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ON FURTHER ANTTGEN RELATTORS BETWEEN PASTEURELLA
PSEUDO-TUBERCUICSIS AND THE SAIMONELLA GROUP

[Folloving 15 & translation of en article by W. Knepp of
the Hygiens Institute of Tubingen University in the Geirmen-
lesngnage pexiodical muchrirtrur (Journal of
Eygiens), No 146, > Dages -

Tha antigen relations bdhnn Past. plndo-tubermlo-h type II
ani the Salmonella B sub-group and between Past. pseufic-tuberculosis
type IV (following Thal) and the Selmonella D sub-group were first dem-

cnstrated by Schutze (1928/1932) and Enapp (1955) respectively.

Ksuffmann (1932) diseaverad,inthegimuntigenrehtimct
Past . psendo-tuberculosis to O-factar & of the Salmonella B sub-group,
the complex nature apd h,; whareus Knapp (1955) disclosed the complex
nature 9y and of 0 9 of the Salmonella D sub-grouap by dem-
costreting the igen relationa betwean Pust. psendo-tubexronlosis type
IV anl the O-factoxr 9 of the SBalmonella D sudb-group. The findings have
besn confirmed by severel axthors (citaticos in Xoapp, 1959)

With the aid of investigation results summarized in various
tadles, the dsmomstration of additional antigen relations detween Past.
mo-mmumwmmmunu reported.

Crossvise absaxrption and aggintinstion experimsnts were oomducted
with varicus Pestearella and Salmonalla sara.

These ncrmally involved 4 to 5 intrsvencus injections of inacreas-
i=g smounts of antigen at imtervals of b to 5 dsys and, when necessary,
a boostar injection after 2 to 3 montha.

smmmmwwmmmpmmmmot
killing the caltures incubated esithar for 48 houre ﬂﬂd.m(:or

Berzm Bo 26;: Past. peeundotudberculosis strein 16; serclogical
type I, sudiype A (16 II 1); killed with 0.5% phencl. .

Serum No M7: Past. psevdotubarculosis lMJ.GI.‘IA;boﬂnd
2-4 boure.
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Serum No 279: Past. pseudotudbsrculosis stxrain 1779; serological
type II, subtype B (1779 II B); heated 2-4 hours at 56 degrees C.

Serum No 273: Past. psevdotudbercnlosis strain 1779 II B; boiled
2-1/2 hours.

"Subtype A and subtype B sera of Past. pseudotuberculesis type -
nmmwb}'mmcmh%mhﬂﬁthm peeudo-
tubércxloais strain 1779 IT B (1bd) and sera Nos. 273 snd 279 with
Part. peeudotubaroulcais strain 16 IT A (Jbd). (Ses Teble 1)

' The cromz-xeactions resalting from tde partial antigen commrnity
f Past. pseudotuberculosis type II and 0 factor 4 of the Salmonella
B sub-group were eliminated by rinsing sera Nos. 26, 467, 273, and 279
\r.;ths Abmm(mdnaoe)ms.mm(mw) See ®ahle
1l

Serum Mo 125: 8. ahmwmmso(l,h 12, 27); boiled
2-4 hours.

Sexum Mo 131; 8. sclwarsengrund; -trd.nlSO(l, §, 12, 2T);
bodled 2-¢ hours. In the O-factar 2T sera, resulting from saturation
of sera 125 and 131 with 8. reading and 8. sdbortus equi, the agglutinin
titer stood at 1:00 as against O-factor 1. (See Table 1)

The evaluation of lest results sumsarized in Table 1 led to the
followirg conclusions:

) l. The sggixtination in varying 8 of boiled suspensions
of 8. abortus equi (B, 12) and 8. reading (&, 12) in the sers 26 and
NT o sexre 279 and 273 ,muthm-t.mmmuwm
mnAcrlmnn.ummwtummnm1abo-
tween—Pust. type IT and O-fmotar 4 of the Salmonella
B sub-group. (For details see Bcinrtse, m8/1932; Kauffmann, 1932;

