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'l'he s ig-Jtifi(' ~ll d part pLtye1l hy S.nlmonelln infe,·t iun in bo th lll<lll 
:1 ntl animrd and 1 hP fn·quen e_y 11'i t h 1d 1 ich IIH' lllOl' l s of thi s group 
of mp;ani sm s han• hee n :lssoc·ia tecl 11·ith ou threaks of fuocl-poisoJ ting 
i n man , haYe led loa dehl i1 ecl stu .l.1· of th1·ir ;t Jdi g·,• ni, . l'OllljlOlH'IlL'i 
during l'P('cnt .~ · e ;l!' ,;. \Vit h the ;tdl'!•nt of l'l'l i; ih1 e met hoch of 
;;P rological an aly,; i,; it has lH'l 'llln<· pu;;s ihl e tu l'('l'Og' lli sP s<'Yl'ra l ''''". 
si.raiw; of ,'-;ai!IIO IIP!la an d to snhcliYid P a !ll!mher of olrl<'l' fo rllh 
into d j,.,ti nd t,qlf'.s in 1·as!':i 11·h,· re gTll ll ps of t ht•,;t• 1\'t'l'l' j)l'l' l·iously 
g·,·ottpl'd in a hap ha ;o:<trd f<t s hio11 tiiH!t-r on e ll<l llll' on l'it hl'r ,·1in il'al , 
;o:uol og· i('al o r (' llH ural ground s. \\'h <•re pion(·e r ,,·o rk,., .. , ha J lo rl' l.1· 
Lt rg·e1y or ~ol, ·l .l · 0 11 t Il l' fl' rllH'II i.<d ion Jt'act i on~ uf the l.qw,.; for n 
rlifl'tJl'ellt.iat ion uf lht• groups, a dPst·riptio n of tht· org;~ni ,; IIJ at prest> 11l 
('<Ill ht• a<·cPpt (•d onl y if hast·d on Tl'l iahl P SProlog- i, ·;li 11·ork. inYohi11p: 
r iH· (·o nlpit- lP ""ti.!.!·<·nil' ;1n<tl .l·si,.; of the had ,·riulll . 

S('hul zt• ( 11)2(1 ) pointed out lh<· futi li ty of g ruupin g· .'.almonl'llus 
011 (' lini('al an d ;o:oo1og ic·a1 grounds, and sho11·ed t Jt, . Y<~1u e of f;P ro­
log- i< ·<~ 1 11i l•thods of ('hssi ficali<'ll. B\· 111 03 11 ,; of ah,;urp t iou lPsb I1 P 
11·as <Jbl e to di1·id,· tlw lll'p:aniRm s i11r:hHl ecl in ihl' :-l n·tryr·l.·e group 
into a lllllllhe1· of h ·pes. ]hn<·<· 1\'JJite ( I D2fi , ·192!) a. h. ), h .1· arlopli ng 
Sl'in1be's typ(•:i <1:< ;1 primar.v b:tsi ,; for sluily , 1111ifi e(l t lw S almonello 
taxonom~· h~- 1·ompa ri;;on of s uC'h l'P JH'PS('llta t i1·e stTain ;; ;lS he <·ll u1 ;l 
fi nd ;l\·aib h 1e . JJ,. irl<• Jdifi Pd l hcs<• Ya ri ous strain..- ;~nd in t ro<lu('l' tl 
'1 sy..;t,•m of Ldw11 ing fo r th(· ir d ii1't·n'nt ;mlig·(· ni(' <·ompun t> nl:i. 
Kauft'nw1111 ( IIJ:!!J <~.h. , 1930 a.h. c ., 19:H , l!J;1-:l, l!J:V1 , ~.h. P .. , 1n:n) 
l·olltinu l'<l <111(1 t•x[,• nd<'cl th P 1w r1; initiatt>1l ln· Jhu (·t· \\' hil l' h ut 
usPcl a difh·reJil s~· .s t en1 of 1nhPilin g· . LoYell ( h :t!. <l ) eurreLil(•;l 1 h,, 
formu l.t e presPnt etl hy th est' t 11o "·orkt·rs h .1· g·i1· in g· tht· eq uil·:11t• llt 
11111nlwrs nn<l lelter ,.; u seil in t h<· i11·q svstem f\ . In order to ohvi;~h-• 
the confus ion that 11·as honnd to o1·t·u;· from ll1 e P:o.:isl t•n ce of l ll'<l 
~eparate system ,; of a nt igf>ni(' l ;~ht>lling tho Solmo nPllo Suh-colnJn i (t('P 
of thP Jn( Prn;tlion;il So1·iet.l· of .Jiinohiolog.1· (J (J:l-J. ) ;~cloptecl Kauff­
mann" ,; te rm i nol og,1· fo r gell f'rnl use. 
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In the stucl5· of the ~Peeifie-pha.,e-JJon-spec:ific-pha~e var iation 
of Andrewes (1922, 1U25) the presence of two well-defined, but 
mutually conYertible. types of organisms was recognised within t he 
limits of a spe(·i es. This phenomenon explainerl several of the 
factors conc·erned 11·ith th e Cl'os:;-agglutinations observed in a number 
of different type!~ of S'al111onel1(/. Hut investigation~ ou the antigeni(' 
structure of bacteria were nctu:dl.v commenced by Smi th and Heagh 
(1903) when the,\' studied motil e and non-motile strains of the hog­
r;holera hacillns. They were the first to describe flagellar ancl 
~oma!i G agglntination as hYo distinct pro('esses and to sh ow that t he 
same organi sm may contain two agglntiuable substances, which h aYe 
the property of proclu('ing· hYo corresponding agglutiuin :; in animab. 
Th ey found t hnt animal s inorulnted with motile stn1i ns :vielcl ed a 
serum 11·hich ag-glutiJJatecl 1'lw homologous motile 0 1 ga11i sms at a 
dilution of oYer 1: 10,000 but lwrely aftertecl the non-1notile orgnnisms 
at a ·1: 500 dilution. Sera prepared against non-motile fmm~ 
had a !itJ·e of on lY lOU to :)00 for both motile and non-motile str ain;;. 
They recogn ised t"·o types of ag-glutination, (1) lnrge, loose, rapidly­
app("<uing tl.occnl ent clumps of :fiag-ellater1 (motile) orgaui,;ms, and 
(2) smnll , compnd, dense, slowly-forming (somatic-) gTanules of non ­
motil e organisms. The.'· nssoc:iated the agg-lutinin s in th e sera pre­
pared ll' ith the non-motile organisms (somatie nntigen) with t he 
bodies of the bacilli and not ,,·ith the flagella . On absorbing' t he 
sera made '"ith the motile shain with non-motile hacteria, t h e 
somnti e agg·lutinins nlone " ·ere r emoYed. the flagellar ag·g-lu t inin s 
rt>mai ning behinrl. 

Ahont tlw ;;mne time J oos (1900) descri bed t wo kimls of agglu­
tinogen and t \\'o f' OJTesponding agglutinin s in S. typlu. H e al so 
ohserve<l bl·o forms of dumping associated \Yith hYo diffenmt 
agglntinngens, npparently (·onesponding- to the flagelbr and somati(' 
agglutination of Smith ;nul Heagh. ~Ioreover , Joos noticed j hat 
heating at ()()0 to 62° r. de:> troye(1 t he antigen ref;punsible for t he 
larg e loose floccules but not the flagellar agglutinins, whil<> thi s 
temperature had no effect on t he antigen forming the small g-rnnul<:"s, 
but destroyed th e agglutinin producNl by it . Soon afterwards B e)·er 
and R eagh (1904) , nlso " ·orhng " ·ith the hog-chole ra bacillus, found 
that t he fi agellnr agglu tinable suhsbnce was greatl.Y <lam age<l h)· 
heating- nt 10° C. for more Lhao 20 minutes, ,,·hill' t he somati c 
c;ubstnn ee wns not affected ; but the hea ting- did not destroy t he 
agglutinogenie property of the flagellar subst ance. }Ir)l'eover , th ese 
worhen; showed that h eating- nt 70° C. (l estroyed t he som atif' hut 
not th e Hngellnr agglutinins. 

The importance of these finrlings was not fully renlisecl un t il 
'\Y eil nnd F elix (1917) observerl that Y:1riation in the grO\dh 
dwracters of Protew ~Y19 " ·ns associaterl " ·ith Yery striking- sero­
lou·ir·al rlifferences. 'l'h<' one Yariant, t ermed by them j·h e " H , . 
(Hauch ) form , gTe\Y as a spreading- film on age1· and gave ri sP 
ton mnrked, loose flo('(·ul ar ag-g-lutin ation with i ts 0\\'ll st>rum; " ·hil e 
the other Yn riant, the " 0 ., (ohn e Haurh ) form, gore ,,- as circular 
dump~ IYi th is own .-;ernlll . The.\· <·alle<l the ap:glut.inahle ~ubstau('e 
prese nt in the " 0 , . form, " 0 " r eeeptors and the mnterial 
responKihle for the large floccules of the " H " forms , " H " reeep­
tors . T hey showerl. that the " H " forms conta ined l~ oth receptors, 
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while the " 0 · · form s f'onlainerl only the " 0 · · receptor. 8 era 
of rabbits inoculated "·ith the " H ,. varian t of l'mtens ~\:19 con­
tained agg-lutinins fol' hoth " H " a1Hl " 0 " fonns, " ·hil e rabbits 
inj ectell with the " 0 , . variant, produced agg lutinins for the " 0 " 
fmm alon e. ,,-hen the " U ., nlrinnt wn s h E'nted at 100° C. or 
exposed to dilute acids or to pure al cohol its agglutiuatiYe power 
r emain ed unaltered, but "-hen the " H .. form wa,; similarly t reated 
or grown on phenol-agar it lm;t its power of agglutinating in large, 
loose florcult-s but retained t he property of fonniug- small granules. 

'l'hese re,;ulti-i showed the complete analogy beb1·een the motile 
<Hid non-motil e form:-; of t he hog--dwler a bal'illus deserihe<l by 
Smith and H.eugh nnd t he " H " ancl " 0 ·· forms of \ 'Veil and 
F elix. Soon aftenl·;nds Brnun and Schaeffer (1 919) cl emonstra ted 
that t he " B ., antigen occurs only in cultures of mot il e organism s, 
while the " 0 " antig-Pn is present in both motile and non-motile 
cultures. 

Late r \-r eil and Felix (1920) ll emonstratell the presence of 
similar antig-en fl in o:·g-anisms o£ t he typhoid-pa1·n typhoid grou p, a u 
obsenation subsequent ly confirmed by Grusrhka (1920), 8 chiff 
(1923) , Brur·e \\'hite (1925) i:lncl others . Bruce \Yhitf' (1 926) 
advised the u ::;e of the t erm " H " antigen for t hE' labil e, floc<·ulutiug 
flagellar form, aucl tll e term " () . , antigen for the stable granular 
form; the coiTespon<ling- agglutinin s he r eferred to as " H , . and 
" 0 " agg-lutinins respectively . It is now eonvPntional to attaeh 
the label " H " to the hea t-labile :flagella r a ntigE'JI~. and i he lnhel 
" 0 ., to th e he:d-stahl e somatic anligPus. 

A further .-ulvance with :fiagelhu- a11tl somati c agg·lutilla t iou was 
m ade by Oreutt (J924a) when she wnfirmed t he \York of Smith anrl 
Heagh (1903) by using- motile nnrl non-motile strain s of the hog­
cholera bacillus derin'd from a singl e strain , originally motile. 
~he employed a suspension of fbg-elb as an agglutinogen an,l, by 
using rabbit s , prorhwed a serum containing only flagellar 1nd no 
smtwtic agglutiuins. Thi s ::;ennn agg·lutinated motil e strain s to a 
titee of 1:f>,000 , hut fniletl to flo('('Ulate nm1-motile shains ai 1:40, 
while antisera prepared wit h thP washPrl bodies ag-g-lutina tE'<l both 
motile aud non-111oiile straiw; up to I: 1,000. Orcutt (1!)24h) nlso 
founrl that hPating the free flag ella at jl)O f'. dr>stroyE'(I thPir agglu­
tinating p011·er " ·ithont m ateria lly altering their ag-glutinog·pnic 
propeit.y. On th e other hand neither heating at 70° C. 11or at 120° 
C. destroyed the ag-gh1tinatiug- and absorbing- properties of thP soma­
tic nntigen . Th e :-;omatic agg'lutinin s were partly <l esiroyed at 70° 
C. and oompletely at 75° C. ; but th e flag-ellar ag-g·lutinin s, a lthou~· h 
unaffect ed at 70° C. , IYere partly impaired at 7:)° C. 'l'lw 11·ork of 
Craigie (1931) on the distribution of the " H " ancl " 0 " <mt ig·ens 
in the bact erial borly confirmed the rE'sults ohtaine<l b_,- Orcutt . 

\'Veil, F elix and ~Iitzenm:1cher (19] 8), "-hile 1nn·king IYith 
t yphoid and paratyphoid org-ani;;ms, found Loth " H .. and " 0 " 
ag-glutinins iu the sera of patients as well ns in Hte :;era of rabbits 
inondatecl with " -holE' bac illi. \\Then ba. ctPrial snspensio11 S lwatecl 
at 100° C. were inoculated into rabbits agglutiniu s wer<' form ed 
which caused small granular floccula tion of the " 0 ,. form s. These 
ohsPrvations 11·ere subseque nt]~· confirmed hy Hnwe \Yhii r> (192G) . 
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Anclrewes (1922) found that the sam e culture of a pu re growth 
o£ a motile Sa lmonella ofte n contain ed two sets of indiYirlual bacilli 
with entirely differen t " H ., an tigen~, the one sp er:ifi c for the 
particular race, or for a fe ,y races, ,,·hile t he oth er had wide affini­
ties for a whole group of alliell race~ of Sa lmonella. By picking 
a number of siugle colonies from un agar plate h e succeeded in 
::;el)arating t h ese bYo Yariants, ''"hich he referred to as t h e specifi c 
anr1 the gTou p phases; but on sub-c1dtivation , esp ecially in fluid 
m edia , he foun d that each of the hYo phases usually m utat ed r apidly 
i nto organism;; of both types. For the purpose of examining t his 
phenomenon Amlre1Ye:s (1925) adviserl the u se of sz1ec1Jic ancl gro11,p 
sera, prepared h:v absorbing the ngglntinins n ot r equired from a 
serum which r;ontain<->d both. ·w hite (1 H2:)) sh rm ed t hat t hese phases 
were concern er1 purely with change,- in t h e fl agellar antigen, the 
somatic antigen being t he sal1l e in both p h ases . Scott (1926a) 
sh owed t ha t a strain of t hompson occ uning in a quasi-group ph ase 
could be changed into a t ype (specific) p lwse. In on1 er to suppress 
the ex eess of gr oup antigen he grew t h e strain in a po"·erful group 
::;ernm, viz. m edia eontaining 15 part s n utrient broth and 1 part 
of a strong group serum . After 2-t h ours th e superna tant fiuid 
in the tube becam e clear, \Yhil e a thi<' k deposit rollected at the 
bottom. After (' en trifuging the c·u lture, anoth er t ube with group­
f'enun-bi·oth was inocula ted and a drop was plater1 fm individuail 
eolonies. The procedure \Yas repeated after every G hours, plating 
a drop at ea d1 time. After a few pas;;ages a pure culture with a 
n ew phase wa" ohtainecl anrl t he cleposi t \Yas no longer formed in 
t he tube. By emp loying W assen 's (1D35) morlifirati.on of Scott's 
m eth od Rrune1· ;md Edwards (1938 11 and /1 ) antl Ech ·arrls a nd Bruner 
(19;39) were able to dem on strate nrlcli tional plw ~f's in a number of 
organisms tl1at \Yere ]JreYiou;;ly reganler1 as lll<Jnopll asie. 

Schutze (1922). Bruce White (1925, 1926 . 1!J2!J), K auffmann 
(192Ga, 19:10a,h,(' 19;:!Ja, 1D35b , 1!);{5c, 1D:n ete.) a nd others have 
pointed out th<lt thf' SOIII a tic a s \Yell a,; the flagellar antigen 
of Srtlrnonellas may b~~ multiple , the somatic antigen being gene­
rall:s·: reg a nh·d as tlw r·onnedin g- 1iu k behn•f'n difft>l·ent ra ceR of 
,.;peues. 

Ficker (1~)0:~) and Dreyer (1908) us<->d broth nll t ures ex tensiYely 
as agglutinating ::; usp ension s for routinf' ding·nosis . Bu t t he agglut i­
Jtation obtainec1 shoulcl be r egarded as ~~ n "H " -agglut.iuati on 
be('ause liquid ('Ultures generaHy contain bar·terin " ·hid1 are more 
motile and bet·t er suppl ied with tlng-ella tor "'H " -aggl ut ;,tntion 
t han solid eultures. }foreover, Dreyer nclviserl t lw u se of dead 
cultures killed by th e a clcli tion of 0 · 1 per cent. formalin a nr1 exposure 
;It ;11° C. for so u1 e clays. Pyper (1923). un t h e other h and, fo und 
that bacterial suspension ~; containing formalin are unsuitable for 
purposes of rout iu e diag nosis-h e succeedPd in detecting many more 
positive eases of typhoid fever with t h e f'Omplement fixation test 
than with a vViclal test in which h e was usi ng formalised suspension s. 
Later F elix and Olitsk.'' (1928) showed that for som atir agglutina ­
tion t he antigen must he kept free from formalin and ca rbolic acid 
as either of th ese inhibi t somatic agglu t ination in th e presen r e of 
"H " -antigen . Thus, by usin g a fo rmalised an tigen foT hi s test, 
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Pyper :;uc·ceeded in deteding mtl.,,· t hose ~.:ases in ,drich i he serum 
conh.tint>d '· 11 " n:.q.rlniini11 ~ . 'l'lt o,;e t·:t ses c·ontaining· .. 0 ,. ag·gl u­
tinin:;, hut no · · H ' ·, failed to rend. 

Bien ::utd Sonntag (1917) suc~.:eede tl in killing the motile form~ 
aud in fl cstroy ing th e ffagelLt by l1 eatiu g the organi,;mc; in 30 per cent. 
alcohol at 37° C.: th n,; le::~Ying au a lmost· pure ' ' 0 " suspensiou. 
Brau n a nd 81'ltaefft·r (J!Jl9) found that t h e afldition of 0 ·1 p er cent. 
phPnol to agar supJn·e,;~etl the deYe lop111 ent of fl agella :lllcl, ih erefore , 
the· protluction of the t;O!l'e.-;pond in g Lthi le :tntigt' n. 

At present tlw ag·p:ht tinati on tP~t i,; genP r:tlly rep::tn lE'tl a,; a Yer;.· 
r eliable :1i.d to t hP I'E'I'ogni i ion a nd dn~~ifi cation of pathog<' tti<" 
bacteria. Vor das,; ifi l':t t io n hoth ,;om:d iC' :1tH1 flagt• ll:tJ ' a nt igPn c; tlllt :-d 
bE' Pm ploye <l , :tltltong·b t lt P~e :tnJ not cqnally intporla n t in nll famili e.-;. 
In /Jocillus f lro fl'll-', f:11 ex:ttnplP, th t> flag·t ·llar :tntigt" n <"<Ill I Je tt.-ied 
for tlisi it tgu i ~-; lting· lalgT g rottp-; , ,,·hi lt· the ;-;olllat i(' :1 n t-igc• n i:-; fat · 
more sp<'r·i::tl i.-;ecl . In Snlmonell:t;-;, on th E' oiher h nnd, some of t he 
SOJt l:l.tie :tntigP nf\ :m • Yt'r\· " ·idd;.· di sirihuted in the group, 11·hi lP th e 
flngPll::tr :mtig·pn i ~ lllmh mon· ~JH'<·ifi1· ( \\~ eil :1nrl Feli:-;, J 020, Bru re 
·white 102G) . 

Both S('ltutze (lf)22) and Bruce \\' hi t<' ( J!J20. UJ2G) nJUin taitJ 
that no reliahlP an d snf<' antigeJtit· rt? l:Jti on~ ltip (':l ll lw arrived a(. by 
mean s nf ah.-;orptinn tt'~ h. nnle;-;~ !'ro~;-;-:tb;-;m ption and t·ro~,;-:qzgl uti­
nation mPthotl~ arp nuri ecl nu t " ·it It ho t It shnin~ of hn<"I Pria and their 
sent em plny <'d in i he IPst. i . P .. u ttl e;-; .~ th!' r·om plE'te minor trcd i-; 
perforn tE'rl. Hnt r·p \Ylt it~" oldaint·d a numlwr of so-r-~t lle d " Srh01t­
muller . , ~tl:1in s, i:-;ol::t!Pd from cahes :1n d dPscrihecl h y Clui stinnsen 
(1914) a.-; Pmotyzd, 1n-n (Sch othn ullPI'). B;.· menns of propPr ah:-;o rp­
iio n te-;1.-; Hrut·e \\'lti!!' (10'2fi ) fnuntl i lt e;-;c• org:tn i ~u1.-i to lw typi<":11 
S. typhi- n1111'i11m.. 

T h!' n bsorption of :tgglu1 in in;-; front ~e ra " '<tS fir .~t employetl b.1· 
Dortlet (1 ~0!l), Ei,,<'ltherg· ancl Yalk (l!lfl2 ), ('astellani (1002) :m<l .l oo,; 
(1 f)(H ) . SuhsPquPntly i his m dh od " ·:1 ;-; E'Xi<'nsiYel~· usrrl hy seYeral 
11·orker;; for tlt r a ntigenic analy~ i ;-; of diff<·rr nt gTOtt p ,.; of h:1f'!C'ri:1. 
Bo.HoH (190G) 11·:1'i OttE' of thP fir ;-; t work l' r,; to r li st ingui ~ lt heh1·l'l' ll 
Pam./yplw.ms Jj nntlllo l'/ . . ·l e ! l r,itd·c h1· ih u~P ; H:linhridg·t) (HJtl!J ) 
and O' Hri Pn (1910) aLo :u lop te rl it for th r tliffe rt' n ti:ttion of p:tt :t ­
(~· plwid org-:tni~Jtls , IYit ilr Sl'itutzt' ( ] !J20 . 1022 ) and Hrn c· t• \Yiti tP 
(J!J2;\ l fl2(i , 1!)29 :t and h ) Jll:lllP p:-;(pn;-; i ,·p tJ st• of al Jsot·ption trsts for 
t hP da,.;,.;ifi(':Jtion of S ul nw nello s. Tor thP .-ihttly of th e antig-0nic 
nna lys iR of h:tde1·i a ah-;orption tes ts 11011· pl:l\' a JJJos t inl[Wrl :tnt. :JtHl 
indi spt>ns:1 hlP p:nt. 'Jforr rlt't :1 il Ptl i 11 for ttt :t! ion on t hr ,-; uhojP<·t of 
:1.Q'~J;lutin nfion ,,·ill h<' fotiJHl i1 1 a l 'P\· i e " · g·i,·vlt hy Ark,,·1·ighi ("1011 ) . 

