm
Unsbsorbed | 2560 160 320 160 | 1280
Absorbed by
P352 0 0 0 0 0
100-~1305 640 0 0 0 640
BA~022 640 0 0 0 320
P250 640 0 0 0 640
P344 0 0 0 0 0




From the tables here presented it is thus possible to indicate
the presence of a very definite number of somatlc groups. If, for
instance, we take oculture 26311 (Table III) and arbitrarily assign
it the number 1 as representing the somatic fraction, then cultures
SRC, 40177, 82«~190B and 100-794 vculd also have the same major
fraction number since each ome completely absorbs the agglutinins
from the entiserum of 26311, It is noted however that all of these
streins show oross agglutinetion with other strsins. In some
instances agglutinin absorption tests show that the organism will
remove a sigzable fraction of that antibody from the antiserum with
vhich it reacted, Thus it 1s necsssary to take these secondary
factors or interlocking antlgens into consideration in any classifi-
cation schema. There sre present, also, and common to all the
organisms in grow 1, two major somatic fractions of the Sglmonells
group, namely XXVIII and XXX, Contimuing, in & like manner, with
all the organisms studied and determining the presence of minor
fractiong by the abllity of the heterologous organism to reduce the
titer of the homologoug antiserum by at least two dilutions, the
tenative grouping ss is shown in Table IXX may be reached.

TABIE XXX

Regults of Grouwping Orgenisms by Somatie
Agglutinin Abgorption Tests

Culture Paracolon fractions Salmonells fractions
Malor Jaterlocking
26311 1 6,18,22 IXVIII; XXX

SRC 1l 18.22 . e XXVIII; XXX



TABLE XXX (cont'd)

Results of Crouping Organisms by Scmatic
Agglutinin Absorption Tests

Culture Paracolon fractionms Salmonella fractions
Malex Interdocking ,

L0=1T7 1 18,22 IXVIII; XXX

821908 1 6,18 XXVIII; XXX

100-794 1 6,18,22 IXVIIL; XXX

32011 2 29 none found

100=1305 2 29,30 none found

SA-622 2 29,30 none found

P250 2 29,30 none found

32611 3 246,17,20 o I,II,XII; IV, V,XII; VI,

VII; VI,VIII; I,III,

XIX; XITI,XXIT; I,XIII,
Xx111;  (I),VI,XIV,ZXV;

(VIID),XX; XX

37T 4 6 . none found
10357 4 none found none found
PLL6 4 . none found
P53 4 N none found
P260 b4 . none found
4431 5 none found 1,11,X11; VI,VII; I,III,

11Xy I,XIII,XXIIY; (I),
VI,XIV,KXV; XXX



TABIE XXX (econt'd)

Results of Grouping Organisms by Somatle
Agglutinin Absorption Tests

Culture Paraoolon fractions Salmonella fractions
Major ~Interlocking
82-125 5 PR I,II,XI1; VI, VII; 1,

II1,XIX; T,XII1,XXIII;
(1),VI,XIV,XXV;  (XXX)

SA~163A 5 2,24 I,11,XII; VI,VII; I,
III,XIX; I,XIII,XXIII,
(1),VI,XIV,XXV

Cmb 5 3,12,14,15 o I,11,XI1; VI,VII; I,
IT1,XIX; XIII,XXII;
(1),v1,XIV, XXV

-7 5 2,3,12,14,15 1,11,X1T; VI,VII; I,
II1,XIX; XIII,XXTI; (I),
VI,XIV,XXV

P173 5 12,16,17 I,I1,XI1; VI,VII; I,
III,X1X; I,XIII,XXIII;
(1),VI,XIV,XXV;  (XXX)

P227 5 none found xx
p228 5 nene fourd Xxx
P28l 5 none found vi,vii; I,III,XIX; I,

XIII,xx11x; (I1),vI,xIv,
v, Ixx

56211 é 15 none found



TABLE XXX (econt'd)