Knapp, 1959.)
2. The aggiutination of boiled suspensicus of S. schleissheinm

13, 8. s , &nd 8. abartus equi in the Past. psecdotubercv-
mnmas( ) ad 279 (1779 I B) saturated with 8. reading
and 8. sbartus , & in resexse from Past. peevdotuborculosis 16 IT

Asd 1T II B mﬂWm)uwwmns
(8. adbartus bovin) and 131 (8. schwersengrund) satursted with 8. reed-
ing and 8. dbhortus egul up to O-fastor 27 sera, rests ca an antigen re-
lations Detween Fust. pesudotudberonlosis typs II axd O factor 27 of the
Salmnella B cub-group, [ses Note/. This antigen relsticn sppesrs
to depend . the presence of a tharmoladile antigen, for anly in sera
aﬁmm,mmmmmmmmouvmbowmpen
sions, were aggintinin evident in commection with O-fastor 27.

(Bote. With thmnks to Prof. ksuffmsun of the State Sexum In-
stitute, Copenhagsn, for “is kindness in checking these resalts.)

———— —— - e e e ——————. " i 4 b o s i 8 beren o
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3. According %o the results of the agglutinstion reactions
summarized in Teble 1, O-factor 27 is, like O-factar k. of the Ssl-

Al B Sobegroig, ot At gl ety -
40 have antigen relsations with the specific mxtigen type of Past.
pseudctubérculosis’ type II.” The indications of this are: a) that
efger saturation of serim 26 (16 IT A) with S. schleissheim cr with
S, schleissheim and S. reading, culy the homologous strain (16 IT A)
gnd not the heterologous strain (1779 II B) sgglutinated; and that
after corresponding saturatica of serum 279 (1779 II B), cnly strain
1779 IT B and not strain 16 II A were agglutinated; and b) thet in
the sub-typs speaific sera of Past. pseundotuberculosis type II A wad
type II B, 8. schleisshein, S. sohwarsengruni, and 8. abortus bovis
were not agglatingted.

k. VWith Pest. paeunictuberculosis strain 16 IT A, which was -
agglutinated in the O-factor sera 125 and 131 uwp to 1:60 serwm dilu-
tion, and with Past. pseudotuberculesis strain 1779 II B and others
of the same sub-type, which were not agglutinated ¢r were agglutinasted
up to a titer of 1:80 visible only in the agglutinoscope, no complete
saturatica of O-factor 27 sera was successful. These strains led only

10 further saturstion of varying degrees of the Salmcmells sera 125
nalalar:lunnny-_mﬁﬂths. reading and 8. abortus egqui.

© 5. The cbservation that, after saturation af O-factor sexrs 125
and 131 with Past. psenlotuberculosis strain 16 IT or with the weskly
sgglutinsble strain 1779 II B, the strains 1779 II B and 16 II A were
not sgglutinated, suggests the existenc: of an aptigen relation be-
tween the specific antigen type of Past. psevdotuberoulosis type IT
(of complex nature) and O-factor 27 of the Salmmellz B subegroup.
This partial antigen appears in ocur experiments to be less strongly
developed by chsuoe in strwin 1779 II B than in 16 IT A, except as it
is altogether weakly developed in this strain.

With 8. rod:ncmﬂs.Mﬁ-om, thnwﬁ-cpociﬁ.cbutno
stbtype-specific sgglutinins vers removed from the Pasteurells pere
k67 and 273 produced. witk boiled antigras. The satrated gera MET snd
273 sgglutinaded only the homologous strains 16 IT A and 1779 IT B.
Bat in the sera 26 and 279, produced with killed antigens, bBoth strains
{16 IT & and 1779 IT B) were agglutinated after their preparation with
8, resding and S. abortus equi, vhile only the hamlogms strains ag-
gletinated after saturstion with 8. schleissheim.