SA L MONE L LA INFECTION OF CALVE S. 

(1) I :o;T JWJJC('TI O:\. 

Iu l~ urope, es]wc i :tll~· in lrolbntl. ])pnma rk :tn<l fterm:tn;,· . 
Solmonl'lla in fection in c·attlP has assu lll ecl t·on~idPrahl c> proportions 
in <"erhtin l o<"u li i iPs, " ·here it tenrl c; to J·eclll' Yt'Ul' affpr vc>::tr i n an 
E' n ;.moti(' fontt, ca u ~inp: Yery heaY.1· losse~ ::nn o;1g .1·oung· ~ lock. The 
inc:icl en<·t• of S alnwncllo infN·tio n in nrl ult , is gen rrn ll _1· r eg-anle<l aR 
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~poradic. lJuct. enteriti£i1's of Uae1tner itl t he orgamsm commonly 
incriminated a:; the cau:;e of calf mortality, but as this labelling 
frequent ly includes a number of closely allied serolog ical types most 
o£ the r ecord,; referring to it ar e incomplete and u1neli able. lVIore­
o,·er, the member:> of this group cau,;e di:;ease in JD an as ,,·ell as in 
animals, but it is seldom pos~i ble to recognise the exa ct type of 
organism involved, a~; a reliable antigenic description of the orga11ism 
i:> hardly eve1· available. ·when Smith and Scott. (1930) stuuied some 
of the organi:;m,; isolated from cases of tal£ diarrhoea and labelled 
Bact. entetitidis GuertneT, they iouud that these belonged to the 
dttblin type. 

According to J ensen (1913) a form of calf diarrhoea (Kulberruhr) 
has been known in Europe for more than a century . Obich (1865) 
\\'aS proba bly th e first to r egard the Uisease a:; infectious, but it was 
left to Franck (187Ci) to prove it. The first bacteriological study. 
however, was maue by Jensen (1891) when he in>estigated a seriou~ 
outbreak of Kulbenuhr in Denmark ; but he could not completely 
Jistinguish the bacteria obtained from the normal intestinal contentR 
of healthy calves from those of Ktilberruhr . Later 'rhom assen (1897 ) 
described an outbreak of calf diarrhoea in Hollull(l associated with a 
bacteraemia and caused by org-anisms which were called "pseu(lo­
typhoid bacilli ". Soon afterwards .Poels (1899) :;tudieu a t1isease iu 
calves which he ascribed to psetldocol lbacill£. He (h stinguished 
pseudocolilwcllli from ordinary virulent JJ . coli by virtue of their 
higher vi1ulence for small animals, their greater motility and thei1· 
inability to ferlllent lacto~e . L ater J ensen (1903, 1913) described 
diseases in y01mg- cattle and in cah·es under the term " paracoli­
bacillosis " . The org-anisms recover ed frorn the tissues of affected 
a nimals fermented g-lucose, llulcite, mannite , maltose, xylose . 
rhamnose a nd sorbite , but not lactose or saccharose . J ensen stateu 
that cases of meat-poisoning as well as some outbreaks of paratyphoid 
in man could be traced to the consumption of the m eat of calves 
suffering fro ru this uisease. H e divide<l t he organisms into three 
serological groups (1) t hose which corre::;pond to Gaertner's bacillus 
and which comprise th e majority of sb ·ains, (2) t hose which resemble 
pm'atyzJhi -B and (3) a fe w strains which r esemble neith er Gaertner 
nor paratyphi-B. 

Mohler auu Buckley (1902) r eported a ,;pontaneous enzootic in 
cattle due to a bacillus of t he entwriti(Us group. They obtained the 
causal organism in pure culture from the internal organs of affected 
animals . Schmitt (1908) isola ted Gaertn er-like bacilli from calve~ 
affected with septicaemia , dianhoea and pneumonia. H e regarded 
this disease (cal£ pa ratyphoid) as probably identical with pseudo­
lwcillosis of Poels and pamcol-ibacillosis of Jensen. Soon afterwards 
Luxwolda (1913), vVarnecke (1914) and Douma (1916) described cases 
of enteritidis Gaertner in fection in Holland , Christiansen (1915) 
regarded pm'acoli bacilli as identical with bacteria of the ente1·it1:d:is­
paratyzJhus-B g-1o up. Nfeyer, Traum and Roadhouse (1916) investi­
gated an outbreak of infectious diarrhoea among a group of h and­
reared calves, from 1 to 4 days old. They incriminated as th e cau se 
B act. enteritidis isolated from th e blood and internal organs of the 
affected calves. 
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.Miessuer and Kohlstock (1812), Lutje (HJ2G) :wd Lehr (1D:21) 
tlescribed outbreak,; of parat~·phoid disease in ~Hlult cattle. Two 
children became infected after receiYing milk from a sick cow studied 
by Lutje. Lehr noticed that the agglutinalion titre of the ;;em of 
infected animals varied hom 1:100 to 1: 20,000; hom the faeces of 
some animals, the ;;era of which hncl a titre of I: 100 to 1:200, he 
isolated Gaertner lwcilh and he found the milk of a cow that excreted 
Gaertne1' bacilli in the faeces to be infected. 

Sometimes there exists a definite relationship behYeen the disease 
in auult cattle anJ cah-es . Bour·mer and ])oetsch ( 1 U28) de,;criberl 
several cases of Gaertner infection in both co1n; and cah-e,;. A 
number of adult animals excr eted the bacilli 11·ith !he faeces, and the 
milk of one particular ro,,· that !tad to he emergency slaugh tered 
caused infection in man. They also described an outbreak of para­
typhoid involving more than SO people "·ho had partaken of cheese 
preparerl from the milk of au apparently health~· eow whi ch was 
discharging Gae1'tner bacilli with her faeces. .Kinloch , Smith and 
Taylor (1926) described a widespread outbreak of acute e11 teri ti s 
affecting 497 persons in Aberdeen. )'[ilk wa s found to be the cause 
of the disease and the source of infection \Ht:; traced to a cow wit h un 
indurated udd er "·hich later developed septicaemia. Uaertn er ba(·illi 
were isolated from the faeces and th e vomit of a !lumber of paticnt.s , 
from the infected milk and from th e udder and fles h of the cow. Tn 
order to determine 11·hether Gae1·tne1' bac£lli are excreted with t he 
milk Standfuss and \Yilken (1933) carefully examined the milk of 
two cows that were discharging large numbers of Gae1'tner bal'1"lh 
in the faeces. The results were entirely nega tiYe and these workers 
came to th e condusion that when paratyphoid bacilli occur in thE' 
rnilk it is due entirely to contamination. 

Ri111pau (1937) studied au outbreak of acute gastro-enteritis in 
80 persons of an inf>titntion dne to typlu:-111Utiu111 (JJreslau ). The 
vehicle of infection was ice-eream, and it was found that the ere am 
used originat ed from a herd in which there \Ya~ a calf discharging 
typhi-mruri um. 

A detailed study of the in cidence of paratyphoid in calves ani! 
adult cattle \\"as made by Proscholdt (1931). Calves were found to be 
far more susceptible to infection than adults and Gan ·tner IHwilli 
were considered to he the most important pathog-en for 1·ahes, wh.ile 
adult cattle infected with this mganism were 1·egarde<l as the prin­
cipal source of meat-poisoning-. Proscholdt <l eseribe<l two ou tbreaks 
of Gaertne1· infection spreading from adult ea1tle to calYes . Ag-gluti ­
nation tests carried out ~ometilll es revealed a titre of 1: 1.00 in Jwalthy 
animals, a tihe of 1:200 being r egarded as suspicious, and one ~f 
1:400 as positive. Out of 465 cases t ested by Pr(jscholdt, 404 were 
positive for Go elf ne1' and only 61 to typl1'£-mv7 imn. Rievel (1 g:n ) 
kept 4 infected carriers under observation for 1.8 months. In :;om e 
animals the agglutination titres were as high as l: 3,200. Periodica llY 
the organisms could not be det ected in the faeces, and the presence of 
Gaertner bacilli could not be demonstrated in the milk at any t im e. 

Pallaske and Lommatzsch (1933) were unable to recover 
Gae1' fner bac1:Zl1: from the org·ans of more than 47 out of 79 cases which 
showed patholog-ical c·hanges of paraty phoid.. n:v cultivatin~· sus­
pecte<1 material for long· periods in enrichment me dill th ey wer e a hle 
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(p de! t-d h ac ·teri a in a b1·1·('e n un1her of ('a~c· ;; . (Jut pf -t:l outhreab of 
p~tratyphoid in c·atlle , Franc·k c·, Standfuss aJJd \Yilken ( l!J:l-+) foun d 
:! :-) elm· in d~tldill, 11 to l .IJJJI, i - 1111/l' tltlll :1 11d n fe11· tu ms/'ol'l.·. ln I tal ,1· 
Slrozzi ( UJ:l4) fouud S. l'll f l'l'li lllls Yar. d11IJ!in a~ 1hP nl o::> t in1portanl 
c-: IIL'n l ~ 1 ge nt of c·alf para t _qJ iwi cl . h:tr~t e n ( 1!):)3) ~dso nw dP a c·o nl­
pn rntivc• :study of th P incicl t> llc ·e of Uu ettller i11fed i oJ1 i11 adult c·:ltt lc• 
a 11d c·:ilYe::> . ]II' l'on siclc-rPcl lhai adult l'altlt> . u nlike l'ah-e:; , l'o uld 
di:scha rg-e para t yp h u itl h~will i '" i tit t It t> L H•ce:-; fo r long periods, a llll 
h t> emphas ised t hP dangl'r of , udt di sc harg-er-; to all an imab l hal 
e·o nl l' in C'un tae· t ll'i t h t hPnl. ('LnPnbu rg (1 9:!:! ), o n inn·,;tig-nting ~' " 
outb ,·c•:ik of pa ratyphoid in fc•d ion , found apparentl _v hea lth.\· c·a lve' 
a nd ecm ,.; di :;charging· Gaed m•1· bal' ill i in t lw f<lpc·es. On ~la u g-hl P rin g­
t hc· c·a l1·es threc• II'PI' ks latPr he· d isc·OY I'rP<l h ·pi c·:\l ue•c·Jotic· fol' i in t lw 
liYe'r a nd kichw_ys, hut fail ed 10 i ~o ht l' the· org·an i::> nls frolll lh e in le:;­
t inal l'ontenls or intc•mnl on~·ans: hul t he· t itn• of the• st-'n" '' at fi rs t 
lll-'g:ttii·P 11·a ,.; nu11· fo und to . ht' I :2()(1 and I :-+00. \\'i th r<"g-ard to 
JllPaL in ,;pt:·dio n , Clarenhurg ( 1~):14 ) s hoii'Pd t l ~;d il is c•xtrf' lii Pl y diHi­
c: ul t to obtain Uocrlner {)({c-il/ i ho m t h e· lllU:i('IPs of 'O lli E' aninl<~l, in 
which org-a11 c : ttlt-urc· ~ lw n • yi elrlc·cl po~ iti1·p n·s ult~ . l lc• f'O ll si cf pn•d 
!lw u,,. of .- nri..lll11 Pll t ll lt>dia ( e.g·. lPt rathi oJiate bro t h ) p,;,;pn t i:1l fo r 
i!H-' 1'1'('0\'e ry o r (,'{{.f'rf ll l' l' IJI/('ilh rmm the lll USd es. 

\\" pl.Je r (J ~J ;I{j) n•ganJs tlte• w~dJ s or t il l' t;(UlllH I'lt :1 11d iule::>ti nc•s "' 
rrPd ilPdi.on sitE's fo r S. {'1/il'rit{(/ is, and tlt e rPfnn· ;Jfhll'lte:; ('()Jl:i iclc> r­
:ti.Ic· inqw r tancT to t l1 e h:t dP riolog-ica l PX<Illlin ~il io11 of llt P nl tH·osa of 
::Ill sn,;pedt>d casps; he dai" '" h1 h:11·p ,;uc·c·ePcl ecl i11 clc·t er-!illg 1nally 
carrie r~ by plac in g ;-;craping·s fro 11t tlt t> i11t est inal muc·o,;a in Pnri ch­
m en t n1edia, ll' hE'n lh e c·nlti Y:ilioll of fa ec·P:i y it> lclecl Il P)..(' :ltiYe res ult,;. 
He• also noticed that Un erflll' r /J(u·i11i are freque nt l.Y pxndc•d in te r­
llliHent [_,- in lh P f:l c-•ce~ and I hat :1 lH'ga tiYe "'·rn logi (': il tt>:;l lll<~\- lw 
obtain ed even 11·h t> n an ani1 11 a l di sc· hargp,; h~1('i ll i ll'itlt t he faPcf's. 
Klimmeck (19:J(j), ou s tudy ing a liUlllher of herds of c ·~dtle for pa r a­
typhoid c~lrrier;-;, fou nd -+I ncln lt, a1ul :19 c·ah·es pos iliYP: of t he ad ult s 
2:1 d isc:h argecl Gan-tner nne! :2:1 iyphi-lllurinm, ,,·hil l-' :1:3 cail-e' 
ex(' r e tt>d G'oPI'flll'l' a ncl on i1· --l liffllll.- lll ll rtu/11 . A Yer_, . . 'illlall]H~ rcen ( ag·l' 
of t-lw aclnlt cnrriPrs o·ai'P :1 pos ifiYc' ~wo·lu t inat ion n•:tdion 11·hi l c• 
tl1 1~ proportion in c·;ih':'P.' ,,-;" _,t .i l l .'i lll :dl ~r. T\nolh ( I!J:)(i) /ll;Hl P :1 
elifl'c•rPnlinl st ucl,· of :)(il sl r:1ill ' of Ua('J' /n e r hor·illi ohht in ecl frO lll 
slaug· hlc·r ~~n im:1i ,.;, 11.~ ing ar:dl illosl' nnd rh ~ illlll OSP hmt lt. Bittt->r's ,,-hPY 
a nd Sinn 's g- l_n;e rine-fur·hsill hrolh for his icle·ntificatiou. Jlc· 
i.nduc!Pcl 1 .-;t r~li ll (0 ·2 J!Pr t'P il t .) i11 t he .i Pna t.YJJf', 12 (2· 1 per f'r nL. ) 
in t hc· Hostol' l' ty]W, 20 !0· fi pr r C'P nt. ) in thP lb tin ty pE' ancl !12R 
\CJ-+ · 1 pPr c·Pnt. ) in th t> T\i t> l t.I' JW. 

In Ea ~ t Afric·a D:tnh nc•1· ( 1!)2 7) inYc-•slig·a te•cl :1 Yt·n· cl t>~truc·t iYc' 
forlll of calf paratyphoid a ,·sol' iat t> d 11·i th h{ng- l t>s ion ,, .nel'l'otic: foc·i 
in the liYf'r, h ac•mo lThag-il' Pnteritis, tum or sp leni,; a nd hal'l era l-'ln i;l. 
11c· oht:1inc·d org-an isms of tlu-• .\olmrmello eulcritirlis 11-JW fro n1 t hc• 
bloorl. intt>rna l orga ns ~tnd be('p,; of nfft>ded e ~thes. In lncli <t Shirln11· 
(1!) ~!5) inYPstig·at ecl a h ig-h ly fatal clisea se in l'~dYE's l'all sed h~- a 
lll Pmlwr of th e So1monP17rt Cll l entid,s g-ro up . (';~ h-t> :-J ran g· in g- from 4 
to !20 clays old wen• affedt>d . J\ ten ta tiYc• di<tg-nosis of S. t<llt l'l'itidis 
11·a s nt :Hle purt>l.1· on hioc.:h rln ic·al gTouncl, _ TT~·gie ni l' fac ·tor,; \l't-' l'P 
rrg·~nclerl to play an impo rb n t ri'.I P in tlw g·eJH•sis of thP disease . 
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AXTIGENI C STil CCl TllE 01' S ALi\IOXELLA S . 

I n domestic ma nnnals calf paratyp hoid is by far the most serious 
and most common form of Salrrwnella infection . Of the ] 04 calf 
,;trains stu died by me, 2 were foun d to be tyzJhi-mu rinm., 3 ente1'it·idis 
awl ninety -nine enteritidis var. du.Dlin- tb e latter desCI"ibed first by 
Bruce ·white (1929) . The stra in described by Bru ce ""White was 
isolated by Biggar from a mnn affectell "·ith sep ticaemia fo llowing 
an oper ation on his kidney. Smith aud Scott (1930) recognised this 
organism as the cause of th1·ee case;; of continued fever i n m an studied 
by them . They considered that several of the cases of so-called 
" Gaertner septicaemia " enco un tered in m an ,,·ere iu reality d ue to 
infection 11·i th t he dublin t ype of orga u i .~m . Some old laboratory 
strains obtained from ou tbr eaks of food-poisoning, sep ticaemia and 
meningitis, and labelled B act. entnitidis, were examined by them an d 
fo und to be of the d·ublin type . Six strains isolat ed from outbreaks 
of calf dysen tery in Denmark which were included iu the paracolon 
gro up (H. Jl rt'raco l i ) of .J en ::;en (1910) 11·ere a l;;o ret:ogni sed as belong­
ing to the dublin type. Smi th and Scott pointed ou t that in t he 
majori ty of cases where t his or ganism ha d been isolated from man, 
milk was i ncrin1inated as t he cause; t hey regarded it a::; having a 
special association with bovine animals and concluded that cows' 
milk was the common vehicle of human infection. Bosworth an d 
J_,ovell (1931) descr ibed th ree outbreaks of dul1lin infection in cal ves 
in Great Brita in, where Sal monella infection is generally r egarded 
to be very rare . A little later S mi th (1934) recorded b vo fatal cases 
in ch iluren due to infection with dubliu. The organisms wer e 
obtained from t he blood, cerebro-spinal fluid, throat ~wabs a nd pus 
hom t he pleura l sac of one or other of t he patients. 

In South Africa, H ut eheon (1893) referred to a di sease of calves 
in the E astern Province of the Cape that can probably be identified 
with " lewersiekte " of Otto H enning (1894). Hut cheon believeil 
that th e infection was spread from farm to farm by means of the 
faeces of infected calves . 

Otto Henning (1894) described the disease under t h e n ame of 
" yellow liver " or " lewersiek tf' " . Subsequently calf diarrh oea wa~ 
reported from different par t~ of t.he country. In 1920 I (Hf'nnin g. 
1932) investigated an outbreak near E stcourt in Natall an d found 
lesions of necrotic foci in the liver and acute ent erit is, bu t t h e etiology 
remained obscure unt il Viljoen and Martinaglia (1926, 1928) and 
Mar t inaglia ( 1929) incriminated Salmonella enteritid,is, obtained 
from th e organs of affected calves as the cause of t he m alady . They 
regarded th is organism as a frequen t secondary invader affecting 
1nos tly calves whose vi talit y h ad been lowered by factors su ch ai> 
improper feeding, bad hygiene, piroplasmosis, and an aplasmosis . 
Mar t inaglia (1929) described outbreaks of Salmonella in fection in 
horses, fowls and canaries as well as in calves. He discussed th e 
bacteriology , symptomatology, pathology and diagnosis of t he disease 
caused by a number of differen t str a ins, and classified th e organism ;;; 
a lmost entirely on their biochemical ch ar acters, no attempt being­
made to give the ant igenic structu re of the bacteria described. As a 
result of t h e work of Andrewes, Schutze, Bruce White, K auffman 
and others , reliable analyt ic methods of serological comparison ar e 
now available so that I have been able to devote my time largely to 
the study of the an t igen ic stntcture of differ ent stra ins of Salmn·nel111 
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isolated from domestic animals in this country . But, for t he sake of 
(oomparison , the hioch emir!al characters of the organisms are also 
given. (Table 25 .) 

During the l ast three years no less t han 102 ou tbreaks of calf 
puratyphoill were recorlled in South Africa and in the majority o£ 
these the lo,;ses wer e considerable; from these outbreaks I have 
obtained 102 different strains of Sal monella. Accorlling t o informa­
tion received from different parts of the eountry it is quite evident 
that outbreaks occ ur which are n ever reported . In many cases the 
farmer inoculates his calves wit h paratyphoid vaccine as soon as h e 
suspects the disease, and the inoculation frequently protects the 
auimals against infection. In other instances the vnccination hail 
litt le or no effect in protecting calves that are exposed in grossly 
infected areas or in premises hnrbouring a particularly virulen t strain 
of the organism . At one t ime it was thought that these apparent 
breakdowns in immunity occurred only when the vaccin e was pre­
pared from a stock strain of Salmonella (rl1tblin), but it was subse­
quently found that even vaccines prepared from local strains could 
not produce a n immunity strong enoug h to r esist n natural infection . 

The disease is always most severe in very young calves, but it 
may affect calves up to 4 months old. All affecterl cnh es discharge 
large numbers of bacilli with their faeces resulting in their wholesa]e 
dissemination. The scourge usu ally commences on a farm with a 
few cases of a(;ute diarrhoea, and during the ensuing year s the inci­
dence of th e disease may increase to an alarming extent, depending 
upon the conditions under which th e anim als are kep t . In some out­
breaks the infection becomes so severe that t he majority of t he calves 
reared on the place succumb to th e disease. With th e increase in the 
number of cases of paratyphoid the locality becomes more and more 
heavily infected resulting in the creation of a vicious eircle . Farms 
'"hich r-ontain the greatest number- of cattle are generall y t he ''"orst 
infected. 