Results of Grouping Organisms by Somatie
Agglutinin Absorption Tests

Culture Paracolon fractions Selmonella frections
Madfor Juterlociking

40-128 6 293,15 none found

103-147 6 1,3,15 IIT,XV

63511 7 2y o none found

68411 g 2,6 none found

10=305 8 none found none found

C=3 8 9 none found

10"265 9 13;19 none found

224, 9 13,19 none found

C=2 9 13,19 none found

10848 10 none found none found

14103 s | . xx

19~397 12 14,15 1,II,XII; VI, VII; III,

XIX; I,XIir,xxIix; (1),
VI,XIV,XXV; (XIII,XXII)

19406 13 18,22,29 X



TABLE XXX (cont'd)

Results of Grouping Organisms by Somatle

Agglutinin Apsorption Tests

Salmonella fractions

Culture Paracolen fractions
M L RLEL LOCK AN

20~167 14 none found

22=21 15 none found

89224, 16 29

100-658 17 5,14

114-30A 18 1,11,13,22,29

82-156 18 1,13,22

SA-153 19 9

SA=56955 20 none found

SA-599 21 none found

-1 22 1,5,18

G4 23 2,7,8

C~5 2% nons found

P189 25 23,28

P206 26 none found

P210 27 none found

1,11,X11; I1,III,XIX;
(1),VI,XIV,XXV

1, II;XII;
ITIXIX;

VI,VII; I,
I1,XI11,XXIII

VI,VIII

I,I1,X11; VI, VII; I,
IIT,XIX; I,XIII,XXIIX;
(I),vI,x1v, XXV

vIiin xxx

IXVIIl; IxX

none found

none found

NI
VI, Vii;
VI XIV,XXV; XXX
none found

none found
XXI,Xivl

none found

XIIL,XxII; (1),

rone found



TABLE XXX (cont'd)

Results of CGrouping Organisme by Somatic
Agglutinin Absorption Tests

Culture Paracolon fractions Salmonella fractions
Major Interlocking

pak6 28 2,23 XVI; XVIII; XXI, XXVI

P319 29 2,13,18,22 XX

3k 30 none fourd none found

p352 30 none found x

(1) PFraction may or may not be present

(Xxx) Weak reaction - under 2f

. Or .. Or ... Indicates number of fractlions present which 4o not
remove homologous antidodies below one dilutiom drop
in titer.

It 1e felt that this schema 1g a broad one and that & much more
simplified diegnostic schema could be evolved and developed through
the study of close relationships by slide agglutination tests. For
example, group 9 and group 19 are very closely related. However,
group 19 organisms do not completely remove the homologous fractions
from group 9 antiserum and the revexse is also true. Other groups
that are closely related are group 25 and group 28, group 2 and
group 29, groups 5, 12, 17 end 22.

It is felt, however, that such a schema 1s not within the

imnediate scope of this study.



Flagellar antisera. Table XXXI shows the results of cross
agglutination tests in 29 flagellar antisera. The same method of
selection of cultures for preparation of antisera and the same
eriterium for the performance of agglutinin absorption tests was
followed here as was carried out in the somatic studies. Again it
is noted that there are many major fractions and many interlocking
antigens present.

Antisera of cultures 14-103, 19-406, 20-167, 40-128 and P210
gave no reactions above a titer of 1-160 except with the homologous
organisms, so were considered to be single factor sera.

Tables XXXII through LIV give the results of the flagellar
agglutinin absorption studles of all other antisera prepared for
this study.