The differing findings, probasbly traceedbls to the varying pre-
paretion of the antigens wed for immnization (see Yeble 1), indicste
ab least that Past. pasudotudercalosis type IT possasses a thermostadle
aasd thecmolabile type-specific satigsn. The thermostable sntigen
shows partisl affinity with O-factor 4, the thermolabile antigen with
O-Tactor 27 of the Salmonells B sub-group.

Further investigatins of the antigen commnities butween Past.
pseudotubereulosis snd the Salmonella group disclosed veek antigen
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Telaticns Petwen Pest. peendotuberoulosis strain 32 type IV and O-factor
1A of the Salwv.mells H sub-group. These chservetions, confirmed by
Eauffmann as slight satigen relstions between Fast. pesuvdotudberculosls
and 8. carrexn 3% /Note: Bee Xmuffm nn (1553) for Kmxffaam-Fhits scheme),
wili be trested at the end of this study. But in further tests Emufmenn
rmdast:ﬁguwmnsﬁmdm psendctuberculosis strain 32 IV in
an Q-factor 46 Salxcnella serum, notthenuvnlr.b].etous, and, in
Teverse, of S. massbursg +2:1.7) in a serux produced with Past.
pscudotuberculosis strein 32 IV. These observations, kindly commmicated

by Prof. mnnbylettor (1958), vere confirmed by our furtber tests

.1thm1mmelv - mmed.hercﬂthhincment
WMM

tolloﬂn;niutmmaﬁ.onm (lnd.otwsmm-
gented In dstuﬂ.) vers tested in alturnating sbsarption and agglutination
expe.rinentgfortheiragglwin content and the results summarized in
Tablo a: '
: Sexrun No. 120: Past. muﬂ.otn‘bcrcnlosh strain 32; urolosieal
type IV (2 IV); bolled 24 howrs:

Serum No. 196: Past. Motnbcrcumjs th.'un 19Q; -mlocled
“type IV {150 IV); bodled 2§ hours.

" Sara No. 62 and h59: 8. m-aubum Salmonells Cantral, Boon;
(93!‘6): ] 2% hours - '

The cross-reactions resulting from the partial antigen assocla-
ummpm.mmmmwnmo-rmga
Salimcnelle D} and Ip sub-groups were eliminated through the saturation
of Sera h6R2 snd 459 with 8. muogo:.(Iba)u-s gallinarum 426 (1ne).
wgm(ma). . strassturg has partisl sutigen
assoadstion 'with O-factor 10 of summ Ej sub-grocp, so thet an
O<fachor 46 serum iz cbtained by ssburating a 8. stressburg O-serunm
with 8. onteritidis (o 8. typhl) «nd 8. london. 8incd oross-
agglutinations showed that Past. paeudctubercuvlosis strains 32 IV
and 190 IV (3aisawa and Ikegachi) are not agglutinated in an O-factor -
10 serum, and that S. london is not egglutinated in sera of the four
named Pesteurella strains, we had to be cogtent with the saturstion
of sers 459 and 462 with 8. typhi or §. gallinarum. (See Teble 2.)

The evaluation of test results stumwarised in Tells 2 led to the
followihg conalnsions: 1. The tion of Boiled suspensions of
8. typhi O 9503 ¥ or 8. gallinarum in Sera 120 sxd 196 rroduced with
Past pseudotuberculosis strains 32 IV and 190 IV is oconditioned Dy the
known pertial antigsn association betwean Past. peeudotuberculosis
wwwomsxmmnmw. (For details

see Knspp, 1955, 1959; Toucas and Giramd, 1956

-8 -




2. The agglutination of boiled suspensiors of £. strassburg in
Ppsteurslla sers 120 and 196 saturated with S. typhi or S. gallinarum,
as in reverse with Past. preaiotuberculosis strains 32 IV and 190 IV in
0 serum 459 caturated with S. typhi, results from sn antigen relstions
between Past. pseudctuberculssis typs IV and O-faotor 45 of the Salmonella
I sub-group. Contrery to ctations, however, anatigen relation wes
shown not t¢ exist in serum saturated with 8. gellinarus in ralstion
40 O-fagtor 4S, although S. strassburg was agglutinated up to 1:160 sermm
dillution. '