The h abit of kraaling calves, or of lcranling the cows while the 
ca lves a1·e admitted during the milking, or any procedure which 
permits calves under conrli tions where th ey have to rome i n eontaet 
with infected manure, favours infection . It is not kno·wn how long 
th e manure in infected premises will remain infective; all the avail­
nble evidence suggests t h at the infection persists for a matter of 
years. In 1934 I inoculated a young bovin e with a virulent culture of 
Salm.onella dublin (strain 154). After a severe reaction the animal 
r ecovered, but remained a carrier and discharged the organisms in 
its faeces for several months aftenvards. Some of th e infected faeces 
11·ere collected, spread in a thin layer over a Petri rlish and dried in 
th e incubator for 48 hours; the dried manure was scr aped ou t, bottlerl 
and placed on a shelf in the laboratory. P eriodically this manure 
was test~(] for t he presen ce of d1tbhn; t his was clone by inoculating 
some mnnure in an enrichment medium , like tetra thion ate broth, 
and by spreadin g some of t he growth obtained on MacConkey's lactose 
bile-salt ngar. After 1,069 days the last test was made and the 
m anure wns found to be as badly infected as nt the first test. Wheth er 
the organisms will survive for as long a period under n atural condi­
tions in t he kraal or stable manure remain s to he proverl , but th e 
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fa ct tha t, under ('ertain ('undition ."' , d uul in b acilli ('an n ·ma in uli'"e 
itt the manure for Jit•arh thrPt· \·ea rs is an irHlication t ha t tlw y an· 
YPI '\ rPsist arrt and that ~lr \' m:lrl.ure from infP..te cl pre1nises Jlll;:it he 
regan l<> <l a . ..; wry cbng-ero u~ . Th e ]Jussibi li ty of cah-Ps obtainin g- t iH· 
infec t ion f rom 1ht• lll:lnun· ur1<l er nal11ral condition,.; . ..; hou ld , tlwrefor e . 
be elllplws isPd. Jio rPOY er . \\·ltpn (' 0 \\..; are milkt·<l in stahlf' :i or kra:tb 
with t he floors t·oyerPtl \Yith nw r1Urf'. drY or 1noi~t . t· onbrnin ;~i i on of 
t he milk \\'ith rn anure m aY lf' :Hl to t he di sse min;~tio n of rl1tli l w 
t h rough th f' m ilk: a nun1ht~r ol' l~:uropea n \Yorkerc< (st>e ;~bow~ ) baYP 
s h own ibal the milk of CO'o\'S d is t' harg-in g- parat yphoid ha (' illi wi t h thP 
fa t>ct>s mny be t·on ta n1 inn ted \\·ith th ese ha r·illi. ;~ncl tha t whr n milk 
is infPderi , the infect ion 1s ;~ h\· ; 1 _\ · s ohta in Pd f mm tht· f:H• r· <>s a n d no t 
l'ro rn i h E' ucltl er . 

. \[y ohsen ·:tLiuns ;~gTet• \\·it lr l ho:.; t• of JbuhnP\' ( I!J~7 ) and \ ' i lj ot'II 
a nd M:ntin;~g-l i a (19:2.'-\ ), Yi z .. i lr :t1 <·x pos urP of t' a ln·..; to unfaYo u r:tidP 
t·ondi tion s nr 1d to di sPa ~e,; li kt · piropLISnr oc;is ;l ncl ar1:1.plas r1tos is prt•­
cli ::;p o;;<• Lh<• m to in ft> t· ii on . I ha\·t· ,..;iu d it>d Sf'Yf'ral o uthrpak s i n \\·hi l'i1 
t he t'a iY<' ..; \\'PI'(' so h:1clh in h ·.·dt• tl \\· itlt ii t'b t h;ll tlw ir r·f's is ta Jit'P 
r1111 sL h:1Ye hf't'll IO\\'Prf' d ~ttn :; i dt•r ;~ hl\·. So rl lf' tirl lt' :i t h t• rp \\'<I S no tlo uh t 
t hat ih t• rt 1orL1Iii y t·otil d he att;·ihuif' d e ilh Pr to piropLt ~ III O ..;i ..;, 
ana]Jh s rnosi s, g-o rld t•rio:-<is. or ht•; trf\\·;rf e> r , h ut. in orllt'l' Gases th e (' ;l lYP:i 
\\'C rP in fe t·tt•tl \Yith rfufJ lin ;t,.; \\· p Jl ;1..; 011 (' OJ' rll o!'e of t h f' ti(' k-hOl'IH' 
cli:-;easp,.; , Th e rf1le pl ayed lJy 11I f' l;~ tte r in p redi . ..; po,.;ing· c·aln•,.; to 
para typhoid inh•dion mu st, t ht·r·pfnrP, lw c ·oH ..;i cl f' r<~h le . In so ll iP of 
t ltc outb reak:; :;(ud iecl b)· n1 e 1 t·onsid Pr p a rat_,· phoicl ;ts a d isPa..;f' JII ' J 

se . but io man y l reg·ard th t• lit ·l;-horll f' di seasP as i hf' primary t·au st• 
of illnP;;s and t lt f' rl ublin i11 ft• d ion ;t ,; ,.;prondarY. :Jfm·eoYPI', t l11· 
h _yg-i c ni t· • ·o nditi o n ~ und pr \\·h id1 tht· :l nirn a l..; nr~ kt• pt abo jtlay :1 
ve ry irnpo r ta n i pent in t h P g·e rw-; i.-; nl' thf' ,] ise;l..;e- p:ldic·ul a r l \· \dwn 
t hey <II 'P fn·qnPr1tly f'XJlO .-;t'd to t·ttndition ,.; t hat b rin g- th e m iu c·o niat'l 
with infet'll'tl lll:lntll'e . 

J>roph _,·Lit· l it · lli Pa s nrc.-; fu r t·O nlha (ing· cnlf p:1mt_\·ph oi cl, th en ' ­
fo re, s hould Pnlai l t hP sy si Pm :llit· f' l':ld ic:rli on of tit·b as well as lht• 
appli (' ati on 11 f rigomu ...; h)·g iPIIi c· lllt' :1S lll'f'S 111 a ll prPmJ ;;e,; \\·lw rP 
t'a ln •s arP r:l i,.:t •d . 

. \ II c• xn d :1 :1ntl in feri <•d t·:1n·a sPs .-; hould lw pl o pt·rl y di sp osPd o f . 
ar1d ht·:t!th.v ca l\'t'S ,..; hould h<' I'P iti OY!'tl horn tl 11· in ft·.-!Pd Jlre rni sp,.; In 
dt '<lll ..; ul'l'o lrll :ling-:-< . \ ':l t' f' in:t lion. :llilt ong-11 <I usefu l nr t> l hod of pro­
phylnxi s , t'a nn ot be n-•liPd 11 pon .-;olt·l _,. : it . ..; Ya l ue i ;.; gn-':IIPst wh en it 
i.' usc·d in t'on.iundion \l' i th th ,, :1pp l it ·:1tion of ..; niLtlt! e II \ ·g- icn ie a nd 
t i,·k <·ratli c·a t inn IIH' <t . ..; nres . But. ;b \';H·c·ina l ion ag·:1insi ca l f p :t r; l­
iyphoid for·111 :i t ilt· s uhj N:(. n l' ;ln ol h!' r Jl<l jH'I' \\·h ic·h is lwir1 g· p rPp ;l rPd 
in t'Oihbo1·:1 l ion \\· ith nth f'r \\·o rk Pr.-; nl Ond c• r . ..;tf'pom·t , it \\·ill no t ht• 
,] i scu ss<'cl lw re . 

J.' rom l h P ~ <' ru·o rd s it i. ~ c·lf' ar t hat ,'.rriii/0/IC!Ias :ll'l' <·orllllltlll 
pathog-<•n s u [ ca in .. ::; ir1 cli.fl't• rP nt part ~ nf th e \Yorld. g-f! nPrall)· ~Pit.in g­
up sy rnp to n1 ...; of sP pt ic:wrni:l . :1c·u iP cliarrhof'<l . pii PUrlr on ia. a nd 
l iiPtlin g- i ti.~ \\·ith lf' .-;io us of lw e ruorrhng-i(' e n iPri ti,.;, bront'ho-pn eHrno ni;~. 
t umo r s ple n i~ . Jl <'n otir· foc·i in i ll!' 1iYPr' a n cl k id ne)·..;. :lri!l ll lf'llin g·ih ..- . 
In the YflSi m ajo ri ty of ou i h reak ..; d t> .-;nibe<l , S. r•Jife,itidis is i ll nimi ­
n:d ed as t ht' e~tU :i t' of th e di~PnsP: hut, ap :1rt fr-orn t hP \Y o rk of H nH'P 
\\'hi l t• (19:2!J), S n1i t h and S <·o( t ( 18:1() ), Hos,,·or th a 11d L O\·Pll ( 1931 ), 
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Smith (1934), Kauftmatm (19051 , J930c) ancl a fe w othe.r:;, the ide nti­
fication of the org:1uism wa s not bnsecl on i t~ sero logica1l charaden;. 
On t he basis of :1 sPries of ngglulinatiou absorpti on tests carriell out 
with all the strains of Salmonella ohla in e<l hom L·aln•s iu South 
Africa, I haYe been able to rPeognise th e org:1nism 1e;;pon si ble for 
eaeh oulbreal;. Th !:' l'P:> ttlts of tlwsp iPsts arr :.6n•n in 'l'abl ps ] , 2 
ancl ;1. 

(2) 'l'IIE TECT-1:\lQU: E~fi'LOYEJJ. 

'l'he m atc• ri al st udiecl 11·:1::; obtailH•d from different v arts of thE' 
country. ln mo;.;t eases it 11·as ,-o mpo,;ecl of org·nn sperimens (liYer 
and spleen) ,;c nt tu thE' lnborat or)· in 50 per cent. g l_n·r rine; som e­
times fresh fa e('t'S or faeees ::;t•nt i n g l:yeerin e ,,-eJ·e submitted for 
t" xamination. Occ·a:;ionalh a sick animal " ·as aYa il::dJlP for inYesti­
gation . Iu addition s~Ye ra l cultm PS m ade hom fo,d s by Mr. 
J . D. ,V. A. ColPs , Chief of thP DepadiuPut of P oultry Dise:He;; 
a t Ond erstepoort, 11·en' studi Nl. 'l' hPst' are describer! in Sedion VI. 
Most of the material \\·as obtai ut>d from p laces 100 to 800 mil es 
away from tilE' la boTator.v so that n was not J!Ossible to ,-isit more 
than one or hnl infectPd fa nne;_ A s routin e p1 eYcntivP i no t· ubtion 
of all cahes in area,; iufeded 11· ith paraf _\·phoid " ·as g-enerally 
canied out, it was not p ossib le to obiaiu ~ i ck ('HIYcs for oh;erYation 
that had nol been prHiously inoeulatecl with pnratyphoiJ Yacr·ine . 

For th e identifi cation of S almunella type;; t he te('hnic111e advised 
by Scott (1934) <lllcl modifiPcl by m e \\·as us usally emplt)\'etl. Speei­
m ens of s usp ect ed matt•rial (bloo<l , livPT , splee n, faPt!:'s) 11·e re ,.;p rend 
directly on J\Iad'onkey 's lat·lose hil e-s;llt a.g<lt' i11 )la::;on tubeR 
(Mason 1933)- Scott u ::;ed P elri platc:s . Gene rally it is advisable t o 
dilute some of the m ate rial in sa lin e m· broth b efore i t is sprea d 
on the ilfacUoukey . In this 11·ay j ,.;olal ed colonies 11ill be obtaineJ 
more easily. I n <ldllit.ion ma terial (es peciall y fae ('e;;) is inoculated 
into an enrie hment m edium, e.g. tetrathiou atP hrolh m· 1 per cent. 
p eptone water con tainin g brillia.nt g- rl'<'ll (1 iu 150,000) . After 18 
to 24 hours incubation t h e :Mason tubes are examinr·d and t h e e n­
riched cultu res are spread on clr)· .Jb c-C'onke)' ag-n r . The ch a ra cterj s­
tic pale, finely stnwtured Sal rnonello colonie6 are pie ked from the 
tube which is freque ntly ero11'(led ''" ith rolonies of lactose-ferment­
ing B . coli ; sometime::; colonie,; of la te la ctose fe rmen ting or n on­
lactose fermenti ng- 73. coli, B. pyrwyan eu.s a nd B. JHote us are see!l­
t hese should be aYoided curd should not h e eonf usell 11·ith S al1nonellas. 
'l'he su spectecl Salmon ella colonies a re uo"· subjeeled to ;Jn agglutina­
tion i est . A portion of a suspE>cted l'olony is p il'kerl an d emulsifiecl 
in a loopful of g-roup ~erllln (e .g- . Enropeun r-lwleroe-s'uis senm1) 
and in a loopful of type serum (e .g. entt>ritirlis serum) on :1 gln~s 
slid e , the dilution of t he serum depeuding on t he titre- aboui 1 
in 50 if the litre is 1 : :J,OOO. A number <;f th e ,;u,;pected l'olu nie~ 
:• r e emulsifietl ea('h in t wo sepnrate loopfuls of dilut ed sera (g-roup 
ancl type); th e amoun t of serum earri ed OYer from t he o!le to the 
oth er chop is too small to t{)nfust~ the 1·eac-tio n. 

Some of th e ('olonie::; m ay agglut in ate with on e o 1· oth er of Hw 
h\·o drops of o;erum ; whde other s may fail to agglntirw tl-· wi t h eith er, 
or may exhibit a utere tra('e of agglutination . Org-a nisms 11·hich 

91 



A='<TIGENI C S TRCCTT:RE O:F S AL110);ELLA S . 

occur in t he specific phase will react wit h their own ty pe sera, while 
t hose t hat happen to be in the non-<Opecific phase will agglut inate 
with a group serum. ' Vhen a reaction occurs <t ch aracteristic 
flocculation is seen whi<.:h is readily distinguish ed from non-specific 
sal t agglutina tion of Hough vari an ts. M:oreoYer, in a posit ive test 
flocculation ''".ill occur only in the one drop and not i n t he other , 
whereas in t he case of salt agglu tin ation clumping will be observed 
in both . A good band l ens and a dissecting microscope are Yery 
useful during the fish ing for colonies as well as for t he study of t he 
reaction. Col onies that have given a posi t i ,.e rea dion are picked , 
subcultured and studietl further . 

" P u re " type-specific sera can be p repa1·ed by inoculatin g 
r abbi ts with G to 8-hours old bro th eultures of th e lHganism in t h r 
sp ecific phase . But as these sera always contain a cer tain amount 
of g roup agglutinin , pn'li.lllinary absorption of t he latter " ·ith an­
other Salmon ella containin g tbe sam e group phase, b ut another type 
phase, is r ecommended. If typh i-m urium, serum, for example i , 
n bsorl;ed with a mix tm·e .of pa raf!JJl lt i -11 and r·h oleu£-.w is, the g roup 
agglut inins " ·ill he r emoYed leaving a "pure, . t,rve serum-dilut ion. 
If t he orgau isms used for the a bsorp tion conta in t he same somatic 
a nt igen (!:' .g. zxu·atypl,i-B and t y p h i-1wu rium) t he " 0 " agglutinins 
will also be remoYell ; thus preYe ntiug th em fro1n interfe ring ,,·i th 
t h e r eaction. The " pure " type serum will con ta in oul y type agglu­
t inins, hut nei th er " 0 " nor group agglu tin ins. F or rou t ine diag­
nosis a set o{ Tep resenta t i Ye type-spPcific sera Rhoulrl be availabl e, 
e .g. zJaraty p h1:-JJ , typhi-murium, ch olera-suis, neU"fJOTt, t l10mp::;on, 
potsdam, bovis-mo ,·bi.fi.cans, t yphi, ente?'itidis and L2 sera . If a 
suspected colony g-iYes a l·ha rnderistic reaction with only one of 
these sera, a preliminary d i a g·n osis is made a rHl t he culture obta inerl 
from i t is stud ied fu rther by mean ,; of agglutin a tion absorpt ion 
tests . If group serum is use(l , colonies occurring in t h e group phase 
will be detected . Occasionally mor e than one type Salmonella is 
present in t he culture (mixed infection), but tb P second organism 
is not likely to be missed as long a::< a rea sonahlP numbt'r of colonies 
1s examined . 

Sometimes, " ·hen clipha,;ic Sa l mon ella s are sh.ulie~d , there may 
be smne difficulty in demonst rating t he existence of specific-phase 
colonies, i f colonies in t he gr oup phase predomin ate. On repeated 
sub-c·ult i.Ya ti on of t he la tte1·, ho,Ye,·er , an occasiona 1 1 ·olon:v occurrin g 
in t he specific phase may he detected. Bu t in cases like Europea n 
choln aesuis , where th e orgaui~m occurs permauent ly ( ?) in the group 
p hase, phase dissociati on will Hot readily take place. 

For th e acceleration of phase dissot;ia tio n Scott (1934) 
recommcn1ls the u se of broth containing approxima tely 15 per cen t. 
g roup serum. Group colonies cultured in this medium yield n 
culture " ·i th a dear supernatan t fluid and a dense rlepo,;i t after 18 
h ours' in(;ubation. On repeated sub-cultiYahon .in group serum ­
hrDth , a t urbid supernatant fluid m ay ultitndely be obhlined . If 
this turbid cul ture is no''" plated , most of t he co"l.ouies r esulting ·will 
be i n the specific phase. Som etimes as many as 10 or 12 passages 
may be necessary before the ph ase dissociation becomes apparen t. 
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Scott's tPcbniqne 11:1~ illl[J J'ol·e<l h_,. \\~, ~.~~Pn (J!.J:FJ) ;mel Brun e r 
ancl l •:ch ,·ard · (1D3Ua and b) . 

The d iffer entiation of JllOltop lw sic organi~Jlb. lik t• Pn ferit idi.\ 
an d the m em bers of ib ~ubgronps, cau he cani<'d oul. on simib r 
lin es. 'L'h<' spe('iTI!' ser un1 is a bsorbed so tha t onl.1· tlw agglut in i n 
factor:; not present in the-• sP!'a u l: the othe r t,qws arc ~ left. For 
example , by absorbi ng enteritidis st>rum 11·it !J t he type nw;;r·olc . 
aggluti n in Lldors .r;.o . of lhP 1\ a uffllla nn-\Y hde Sdwma (19:l4) a re 
remo,·e<l , l eaYi ng- fa c tor m 11·hic-lJ is e:-;(' lu siYel.v lH'e~eJJ i in enterit idis. 
Se1·e ral of t he ot her lll C' ln bers c·;ut hP pur.ifiPcl h y ab;-;orption 11·ith 
enteritidis ll' ltic:h n•mon•s l':tdors !J 11.11? . 

• \ pun• c·u lturP of t he · ~l 1 · a in ~ iudi ed 1\'as o iJ Ltine<l Plth e r hy 
pick in g- si ng le coloJJi e:< fro1n t hree s uc·cess in' g<' nt• r;1( ions of t he 
!' Ultnre on aga 1· jfkd t• t> , or by .~ in glt•- c ·Pllin g the c·t!liure <J<·c·ordi ng 
tu l il t' nll'ihotl dt•sc rilH•tl b_1· ~l a so n ( UJ:l(i ) . S:ilin l' <llld lhern Jo­
agglnt.inai ion t<'~is, <I ~ 11·e ll as lilt' s halll' of in cli ·.-idu:il !'olonic•s \\'PI'e 
siu cliPcl for p,·ide> nu• o f roug- !JJH•ss. 1. ~Jil l:'ss indi spuia bl_,. ,;m oo ilt 
coloni ec; eould he ohi:1 in ed t he eull ure 11·as di st·a nl ed. O nh n fPII' 
st ra in :; iw l:ti ed from organ 1n ait>rial (!i,-e J· o1· spll•t-•n ) ll'el'e tou11d to 
Ill' eo n1plde'ly rough; hut st·I-<'Ja ! cu lt u res ohL1 in!'d from farc-rs of 
inl'ed ed u1· c·a rri t> r a nim a ls lunwd ou l to l;e roug- h . All t llf' s trai ns 
st udied hehan"tl JlJorpholog-ic- all ,,· a nd l'I Jltur:Ji! _,. lik <' typit·a l 
Sa lmu 11ellas . 

l' reparotLun of nnti!)('ll-' .- i"or t l1 e prPpa rai io n of ;JO'o·lu li ua ti n o· 
s u ~:>pt>nsio n s th e i ec hn iq ue e n1 pluyed is t lw l. descrihl:'tl,..,hy L oY ell. 
(1902). For "0 ' ' suspt' II SioJ L~ n .sm oot h ~train ot th e o rgani~m i.s 
g ro\\·n on agar !'OJdain NI in }[a,;o n i ube,; (}Ia ,;o n. 19:n) for 2-:1- h ours 
at ;ri0 ( ' . , t he inocululll uw cl h t> in g obL1in Pd f.rolll ag-nr slove 
cultures . 'l'h e gnlld b is 11·aslw d edt 1Yitl1 (.F> per CP ilt. alco hol a nd 
heated in a 11·;\lerhat h at ,-JG0 ( ' . fo r :2 hou1·s . . \f( l:' r t lte suspt' II:S ion 
h:1 s heen cen trif uged and t hP alt·ohol p ourt•d otf, t il t• depo,;il i~ rc­
,; u,;peucled in <~bout on e n rhi c c·P nt im eter of cl isti llt•d 11aler , before 
it. is ma clt> up in sa lin<-• to th e opa<·ity required. Fur presen ·iJlg· the 
antige n, lhu t: t• '\VhitE-• athi sc•s t !J p .. ddihon of (i(i pe r l'eJJ t. of 
g l_yl'!'l' in e> to i hl' thi d ' s u .~ pp n ,;i o n in di sti ll ecl 11·atPr; t hi s mixture i s 
<li.'!.uted in sa lin e 11·hc n n-'qui)'(·d for ust• , t he d t-·u ~ity of the :ud ig·t'JI 
lwing app ro:-;i.maie ly <1 i lll>u,;a nd millio n orgaJJ i:<n Js jlP I' c· ubi c !'en ti­
JHe(·p r. 