&



TABLE XXXI

RESULTS OF AGGLUTINATION IN FLAGELLAR ANTISERA
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Results of Flagellar Agglutinin

TABLE XXXV

Abgorption Study of Culture

Li31L

Serum Antigens

L4311 | se-125 | 11l~304 | SA-163A | C-5 | P173 | PeRy
Unabsorbed | 5120 | 160 160 640 160 | 320 | &lo
Absorbed by '
Li311 0 0 0 0 0 o 0
#2-125 12%0 0 80 0 0 0 320
111304 1280 0 0 160 0 0 160
SA=163A 1280 ] 80 o %0 0 320
Cw5 60 ) 0 Lo 0 0 160
P173 1280 ] Lo 0 0 0 160
P227 éLo 0 ] 0 0 ] 0




TABLE XXXVI

Results of Flagellar Agglutinin
Absorption Study of Culture
56211

Serom Antigens

56211 | 22.21 | Lo-128 | 10%3-147 | SA-1 SRC | C-1 | p352
e =
Unabsorbed {10,210 | 10,240 | S120 5120 6l0 160 | 5120 160
Absorbed by ’
56211 0 0 0 o 0 ] 0 i}
2221 0 ) 0 ) 0 0 0 o
Lp=128 2560 | 2560 ) 2560 0 0 0 0
103-147 6l0 640 0 0 0 ) 0 0
SA=153 2560 2560 0 2560 0 o 0 80
SRC 2560 | 2560 ] 2560 %0 0 0 0
Cel 0 0 0 0 Lo 0 0 0
P352 5120 | 5120 (¢} 5120 80 0 0 0




TABLE XXXVII

Results of Flagellar Agglutinin
Absorption Study of Culture

63511

Serun Antigens ;

63511 £2=-125 82156 8922 11)~30A Lh311 C=5 | C-6 | P227 | P3LL
Unabsorbed 5120 160 160 6l0 320 320 60 | 160 160 | 1280
Absorbed by
63511 ) 0 ) 0 0 ] 0 0 0 )
82125 alp 0 160 o 320 160 %0 0 6Lo 0
82-156 ) 0 o o 0 o 0 0 320 0
89-22} 6lo 0 %0 0 Y Lo Lo ) 6o 0
11l=30A 320 0 0 0 0 Lo o 0 320 0
4311 320 0 o 0 0 0 o ) 60 0
C=5 6Lo 0 o ] 0 Lo 0 0 o | Lo
C=6 320 0 160 0 160 160 160 0 &l o
pa27 80 0 o 0 o 0 o 0 0 )
P3Ll, 6L0 0 160 0 160 160 %0 0 6L0 o




TABLE XXXVIII

Results of Flagellar Agglutinin
Absorption Study of Culture
68111

-]

Berum Artigens

éam 10-305 sg22l | -3 Paly
m
Unabsord. 10,240 10,2l0 60 10,2L0 160
Absorbed by
68111 0 80 0 0 0
10=305 Q 5] 0 (2] 0
gg-22l, 2560 12%0 0 5120 0
Cw3 0 %0 0 0 0
P=3LL 2560 1280 0 2560 0

TABLE XXXIX
Results of Flagellar Agglutinmin
Absorption Study of Culture
TO8L1

Serm Antigens

70&1). 10=265 1l=1.0 22l C~2
ORI 2
Unabsorbed 5120 10,210 160 5120 160
Absorbed by
70#11 0 %0 o 0 0
10265 0 0 0 o 0
1103 1280 1280 (] 2560 0
22l 0 160 0 0 0
C=2 1240 2560 0 2560 0




TABLE XL

Results of Flagellar Agglutinin
Absorption Study of Culture
10-8/8

Servnm An‘bigem

10848 | 82-156 | 11l-30A | L1311 | 63511 | C-5 | P227
16-8L8 "av
Unabsorbed 10,210 | 1280 1280 1280 | 5120 | 1280 5120
Absorbed by
10-848 0 0 0 0 0 0 0
#2156 2560 0 4] 320 2560 0 élp
11)p=30A 5120 0 0 320 5120 | o | 2560
LiZ11 5120 | 320 320 0 5120 | 6o | 2560
63511 6L0 80 Lo 160 0 g | g
Ceb 2560 0 0 320 2560 | 0 | 2560
P27 320 0 0 80 0 ] 0