3. Since Pastenrells sera 120 and 196 conld not be fully
saturated elther with S. strassburg alome or in coambination with S. typhi,
likewize C-serum 459 neither with Pasth. pseuvdotuberculosis strain 32 IV
alone nor in cosbinstion with S. typhi, the O-factar 46 of Salmcmells Ip
sub-group and the type-specific sntigen of Past. pseuiotrierculosis type
IV mst be of complex nature. Past. pseudotuberculosis type IV tims
has, smong others, two type-specific stable partial antigens standing in
sntigen associstion with O«Zactor 9 o 46 of Salmonelia Iy and Dp sub-
gronps (in 2% hour ‘boiling).

Aacording to experiments by Uetake and Fakano (1949), the strains
of Past. pseudotuberculosis fourd in & soldier by Salsawa (1909) and in
monkeys by Kmvachime (1934) and/cr Tkegaki (1936) have sutigen relsticns
with Salmenmella D subegroup. Bince data on the types of the struins were
lacking, it bhas been unknown whether the two strains Inomn as Ikegaki and
Saisava also belong to type IV, corrusponding to the division of types
by Thal (195k). Acconding to Thal, the two available straing 32 IV and
1950 IV axe distinguished from types I, IT, III, and VY by their O amd X
antigens, for the othars, while Aifferiug as %o the 0 snbigen, have the
same H antigen. (Citaticns in Enapp, 1959)

' After Dr. Yamed of Jspan kindly provided us with the two strains
shartly before the end of our experiments and they xevealed differences
in antigen structure as compared with the strains 32 IV and 190 IV
availsble to us; the following additional questicns arose:

1. Do the strains Ikegakl apnd Saisawa belong to type IV and
subtypes be &istinguished in type IV as in types I and IT of Past.
paeudotuberculosist

2. Does the antigen relstion, demonstrated by
(1949), to the Salmcmella D sub-group also rest oo & '
association with O<factor 9 and 46 or only with ome of the two O-factors?

b
I

3. Do the two sireins have antigen relstions with Past. pseuvdo-,.
toberculosis of types I, II, IXI, and VY

Por the nacessary croeswise ssturation ool agglatination tests to

suswei the first two guestions, the following sers vare newly produced or
atilized. The suswer to the third gquestiom ovcurs in ancther place.

-9 -




Serum Wo. Thh and T87: Past. peeudotuberculosis strain Tkegaki;
bodled 23 hours. -

. smno.'rssm'no Past. pssudotuberculosis strain Saisaws;
boiled 2§ hour's.

Serum No. 120 and 196: Past. pseudctudberculosis strains 32 IV and
190 V. (See Tuble 2).

m-‘b:l.asmun: 1. mommm:uotrut pseudo-

tubercnlosis straing Ikegeic{ snd Saisgwa are not identical. After satura-
tica of the sera 74k and 787, produced with the strain Tkegski, with strain
Sajsawa, the strain Tkegaki vas agglutinated up to 1:160 amd/or 1:320
secum dilution; whereas on the other hand in the sara produced with strain
Saiszwe and satursted with strain Ikegaki, sezwm 776 was not sgglutinsted
and garum T7O vas weskly sggintinated - - visible cuoly in the agglntinoscope
e up to 1180 serum Ailutiom. The question raised by the cbservatioms,
whether strains Jkegak! and Ssisewe bhave different subtype-spezific

satigens, in the cuse of Saisame temporsrily not or only waakly developed,
conld not bde wwmwwm

2. Differences in the antigen structure between Past. pseundo-
tuberculosis strains 32 IV axd 190 IV on the ons hand and strains Tkegaki
mdsmmthuthnnnltfmmmd&hutmm
specifie antigen.