' · J-1 suspensions ;~re prepa rvd by groll-lll g' a IIJ Oi ilP si rain of t hi' 
orga ni s u1 in hroi l1 at '2'2° C'. for l H hom·~ cJJ ' <It :]'j 0 ( '. for (i to S 
hours. Frcq1wnth· t he t: ul t ure i:; 111 en •ly le ft st. Jn tl in g on tlw 
labor:dor.v lwn!' h O\'l'l'-J Ji g·h t. <l urin g 11·h il'h p t>l·iod ;t suiL1h le tl<' Jls it_,. 
i,.; usu:tlly ohtain!'<l. In til t' c·;t..;e of cl ip hasi!' 1n emlwrs of tlw gToiJl! 
it i s PS:;t•ntial to lliek c·o loni e,; in h oth the ::ilJP(' if-ic <llld non-,;pec ifit · 
phases. and lo prepan· broth su~pe n siou~ fmlll eac h onP. Jn order 
to obtain ~~-ell :SP[J<Iraietl eolonie,.; a smal'l. anJotJn t of ino1·u l um is 
:spread on fairly tl r y aga r i n ~fasnn t ube~ and illndwt<' <l oYer- llig- hi. 
Xext morning- about a dozPn or more sui tablP coloni e,; are se ledt>d 
awl nulllherecl : ltalf of PQth co lony is picked and innndaled i 11 to 
broi lt, anLl then traHsfer recl to th e in c11bator for abou t 0 toG ] Jo ur.~. 
11·hile tlw }Jason tubes <ll'<' plat·ecl in a ref rigend o r to preYPJl L fnrt hei' 
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1-'.'JOidh an ll di . .;,;oe iation flf tlw C"o loniPs . . \J ternati Yeh t ill· C"olonip;; 
;:J·e Pi r ked and eadt o ttP i~ seeded int o dupli cate t ul;p .; <;f broth .• \. fter 
in C"ubati o 11 the on e t ulle is storetl in t ilt· rPhigPra t or. 11· !t il1· th e du pl i-
1 ate i~ tP.'it etl. rt is ~Pldom Jl P('e-;~alT to inC"u h:d e the Lroth tube" for 
Jll()l'<' t lt nn ,-J or (i l1onrs; i f"' ,.; ui tahl.e de t, .-;ih· i s obta ined the e uli nr0s 
:; rp l; ill ed hy ! Itt · atlCli1i.on of formnlin to a ;.OIIC"en i r:ttio n of 0 ·:2!) pPr 
t·Pnt. <IIH1 hl'a t in g at :)1° C. fo r bl'o hour;; . T1Yo pn ralle l I'OII''i of 
J )n·y pr t ube" :t t·t· no11· pL11·ed i11 :1 r:~C"k ; to P:tC"It of t lH' tnhc . .; in ti lt' 
llll<-' rm1· tl· :, t'.C'. t.~· p· · S<' rti nt di lut i ~> lt i . .; :! d rl l'd, a 11d to t':ll'it of t he 
! ulH'S of tit<· o tht•r 1'011' :1 'i illlil:i r :1111111111! of dil 1d Ptl group seru 111 i;; 
added: th is is fo llo11·p,J hy t l11• a dd ition of O·'i !' .!' . of th e suspensio11 
h otn 1';1(·11 of' t lu-• \,rol h ndtun•s io a tul1e of seru 111 dilu tio n in <'a<" h 
Hill·. TI1 P rat ·k i,.; pl:wl'd in a II'<IIP I'hal h :11 :):-J0 ('. The C"Ul.itll't•s ilt :tt 
;• rp :1gg· lu ti na t1-11 lty t he typP "~'I'U itl <H-cnr in the ty pe pl1 : 1 ~e a nd lta1·e 
Le<'l l ol:t:tin e1l fron t C"Oloni e;; i11 t hat ph nse, 11·hi l<• t h t• su . .;pensio n,.; 
t hat HotTnl:tlt• \\·it!t g roup sen 1111 lt:~ Ye l)('e tl obt:1i ned fro 111 gTo li]J 
Pl:a ,;t• t·oloniPs . ThP kincl of a nt ig·<'n. t_qw m· g roup , n ' q nit·etl t· :~ n 
11011· he pre p;~n ·d 1 ,_~ . inocula ti ng hl'l>t It 11·ith thP I'PJitaining ha lf of 
tilt' C"olon\· in t ilL' j l:lson t ulw . mt·anll· il iiP storPd i n t hP rd ri g·pr:1h1 r . 
In Ol'll1· r 'to rt'dut·e th e lag phase in t he gTO\I·tlt pf thP !'llltt; rC'~ th e 
Lroth t u hP~ cli'P pLu·l'rl i n a ll'ah•r-hnt h at -±0° ( ' . fo r aho ui ] () 111inules 
[, e fon• tnl'uha ti oll. 

Uroup ;IIH1 typt· phu:;e coloHLt·~ 11 1:1_1' al so l1e ret·ogni sed by testi ng 
lhl-' lll in drople-h of gToup antl t_I.Jie se run1 <Hl a g·Ja,; ,; ,; ]iclP a tTo rdi Jtg­
lu th1· nteth<)(l dt'snilw d hy S<·olt ( IH:J-l ) . 

.. II ., .'i iiSji (:' II Sion .. ; ;(!'(' lllad P 11]1 i ll a dl'JJ Sit_l' of ;tppmxint :dl·i .l· oOU 
11 1i llion ]WI: c uhit · <·t' n t im l'tPr :111 d .. () .. ;tJI!i :,u•n .; up to 1·oug- hly 
] ,()()() tnilli on Jl l-'1' I'll hie ('e n ti mde r. 

:\ g-g-!11 ti na I i ng .'iPI':I :~n• pn·p:lf' t•d \1\· i lt.it•cl i ng ra ld1i t s in t r:~ \'l'llousl.l· 
11·it lt kill ed h:~r · t p ricl 4 or :) li nH·s :d :{or+ da1· inten· :~ls . l"or 111ixPd 
.. 11 .. :~nd .. (l .. ,.;era. t h e a ntig-e n u sed is. a saline s u,.;pi' ll " ion of 
an e ig lti PI' n holu ·,.; old ag-<11' t·u l lui 'P. Tlte org-uni,.;m,.; are a lso ki llt·ll 
by tiJ P :1dd iti on of forlllnlin to Jllak e :1 t'tiiH.:entration of()·;.;':) per t ·l~ n l. 
:111d he:d ing at .-J i ° C. for hn1 hours . For tht• prep:~ra lion of l_q,p 
:11Hl g roup se-r:t t he o t g-anism in th e required plt:~se is gTo11·11 in bro th 
fo r approxilllatl'l~· (j h<!Ur:' n ntl kili e tl before in.iedi nn. Bu t t}IP ty pP 
St' l':l obt:~ in ed ;tiii·:IYS I'OII ta in ;t (·P rl<ILII <llllOllld of gTOII[l :11-('1-('lU t i n i n:; 
" ·hi..lt s houl.J he r e tl\oi·E'll hy nu•a 1t ~ t: l' c\11 org:~Hi'int ot·t·UJTing· in t he 
,g'I'"IIJI ph :l.'it', or h~ · one- 1dtil'i1 h <IS I I1 P sa nt P gro up hut a d il'fere ni· 
t _I.JlP jd ~:t ,; t •. (hoii}J jliwse .'iP I';t :IJ'P <ll so sPldont .. pure· · . hut pnrifi­
t · :~lion i,.; far lllO I'P ll iffi (' ll] t ()II :1( '('0 \lll t of 1'111' JII'P,.;I 'III' t' of sonll' 
."in1 iL11· g-mup l':ll'i ors in a ll group :lnt ig·<'Jt ,.;. 

1-'o r t h<· prep:ll':l t ion o f ··() .. :~n l i st•ra lit!:' :~ nli ge n t·o tl.,ist s of 
a boi led sal int• su:'pt' 11 Si un of :111 t' igh lt't' n hou 1·" old :1g :11' C"ul l un·. 
'l'h P fir;; l dose u·i \·e n is us uall1 ahnut ] ()() to :.!()() tni l l ion h:ll'lt• ri:~ 
s uspt> nd Pd i n l ' !'.(·. of ,.;alin e- . . SuhsPIJUI 'IIt dosP'i !';Ill ht• gTadu :tl l.l· 
i nne;t ,.;t>d un til :1 fin:il tlo . .;ng-P of :1ppro xi nta te ly :)()(}to 1,000 tt1illion 
lmde ria i s re:1dwd . T he admi ni st l'clt ion of l:11g-e r 1lwit' ~ d ot·~ nol 
:1ppea r to he j ust ifit•d. I t is sel dom II PI· e ,.;~;l l _l' to (.!.'i1·e JIIOI'I' tlwu fi ye 
tJ I' s ix inject ion s: too ntan.1· injPI'Iion s Dr!' l i:li>lt• t() prod u<·t• sl'r:t o [ 
i itres too hig-h for ea ~y nhsorplio tl m; rk . 
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Agglutination tests are c-arried out in Dreyer tube,; placed in a 
water-bath at 55° 0., the lmYer half of the tubes being immersed in 
water. The agglutination of " H " suspension s r esults in the 
formation of coarse, loosely <lJTanged floccules "·i.thin a ver,y short 
time , reaching its max imum in about 2 to 4 hom·s. The clumping 
of " 0 " suspension s occtns more slowly and is characterised by the 
formation of fine gmnules : this iR best seen after the tubes haYe been 
standing in the "·ater-hath oYernight. 

Saline dilutions of the serum to be tested are ge11erally mmle in 
a series of di lution tubes . From these the ~erum clilutions are 
transferred to Dreyer tubes in 0 · 5 c. c . amounts. A similar amount 
of antigen is added to each tube. For " H " agglutination the 
tubes are read after standing for about 2 hourR in the water-bath 
and £_or " 0 " agglutination the rearlings are takPn on the follmTing 
UlOJ' I1lJlg. 

For absorption tests the absorbing organism i" grown on agar 
in Mason tube~ for about 24 hours. The agar is pourecl fairly thiek 
into the Mason tubes so as to furnish a good gTowth. After the 
agar has properly se t t.he Mason tubeR ar e pla ced flnt i11 a eupbo:~nl 
for about 3 OJ' 4 <lavs in ordPr t.o allow most of the water of conden­
sation to eYaporatev; alternately the tubes are put iu the incubator 
overnight. r nless some of the wate1· of con den sa tiou is evaporated , 
the surface of the agar " ·ill be too moist , and the ex('essiYe flu id ou 
the stuface of the agar " ·il.l interfere with !he snll~PlfUent renwTal 
of the growth . The :seed material is either a fresh agar or broth 
eulture of the org'ani,;m. If the surfa ce of th e media in tlH' Mason 
tubes is :;till moist a loopf ul of inoculum from the agar slant is 
preferred , but if the surfaee is dry a ('ouple of drops h om tlt e hroth 
culture should be u:;ecl. As a rule , ho,YeYer, a t hicke r gnm-th is 
obtained if a large amount of ino<:nlum is u se<L The seed m aterial 
is spread by mea-ns of a bluut, slightly ben t Pac;t<enr pipette flamed 
before u se. After 24 honrs' ineuhation a fairly llti('k homogeneous 
growth will he ohtaiue<l 011 the ,mrfnce of the agar. By using Mason 
tubes in stead of P etri plat es for culttning the organi,;tu t he r isk of. 
conta1nination is redu<:ed to a min .imum; \\'hereas <·ontamitw tiou of 
P etri plates kept in the in('ubntor oYemigbt i:;; no( 1utcomm oiJ . 

The sel'Ullt to he tested is <liluted to the coHceutt<ttion require<l: 
when the "H " titre i s about 1:0000 a serum dilut ion of 1:25 or 
1:00 is recommended. 1'he <lesire<l amount of serum clilnhon is 
meaHUl-e<l into a thick centrifuge tube. By mean,; of a P a:;teur 
pipet-te, a pproximately 2f) c.m. long, " ·i th an open loop a t the 
capillary end , t he growth in !:h e tubes is scraped oft and emul;;ified 
with the senun <li'l.ntion along the inside of t he centrif ug e tube ; bu t 
great car e shoultl he iaken that all t he d ull!Jls of baete ria <He 
properly broken up, so that the organisms are well <listrihute<l 
throug-hout the 1 i<1uid . The suspen:-;ion is no\\· plaeed on th e bench 
for an hour or more anrl shaken eYery no\\· an<l then so as t o ensure 
thorough mix ing of the barteria and th e serum. Alt hough the 
absorption is usually complete aft-e r an honr of hYo on the ben ch , 
the suspension is prefera bly kept in the r efriger ator oYernig h t an rl 
centrifuged the next morning at about 2 ,000 r evolution:-; per minute 
for one hour. The clear supernatant fluid is remoYed '"it.h a pipette 
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:uu1 tested . Sometimes, e8pecialiy with high titre ser a, be tter results 
are obtained if the absorption is performed in stages ; i .e. part of 
the an tigen is mixed with the serum dilut ion at first, while the rest is 
emulsified in the same fluid after it h as been centrifuged an hour 
or two later . 

(3) SElWLOGY. 

In T able 1 are g1ven the results of agglutination and ahsorption 
tests th at \Yere obtained with cultures 154, 217 and 216 ou the one 
hand ann dublin (Knox) and enten.tidis :M: .7. on th e other hand. 
The tests canie<l out with cultures 154 and 21G were eomplete 
bilateral (minor) absorption teste; , " ·hile the oue perform ed with 
eulture 217 was a unilateral absorption. Complete mirror absorption 
tests were a lso c·arriecl out '"ith cultures 170, 171. 173, 175, 198, 203, 
295 and 430. 'l'he results obtained '"ere identical with those given 
fo r culture 154 (Table 1) and , with the exception of those 
relating to culture 430 ('fable 3) , ar e uot n •eorded sep ara tely in thiR 
paper. 

Cultures 418 and 290 reacted the same way as culture 216 but th e 
records of t heir test s are not given; t h ey are regarded as identieal 
with culture 216 serologically . The r esults obtain ed with cul t ure 
190 are given in Table 2; according to a one-sided a hsorption test 
performed with culture 502 its antigenic structure is 'l]Jparently 
simi'lar to that of culture 190 (see below). Unilateral absorptions 
were also carried ,out with the other 87 cal£ strains aga inst d·ublin 
(Knox) serum ; the r esults obtainecl with t hese show that they ar e 
identical " ·ith culture 217 and are t herefore not 1ecorded h er e. 

The records of Table I sh o"· that Salmonella enter·itidis var. 
dublin (Knox) a bsorhed all the agglutinins (" 0 " mid " H. ") from 
154 serum as well as from t he h onwlogous serum. while culture 154 
exhausted both its 0\Yn serum ancl dublin serum; enteritidis M .7. , 
while completely removing all the aggluti11 ins from th e homologou s 
serum, absorbed only t h e " 0 " agglut inins from 154 serum, leaving 
its " IT" titre prac:ticaNy unchangell ; in the same way, cultu re 154 
exhausted only th e " 0 " agglu tinins from enteritidis serum without 
materially r educing the " H " titre of the latter. These results, 
therefore, demonstrated that cul ture 154 has the same " 0 " antigen 
as enten.tichs and dubl·in, and an " H " an tigen similar to that of 
dublin. Althoug h culture 154 was agglutinated by enteritidis serum 
up to full titre, and although enteritidis was fulily flocculated by 154 
serum, enterit1:dis could not appreciably lower the " H " t it re of 
154 serum and culture 154 fail ed to remoYe the " H " agglutinins 
from ente1·itidis ser·um. 

According to the Salmonella Sub-committee of th e Nomenclature 
Committee of the International Society of Microbiology, S. enteri­
tidis var . dublin is composed of the folilowing antigenic factors : ­
'' 0 ", IX ; and " H " ,qp " 0 " factor X II has been added subse­
quently by Kauffm ann (1935b). As st rain 154 is iden tical with rl'llblin 
its antigenic structure is m ade np of t he same componen ts . Mirror­
absorpt:on t ests performed with &trains 170, 171, 173, 175, 198, 203, 
295 y ielded th e same results as strain 154; t hey Ztre, therefore, also 
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identical with dublin and possess the sam.e antigenic fadors. The 
experiments carried out with strai11 217 and the other 87 ;;trains not 
recorded in Tables 1. and 3 also demonstratecl that these stra ins 
resemble dublin antigenically. In Table I it was shmYn that strain 
21.7 exhausted d1tblin serum as completely a,; this ,,·as clone t y tlulJlin 
(Knox). 

vVith regard to strain 21.6 the result::; in Table 1 shO\v that it 
eompletely absorbed enteritidis ~I.i. serum as well as the homologous 
serum, wherea~ enteritidis M.7 . exhausted agglutinins from botb 216 
serum and its own serum. On the other hand, strain 216 failed to 
reduce the '' H " titre of dublin (Knox) serum but removed all its 
" 0 " agglutinin s. Enteritidis M.7. and strain 216 must . therefore , 
be reganled as identical, both containing the same antigenie fadors 
viz. "0 ", IX (XIJ), and " H " gom. Complete recipr ocal absorp­
tion of tl1e " 0 " agglutinins of dttblin (Knox) and strain 216 ,;era 
was effected by cultures · of these t wD organisms on acCO'.lll t of the 
existence of identical " 0 " factors in them ; but the " H " anLigenic 
components, although cross-agglutinating to full titre ''"j th th e two 
sera, were not sufficiently related to reduee, tho "H " titres .of the 
ser a . The cross-agglutination observed betwet-n the " H " antigens 
of strain 216 and dublin, of strain 154 an<l enteritidis :\1.7 . and tlw 
c.orresponding sera, took place by virtue of th e pre~ence of factor 
g in the antigenic complexes of both types. Cross-absorption 
remoYeJ only this factor, leaving the other components urHlisturhed, 
hence the high " H" agglutinin titre of the absorbed sera. 

The antigenic structure of strain 190 was found to differ cmn­
pletely from that of both dttHin and enteriti(hs, but it was readily 
agglutinated by typhi-?n'U?"ittrn " 0 " and type sera as well as by a 
group serum (e.g. chole1·ae-suis var. Kunzendorf serum). In Table 
2 the records of an absorption test between strain 1.90 and t;ttphi­
muriurn are given. Th e results show that strain s HlO · not only 
removed all the type, group and " 0 " agglutinins from the homo­
logous serum but also from typhi-?nuT'iwn (GlasgO\v) serum, while 
typhi-m1wium (Glasgow) exhausted alil the agglutinins from its own 
serum as well as from 190 serum. It is evident, therefore, that tb e 
antigenic structure of strain 1.90 and typhi -muri111n (Gla'lgow) arc 
identical. According to the Salmonella Sub-committee of the 
International Society of )1icrobiology, the following an tigenic 
components have been assigned to typhi-11wr,ium: - " 0 " TV, V 
::mel "H " -specific, 'i , " H " -non-specific, 1, 2, 0. According to 
Table 2 the same assignment should be allotted to st rain 190. 

A one-sided absorption test wa:> perf.orme!l with ano ther 
dipbasic strain of Salmon ella (nt.ltu1·e 502) also isolated fr,Jin a calf 
th at ha<l Llied frolll paratyphoi<i. T .IJJ!hi-murlv.llt (Glasgow) serum 
was used for the test. The Jesuit \Yas that cttltme 502 <:ompletely 
removecl all the " 0 " type :mel group agglutinins hom typhi­
mu1'1:u-rn serum. Cultvre 502· therefore contained th C' s;nne ant ig-enic 
components as typhi-mm·iwn (G la sgow). 

'J'he results recorded aboYe t:1learlr <lemoastr·nte that , al?HonPlla 
entel"itidis var. dublin is by far th~ most comm011 cause of t·alf 
paratyphoid in South Afri ca. Of the .102 st rains studied only b\0 
proYecl t.o be S. tyzJhi-·m u·l"ium, three " ·ere classifi ed as S. cnte;·itirl/.; 
and 97 \vere grouped under S . enteritidis Yar. dublin. 
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'l'AJJLE 2. 

Tm)h·i-mu1"imn (Glasgow) sermn a bsorhC'd by t yphi-nw1·ium 
(Glasgo" ·) and by strain 190. 

Strain 190 serum absorbed by tztphi-nw Tium (Glasgow) 
and by strain 190 . 

Antigen. 

Typhi­
m1tnu1n 
Serum 

Absorbed 

I 
by 

Typhi ­
m1trhtm 

(Glasgow). 1 
I I 

Typhi-m•<riu>n " 0 " I 0 
Typhi-nmrium type 

1 

100 
Typhi-mu•·ium 

group .. 0 

Strain 190 " 0 " .. 0 
Strain 190 ty pe . . . 100 
Strain 190 group.. 0 

Typhi­
Jnu'J·iu?n 
Serum 

Absorbed 
by 

Strain 
190. 

0 
100 

0 

0 
100 
0 

---·------------

I '1.' hi- I S;;~n 
1 

· YP. Absorbed 

I 
mun~on b 

t"n- T ~. 

I 

a bsorbed . YP n-
?n'un:um 

(Glasgow) . 

1,600 () 

100,000 0 

25,600 0 

1,600 0 
100,000 0 

25,600 0 

0 = less than l : 100. 

190 
Serum 190 

Absorbed Serum 
by Un-

Strain a.bsorbed . 
190. 

0 1,600 
0 6,400 

0 3,200 

0 1,600 
0 6,400 
0 3,200 

The an tigenic properties of anothPr strain, culture 430, isolated 
from th e blood of a Native shou ld a lso be recorded. The ~ative with 
a number of others had partaken of t h e meat of a calf whieh was 
susPected to have died from para typhoicl. Se,-eral of t he Natives 
became violently ill and one, a woman. died from septicaemia. The 
blood of this woman was submitted to me for investigation and a 
S almonella, strain 4;·l0, was isolated from it after enrichmen t in 
tetrathionate broth. U nfortunately no meat or par t of th e suspected 
carcass '"as ava ilable for bacteriologic-a 1 stud~- (Henning 1938) . 

TABLE 3. 

Dublin D ublin 430 430 

Serum Serum Dublin Serum Serum 430 

Antigen. Absorbed Absorbed Ser um Absorbed Absorbed Serum 

by by Un- by by Un-

Dubl-in. Strain a bsorbed. D ublin. Strain absorbed. 
430. 430. 