TABLE XLI
Results of Flagellar Agglutinin
Absorption Study of Culture
19=397

Serum Antigens
= 19=397 P06
Unabsorbed 10,240 160
Kbsorved by
19=397 0 0
P206 5120 0




TABLE XLIT

Results of Flagellar Aggiutinin
Absorption Study of Culture

82-125

Sorm Antigens

g2-125 SAm1634 PL% np | rem
Dpmpeerved | gcto 60 | mho | o0 | et
#2-125 o ) o ] 0
SA-163A 2560 0 2560 1280 2560
P16 0 ) 0 0 o
F1T3 0 0 o o 0
PafL 0 0 0 0 0




TABLE XLIIX

Results of Flagellar Agglutinin
Absorption Study of Culture
s9~22l;

Serum Antigens

g9-22l, | 22-21 | 100-658 | 103-57 | 103-147 | SA-5698S | 37711 | 56211 | SRC | P228 | Pe50 | Pes3 | P60 | P352
m 5120 160 2560 5120 1280 1280 2560 160 2560 | 1280 | 1280 | 1280 | 1280 | 1260
f,?i’zhm b’ o o 0 0 ) o 0 o 0 0 0 0o 0 0
22-21 2560 0 1280 2560 0 1280 2560 | O |2560 | 60 | 12%0 | 1280 | 1280 | 1280
100-658 60 o 0 o 0 Lo 0 o 0 0 Lo © Lo o
103-57 1280 0 o 0 o g0 0 0 o | o 80 0 %0 Lo
103-147 2560 0 1290 2560 0 él0 1280 0 250 | o 1280 | 1280 | 1280 | 1280
S4~56958 2560 0o 640 élp 0 0 6L0 0 640 | 160 | 160 | ko 0 160
37711 1240 0 %0 L] 0. 160 0 0 o | % & 0o 160 | €
56211 2560 0 1280 1280 Lo 1280 1280 0 |1280 | 6o | 1280 | 1280 | 1280 | 12%0
8RC 6o 0 Lo 0 o %0 o 0 0 0 Lo 0 g0 ko
Pees 2560 80 1280 1280 ] 60 1280 0 |1280 | o© 60 | 1280 | 6o | 6o
P250 5120 80 1280 1280 %0 320 1280 | % |1280 | 160 0 1280 | 320 0
P2s3 1250 0 %0 go 0 160 o (i 0. | ko 80 o | 160 | %
P260 2560 0 6l0 6l0 0 0 6l 0 6o | 1660 | 160 | 6Lo 4] 160
P352 2560 | &0 1280 | 6o Lo 320 do | o | 6o(160 | o |1280| 32 | o




TABLE XLIV

Results of Flagellar Agglutinin
Absorption Study of Culture

59

100=794

Serm Irtigens

TRV 100~79h | 40=177 | %e~190B | SA~153 | 26311 | C~2 | C-6|C~7
Upabsorbed | 10,210 | 640 10,2h0 | 6o a0 | e | aol o
igir"gzd 7 0 o o 0 0 0 o| o
=177 5120 0 5120 0 0 o ol o
$2-1508 0 0 0 0 0 o | ol o
153 5120 | Qo 5120 0 6o | o | 300|320
26311 2560 0 5120 o 0 o | o] o
C-2 2560 640 5120 ° 60 o | 320/ 320
o-6 A0 | o 520 | 320 o |32 | o o
e-7 5120 | © 5120 | 320 o 320 o] o




60

TABLE X1V

Results of Flagellar Agglutinin
103~1L7

Absorption Study of Culture
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Results of Flagellar 4

TABLE XIVI

Tutinin

Absorption Study of Culture

SA-153

Serum ' Antigens

S4~153 C=2 P206
SA-15% VH®
Unabsorbed 5120 5120 2560 (7)
Absorbed by
Sh=153 0 ) (]
Cmg 0 4] 0
Pe0b 2560 2560 o