The fmmmizstion sers TTh, 797, m,um(mma),ma.
with bodled suspensions of strains Ikegek! and Saisewe, agylutinsted in
verying degrees the strains 32 IV and 190 IV, without being fully ssturatoed
with R IV; Just as the sers 120 and 196 cbtained from streins 32 IV emd,
190 IV (Ses Table 2) sgglutinated the strains Ikegiki snd Saissws without
being fully ssturated with them.

Accaording to these ocbservstians, type IV of Pest. pundotubemlods
oah at least be divided between subtypes A and B.

3. Like Past. psesudotuberoulosis struins 32 IV and 190 IV, the
Ikegeki and Saisers streins have amtigen relstions to O-factors 9 amd A6
dmaummmmng « The damonstration of paxrtial

sssoaistion vith O-fastor sucosedsd, however, uly in a sexum
with & bigh sgglutinin titer. ’

s) 8. typhti snd 6. strassburg were agglutinated in the unssturated
ard §. stressburg elso in the S. typhisstursted Pasteurella sers TMh, 787,
T66, and TTO0, though with varying strength; whereas the Ikegaki and - ,
Saissewve strains vere aggiutinated in varicus 8. O-sers and in the
8-Ayphi-sstursted sarum A59 up to 11160 snd/or 1:60 serum diiutiom, but
not in the corrvesponiingly produced snd sstursted sarum W&, altbough the
sarum satursted with 8. gallinsrum agglutinated 8. strussdurg up to 1:160
of se um dilation. (Bee Tudls 2).
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) Only in serum 459, which is prodnced like serum 462 with 8. stress-
burg (2§ hours st 100 degrees) and agglutinated 5. strasstirg after satur-
ation with S. typbd up to 2 titer of 1:1280, were the strains 32 IV, :
190 IV, Tkegaki, omd Saisava agglutinated. Agglutination was absent, how-
ever, vith these strains in sermm 462, vhich agglutinated S. strassburg
afser saturation with S, Gallinarum only up to 1:160 dilaticn.

4. The results of cross-wise saturstion snd sgglutination sxperi-

camnon to O-factors 9 and art.hcshl-bné;nhb:n , Sub-groups; and
b) Past. pseudotuberculowis strains of type IV s d.llf);mcea in thely
type-specific partial antigens, which may however be of gquantiitstive
rather than qualitative sart.

" 'This ccnclusion rests on the fallowing cbeervebicus: a) after the
satarstion of sere Tk and 787, made fram strains Ixegaki and Saisaws,
and/or sare 766 sod 770 with strain 32 IV or 8. stressburg, for Ikageki
. ol Baisawe cnly subtype-spmcific sgglutinins rewained; tims, the Salmon-
8. stﬁ‘ubu' (see Tedle 3). But after saturstimm of these sere with
8. typtd there were still antibodies relating to S. strasburg (0-factor
k6) resaining, which, however, 1ad to no agglutination of Past. peendo-
Mahﬁﬁmiﬂmdl%ﬂmwmmm

agglatinine
190 7V remained with high titers, those far Ikegaki el Ssisewe strains
vith lov titers, while 3. strassturg, as well s the Pest. peendotuber-
cslosis straine, wes agglutinated after preparstion of the sers with
8. typht.




Waile §, typhi and S. stressburg, in the sera Thh, 787, 766, amd T70
proluced with Tkegaki and Saisswe strains, led (contrary to upecuuons)
0 2 sataration of the antibodles aggintinating strains 32 IV and 190 IV,
in tie reverse case after oorresponding saturstion of sers 120 and 196,
Mu&uthmsenmmn,mmuramm
umwnmum “This cbservaticn seems to us to
mmibmmwm tioh that, beyond the partisl
qu”u—nutoe-tml9m of the Salmonella I st™-sroup, stildl
other prodadly type-apedific partlal éntigen associstions exist between
Individnal straing of type IV, whereby the individual partisl antigens
-ybeacvelopedmvu'nncmm

mmm::uumobaenndintheeoumotthenmeﬂmts
o Imegiki aid Séisave strains to, e.§., Past. pesndotobercalosis type I,
§Tcbably fedulting from the presence of a common Yaermolabils antigen,