I 
---

D ublin " 0 " . ..... I 0 0 
I 

1,600 

I 
() 0 800 

Dublin " H " ... . . I 100 100 25,600 100 100 50,000 

I 

30 ''0 '' . .. . .. . .. I 0 0 
I 

1,600 0 0 800 

430 '' H '' . . ... . . . I 100 100 
I 

25,600 100 100 50,000 
I 

4 

0 = less t ha n l : 100. 
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Cultun 's of s tr ain -±;~O " ·er e r ea dil y a g glut inated by rlvblin 
" H " and " 0 " se ra ; cr os::;-agglutination a nd cross-ab smption tests 
" ·er e, the refore, c<.Hriecl out ns shown in T ahle 3 . 

The r efm lb sh o" · th at shai11 .f:iO abso rhed all agglutin i n s (" 0 " 
a n!l " H ") f r·om dublin i:iermn a s well a::; hom th e h omolog ou s 
;,erum , whi le dubll:n in the sam e '""Y completely exh a u:;t e<l both 430 
sernm :uH.l i t s O\Yn serum . T he presence of the smnll r esi!l Lles of 
u n a bsorbed agglutin ins in bot h th e du blin and 430 ser a ca n be 
attributed to t h e hi g h tit r r s of th e :;e rn usecl for t h e test. 

Str a in -±30 sh oulrl ther efore b e r eganl etl a,; a not ht>r ~train of 
Sa l 11wne llrc enteririd:is Yar. d ubl i n , eon tain in g tl1e :follm;·in g 
antigenic com ponents : - " 0 ", IX (XII) an d " H " g p . 

F en· l'e rmen tatio n r eadion.-.; ;:pe Table ~25 . 

SALMONELLA INFECTION OF SHEEP. 

l n a recent pa p e r (H enn ing .1 9:~G) I pointecl ou t th fl t Sa lmon ella 
infection is not 1·ery co mmon in :; hPep an<l t hat foorl-llo ison ing i n 
ma n asw c iatecl with m u tt.on i,; compm ati,·ely ra re. It is t ru e that 
shortly afte r th e G reat \Ya r a YPr y seYere o utbr eak of food-p oi.;oni n g· 
was d esn ibed in G enn an y h~· F ic·bnger (1919) a nd by B ru ns and 
Gasters (1920) . The sour ce of tlJ e in fe ction was tra ced t o sh eep , 
several of ,,·hi.c·h \Ye rP em er gen!'y -slaug h ter ed in md er to save t h e 
carrnsses fo r human food . Orga ni ,;ms descr ib ed t o l:Je of t h e 
" Par nty phnsu ,; H " t.'i'llf' 1n·r e isolated fro n1 t h e su stw cted m utton as 
v.·ell as th P ,.; tool s of t ht• patien ts ; b ut Bruce \\' h i t e (1 829) 1eg-a r ded 
the organi ~m s iu!'rilnilla tPd asS. f.tJJIIu·-1711t rium . SrYel e ou t ln·ea kR of 
Salmon f' lf ll i nfPC'iion i11 ~h t> ep h aYe a lw bee n <leRcri becl in Am er i('a . 
.Tm 1l a n (1!)'26) reported nn pxtensiYP epizoo t i<· o f . clyst> ntery in lambs 
i n Colonulo an!l found the causal a g·e n t to be S . /; ,!Jpln-llt u rium , "·hile 
N ewsom <lll<l Gross (1 92-±, 19:l0, 19~~5 ) inYestig atPd ::;ewl'a l o uibr eab 
of gastro-e n te r iti s in la 111 bs ca u se<l by t he salll e orga n ism ; S ev.·sont 
a nd Cross reganh·d t l1 e long 1·ailway .i ourn eys the Jambs lwd to make 
::md t h e l ong [H:' r io<b of h sti:1g ns pred isposin<,i· fncton>; tyzJhi­
m tcri·u:nt \\·ere ub tai ne1l in pnre ('Ulb.n·R f r om the h eart bl ood a n!.l 
sp l een of the al-teded ] am bs. Th e m ost conullon pa thogen ic 
Sa l mon ella for sh eep , h o" ·e ,·er , is S . abor t u s or i s . T hi s orga.I, i s m 
has been cl eoin ibed by t>e Yeral worker s in E m ·ope , Lu t it h as 11 ut y et 
bee11 r ecorded in Sou t h Afr ica; it wa s first <lescrihed hy Sclwrm er 
a n<l EhPli.ch (1921), and later h v S teph a n Rn cl Geige r (1 922) , 
Bosv.·ort h and G loYer (182!')) , ~Jip~sner nnd Baars ( ] 827), L oYeJl 
(.1831) , B o:> 1Yortl1 (.198~~ ) <11Hl L esho u.nie,; et ul. (J8TJ) . 

.-\ltho ngh se1·r ra l e<lo.es of ,;u ,;]lPdecl p ;uatyph o id 111 ,-h eep hav-e 
heen 1·ep ortecl from tim e t o tim e Yer y li ttl r is rea ll ~- kno"·n of t h e 
i nride n!'e of t lw di sease i11 So ut h .c\ frican sh eep . No far only tw o 
au th e nti c <·a ,;e;; of S olmondlrc infecti on in sh eep lwv-e beeu stud ied 
in t hi s cou nt ry; hotb str nin s h av-e Lee n i,;olated by D r . J. H . ~\In son 
a t Ond e rs tepoort, and ha n ded to me for i d en tifi cation . T h e 
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seroloo·ical cluuaders of t he on e were recen tly described i n f ull 
(Hem~ing, 1936). As its " 0 " anti gen was shown to diifer from the 
som atic an tigen of all previcrwsly de:;t.:ribed Sal11wnellos , it 11·as 
admitted to species rank in c-ompliance with the r ecommen dations o£ 
th e Salmonella Sub-committee of the N omenclature Committee of the 
International Societ y of ::\1icro biology (1934) ; in accordan ce '" i th the 
suggestions .of the Sub-committee, this orgam sm was called 
Sa luwnella onde1·st epomt. 

S erolog y.- The conclusions fl ra,Yn regar ding the specificity of 
S . onde1'S t e po01·t \\·ere baserl on t b e foUo"·in g information cond ensed 
n1 Tables 4, 5.-\ a n<l 6. 

" 0" agglu.tina tion.- Cross-agxlutina tion tests 11·ere perform ed 
with t he h eat-stable "0 " an tig-ens and " 0 " sera of the So lm ouella 
types given in the Kauffmann-\Vhite schema of the Salmonella Sub­
commit tee, as 11·ell as 11·ith th e b1·o Hewer t y pes S. aberd f'e !l (Smith, 
1934) and S. poonae (Bridges an1l Scott , 1935). The 1 · e ~uHs are 
rec01·ded in Table 4 ; n egative r eactions are not given . Ailtlw ugh 
Onderst epourt serum agglutinat ed Senf ten berg " 0 " suspensions to 
neatly f ull ti tre, S enften i.J er.g serum barely agglutinated Onders fe .. 
zwmt " 0 " antigen at a dilution of I: 100. Onderstepom·t serum 
also gave u trace of floccula tion IYith t he " 0 " antigens of 
Fm·atyphi -.. 1 and Enteritidis . But t l1 e t it re of Ondustepoort ~ennn 
remained unaltered after absorpti.Dn with eit her S enften iJerg, 
Paratyphi-.1 or E'nteritidis . On t he other han d, Onde1·st cpoort did 
uut appre<·iab !y reduce; the tit re of Sen ftenhel'.r]. Th ese resnlt s clearly 
show tha t Onderst ep oort possesses an " 0 " an tigeu 1d1ic h does not 
emrespond to th at of any other S olmonella previously cle,;n ihe<l. 

" H " agglutination.-An OndPr:stepoort culture " ·a ;; plated on 
a Mason tube so as to obtain a number of individual colonies . These 
were teste<l again:>t several t ype seru and against clwlewe-stti:s 
(European) gnn1p serum. So me I'Olonies 11·ere flocculated by t he type 
;;era of R eading, .\'ew port, dnatwn , while oth ers ,,-ere agglutinated 
by chole1Y1e-su is group serum . These type-phase ruul g roup-phase 
('nlonies 11·ere nn11· sown in to ,;ep<n aie t ubes (or fl.a s]; s) of hrnth and 
grown a t room temperature fm 18 hours, or a t 370 C. for 5 to G hours ; 
the cultures were killed by formalin (0·25 per cent. ) and heat nt 57° 
C. for 2 hours, as described above. On the other hand, 01lllnstepo01't 
serum agglutina ted to full titre broth <;ulhires of the t)·pe pht~ seil of 
'IWW ]JO'I't , 1'eading and anat'u m, anrl hroth cultures of t he g roup phases 
of chole1'ae-s1tis , readin g , sendai , JWratyp h i-C . A stron g agglut ina­
tion was obt ained bet ween ond erstqwort serum aud tho,;e an tigens 
con taining factors e. h of th e Kauffuwn-\Vhite schema: " ·h en an tigens 
containing onl ~· factor e, but not h, (e .g . potsdrun and ln·a11 rlf'11 b1Ui) 
wer e used t he agglutination titre 11·as much lower (T able 5A) . 
Onde?'St epoort type serum (t itre 1: G,400) , also gave a l o11· agglutina­
t ion wi th t h e " H " antigens of mnsco1c (1 :-WO), sen.ften!Je?·g· (1: 400), 
1·ostock (1 : 200) a ncl de1'by (I: 200) but not with du bli 11 : moscou· ancl 
der i.Jy sera ab o gave a 1veak flocculation (1: 100) with ondNstePno rt 
type suspension, hut sen.ften be1'g, d erby and du blin sera ha cl no effect 
on it . 

102 



' 

f-
' 

0 c.v
 

'f
A

U
L

B
 
4.

-
" 

0
"
 A

gg
ht

t1
:1

w
ti

on
. 

S
er

a
 . 

. 
--

-

I 
O

n
de

?·s
fe

-
O

nd
er

st
e-

O
n

de
rs

te
-

O
nd

er
sl

e-
O

nd
er

st
e-

Se
nf

le
n-

po
or

t 
po

oi
·t 

po
or

l 
Jl

O
O

?'
l 

po
O

Tt
 

be
ry

 

i:i
om

a
ti

e 
A

nt
ig

en
s.

 
O

nd
e1

·s
te

-
Se

nf
te

n-
P

a
ra

,-
U

h.
ol

e-
/!J

ul
er

i-
A

bs
m

:-
A

bs
or

-
A

bs
o

r-
A

 b
so

r-
A

bs
or

-
A

bs
or

-
A

na
tt

ur
t.

 
L

o
n

d
o

n
. 

po
or

l.
 

be
ry

. 
ly

p
h

i-
m

e
 s

u-
is

. 
ti
di
~.
 

be
d 

by
 

be
d

 b
y 

be
d 

by
 

b
ed

 b
y

 
be

d 
b

y
 

be
d 

by
 

A
. 

O
nd

e1
·st

e-
S

en
ft

en
-

P
a

m
-

()
ho

le
-

E
n

te
1·

i-
O

m
le

1·s
te

-

I 
po

or
t.

 
be

ry
. 

ty
11

hi
-

A
 I m

e 
s-

w
is

. 
ti

d
is

. 
po

or
t.

 

-
-
-

O
n

de
rs

te
po

or
t .

.
..

.
..

..
.
..

. 
6,

40
0 

10
0 

_
50

 
1 

0 
±

 5
0 

0 
I 

6,
40

0 
6,

40
0 

6,
40

0 
6,

40
0 

0 
0 

0 
Se

nf
te

nb
er

y 
..

..
..

.
..

..
..

..
 

3,
20

0 
3,

20
0 

-
-

0 
0 

-
-

-
1,

60
0 

-
-

P
a-

ra
ly

JJ
hi

-
A

 .
..

..
..

..
..

. 
10

0 
-

80
0 

I 
-

-
0 

-
()

 
-

-
-

-
-

C
ho

le
ra

es
ni

s 
..

..
.

..
.

..
..

..
 

10
 

-
1,

60
0 

-
0 

-
-

0 
-
·-

-
-

-
A

n
a

tm
n

 .
..

..
.

..
.

..
..

.
..

..
 

0 
-

-
-

-
-

-
-

-
-

I 

1,
00

0 
-
-

L
o

n
d

o
n

 .
..

..
..

..
..

..
.

..
..

 

±
 5~

 I 
-

-

I 
-

--
-

-
-

-
-

-
-

80
0 

E
nt

er
it

id
is

 .
..

.
..

..
..

.
..

.
. 

-
-

-
.1,

60
0 

0 
I 

-
-

-
0 

--
-

-

I 
I 

0 
=

 
Je

ss
 t

h
an

 l
 :

 5
0.

 

'I
',\

H
L

E
 

5.
1.

 
-
-
-
·
 

O
N

AB
SO

R
m

m
 

T:
v.

PE
 S

E
R

A
. 

A
uS

O
R

BJ
W

 T
:v

.l'E
 

tlE
R

A
. 

-
-

O
nd

er
st

ep
oo

rt
 

I 
R

ea
d

in
g

 
I 

N
 e

w
pm

·t 
B

m
nd

en
 

"
H

" 
A

nt
ig

en
s 

(T
yp

e)
. 

A
bs

or
b

ed
 

by
. 

A
b

so
rb

ed
 b

y
. 

A
bs

o
rb

ed
 b

y
. 

bm
·g

 
A

bs
or

-
O

nd
er

st
e-

I 
r 

V
 

B
m

n
d

en
-

P
ot

sd
ar

n
. 

b
ed

 b
y 

po
or

t.
 

.le
ac

 t
ng

. 
1 

ew
po

rt
. 

bu
1·

g.
 

O
nd

er
s;

e-
B

ea
di

n
g

 
N

ew
p

or
t 

O
nd

er
s:

e-
R

ea
di

ng
 

O
nd

er
s;

e-
N

ew
p

o
rt

 O
nd

er
st

e 
po

01
· 

T
 

T
 

po
or

 
T

 
po

or
 

T
 

p
oo

1·
t 

I 
T

. 
y

p
e.

 
y

p
e.

 
T

 
y

pe
. 

T
 

. 
. 

y
p

e.
 

T
y

pe
. 

y
p

e.
 

y
p

e.
 

y
p

e.
 

O
nd

e1
·st

ep
oo

rt
 . 

. .
 . 

. .
 . 

. .
 . 

. .
 . 

[ 
6,

40
0 

3,
2C

O 
6,

40
0 

80
0 

1,
60

0 
0 

20
0 

40
0 

50
 

5
0

 
50

 
50

 
0 

R
ea

d
in

g
 .
..

..
.
..

.
..

..
..

..
. 

3,
20

0 
3,

20
0 

-
-

-
0 

50
 

-
40

0 
5

0
 

-
-

-
N

ew
po

rt
 .
..

..
..

..
.

..
..

..
. 

3,
20

0 
-

6,
40

0 
-

-
0 

-
5

0
 

-
-

80
0 

50
 

-
B

ra
n

d
en

bu
?·

g 
..

..
.

..
..

..
..

. 
20

0 
-

-
6,

40
0 

-
0 

-
-

-
-

-
-

6,
40

0 
P

o
ts

da
rn

 .
..

..
..

.
..

..
.

..
..

 
40

0 
-

-
-

12
,8

00
 

-
-

-
-

-
-

-
-

A
n

a
tn

m
 .
..

..
..

..
.

..
..

..
..

 
3,

20
0 

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

0 
=

 
le

ss
 t

h:
tn

 l
 :

5
0

. 

Is: ~
 

iii
 

l:'J
 oz. ~
 

H
 '.1
, 

Q
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On performing absorption tests ('l'a hle 5A) the spec~ific phase of 
eith er n adi n f) , ne tcpm·t or ru u d tun lo1Yered t he t itre of oude rstepoor t 
type serum from 6,400 to 200 , while th e ~pecifi c phase of onde1·step oort 
was not able to exhaust t he type ser a of n ewport and rearh n g com­
p let ely . These re,;ults show that , although the type factors e.h. of 
readitt[J, n e 1cport ancl ru wtu m are fairly well represen ted in ondet st e­
P'OOJ't , complete a b::wrption coulcl n ot he effected . vVhether this is 
due to th e p resence or absence of a minor extra factor, or due to the 
Px istence of a small n'sidue of grou p agglutinin in t he ab,;orbed 
,;er a, remain,; t o be seen . 

T he non-speeifi L: phase serum of ondnslepoort ( titre 1:25,600) 
agglutinated variou ,; g rou p antigens u p to different titres ('l'able G) . 
Ou absorbin g ondersteporn-t grou p serum with f, iuns or II Plcport (group 
factors 1, 2, 3) t he titre fm oorle rste fJOort an tigen IYas r e(lncecl hom 
25,600 to only 12,800, and for t he g roup phases of L2 :u ul anatu7n 
(g roup factors 1, 4, G) t he reduction ' '"''" fro m 1,600 to -±00. 1.2 Dnd 
to 3,200, remoYiug all group agg lntinations for b in ns a~ well as for 
0 2 and onatwn . \Yhen this partly ubsorbed S('rum 1n 1s fur ther 
a bsorbecl h.'i' monophasic clwlerae-suis the ti tre was furt her reduced 
to 800. By abc;orhing unabsorbed ondeTs t epoo1·t group serum with 
aholP1'oe-suis t he t iil e was lo\\'ered from 25,600 to 800 , and simul­
taneously all t h e g-roup agglutinations for bin11 s, anatmn and L2 were 
exhausted. The group phases of 1·ead in(J and sendo i (factors 1, 4 , 5) 
also 10\YerNl the titre of o nders tezJoo?·t g-ronp sern m f rom 25,600 to 
800 . 

These results suggest that tbe reduction in th e t itr(' of onderstP­
!JOort seruDJ ('ffec·tecl by the gro up phases of ll'inn s and newport was 
ca used by their group fa ctor 1 ; t ha t th e reduction p rod urefl by L2 
~1 nd mwtwu can be asc ribed to tlt eir group (·ompon ents ] an cl 4; and 
t hat the aln 10st compJ ett- :th:;<lrption broug h t about b.v th (' non-spec·ifir­
phases of ch olera P-.wis . reading an d send ai sholcl he athibuted to 
their g-roup factors 1, 4, 5. It is eYiclent t hat on d e J·st epom t conta ins 
grou p faetors 1, 4, 5 and not 2, 3, 6. The unabsorbed agg lu tinin s 
left after absorbing clwln oe-wi.s serum '"ith ond et strpoort can hP 
ascribed to gr011p fador 3 eontained in clt oleNLP-S?tis; but the presence 
of the r esidue left after absorbing 1·earl£ng gr oup ;;erum with onrlPr­
poort camwt be explaine1l , nor i s i t clear why c!t oln'ae-.mis, 1ead ing 
or se ndai fai led to ex ha ust ond erst epom·t serum <"omplei.ely unless 
onderstep oort contains a 11 extra gronp factor . 

According to t he info rmation recorded aboYe S almonella onde1,-
8tepoort posses::;es an " H " spe<" ifi c antig-en whi ch corresponds largely 
io th e fadors e .lt . of readin g , n e l!' p ort a nd unatum , a nfl i l (·onta in ~ 
a non-specifi c an tigen which is Yery. c-losely related to t h at of Tearhn_q 
and pamtyph i-C (fadors 1, 4, :)) . But onrlerst epoort fai led to exhaust 
completely the spel'ific sera of rPodi n g, n e 1c port a n cl a nattt 111 , or t he 
non-speeific ser a of ' earlin g or cholerae-suis (E uropean ). On thr 
other ha nd, th e specific phases of reading, nr 1cpor t or anat1lm could 
not absorb all the speci.fi <" agglutin ations from onderst epoort type 
serum , while the group p hases of Teachng, para t y ph i-C or cholerae­
sttis did not remove all the g-ronp agglutinations fro m mui PrstPpoo1·t 
group serum. It is not qnite c·lear how to ex plain the r esid ue of 
unabsorbed aggl utin ins left after th ese absorptions ; i t is possible 
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t lwt t lte ' Jlecific ;;er um c:on tain e< l a ;; nw ll atuount of <rroup au·o·lu tin in 
after absor ption with organisms in t he :;p e<" ific p h~se, or '"'t11at th e 
speeific phase of ond erst eJIOOI'l· po.-;s~c·sses :;olli e faetor that is lack ing 
i n the type faetors e. h. of r eudin y , Jte iCJIOrt and anottun, or t hat the 
sJlecifi e factor,.; e. lt. <·o ntai n ~on 1 e l'om pon en t tha t i;; no t pr<>:;en t 111 
t he type pha;;e of o w lerSI:eJIOOI'i. 

' l' he '· 0 " autigl' n of onrle t :def Juor l t•xhihited chm·arter,; ,,·hi ch 
do not l'O r re;; ponr1 t.o th< L~P t ha t l1a Ye hec n 1lesc r ihe<l for nny ot he r 
nl<'mbt> r o f the Sol111one/lu grou p of badt' ria an d t he num<'l '::-t l .XTY 
has heP n nssig-m•d to this ll t'll' .. () ., f;l(·(or. 

Ea uft JJJanll ( U):ll ) ll'!ndd not a< ·t'ept Ill,\' a~sig- n n J Pnt of :iJll'<·ifi,. 
fa1·tors f' .h . to on rleJ·.d epoort. l[e <Jg re<'s t h;d fnet or e i;; <·onJnlon lo 
o nrlers i !'JIIJ{)J" l, an d orga ni.-mJ ::; lik e r·os /f)l!li/'ll e, 11·hic b <·ontain l· o m ~ 
ponen ts e. h . a11 d he < ,Jaim ~ to h;J Ye ,.; u <· cet>dl·cl in com pletely es hau c;l.ing 
t he SjlPl'lfil' ngg-lnti tt tll S fronJ 1)1/ tfl'rsl l' jii!!Jlt Sel'Ulll 1>,1 Jll!'an s of a 
~t rai n of eu stbourne whit'h o<-cur;; only i n the specifi,. pha,;<>, whi le 
o ndersl!'pOorl' fa iled to re uJ oYe a ll t he ~ J H' ! ·ifie agglutin in s from e!lst­
buutnl' ,. H t• doe,; not ag ree . t hen ·fore, that. ondcrstq}(;ort contains 
b < ·tor~ e .l1. a n1l he ast:> ig ns SJW!' ifi c fado r e ... to on d etStep oorf. 