TABLE XIVII
Results of Flagellar Agglutinin
Absorption Study of Culture
SA~163A
Servm Antigens
SA=1634 | 10=305 | 100=1 SA-622 | 32011 | ¢ C~3 | P31

m____iﬁ L3505 32011 | 681l 2
Unabsorbed 5120 5120 5120 5120 | 2560 | 5120 | 5120 | 5120
4bsorbed by
SA=163A 0 0 0 0 (¢] 0 0 0
10=305 0 0 0 (4] 0 (4] 0 0
100=1305 160 Lo 0 0 +] Lo Lo 0
SA-622 160 Lo ] 0 0 g0 | % |Lo
32011 élo 320 320 320 0 320 |320 | 320
68101 80 0 0 ] 0 ] oc| o
C=3 0 0 0 0 0 0 0 0
P319 80 0 0 0 0 0 0 0
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TABLE XIVIIX

Resulte of Flagellar Agglutinin

Absorption Study of Culture

8456058
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Results of Flagellar Agglutinin

TABLE ILIX

Absorption Study of Culture

84599
Serm Antigers
22 -
SA-599 0 0
10-265 320 ]

TABLE L

Results of Flagellar Agglutinin
Absorption Study of Culture

Ceb
Serm Antigens
g2 10848 | 10~128 | €2-156 | 111304 | L1311 | 63511 | PR06 | P227
m 2560 | 320 | 160 | 2560 | 2560 | 160 | &hp |160 | &l
] 4] (4] (4] a 0 0 0 14 1]
10-848 [2560| o | o | 128 | 2560 | o | s |320 | 160
bo-128 [2560| 320 | o | 2560 | 2560 | # | 320 |32 | 320
g2-156 o | o o | o 0 o | o |o| o
115304 o 0 0 0 ] o 0 4] 4]
Wsn  |aséo| 60 | s | 2560 | 2560 | o | 30 320 | 320
63511 2560 | o o | 2560 | 260 | © o (160 ]| o
F206 2560 320 0 12480 1240 80 320 4] 160
P227 | o o |6w | &0 | o | o |® | o




TABLE LI

Results of Flagellar Agglutinia
Absorption Study of Culture

Borm Antigens

P206 SA=153 c-2
P206 "
Umbaorﬁ 5120 4 6L0 220
P206 0 Y 0
- 8A=153 2560 0 0
C=2 5120 o 0

TABLE LII

Results of Flagellar Agglutinin
Abgorption St of Culture

Serm ' Intigers

G
T S =
Unabso
i 22 220
Palé 0 20
Cely o 0




TARLE LIII

Resulis of Flagellar Agglutinin
Abgorption Study of Culture

P
Serm Artigens
R — Paijy | 89-22L; | 100~658 | 103-37 | 103-147 | 8A-56988 | 37711 | SRC | p2es | P250 | P253 | P260 | P352
Unabsorbed | 2560 | 2560 | 2560 2560 610 2560 1280 | 1280 | 1280 | 1280 | 2560 | 2560 | 2560
rsz.gr 0 o ° o 0 0 o 0 0 0 o o ©
s9-c2l; 320 o 320 320 [ %0 160 | 320 | Lo 0 160 | 8o 0
100-658 0 0 0 0 o 0 o 0 0 Y 0 0 0
103-57 0 0 ) o o 0 0 Lo ) 0 Lo 0 0
103-147 2560 | 1280 1280 | 2560 0 640 6o (1280 | o |6o | 12% | 6o | 1220
8A~56955 60 160 320 320 ° o 320 | 320 | 160 | 160 | 320 | o© 160
377 320 g0 g0 160 o % o 0 o 0 0 160 | &0
ERC 320 80 160 160 0 %0 o o o g0 | o % g0
pe2g 1280 | 6o 640 6l 0 320 320 | 6o | O 320 | 6o | 320 | &l0
P50 1280 | 6o 6.0 6o %0 320 160 | 64O | 320 0 &lo | 320 0
P253 160 Lo 80 % 0 &0 o 0 o 80 0 %0 Lo
P260 640 160 320 320 o 160 | 320 | % %0 320 0 %0
P352 6L 320 320 320 &0 160 320 | 320 | 160 o 320 | 160 0
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TABLE LIV
Results of Flagellar Agglutinin