Cross-wvise mumanlmoryumt“tlm conducted with
thatmummumuommmumm,mma
b-;luu.rimduohrunemmhmk

" Berum No 1961 Pust. Peendotuberculosis strain 190 IV; botled
24 hours (see page %0).
lu'—lomm Tuszt. mnmyn:w

24 houre”
Serwm Fo 595: 8. bosaker; strain 245, IBZ (6, 1M, 1v:1.7);
s-n-lom 8. m;m—meb;,mz(s 1h); dadled
24 hours.
O=faotor 1 sers were cbtained by satursting sers 595 snd 272
with 8. thompeon 8 (6, 7, Xk, 1.5) sod 8. potadsn 9781 (6, 7, 1lv, enx).

I snother immntsphion saxus prodmesd with 5. boscker no agglu-
tinslion for O-faubor 1N oould be asosrtained rfter oarresponding ssturs-
4io. The profucticn of suitsdle sers, oosprebsnding the oammon pertial
i, vith gtraiss of Pest. pesndotadberomlosis Sype IV ead of Balmon-
alls X ssbgromp involved grewt diffioulity. The tmemisaticn of gnines
N"IMM

Oxr ssveral tests, only partly presented in Tebls ¥, show that a
weak aniigmn relation prevails amomg the four available type IV struins
md the 0-Lacktar 1A of the Salmmella X subgromp:

1. In eers 196 and 120, prodnced with streins 190 IV and 3R IV,
8. osrrsa, 8. bosokar, 8. madelis 611, ead 8. ondexstapoort 282 (not
shown ‘n Tadls §) ware agglutinated up to a serwm dilwtion remging from
11160 50 1:30. 8. potsdem 781 eod 8. thospecs 8 ware not agglutinated
in tdase sexy; likevise, the four Past. mesdotuberconlosis streins of




Salsaws weakly to 1:40 serum dilution. A complete saturation of Pastec-
rells sera 196 and 120 with §. carrem or 5. boecker was as tmsuccessful
as that of O-factor 14 serum with stTain 32 IV and the Ikegaki strain.
These findings show that an admittedly weak partial antigen association
exixts between Past. psendotuberculosis type IV and O-factor 14 cf the
Salmanella B subgroup, as confirmed by Ksuffwana.

2. Butinthimizttimmpr@oodﬂthstrﬁnmm ‘
(m?ﬂd?&)aﬂﬂthlumsum (vera TT0 and T66), §. carran
and S. boecker wure not crxgintineted. Since the Ikegskl end Saisawa -
mmmmmtolgmulhOmmmwzmnm-
satirated and with 8. thapsch and 8. DPotsdem saturated serum 595, the
partial antigen association between these two type IV strains and the

Ootwbcrlkmstobevmsught

3. The findings for serum 2T2 (§. Loecker, 2§ hours) corresponded
tpﬁhp!ofm'ms_ﬁmmmtmmwmuum.

8_‘;..;'-.‘.51

— Besides ths already known antigen relations bestween Past. pumlo-
mmmwm, partial anotigen sssocistions exist
bybween Past. pseudotubetculosis type IT and O-factar 27 of the Salmm-
«lla B subgroup, u«nd between Past. pessudotuberculosin type IV and the
o-fwtmmualhortmsmmw and H, though the
ococznection with the X subgroup is weakly . '

In Past. pesadotudberculosis of type IV, sabtypes A and B wge -
1lantified.” SAkraing R IV end 190 IV belong to subtype A, while sub-
type B inalndas the previocnaly untyped Ikegaki ard Saisswe strains, the
serclogical behaviar of vhich is not clarified in all detalls. ¢

'\\‘
The results of the varicus test series were discussad at the end
of the corresponding sections.
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1:50 or 1:80, visible only in agelutinoscove.

Very wesk sgglutination to serum dilution
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