1n lll." preYious pap<'r ( ll <'lln iJJg· , 1 9:~(i) [ nwde th e follo11·ing­
co nd us ions: -" A new ty pt> of Solnwnef/11 ha ,; bt>e n des!'rihcd , 11·hi ch 
it. is propo,;Pd to nallle S 11l lllonella onrlerslf'poort. The · H 'spc•('ifit' 
a n t igP n cOJ'I'c'sponds ];J rgely to ta<·lo rs r• .f, . of reading, Jt e trJIOt l a 1Hl 
lllllt tlt ut. "\! though no,;s~agglutinat i o n to fu ll ti1 rp O<Tllt'l'<'d, t'Olll~ 
plt•t.e IToss-a h;;o rption cou ld n ot lw ;dft>dl'<l. r\ ppa ren tl,y t h e fi}H'<·ifie 
faet.on; 1•./,. !'Onl<lin ,;omP ('OlllJ>OIIPlll ,,·hir·h i.-; la1·king- in the type 
pha ,;e of onrlerslep oorf, 11·hiiP lh l' spPl'ifi!' plw;;!' of o nde1·s te;J11o 1'1 
posses~p,; so lll f' f;Jdo r in a<ld it ion to f'. h ." I propose<l l ht> ft~} loll· in g 
a n lig!• n ic !'Oillpont> nt s for· ""den f f'JIIil!rf : -

" ' 0 ' antigPn Xl \ ·. 
'H ' :lll tig-en (specific) t' .h . hut there is probahly som e 

sma ll portion of !' .ft. 11·hic h i,; la1 ·king· in onrlenteJIOut/ a nd 
appa.rently o nr/n·s l f' JIOOJ· / ('O n tai n,; a ,;ma ll addition fn <· tor 
11·hi<·h is lacki ng i n c.lt. 

· H · a ntigen (n on~spec i fi c:) l , -! , ;) p lus an additional 
fa(·tor whi 1· h does not Ot'<· ur i n S. t -lwl!'we~suis, S. anahtm or 
lJ inns ' · 

I n Yil' \1' o f Kanft ma nn 's fi ndi ng,; .I repeated ,;o1ne of t he t<·sb 
wl1 i<·h I h a<l pr<'l·iou ;-; ly pt> rfon ned witl1 ontler sl ezw ort. U nfo r tun a tely 
I <l id not ha 1·e aYailahle a st r;Ji n of eosll10u nu· 'll·hi ch <H·cu r.-; only in 
i he typ t• p ha:;e, <ln cl a ll t h<· ,;(rain s of l'l'adi".t/, IWI I'fi OI'i a nd rwa lunt 
of my !'O II Pdion ,,.<' re 1l efini tPl.1· di pha ,; if·. [<; ,·p n i lte ,d rains of 
71{'1/'jJOr/ Yar. r :ottlms lahelled .. ,;per ifi!' phase" C\ Jl (] a ,;(rain of 
ch f'ster aho la lwlle<l ";;JWl' ifi!' , . 11·Prt' fo u nd to !'On tai11 ho( h p hast•s . 
I had 1o n·l.1· . th <• refore , on my :na i L1hl!· st min;; fo1· th r tests. 

'l'hc re;;ults obta inerl a re given in T a ble 8, nncl they confirm 
lli Y pn·Yious fi ndi ng .-;. The spPcifi,. ph a.-;e of neli'!JOrt Yar. 1\.oithus 
l'('duced th<· titre of ond.l'rst eJJoort type ,;erum from ;l,200 lo 200. 
w hil e t he type phasE' of n('lcport lo11·ered i t to 400 , a n <l anohtm nu. 
Jl!1tensll'r dPere<JSe<l it to 300. On th e oth e r h a ntl , the t y pe phase 
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of onderstepoort reduced th e titre uf t he specific agglu t inins of ''etr­
port var. l{ottbvs serum from 3,200 to 200, of newp ort from 2,000 
to 400 and uf ilf11en.ster from 12,800 to 1,600. Acconlingly, t h e 
specifie phase (f aetors e.h .) of n e 1cport ancl ne1cport var. /{ottlws 
could not remove u small residue of agglutinins from ondwrstezJ001't 
serum, and ondwrstepoort failed to exhaust a sni a.ll resid ue of 
agglutinins from both n ewp o1·t and n ewpo-rt var. Kottb·us sera. 

I 

Typhi-
1nu1·iu:nt 
Serum 

Antigen. ' Absorbed 

--
'1 
'1 
'1 

2 
2 
2 

'yphi-'ln~t~·iu.m " 0 " 1 
'yphi-rnm·i~tm type 
'yphi-mu1·i~tmgrou p 

34- "0 " ....... . 
34-type ....... . . 

I 
34- group . ...... 

by 
'l'yphi-

1nuriu1n. 

() 

200 
100 

0 
:200 
100 

-

I 

I 

I 

TABLE 7. 

I 
Typhi-
11tU1"~V1n 'fyphi-
Serum 1nuriumt 

Absorbed Serum 
by Un. 

Strain itbsorbed . 
234. 

0 

I 
1,600 

:200 100,000 
100 50,000 

0 1,600 
200 100,000 
100 i50,000 

---

:234 234 Seru m Serum 234 Absorbed 
by Absorbed Serum 

by U n-'l'yphi- Stra in absorbed. rnunnm . 2:14. 

0 

I 
0 800 

0 0 6,400 
0 0 :uoo 

I 

0 0 800 
() 0 6,400 
0 0 :~,200 

-
The spec·ific A.nd non-specific " H " agglutinins of typhi-1mu·ium coukl not be complf'tcly 

exhausted on a .C'C01111t of th ~ high titre of t he una bsorbed s<"rum. 

0 = less than 1 : 100. 

~Ioreover, ond e1'.stepoort; type antigen was barelY agglutinatP<l 
by the serum of aborttts-eq ui (factors e'n.'V ) at l :400, while t he 
homologous t i he was 1: 6400; in the same ·1·•ay onderstepoort serum 
just flocculated a.bortu s-equi " H " an tigen at 1:200. vVhen 
absorption te::>ts \Yere performed aiJortus-equt; could not uppreeiably 
reduee the tihe of onde rstepoort ;.;erum and o7!rler.,tezwort hncl no 
effect in 'l.o 11·erinp: the titre of o.lJorlus-eq ui serum . Facl.or e of 
a b01·t·us-eq1t1; is, t herefore, no t "'ell repr esented i11 understepool"f·. 

It is t>Yident from tlwst' rPs tdt ::> t hat th e specifi c phases of 
onderstezJOo1't and neu;purt, alt hough no t entirely alike, have a gr eat 
deal in eommon. The specifi c phase (factors e. h. ) uf newzJort is \Tell 
represen ted in onrl e7'StepoOTt, and the specific phase of ond'e1·s t epoort 
has a great deal in <·ommoll ,,·it.h t hnL of nPlcport. If the component 
shared by onderslepoort ancl neiCport is represented by specific factor 
e, t hen abo7' fus-equi ::>huuld he expected to lower t he t itre of onders fe­
]J001't sennn for the type phase of ne,Ypmt. Acconling to '!'able R 
abortus-equi fa iled to reduce the titre of ond e-rst epoort sermn for the 
specific phnses of both onderstezJootf and 7187cpo1't. 

'['he speci:fi c phase of o lldCI'stepoO'I·t, th erefore, contains a factor 
in addition to t he sm all one "·hich it shares "'ith auortv s eqvi. This 
factor comprises most of the eh of newpor t, hut it does not corr·es­
poncl to the en tire elt. 
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A-NTIGENIC 'ST RUCTCRE OF S AL:IIOXELLAS . 

The fact that onderstepoort " 0 " serum (ti tre= 6,400) 
agglutinates senftenberg " 0 " suspension nearly up to full titre 
(1: 3,200) shows that ondlerstepoort also contains an " 0 " factor 
which is present in senftenbe1·g; but, onderstepoo1·t " 0 " serum 
barely agglutinates paratyphi-A (factors 1, 11) at 1:100 and i t fa ils 
to agglutinate anat1tm and ],ondon (factors III , X). It can be 
assumed, therefore, that factors II and III which are also contained 
in senjtenbe1·g, are either entirely absent or so poorly represented 
in onders tepoort that they can be disregarded . H ence it is probable 
that the addit ional factor con tained in 01Ule1·stepoort and shared by 
senftenberg is factor XIX of K auffmann (1937). 

The following antigenic analysis can, therefore, be assigned to 
onderstepoort : -

O = XIV, (XIX). 

H.specific = the greater part , but not the whole of eh of 
newpo1·t . 

H .non-specific = 1, 2, 4, 5. 

The seeoncl strain of Salmonella (culture 234) obtained from 
sheep was also tested against various " 0 " , type and group sera. 
It was found to be diphasic and was readily agglutinated by " 0 " 
sera of group B of the the Salmonella Sub-committee, by the type 
serum of typhi-nw rium and the group serum of cholerae-suis 
(European) . Absorption tests were, therefore, carried out between 
culture 234 and tyPhi-m111·ium (Glasgow) (Table 7). Culture 2;H 
was first plated on Mason tubes and individual colonies tested for 
type and group phases as described above; type an d group antigen s 
were prepared from the colonies iden ti:fied. 

The r esults of Table 7 shmY that t yphi-murium r emoved aU 
" 0 " type and group agglutinins from 234 serum , as '"ell as from 
the homologous serum, while cult1ne 234 completely exhausted both 
typhi-muriu?n serum and i ts own serum. Accordingly culture 234 
must be r egarded as identical with typhi-muriu.m, and its antigenic 
structure should be m ade up of the same components, viz. " 0 " 
antigen IV, V , " H " specific antigen 1:, " H " non-specific antigen 
1, 2, 3 . For fermentation reactions see Table 25 . 

SALMONELLA INFECTION OF PICS. 

Sal1nonella infection is fairly common in pigs. Although 
Salmon and Smith's (1885) interpreta tion of the significance of 
S. clwlerae-su·is as an etiological factor of swine fever is no longer 
accep ted, there can be no doubt that this organism is an important 
pathogen for pigs and a frequent cause of food-poisoning in man. 
On comparing the hog-cholera bacillus with other members of the 
Salmonella group Smith and :Moore (1894) found that i t fermented 
clextrose, but no 'lactose or sucrose ,and that it was h ighly pathogellic 
for rabbits in very small d<>ses . Kruse (1896) descrihed th e hog­
choler a bacillus under the name of Bacillus su1:peshjer and , 
according to him, Selander regarded this organism as the cause of 
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Danish swine fever. Preisz (1898) also found Bact. suipesti fer patho­
genic for pigs and he incriminated it as the cause of " Schweine­
seuche " (swine-fever) and " Schweineseptikaemie " in Germany. 

After Salmon's isolation of the hog-cholera bacillus from the 
blood and internal organs of most of the cases .of swine-fever studiPd 
hy him, this organism was universally accepted as the cause of this 
malady until de Schweinitz and Dorset (1904) pointed out that a 
disease indistinguishable from hog-cholera could be readily produced 
by injecting healthy pigs with morbid material} and body fluid s , that 
had been proved to be free from organisms. Later Dorset, Bolton 
and McBryde (1905) showed that, while hog-cholera could be most 
readily transmitted by means o£ inoculat ions of blood and serum 
from diseased pigs, the use of cultures of the hog-cholera bacillus 
only sometimes produced a disease resembling hog--chotlera. Whereas 
pigs infected by means of morbid material from diseased ·unes could 
easily transmit swine-fever to in-contact pigs, those that were 
mfected with culture remained practically innocuous for other pigs. 
They further showed that the ca~1sal agent of hog-choler a was 
contained in the filtra tes of the blood and body fLuids of sick animals, 
and that these filtrates, although entirely free from B act. cholem e­
suis, were nevertheless highly infective. They regarded the hog­
cholera bacillus merely as an accessory factor in the p11oduchon of 
disease . 

Bainbridge (1908) divided the members of the paratyp1wid 
group into four sub-groups, viz. (1) PamtyphvOI'Jus-A ; (2) Para­
typhosus-B which was indistinguishable in its cultural charac­
teristics from aert1·y cke and su'ipestif er, but which could be 
differentiated by means of absorption tests; (3) aertrycke and 
S1tipestif er which were regarded as strains of the same organism 
indistinguishable from one another; and ( 4) enteritidis (Gaertner) 
sub-group easily differentiated from the preceding by means of 
absorption tests. Later Bainbridge (1911) and Bainbridge and 
O'Brien (1912) divided paratyphoid bacteri a into two groups of 
separate organisms ; th e first group they r egarded as iden tical with 
B. suipesti fer, and the second similar to Pamty phosus-B. These 
workers used agglutination and absorpt ion tests for their identifica­
tion. T'he source of Pm·aty'phosus-B was considered to be from cases 
of paratyphoid fever and carriers, while suipestifer was apparently 
obtained from contaminated food and cases of food-poisoning. Savage 
(1912) on the other hand, like Bainbridge (1908), consider ed that 
food-poisoning bacilli of the aet'tryclce type '"ere indistinguishable 
from suipesti/e?'. 

Dammann and Stedefeder (1910) succeeded in infecting healthy 
pigs either by feeding or by inoculating cultures of B. suipestifer 
and transmitted swine-fever by means o£ :filtered materiall. Glii.sser 
(1909) found a type of n. suipesti/ er as the cause of disease in young 
pigs and called the organism Bac. pamtyphi-suis . 

Dammann and Stedefeder described B . suizJestifer (Voldagsen) 
as the cause of a disease in young pigs, resembling swine-fever 
clinically , and known as F erkel-typhus (suckling pig disease). 
Although Glasser's ba{;illus was frequently r eganled as identical with 
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the Vohlagsen ba(·ililns i t is no'' kno\Yil t h at they differ fro rll each 
other in that th e former is dip lwsic, while th e latter is m·onophasic, 
occtl rring only i.n the gro uP phase like l~uropean clw l erae-su -is . Both 
of th em differ from sulpestif e r culturally; but serolog ica lly Glasser 
is i11distinguishable from the Ameri ca n \ari ety, whereas Volrla ,l}sen 
l'esembles th e E uropean lype. 

Jonlan (1917), ln1sing hi .:; diYision ·on the stucly 0f r ecently 
isolated strains, also cli,·idecl pa ratyphoid organ ism;; into fo m 
groups : -

(1) F aratyphosu s-d ,,- bich fermented a rab ino..;C' rapidly aml 
(lulc[te ~ lo,d,r, :xylose being left UIJaltPred ; litJ1ms lllilk ,,·as tm necl 
alkaline only afte r some t ime. 

(2) F arat ypl10sus-B which rap[dly fel'mented arahi.nose, du lci te 
ann xylose, aud l ur ned lit mus milk alkalline in a very short period. 

(3) S uipestlfer which ±ennentecl xylose rapiclly, but anbino,;e 
ancl duki te ::;lowly or not a t· all, i. e . nol sooner tha n after 24 ho ur~ 
in cubation . 

(4) EnteTitirhs " ·hich '" as indistinguishable from the Pmo l.tJ ­
phosus-lJ grouv l'Ulturally bu t not ::;erologically. 

J onlan and Victorson (HH7) used lead acetate agar for t he 
differentiation of the types of para typhoid bacilli. All entm·itidis 
strains and JI! Ost Paratyplw.s11 s-B straius \Yer e found lo blacken thi~ 
medium, while all their S111p es t ifer strains and typical Pm·atyp.Jwstts ­
A failed to do so. According to Bruce Whi te (192G) Schutze founcl 
that the Hirschfeld bacilhu; an d E uropean suipesti f e r could be di,;­
tinguished from the Amer[can YariPty by th e f act tlw t they r eaclil)· 
blackened lead acetate. 

I n t he courtie of ••n im·eti! iga tion of swine-feYer U hlPnhuth a nd 
Hiibener (1909) encoun tered a bact erimn which t hey called PaTOty­
phos11S-C bacillus. They found that culturally it. wa,; indistinguish­
able from B. su£pestifer, hut t bat it was not agglutinated by eith c>r 
suipPstije ,· or Gaertner erum, while its 0\Yn serum w:~ s wi th out effect 
on the hog-cholera o:l cillus . Thc>y cla imed to h ave isolated th is 
haderium from the organs of ..;\\·ine-feYer pigs, from sa usages a nd 
from human, pig and calf excreta , and r egn rrled it a,; similar to th e 
organism concern ed " ·i th calf dysen tery . H eimann (1912) isolated 
a strain of the so-called ]Jamt.ijphoS11s-C bacillus from caRes of foo!l­
poisouing at Hild esheim, follo"·ing ihe consumption of infected pork 
obtained from emergency-,:laug-htered pigs, hu t Andrr-we,; and N eaYe 
(1921) did not regard the l estH employe- d b_,. H eimann as suffirienily 
reliable for t.h e n•c·ognition of the organi sJJI S. Brur e \ .Y hite (192G), 
on the other hand, iden tified some of t h e H ild eslr eim strains as 
European hog-cholera bacilli. 

During t he Great \~Tar, a ncl s11 b:;eq uen tl.v, several closely relatrd 
organisms were isolated from l'ases of para typhoirl fever , especially 
in Eastern Europe. In 1915 Neukirk (1918) encountered nn outbreak 
of disease in the Tmkish army and called the causal org·anism 
Erz-indjan bn,cill11s . Subsequently seYeral other workers observed a 
wnilar type of organism in different localit ies . \ Veil a nd Ra:s:l (1917) 
isolated them from a number of ·nussian prisoners suffering from 
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paratyphoid (W alhynian strain). vV eil studied another type from 
Albania, while Dienes and Wagner (1918), on investigating an out­
break of disease among a group of Russian prisoners, encountered 
several strains which were agglutinated by Voldag en serum . They 
regarded t heir organism as identical with 'Weill's strain, Neukirk ' s 
e'l'Z'indjan str ain and U hlenhuth's paratyphosus-C bacillus . Hirschfeld 
(1919) also investigated an enteric-like disease in the Serbian army 
and called the causal organism Bacillus paratyphosus-C, in .flagrant 
disregard of the original usage of this term by U hlenhuth and 
H iibener (1909). Mackie and Bowen (1919) and Macadam (1919) 
observed a similar type of organism in Mesopotamia, while Garrow 
(1920) found it in Bast Africa. Schutze (1920, 1921) identified an 
organism isolated in India in 1914 as pamtyphosus-C and divided the 
Salmonella group of organisms into two sub-groups : -(1) Ente1·itidLs 
(Gaertner) and (2) Pamtyphosus-B. H e further divided the latter 
into four serological types, viz. Schottmuller, mutton, Hirschfeld and 
hog-cholera bacilli. In his mutton type he included the bacillus of 
swine typhus or animal paratyphosus-B (typhi-mlU1'ittm). 

By means of agglutination and absorption tests Bruce White 
(1926) howed that the Hirschfeld strain and W eil ' s Albanian strain 
were identical diphasic organisms, while one of the cultures described 
by W eil and Saxl proved to be a typical newpo1·t strain. The 
m·zindjan strain of N eukirk was a'l.so found to be a true Hirschfeld 
bacillus. 

'l'enbroeck (1920 a and b) regarded Hirschfeld's bacillus as 
serologically identical with the American hog-cholera bacillus, but 
different culturally ; whereas the former fermented dulcite and 
arabinose and produced hydrogen sulphide, t he latter fai'l.ed to do 
so. Unlike the hog-cholera bacillus Hirschfeld's or ganism did n ot 
prove to be very pathogenic for rabbits. vVhen these animals were 
first injected with liYe Hirschfeld bacilli t h ey \Yere resistant to 
subsequent inoculations of virulent chb leme-suis. Tenbroeck placed 
far more reliance on serolog ical tests than on bioch emical react ions, 
and on account of i ts serum reactions h e placed the Hirschfeld 
bacillus in the hog-cholera group . 

Andrewes and N eave (1921) noticed th at the Glasser and Vol­
dagsen strains r esembled each other culturally but not serologically; 
Voldagsen serum was completely exhausted of all agg1lutinins by 
Glasser, while the specific agglutinins present in Glasser serum were 
almost entirely unaffected by saturation with Voldagsen . Gbsser 
and Voldagsen did not produce much hydrogen sulphide, whereas 
this gas was readily formed by (European) suipestifer and paraty­
phosus-C oj Hirschfeld. Andrewes and Neave divided the hog­
cholera group of organisms into two sub-groups : -

Group 1 comprising American su,ipestifer, Gli:i.sser ' s typhi-suis 
and Hirschfeld ' s pm·atyphosus-C, while group 2 was composed of 
European suipestifer and the Vo'l.dagsen strain. They showed that 
any member of group 1 could exhaust all agglutinins from the 
serum of any member of group 2, while group 2 str ains could no t 
m aterially reduce th e t itre of th e sera of group 1 strains for m embers 
of group 1, although the sera were completely exhausted for t h e 
members of group 2. 
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The Yariow; porcine str ains of /::Ja l mon ella o:f t he h og-cholera 
type und those do~ely r elatell human strains t,o wl1ich, regardless of 
i ts original usage, the t erm J3ac17lus ]Jamtyp hosvs-G is freq uently 
applied, furm a group of organisms " ·ith very close serological 
affin it ies . Althoug·h differ ent workers h:.we umtributed towanls the 
study of the COlli position of this g r oup i t "a~> Druce w ·hite ( 1926) 
who finally divided t h e m em bers in to fou r well-defined types: -

1. Eastern o1· Hin;Gh feld bacill.us . 

2. American hog-r·holera b~cillus . 

J. European hog-d10ler a bacillus. 

4. Glii ~,;er- \' oldag-- en (l •'e rkel t)·phus) bacillus. 

The differential feature:· of t hese organisw s were described by 
Druce ·whi le (19:2(i ) an<l b~· X~barro, White, Dyke and Scott (1829) . 
The speeifi G phase::; of t h e diph asic m embcns of the g- roup , viz. 
Hirsc h feld bacill m;, American hog -clwl.era bac illus, and the F erkel­
typhus baGi llus (Uliis::;er :st rain) are indid i11guish able; the non­
sp ecifiG phaHes of t he ln st two are i llentiGal, whil e the E uropean 
hog-Gholera bacil lu::; and the V old agsen str ain cliffe r hom t hem only 
in so fm· as th e.)" lack an~· trace of specifiG plwse anligen . The 
Hirsehfeld hacill.u ~ ditl'cn: from all these hy the defi1 ,iency of it s non­
,.;p ecifi G plw~e in w me of the antigenic !"omponen ts. 'l'he.v all 1l.ifter 
from each other bioehemicalh·. 'l'h e Ilir,;chfeld bacillu ~ fennents 
manui t:e, tlulcii.e , arabinose, " bu t n ot rhalllnose; t-he hog-dw.lera 
bacillus (both Kuropean and American ) fermen ts maonit e and 
rham nose, but no t <lukite a11cl arabinose; 1rh ile the Ferkel-typhus 
~>train::; (GJ.~i sser- Voldag~en) ferm ent only arabinose and rhamnose. 
All ,.;t raiu:s, excepting the A meril'a n hog-cholera haeill us, pmduce 
hydrogen ,.; tdPh i!lt•. R ecently Bran er and E <lwa rrls (1!):19h) have 
shown t h at- a speG ific J>ha se may be obtained fro m monophasic l •:nr o­
Jlean !'holeme-suis . 