Absorption Study of Cultare
pP352
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From the results obtalned in these agglutinin ghgorption studies
it is possible to indicate a number of flagellar groups. Agnin, as
was done with the somatle fractions, and by following the same order
with the key strains, the other organlisms can be arranged as shown in
Table LV. Only one organism shows any flagellar fractions of the
Selmopells grouwp and none of them show any reao%ions vith a polyvalent
Arizons group flagellar antiserum.

TABLE LV

Results of Grouping Organisms by Flagellar
Agglutinin Absorption Tests

Arigzona

Culture Paracolon fractions Selmonella paracolon

fractions fractions

Mejor _ Interlocking

26311 1 pYj none found none found
40-177 1 . none found none found
C=b 1 . none found none found
C=7 1 . none found none found
32011 2 19 none found none found
100-1305 2 19 none found none found
SA=622 2 19 none found none found
31 3 16,21,27,28, . none found none found
SRC 3 5,16,21,27,28, « none found none found
P253 3 16421,27,28, » none found none found

44311 4 6, none found none found



TABIE LV (conttd)

Resulte of Crouping Orgenisms by Flagellar
Agglutinin Absorption Tests

Ariszons

Culture Poracolon fractions Salmonella paracolon
‘ w 3 ! . W2 Ui < 31 2
56211 5
R22=21 5
C-1 5
63511 6 9y none found none found
P27 6 4,9 none found none found
68411 7 2,20 none found none found
10-305 7 293,20 none found none found
C~3 Ki 2920 none found none found
70811 8 none found none found
10=265 8 22 none found none found
22w/, 8 3 none found none found
10-848 9 3, none found none found
14~103 10 8 none found none found
19-397 1 Eyfese} none found

g,m,a'OQ;

€sPs oo}

EiPpNeee;

m'tcoc
19406 12 none found none found

20167 13 none found none found



TABIE IV (eont'd)

Results of Grouping Organisms by Flagellar
Agglutinin Apsorption Tests

Arizona
Culture Paracolon fractions Salmecnells pareacolon
Msiop pterlockdng Lractlons fragtlor
40~128 14 5y ¢ o none found none found
82-125 15 3546 none found none found
PlLi6 15 none found none found
P173 15 4 none found none found
P28l 15 none found none found
89=224 16 3,6,7,18,21, none found none found
27,28

100794 17 . none found none found
82=190 17 . none found none found
103-147 18 205,285 o o o none found none found
P228 18 3,16,28, + none found none found
Sa=-153 19 55 00 0 none found none found
-2 19 8,17, none found none found
SA~163 20 Roby o none found none found
P319 20 2 none found none found
S5A=56988 21 3,27528 « o none found none found
P260 2 3427528 o« none found none found

170658



TABLE IV (cont'd)

Results of Grouping Organisms by Flagellar
Agglutinin Absorption Tests

Arizona
Culture Paracolon fractions Salmonella paracolon
v Major Interlocking fractions fractions
8A-599 22 none found none found
c-5 23 4,6,9 none found none found
82-156 23 6,9 none found none found
114304 23 4,6 . none found none found
P206 2k 3, ¢« o e none found none found
P210 25 none found none found
P2hé 26 none found none found
c-4 26 none found none found
P3hh 27 6,7,28 none found none found
100-658 27 3,16,18,21,28 none found none found
103-57 27 3,16,21,28, . none found none found
P352 28 3,21,27 . .« . none found none found
P250 28 e, ... none found none found

. Or .. Or ... Indicates number of fractions present which do not
remove homologous antibodies below one dilution drop
in titer.