'l't•nbroe<" k (1!120 a and b) expressed his ::;urprise al the eom­
lJ<.tl'a t.i 1·e i nfrequt:•n t·y o:f . para t yp.hoicl in man cau ;-;ecl hy the hog­
tdwlna bacillus, w !tile S;n·age and Br uce \ iVhi i.e (1D:2f>) a lso rema rked 
ttpon lhe rarity of suipestijer foo (l-poisoning- in m a n . They l"Oll­
,;itler ed that. th e slig ht virulPn ce of t he org-ani sm for man an<l the 
m assi ve closes requirerl fo r RdtlJl g' up a n in fect io n are rcspo ns iul e 
for thP lo,,· i nl" idt · n~ ·e of the <li sea,.;P. AC'Gonli ng to Kri.lg-Pr (J!J;I:2b), 
iL was 1led~u ed hy U hlcn hui lt (J!):2G), a la meeting of t. he Uennan 
Socie ty of Microbiol og-y, t !tnt s 11 lpestljP1' haeil.li cou I rl not be 
reganl erl as Yery pathogenic for man: and it " ·as slated hy O;;tPrtag 
ihat, althongh thousan1h; of HIYiJt e-tever pig-s were slauglttere1l for 
hum"n con ::; umplion, m ass in fertio n of m a n d [d uot occur. Kruger 
considered that s 11 ipestljer frequen t ly li Yes as a saprophyte in the 
hum a n body, setting UJ.> an infect ion only when t.he r es istance has 
been lo"·f'l"Pd hy <.;on clitioH:> like appenclil"itis. XeverthclPss, 
Salmonella infect ion of porcine origin h as been known to cause 
serious disease i 11 man. I n deed , t he number of hum a n cases of 
infect ion with clwlerae-.wis recm decl du ring recen t years <·ann ol b e 
tr eated as insignifican t . Apart from t he number of outbreaks of 
paratyphoitl fever in man in Eastf'm E UJ·opt>, Ll ue to th e Hirschfel d 
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bacillus, several cases are reported from time to time where the hog­
cho'l.era bacillus has been incriminated as the cau se of t h e disease. 
Krumwiede, Provost and Cooper (1922) recorded an outbreak of 
paratyphoid fever in four members of a family after eating tapioca 
pudding. One of the patients died and S. choleme-suis was isolated 
from the liver. It was thought that the source of the infection was 
pork th at contaminated the pudding. Scott (192G) described four 
outbreaks of infection due to t b e European hog-cholera bacillus, 
involving over a hundred persons. In all the cases the source of 
the infection was traced to prepared meats . A fatal case of 
septicaemia in man caused by " Bacillus (Sa lmonella) suipest-if er " 
(America) and resembling typhoid fever was studied by B auer and 
McLintock (1929), while two cases of human infection with th e 
America hog-choler a bacillus 'vere reported by N abarro, Bruce 
White, Dyke and Scott (1929). Another case of American 
suipestif er causing disease in man in England was described by 
Boycott and MeN ee (1936); the organisms were obtained from blood 
culture, but although they were diphasic they resembled the Euro­
pean type culturally . 

Clayton, Milne and Menton (1930) r ecorded an outbreak of 
acute gastro-enteri tis in eight persons followi ng the ingestion of 
pork pie. Three of the cases ended fatally; from t he intestines of 
these patients as weU as from the stools of the other :five, American 
suipestif er was isolated. Another case of clwlerae-su-is infection 
of man was described by llranham, Motyca and Devine (1930). 
Kuttner and Zepp (1932, 1933) reported eleven cases of suipest'ije1' 
infection, mostly in children. Of these ten " ·ere due to the Euro­
pean variety, and only one was caused by the American type; 
!Jact. su-ipest-if er was obtained by blood cullture from all th e patien ts 
All t he cases recovered excepting one w hieh ended fatally . 

In Germany Kobe (1930) described two strains of su·izJestije1· 
obtained from cases of meat-poisoning following the ingestion of 
pork. The patients shmve-.i symptoms of septicaemia with gastro­
enterit is, as in typhoid fever. Kruger (1932a) reviewed several 
outbreaks of paratyphoid fever in which Bact. suipestif er was 
incriminated as th e causal agent. 

Giglioli (1930) studied a number of cases of quinine resistant 
fever in British Guiana and found Hirschfeld bacillus in 72 out 
the 77 patients examined. The organisms isolated correspondecl both 
culturally and serologically with Hirschfeld's bacillus. More 
recently D 'Hoogh e (1932) and Mattlet (1932) described a number 
of fatal cases of paratyphoid fever in the Belgian Congo where they 
incriminated Hirschfeld's bacillus as the cause, while T enbroeck, 
Li and Yii (1931) recorded :five cases of infection in man eamed 
by the same organism in Peiping (Ch ina). Materna and Janusehke 
(1925) incriminated cholera-suis as the cau se of purulent meningiti;; 
in a m an, while Ravitch and W ashington (1937) described several 
cases of suipestije1' septicaemia in Negro children. 

I n Sou th Africa Greenfield and Judd (193G) and Henning and 
Greenfield (1937) have described an outbreak of food-poisoning· 
following th e ingestion of pork infected with S . bo11is-morbi:ficans 
(Basenau) . 
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The organism was originally described by Greenfield and Judd 
(1936) as a new Salmonella-suipestifer var . • 4/ri. Aust. But later 
Henning and Greenfield (1937) ~howed that it is not distinguishable 
from bovis-71W1'bifi.cans . Basenau. Cultures of the or ganism were 
tested against various " 0 " and " H " sera. These were aggluti­
nated by " 0 " sera of organisms containing factors VI and VIII 
of the Kauffmann-White schema, by group sera and by the type 
sera of heidelberg and bo1jis-m01·bijicans. The organism 1vas, 
therefore, regarded as diphasic . 

A cultme was plated so as to yield several well-separated 
colonies after 24 hours incubation; a number of fresh colonies were 
picked into broth and incubated for 5 to 6 hours at 37° C. The 
cultures obtained were t ested ao·ainst a pure group serum, e.g. 
K unzend01·j serum, and also against the type sera of heidelberg 
and bovis-morbificans. The colonies that occurred in the group 
phase agglutinated with ]( unzendo'rf serum, while those that 
occurred in the type phase were flocculated only by heidelberg and 
bo'Uts-morbificans sera. Group, type and " 0 " suspensions were 
r•ow prepared and tested against a number of sera ('fable 9). lt 
will be noticed that heidelberg serum agglutinated both the grou-p 
and type antigens, but not the " 0 " antigen, that kv.nzenrl01'/ 
fiocculated the group antigen, but neither the type nor the " 0 " 
antigen, and that bovis-morbificans serum agglutinated all three 
antigens up to a very high titr e. 

After suitable antisera were prePared against Afri. A ust. 
n bsorption tests were performed (Table 9). On absorbing A fri. 
Attst . serum with heidelberg all agglutinins for the type phases of 
both heidelberg and Afri. A ust. were exhausted, but there was 
hardly any reduction of the group agglutinins (from 6,400 to 3,200), 
and all the " 0 " agglutinins remained. When this partly absorbed 
serum was r e-absorbed by Kunzendorf a marked reduction of group 
agglutinins (from 3,200 to 400) was effected, but the " 0 " titre 
remained unaltered; Kunzendorf also reduced the group titre of 
unabsorbed Afr£. Aust. serum from 6,400 to 400, but it had no 
ecect on the type agglutinins. On the other hand, A/ri. A ust. 
removed all the type, but very little of th e group agglutinins from 
h eidelberg serum, and it did not reduce the " 0 " titre. Moreover, 
Afri. Aust. absorbed most of the group agglutinins (from 3,200 to 
200) from K unzendorf serum without r educing its " 0 " t itre 
appreciably. 

On absorbing bovis-morbificans serum with Afri. A ust. and 
Afri. A ·ust. serum with bovis-morbificans all the type, group and 
" 0 " agglutinins for both organisms were completely exhausted. 

It will be observed that Kttnzendorf did not completely exhaust 
the group agglutinins from Afri. Aust. serum and that Afri. Aust. 
failed to remove all the group agglutinins from Kv.n zendorf serum. 
'l'his occurrenoe cannot be explained as Af'ri. A ust. and boVJ:s­
morbificans have the same group antigenic factors, and, according 
to the Kauffmann-White schema, the group antigens of K unzendorf 
and bovis-morbificans are identical. There was barely any " 0 " 
agglutination between Afri. Aust. and [{ unzendorf, indicating that 
the somatic factor VI of K unzendorf is either absent or poorly 
Tepresented in Afri. Aust. 
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'fhese results clearly show that S. suipestif er var. A.fri. A.ust. 
o£ Greenfield and Judd has the same type antigen as heidelbag and 
bovis-nwrbificans (£actor r) and a group antigen that correspon ds 
largely with that o£ K.1mzendorj and entirely with that o£ bo'V1:s­
m01'bificans (£actors 1, 3, 4, 5), while its somatic " 0 " antigen 
resembles that of bovis-m01'bificans (factors VI, VIII). Moreover, 
since A.fri. A.ust. removes all agglutinins, type, group and " 0 ", 
from bovis-morbificans serum, and bovis-morbificans exhausts all 
agglutinins from A.fri. A.ust. serum there can be no doubt that the 
two organisms are identical. 

TABLE 10. 

'l'yphi. 
Typhi- 192 Typhi-

?nurtu'ln 
1nuriu1n s.a. b. 192 1n~trium 192 s. 

Antigen. s.a.b. s.a.b . Typhi - s.a. b. s. Una b. 
Typhi- 192. murium. 192. Unab- sorbed. 
1n~trz,urn. sorbed. 

-

'l'yphi-?mtrimn " 0 " ..... .. . . . . 
I 

0 0 0 0 1 800 1,600 
'l'yphi-murium " H" type ..... . 100 100 0 0 100,000 6,400 
'l'yphi-m1trium " H " group ..... 0 0 0 0 25,000 3,200 

192- "0" .................... 0 0 0 0 800 1,600 
192-" H" type . .............. 100 100 0 0 100,000 6,400 
J 92- " H " group ............. 0 0 0 0 25,000 6,400 

0 = less than 1 : 100; s. = serum; a. b . = absorbed by. The "H" type titer of 
typhi-murium was so high (1 : 100,000) that it was impossible to remove a small residue 
(1 : 100) of the agglutinin. 

The only other r ecord of a Salmonella obtained from a pig is 
that of Robinson and Martinaglia (1932) when they described an 
organism isolated from a pig at Onderstepoort. A description of 
the antigenic stru cture o£ this organism, strain 192, was not 
attempted by them, but its antigenic analysis was subsequent ly 
performed by me ('fable 10) . It was noticed that strain 192 was 
agglutinated far better by typhi-mu1·ium than by choleme-suis 
serum. The agglutination obtained with the latter serum was purely 
floccular, while with the former the agglutination was both granular 
and floccular, suggesting the existence of a closer relationship 
between strain 192 and typhi-murium th an between it and chole1·ae­
suis. Moreover, strain 192 was foun;:l to be diphasic; its type phase 
colonies were agglutinated by typhi-mu1·ium type serum, while the 
group phase colonies were flocculated by both typhi-murium and 
cholerae-suis group sera. Accordingly agglutination and absorption 
t ests were performed as shown in 'l'able 10, mixed " 0 " and " H " 
type and group sera being used for the tests. The results show that 
typhi-murrium removed all agglutinins (" 0 ", " H " type and 
" H " group) from 192 serum as well as from the homologous serum; 
culture 192 also completely exhausted both typhi-murium serum and 
its own serum. Accordingly it was evident that culture 192 and 
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typhi-1nur·ium were composed of the same antigenic structure, aml 
that they both contained the following antigenic factors of the 
Kauffmann-vVhite schema:-" 0" IV, V, "H" specific i, " H" 
non-;;pecific 1, 2, 3. 

In 1933 Dr. Hobinson and myself isolated another strain of 
Sal11Wnella ( cultu1·e 168) from the blood of pigs suffering fr om a 
septicaemic disease in the Cape Province. This organism was re~dily 
agglu tinated by cholerae-suis serum and was found to occur entuely 
in the group phase. Accordingly, absorption tests were conducted as 
shown in Tablle 11. 

'l'he results show that cultltre 168 removed all agglutinins from 
eholeTCa-s·uis (European) serum as well as from the homologous serum, 
and that cholerae-suris (European) exhausted both 168 serum and it~; 
serum. Absorption tests were also carried out with the diphasic 
American hog-cholera bacillus and its serum. It was found that 
cu.lture 168, while completely removing all the " 0 " and group 
agglutinins from cholerae-suis serum, left the " H " specific t itre 
almost unaltered. On the other h and cholerae-suis (America) 
completely exhausted all the agglutinins (" 0 " and " I-I " non­
specific) from 168 serum. The results, therefore, showed that 
culture 168 was devoid of an " H " specific antigen and that 
it contained the same antigeni c components as cholerae-suis 
(European), viz. the following factors of the Kauffmann-White 
scheme: -" 0 ", VI, VII. " H " non-specific 1, 3, 4, 5 . " H " 
specific nil. 

Six other strains, cultures 365, 380, 381, 382, 383, 384, isolated 
from the blood of pigs during an outbreak of swine fever in the 
'fransvaal were a lso studied serologically . vVith strain 365 complete 
mirror absorption tests were carried out as in the case of culture 168 
(Table 11) and exactly similar results ·were gbtained. vVith the other 
five strains one-sided absorption tests were performed, using both 
European and American hog·-cholera sera. Whereas all the 
agglutinins (" 0 " and " H " non-specific) were removed from 
European hog-cholera serum, the " I-I " specific agglutinins of the 
American sU?.pestifer serum were unabsorbed. All six strains were 
found to be monophasic. 

These results, therefore, clearly show that strains 365, 380, 381, 
382, 383, 384 resemble cholerae-suis (European) antigenically, 
containing the same antigenic factors assigned to strain 168. 

For fermentation tests see Table 25. 

Murray (1934) cites several different workers who have isolated 
choleme-su_is from the faeces of a small percentage of apparently 
healthy p1gs. He states, however, that he has been unable to 
demonstrate the presence of suipest1:jer in normal pigs. 

SALMONELLA INFECTION OF EQUINES. 

In horses infection with S . abortus-equi is undoubtedly the most 
common dis~ase caused by the gen.us Salmonella. More than forty 
years ago K1lborne (1893) and Sm1th (1893) studied an outbreak of 
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abortions in mares and isolated a non-lactose fermenting organism 
of the hog-cholera group from the vaginal discharges of th e affected 
animals. This organism was found to be pathogenic for rabbits and 
was regarded as the cau e of the abortions; on cultivation it formed 
a membranous growth with wrinkled edges on the agar. 

Subsequently several different workers investigated outbreaks of 
infectious absortion in mares caused ostensibly by the same bacterium 
studied by Kilborne and Smith. Good and Corbett (1913) stu died 
a very serious epizootic in Kentucky due to organisms of the 
ent e1·itid·is hog-cholera group, which produced nearly 100 per cent. 
abortions. Int r avenous inoculations of cultures of this organism 
caused abortions in mares within 10 days. About the same t ime 
Meyer and Boerner (1913), de J ong (1913), Dassonville and Riviere 
(1913), van H eelsbergen (1914) and Schofield (1914) also described 
epizootics of abortion in mares clue to Bact. abortus-equi . 
Later MacFadyean and Edwards (1917) discussed the relationship 
of infectious abortion in mares and joint-ill in foal s, while Miessner 
and Berge (1917) and Murray (1919) also incriminated abo1't1ts-equi 
as the etiological agent of outbreaks of abortion in mares. 

Apart from causing abortions in equines this organism has been 
found responsible for pyaemic arthritis, joint-ill, abscessation and 
tendo-vaginitis. -While studying the etiology of infectious arthrit is 
in colts in America, Good and Smith (1914) isolated from the pus 
of the joints a bacterium which resembled th e causal agent of 
infectious abortion in mares; but from the affected synovia of one 
foal they obtained st1'eptococci only. In the outbreaks of pyaemic 
arthritis in foals investigated by Schotield (1914) Gram-negative 
bacteria were isolated in pure culture from the synovia of the affected 
joints-in a few cases only, the culture yielded a mixed growth of 
Gram-negative bacteria and st1'eptococci. The former were regarded 
as closely related t o the bacterium of contagious abortion in mares. 
In Germany Miessner and Berge (1917) ascribed the cause of a severe 
epizootic of abortion in a stud to a Paratyphoid organism, which 
was isolated from the stomach and intestines of dead foetuses; they 
pointed out that t he majority of the foals which were born alive on 
the affected farm developed joint-ill, but st1·eptococci were regarded 
as the most important etiological agent, paratyphoid organisms being 
obtained from only one case . In a comprehensive study of contagious 
abortion in mares and joint-ill in foals, MacFadyean and Edwards 
(1917) found Bact. rdJ01'tus-eq1.1i as the most common cause of the 
two diseases. They isoilated this ·Organism from the heart-blood and 
internal organs of several of the aborted foetuses, and also from the 
joints of a number of foals affected with joint-ill. Some of the 
horses that were immunised with abo1'tus-equi for the purpose of 
serum production developed arthritis. Magnusson (1919) on the 
other hand, considered an organism, which he called Bact. viscosum 
equi, as the most common cause of joint-ill in foals. 

In South Africa Mar tinaglia (1929) described several cases ,of 
tendo-vaginitis in adult h orses due to abo1·tu.s-eq11i following horse­
siclmess immunisation. Out of twelve cases studied in 1922, nin e 
y ield ed pure cultures of abo1'ttts-equi, while in the remaining three 
a mixed infection of this organism and a streptococcus was ·found. 
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One animal, a stallion, was affected with orchitis due to abo1·tus-equi. 
In 1925 a similar condition appeared in mules, also after immunisa­
tion against horsesiclmess. 

Seymour (1936) also incriminated abo1·tus-equi as the cause of 
an outbreak of pyosepticaemia in foals, while Fujimura and Hoshi 
(1936) described outbreaks of contagious abortion and cases of absces­
sation in equines due to this organism. Moreover, they reported a 
case of abo1·tus-eq1ti infection in man. 

Although the antigenic structure of the organism incriminated 
in these outbreaks is not clearly given, there seems to be very little 
doubt that abortus-equi, or a very closely related bacterium, was 
responsible for most of the cases . The strains isolated by Martinaglia 
were described as actively motile; but only one of these, culture 219, 
was kept. vVhen this strain was finally received by me it was found 
to have lost all its properties of motility. After preparing antisera, 
agglutination and absorption tests were performed with this organism 
and abort1ts-equi 1V H2. The results of these tests showed conclusively 
that cult'll?'e 219 and abo?·tus-equ·i vV H2 had the saJne somatic 
antigen; culture 219 removed all the " 0 " agglutinins from 
abortus-eq1ti W H2 serum as well as from the homologous serum, while 
antigen; cultu1·e 219 removed all the " 0 " agglutinins from 
both sera. As culture 219 was non-motile its serum was devoid of 
" H " agglutinins and it left the " H " agglutinins of abm·t11s-equi 
liV H2 serum unaltered. 

Apart from abortus-equi infection, other types of Salmonella are 
sometimes responsible for outbreaks of disease in solipeds . Thus, 
Moulin and Amichau (1918), Combes (1918) and Urbain, Stocanne 
and Chaillot (1929) described epizootics in horses due to paratyphoid 
bacilli. Graham, Reynolds and Hill (1919) studied a virulent out­
break in a shipment of horses and mules due to enteritidis. Meissner 
incriminated typhi-m.u1'ium. as the cause of a disease in foals and 
obtained this organism as well as abortus-eq1ti from mares that had 
aborted. M:oreover, Lutje (1930) isolated both enter·it1:dis and typhi­
mur·i11.1n from equines affected with abortion, and he obtained enteri­
tidis from foals exposed to infection with calves. Standfuss (1925) 
and Lehr (1928) isolated paratyphoid organisms from horses that 
were slaughtered in emergency. Other workers like Baumann and 
Gratzl (1931) and Amberger (1931) described outbreaks of gastro­
enteritis in horses due to typhi-m.urium, while Edwards (1934) inves­
tigated an epizootic of infectious rolitis in 3 to 7 months old foals 
caused by the same organism. Cernozubov, Pilipovie and Stavel 
(1937) claim to have isolated five strains of typhi-murium and four of 
parat yphi-B from diseases in horses. 

But apart from causing· diseases in equines Salmonella infection 
of horses may lead to serious outbreaks of food-poisoning in countries 
where horse flesh is used for human food. Thus, during the Great 
War and the years immediately following more than 25 per cent. of 
all outbreaks of meat-poisoning in Germany " ·ere traced to horse 
meat, on the other hand, the incidence of gastro-enteritis from this 
source has been very low during recent years (Meyer 1934, 1936). In 
1923, Meyer recorded 19 outbreaks and in 1932 only one that could 
be ascribed to this cause. Kuppelmayr (1924) described 47 outbreaks 
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of food-poisoning, involving 5,440 cases and causing 63 deaths, all 
traced to the consumption of infected horse meat. Elkeles (1925) 
recorded 61 outbreaks of meat-poisoning in Germany during 1923, 
involving 3,093 persons and causing 20 deaths; the majority of these 
cases were due to horse-meat. Glage (1916) studied an epizootic of 
food-poisoning due to horse-meat; 392 persons were affected and 
there were 2 deaths. Organisms of the paratyphus-B group were 
isolated from the suspeded meat and from the stools of the patients. 
Infection of man following the consumption of horse-meat was also 
described by Muller (1921). Clarenburg (1931) described two out­
breaks of food-poisoning in Holland where the cause of infection was 
horse-meat. Uhlenhuth (1925) isolated typhi-m.urium, from patients 
who were suffering from acute gastro-enteritis following the con­
sumption of horse-meat, while Kauffmann and Silberstein (1934) 
obtained anatum, var. Mu enster from a person who had developed 
food-poisoning after a m eal containing raw horse-meat. Several 
other outbreaks of Salmonella food-poisoning in man resulting from 
the ingestion of horse-meat has been studied in the R eichsgesund­
heitsamt in Germany. Many <Of these have followed the c<Onsumption 
of meat from animals slaug'htered in emergency. 