Here again as in the somatic groups the flagellar schema merely
indicates a method of grouping and it is felt that a simplified

diagnostic schema could be evolved by the use of dilute sera and tube



agglutination studies.

It is spparent when a compsrison of Table XXX and Table LV
is made that not all the groups are "simple" strains. For instance,
somatie group 1 and flagellar group 1 contain only two organisms
vhich show the same somatic and flagellar fractions, namely 26311
and 40-177. Orgenisms 82-190B and 100-794 of the somatic growp 1
constitute a separate flagellar group (17) and it shows only a weak
interlocking fraction with flagellar group l. Organism SRC of
somatie growp 1 fits into flagellar grow 3 and organisms C-6 and
C=7 of somatie group 5 fit into flagellar growp 1.

Somatic group 2 is a more homogeneous group since only one
organism is lost from the growp (P250) to form flagellar grow 2 and
the interlocking antigens are comparatively simple inm both groups.

This type of variations of interlocking antigens is not new
since it was found to be present to a considerable degree in the
Bethesda and Balleruwp groups of paracolon organiams.

From Tebles II and XXXI it i1s noted that a musber of one-sided
reactions occur. For example with the somatie groups, ‘culture
14~103 agglutinates in antiserum 114~30A to a titer of 1-2560, but
in the reverse, culture 114-30A only agglutinates in antiserum 14-103
to a titer of 1-160. A much more striking exsmple is with culture
19-406 vhich agglutinates in sntiserum P319 to a titer of 1-5120%
while culture P319 shows no agglutinetion in antliserum 19-406 at all.
A number of these reactions alsc ocour among the flagellar grouwps,
too. Culture 63511 agglutinates in antiserum 10-848 to a titer of
15120 but aulture 10-848 shows no agglutination in antiserum 63511,



Agcording to these charte there are 22 of these reactions oceurring
among the somatic groups and 18 among the flagellar. These reactions
do appear quite frequently in coliform cultures in both the O and H
antigens and have been reported by Wheeler (1944), Edwards et al (1947)
and Moran and Bruner (1949).

The instances of serologie veristion which have been noted above
indicate that the classification of this group will certainly require
further study az other strains are found., Since there are no sharp
biochemical or serclogical boundries to the members of the

2a¢, it must be recognized that, from time to time,
key organisms will be isolated which will help to fill in certain of the

geps pressnt now. However, just as smong the Sslmone

there are among the paracolon organisms certain outstending groups
that pozsess uniform biochemical characters. It is with these groups
that a start must be made.
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SUMMARY AND CONCLUSIONS

An antigenic study of 58 cultures of Paracolobactrum aerogenoides
belonging to a definite biochemical group (32011) is presented.

This series of organisms is divided broadly into 30 somatic and
28 flagellar groups according to agglutinin sbsorption studies.

Many of these strains show interlocking antigens which are not
consistently true to form between the somatic and flagellar groups in
that organisms belonging to one somatic group may contain the
flagellar components of an entirely different somatic group.

Many of the organisms in the group show from one to ten somatie
fractions of the Salmopella group. These help further to divide the
paracolon groups in that, when present, nearly all the organisms of
the same paracolon groups contain ldentical Selmonella fractions,

Only one organism in this group showed the presence of Salmonella
flagellar fractions.

None of the organisms in this group showed any reaction with a
polyvalent Arizona group antiserum,

None of the organisms used in this study showed diphasie
flagellar fractions.

It is felt that a simplified diagnostic schema could be evolved
through the study of strains which show closely interlocking fractions
in both the somatic and flagellar groups.

Further study is needed to see where these strains fit serologi-
cally in other studied and recognized groups of paracolon organisms.
Such a schema involving the Arlzona group, the Bethesda group, the

Ballerup group and this group would be invaluable epidemioclogically
in the study of enteric infections.
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