Recently my colleague, Mr. R. Clark, investigated an outbreak 
of purulent arthritis in foals in the Orange Free ~tate (Henning and 
Clark, 1938). He obtained pus from the affected joints of one foall 
and made cultures on agar slants; the growths obtained were sub­
mitted to me for identification . These were plated on :MacConkey's 
bile-salt agar and yielded pure cultures of a non-lactose fermenting 
bacterium ·which looked like a salmonella. 8e1·eral of the single 
colonies obtained were tested against various " 0 ", tyPe and group 
sera. They were all agg~lutinated by the " 0 " sera of group n of 
the Kauffmann-\Vhite schema, and it was at first thought that the 
organism was probably abortus-eq'ui. But, on further testing, it 'vas 
found that some of the colonies were agglutinated by tyzJhi-?m;rium 
type serum, while others were flocculated by a pure group serum, like 
that of chole1·ea-suis var. K unzenclm'f. The organism ( mdtm·e 4 78) 
therefore IYU S diphasic. Ar:cordingly, antisera weTe prepared against 
it for the purposes of carrying out agglutination and absorption tests . 

These tests (Table 12) show that tyzJhi-nw1"ium, removes all 
" 0 ", " H "-type and " II- " -group agglutinins from 4 78 serum, 
while 478, although completely exhausting the " II " agglutinins 
froh tyPhi-mu1·ium serum, reduced the " 0 " titre of the serum from 
800 to approximately 200. Culture 4 78 also absorbed all the type and 
group agglutinins from aberdeen serum without a l tering the " 0 " 
titre, and abe1·cleen exhausted all the " II " agglutinins from 4 78 
serum, hut failed to redule i ts "0 " ag-g1lutinin content. On the 
other hand, culture 478 removed all the agglutinins (" 0 ", type and 
group) from both storrs and copenhagen sera, while both storrs and 
copenha-gen completely exhausted 4 78 serum. The results of these 
tests, therefore, showed that c1tlture 478 is identical with Salmonella 
typhi-murium var. stoT'!'S (Edwards, 1935), or S. t?Jphi-muriu m var. 
copenhagen (Kauffman, 1934), containing the following antigenic 
formula:-" 0" IV, "II "-specific i, "II "-non-specific 1, 2, 3. 
The fermentation reactions of culture 478 are given below ('rable 25). 
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Strains of SalmonellcL typh i-m1t1'iwn• devoid of " 0 " factor V 
" ·ere first described bv Lancbteiner and LeYine (1932) when they 
studied the Binns str; in of Schutze. L a ter Kauffmann (1935a) 
recorded 16 variants of tmJh i-muTi u m which contained "0 " factor 
IV, but not factor V , and he called these variants t;yph·i-m.urh.tm var. 
Copenha.gen. About t he same time J unghen and ·wilcox (1934) 
obtained from pigeons a strain of typhi -11w.riU1n. which reacted 
atypically with maltos(~; an an tigenic analysis of t hi s org-anism m ade 
b~· Edwar ds (1935) showed th at it is lacking in " 0 " factor V . 
E1lwards called the variant tyJJhi-nwTi-um var. S IMTs. Hohn and 
Hermann (Hl37) nlso reconlecl a n outbreak of disease i11 pigeons cl ue 
to the FV-vnriflnt of tyzd,.l-nl 1trimn, while H offlllann nnd Edwards 
(1 937) siu1l i ed ::m infection in rabbits caused by t he same type of 
urgauism. Moreover , several cases of infection iu wan clue t o strains 
of typh·i-1nttrium, devoid of " 0 " factor V h aYe been described by 
Zahn (1935). 

Bot h Eclwflnl s and K auffmam1 found i ha t the !\' -variants 
exhibited biochemical r eactions that a r e not typical for typhi-muTinm . 
and that strains from differen t localities did not ab·ays r eact in the 
same way. 

Edward:; (1938) point,; out that all th e recmdecl out breaks of 
disease due to IV-vari anb of t y phi-nwr-i11m. have occurred in m an , 
pigeons and r abbits; no IV-Yariants were found among- t,tjph£-nw riv m 
culture~ obtain ed from horse~ , sheep , guinea-pig-~, rat~. mice , turke.,·s, 
chickens, du cks a nd canari es. The str ain of t yphi-m;u1· ium var. 
Copenhagen (Storrs) described h;.· me is, th er efore, t he first rec01·1l of 
thi r; organism obhined from fl hor se. 

SAL MON ELLA INFECTION OF BIRDS. 

Infection of birch with different ty pes of S almon ella i fl mu ch 
more varied an<l wi.desprPad t hfln in mam mals, a nd the losses 
sustain ed t hroug h thi~ group of org-anisn1 s are probably far gre::1 ter 
than those resulting from any other <"a use. E pizootics in fmvls 
due to S . gallinnrum are extremely cmnmon in some countries ; in 
South Africa, fowl t,\phoid is '"ithou t doubt the most serious 
infectious di,;eas<· of fowls, while in Europe and America P u llontm 
disease seems to he more important. Epizooties due to Salmonellas 
other th a n .IJallinannn and ptlllorwm, although l ess common , m ay 
never-thel ess be r e:;pousible for serious losses in all species of ·domestic 
birds . It is with a discussion of th ese disea ·es that this part of my 
paper is <·hiefl y con<"ern ed . A ltbongh relah vel.v few outbreaks {)f pa.ra­
typhiocl in pigeons, <lucks nnd geese ha,·e been record ed in Sout h 
Africa, my rliscussion will not be complete un]p,;s the li terature 
r elating to disea se in these birds is duly revi1 ~ \\·ecl. Moreover , 
S almonella infection, other than that due to gallinarum and 
pvlloTum. occurs apparently m.ore frequentl.v in them than in 
gallinaet-ous birds. The ext·ensive literature r elat ing to fo,Yl typh oid 
and zndlor-um disease i ~ not (lifWU SSf'd in this J):ljl f' l' ; it has been fuJly 
r eviewed by a number of different workers. 
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S al1nonella infection is most common, and also most serious, 
in very young birds. Adult birds u sually suffer from a chronic form 
of the disease with lesions in the ovary, testes, joints, liver and 
spleen; Yl'her eas in young birds septicaemia and en teritis with 
changes in the internal organs are more frequently observed. The 
infection may be the cause of serious losses in the affected flocks and 
of food-poisoning in mari, either through the medium o£ infected 
m eat or eggs. Several different species of birds may be affected, and 
a number of different types of Salmonella have been incriminated 
as etiological agents. 

Iu a recent review Schaaf (1936) mentioned typhi-muTium, 
enterit1:clis, ana tum, choleTa-suis and abo1·tus-equ1: as the causes of 
paratyphoid in birds; while Edwards (1936, 1937) has found 
O'l'anienbuTg as the cause of an infection in quail and Senf tenberg 
responsible for a disease in t urkeys . R ecently I have recorded au 
outbreak in chickens due to Sa lmonella amersfooTt (Henning, 1937). 
Typh·i-muTimn seems to be the most common cause, with ente1·didis 
next in i1nportance; t h e other . organisms are only rarely found. 

Natural infection usually occurs by means of foo·.:ls or water 
contaminated with the excreta of infected animals or birds; bu t 
transmission may also take p lace through the medium of the egg 
which has obtained the infection in the ovary or oviduct, or which 
has been contaminated by means of infected faeces . Sometimes the 
embryo is dead in the sh ell as a result of t h e infection, but generally 
the newly hatched birds develop the disease during th e first f ew 
days of life. There are several predispCising factors like ba d 
hygiene, improper feeding and infestation by parasites which favm.u 
infection; the dirty habits of water birds, probably account for the 
frequency of paratyphoid in ducks and geese, as well as the number 
of ou tbreaks of food-poisoning that result from the ingestion of 
food -stuffs containing th eir eggs or m.eat as ingredients . 

L erche (1936) considers t hat 5 · 7 per cent. of the cluck eggs sold 
in Germany are infected with Salm.,mellas. Frequent ly the shell 
is con taminated with infected faeces and under favourable conditions 
th e organisms penetrate from the sh ell into the in terior of the egg; 
but although the yolk is an excellent culture m edium , the albumen 
of t h e fresh egg is strongly bactericiJal (L achtschenko, 1909, 
Rettger and Sperry, 1912, and Scott, 1930). 'fhis germicidal action, 
however, ueteriorates when t he egg becomes stale and wh en it is 
exposed to warm, moist weath er for more than two weeks, the 
organi ·m s may -penetrate into the interior and incr ease in number; 
this incr ease occurs only when some yolk has diffused into th e 
albumen . The most dangerous source of infection is food which 
contains duck eggs as an ingredient, and in which the organisms 
can r eaClily multiply, e.g. cream s, cu stards, puddings and " Hack­
fleisch " t hat have not been su'fnciently heated cluring the prepara­
tion; m ayonnaise is too acid for bacterial growth and is, therefor e, 
less uangerous. The danger of eating cluck eggs in th e raw state is 
obvious, but even frying or boiling may not be sufficient to kill the 
organisms. Lerche (1936) considers that after 5 minutes boiling the 
temperature of t he yolk of a duck's egg ma._v not be much more than 
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-:1:0° C., while Bruns and Fromme (1U34) state that after boiling 
an egg- in the shell for 3~ minutes the temperature in the interior 
is only .:28° C., but alter 5 minute::; boiling it rises lo about 65° C. 

(1) PIGEO.NS. 

The first record of a disease in binls caused by a Salmonella is 
g iven by Moore ( 1895) in his ·description of a severe epizootic in 
pigeont> due io a bacillus of the hog-cholera group . The organism 
was r ecoYer ed from the heart-blood and internal organs of afl:ected 
birds. Salmon (1904) also described a rapidly fa.bl clit>ease in 
pigeons, clue to an organism of the " enteri tidis gr oup ". Another 
outbreak o1 pigeon paratyp hoid was described by Zing le (1 Hl4), 
when he ill\·estigatcd a mortality among military birds at Strassburg. 
Organisms of t he Parat,tjphoid-D group (typhi-murimn?-) were 
obtained in pure culture from the hecLrt-blood and organs of diseased 
birds, but it was not quite clear ' "hether this infection was primary 
or secon da ry as the birds were affected simultaneously with pigeon­
pox . Th e invasion of the body by paraty phoid org anisms under 
certain abnormal conditions i ::; explained by Cash and Doan (Ul3 .L ). 
They h ave fou11d that latent infections with l.'fph·i-murium becom e 
;;eeming ly acLive under adverse condi tion:;. 

Subsequ ently :;everal other workers described ou tbreaks of 
Salmonella infection in pigeons. Thus, lleitsma (1924) studied an 
epizootic in IIollard, as a result o£ which the pigeons developed an 
ulcerative Pnier.itis and becam e very much emaeiated ; a pure culture 
of an orga nism, labelled " D. paratyphus-B " (typhi-muriwn) was 
obtained from the liver of t he affected birds . Sahaya and vVillems 
(L927) r eco rded a ('hronic and a n acute form of the disease affecting 
adult and young b irds respectively. Th e adult pigeous were u sually 
afHicted with a severe arthritis and s' r e lliug of the joints, associated 
11·ith softeuing an;l atrophy of the pedora l muscles , while young 
birus suffer ed mostly from acu te euteri tis . A Salmonella, which was 
not identifi ed. wns isolated hom th e pus of the joints in t he duonic 
cases and from the hl•art-blood of t he young birds . On investigat ing 
the eause of a serious epizootic among n group of young ::;quabs , 
Benucl ette (192Gb) found ty7Jhi-mmium in the heart-blood , intern al 
organs aD<l unabsorbed yolk of th e young birds. The sick b ir ds 
::;Lowed nervous symptoms, like incoordination of m ove ments and 
conntlsions, and dia rrl10ea; the l esions were "'veil i ng of t he liver 
an<l lm tgs, catn n ltal enteritis and inflammation of t he Proventri­
culus. The birds h ad been J::ept 1mder Yery unhygie'ni c ('onditions, 
which were regarded ns a predisposing fador. 

Several outbreaks of parat.1·pho id in pigeons from wid e ·pread 
areas in G-ermany "ere stud ie<l by Beck an d Meyer (1927) . 'J'he 
cause \.vns ascribed to typh·i-?n'llrimn (Tiresbu) and the di sea;;e affPdPrl 
old birds as well as young ones. B eck (1929) considered th at the 
etiological agen t of pigeon paratyphoid resembled typhi-1nuri1tm 
(Breslau ) serologically, and th at adult birds were much less 
susceptible than young ones and that the lntier could he readily 
infected parenterally or otheri"se . Berg-e (1929) regarderl para­
typhoid as one of the most important disenses of pigeons in Germany 
- of ] 93 birds examined by h im 22 · 6 per cent. were fo und to be 
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i.nfected with typl,i-m?trium (Breslau) . T o ung- birds common l.v 
suffer from an a cute form of the llisea~e , but in older birds t h e 
('oullition i s gelle rall.v chronic and t·he sy mptoms ma y b;;;t for several 
weeks; the joints are swol l en a nd tlte1·e is paraly,;is of the muscl es 
of locomotion and flight. Emme l (192D) abo found :ir hottmulfl'!' 
(t yph ·,:-muT£mn ?) in prac ti('all:-· pure l'Ulture in thP Pxudates obtained 
from th e S\\·olleu j oints of pigeons examined by him. 

B.v examiuing· a flock of oYcr 8,000 pigeon s suffering f rom 
weaknes,; of t h e " ·ing-s and S\\·elling of the joints Brunett (1!:J:HJ ) 
found a stnt\\' coloun•d ex tl(1ate in the joint S11·eiJling-s and a1nJOrmali­
ties in th e on11·ie.~, re:<emblinp; those of pullnrum d isease. TJJJihi­
ntun>um. was i solated from t lw joints as well as from the o1·aries . 

!Lt•('ently .1 unghel'l' and \\' ilcox (19T±) inYestig·utecl the cn1 ~:>e 
of a <1isea:w in a ±luck of about l ,GOO pigeons in whi ch t here was 
an annua l loss of about 20 p er c:E'n t. Th e_\. inniminatecl a n atypical 
HOn-Inaltosc fermenti ng varian t of t-yph i -m1tritun as t h e et iolog-i('al 
ag·ent . In som e cases typhi- lltllr llllll could not h e ohtain<·d hom 
reacting- Rquabs, while <tt ot h<·r tim es th e or ga ni :-;m:-; 11 ere isola tPd 
from birds t h:l t f<til ccl to r eact :-;e rolog-icall_l' . ]~dwards (1 \:J:3!>b) 
stndie<l t h e sa n1 e Y<lriant from tiHPe wideh- separatE'd :ll'e<1:-\ :onci 
found the " 0 " a ntig·en , like that of al10rtus. equi , l acking in factor 
Y of the E:auftmann-\\~hitE' schema. The Y:Hiant "·as notin·<l to be 
11011-maltose fermen t ing and n eg-atiYe to the Hi tter t est; it appeared 
to b e similar to t yphi-m urium ra1·. CopPIJlwgen of K nnffman n 
(l935a) . Ed"·ards labell ed t he orga nism S. f JJphi-m 1t1'tlllll wr. 
Storrs. A similar orga nism, obtained f rom a rase of punti Pnt 
arthritis in a fo al , is described by me abow . 

L e.sbou_nie" and Y erge (1932) <l escribed pigeon para typhoid in 
France anti Cernaia uu ana PopoYici (1933) in Humania, \Yhilc I smail 
Abu Bah Khalifa (1935) studi ed an epizootic in Egypt due to 
t yJ>h ·i-'tn1uium. Jlor e reccntl~- Shirla1Y nnd Gana pathy IyE> r (]!)07) 
have r econled an outbreak of pigeon septicaemia in In<lia cause<1 hy 
what thev called a " Gaert n er infection " . Soon after a numher 
of bir ds had b een inoculnt0d wi t h fowl -pox Yacci ne thP.V developed 
symptoms of a<·Hte E• nteriti ,; an d fpyer from ,,·hi<:h the,~- died. ·1 t is 
not possihl e to rPcog- nise th E> typP of Salmonella innin1ina tP <l fn nn 
t.he deseript ion g-iven. 

T hat infection of pig-Pon s ,,·itl1 SalnwnPllrt Jlt:l_\' l ead t-o seri ou~ 
outbreak of foo<1-poisoning- in man is ill1ISh:d·e<l h_~- the d e,;eriphon 
of Clarenhnrg and Dorni('k:x (1982) of an epi>r.ooti(' wllicb in Yoh ed 
?O pe~Rons in t h e military hosp ital at. t h e Hague. 'I'he som·c<' of the 
I~lfed10~1 \\':t S h-n ced to pudding made largely f rom pigeon s' egg-s . 
.'1 . t!)ph·t -m:urw.nt. wn ::; lsoJajccJ f rom the pudding- , an<l from t h e blood , 
faeces and urinE' of som e of the pntients ; the sera of the affected 
p ersonR also ag-g-luti nated cultures of the Salmon ella found. On 
investig-ation_s, . it. was ascertained that the flo(' k of pig-eon s from which 
the eg-g-s ~ngmated were suffering from pnratyphoicl. }ioreoYer. 
tmJht-IIW?' t111n was recover 0d f r om P{:;gs ln icl hy these hirdR. 

Although seYer0J outhrea ks ?f a Septicae mic cl isease in pig-Pons 
l1aYe _b een r eported Jn South Afnca from tim P to tim e t l1 e rause has 
r emai ned obscure 1mtil r ecently when H e nning anc1 Haig- (1908) 
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studied an epizootic of squabs in which a Salmonella was found to 
be the eause. (The outbreak "Was studied after the completion of 
this paper. ) 

The affected birds suffered from loss of appetite, acute diarrhoea 
with green evacuations and rapid loss of condition. The most 
important lesions observed ·were enlargement of the spleen and liver 
and acute catanhal enteritis . The affected fl.oek was comp')secl of 
over 200 birds, of which 24 have died from the disease. Heart -blood, 
spleen and liver cultures yielded a pure growth of a non-lactose 
fermenting, Gram-negative motile bacterium (culture 548). On 
testing this bacterium against various " 0 ", type and group sera 
of different groups of Salmonella, it was agglutinated by " 0 " sera 
containing factor IV of the Kauffmann-vVhite Schema, by type sera 
containing factor i and by group sera. 'fhis suggested that the 
organism is related to typhi-mu1·iurn. Agglutination and absorption 
tests were, therefore, performed with different varieties of typhi­
murium. The results are giYen in Table J3. 

The results of Table 13 show that ty]Jhi-?mt1'ium absorbed aJll 
t he agglutinins, " 0 " type and group, from 548 serum as well as 
from its own serum, but that culture 548 merely reduced the " 0 " 
titre of typhi-nwrium serum from 3,200 to 1,600. Culture 548 
removed all the " 0 " agglutinins from its own serum but failed 
to exhaust a small portion of type and group agglutinins from both 
its own and typhi-mtm:u m serum. This is attributed to the reduction 
of its motility which occurs on subcultivation on solirl agar. 

vVhen 548 serum was absorbed '"ith either typlu:-11w1·ium var. 
StMrs or typhi-nwrium var. Copenhagen all the " 0 " agglutiuins 
were removed for typhi-m1uium, tyzJhi-mw·i1nn Yar. Storrs, typh i­
nwrium var. Copenhagen and for itself. 

According to these results, therefore, culture 548 contains the 
same type and group antigens as typhi-mU?"ium and the same " 0 " 
antigen as tyzJhi-mtwium var. Copenhagen (Storrs). Its antigenic 
formula should be " 0 " = IY, type i , group 1, 2, 3. 

An outbreak of pyo-arthritis in foals caused by the IV-variant of 
ty phi-TnuritiHn, is described on page 124. 

(2) CANARIES. 

Canaries seem to be particularly susceptible to Salmonella 
infection. They u sually cont ract a very virulent form of the disease 
which may account for very severe losses in both young and adult 
hirds. Joest (1906) wa s pwbably the first to draw attention to the 
occurrence of a disease in canaries caused by the enteric group of 
bacter ia. Another early record of an epizootic apparently due to a 
Salmonella is that of Gilruth (1910). A bacterium isolated from the 
heartblood was found to be pathogenic for mice, rabbits, guinea-pigs 
and canaries. About the same time Pfeiler (1911) incriminated an 
organism of the ParatyzJhi-8 group, obtained from blood culture, 
as the cause of a virulent outbreak of diarrhoea among a group of 
well-bred canaries. A somewhat similar outbreak was recorded by 
Lutje (1924). 
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Later Beaudette (1926 a), Beaudette and Edwards (1926), and 
Harkins (1926) also described virulent epizootics in canaries in which 
organisms of the Pm·atyphoid-B group were incriminated as the 
etiological agent . Beaudette and Edwards (1926) studied two 
outbreaks in whi(;h birds of all ages were affected with sever e 
diarrhoea associated with an increase in the amount of ur·ates 
excreted; an organism which resembled typhi-murium serologically 
was obtained from the heart-blood and internal organs. The premises 
into which the birds studied by Harkins were introduced ·wer e well­
kept and clean, and none of the local birds became affect ed; but the 
imported canaries arrived in soiled wooden cages, which probably 
played a predisposing part in setting up the infection . 

In South Africa , Mart inaglia (1929) recorded two outbreaks of 
paratyphoid in canaries in which typhi-mu1·ium was the cause, and 
in 1933 I investigated a very virulent epizootic in an aviary 
comprising about 200 well-bred canaries. The most important 
symptoms were drowsiness and diarrhoea, and the course of the 
disease was always Yery r apid, with a mortality of over 95 per cent . 
The most important lesions observed wer e hydro-pericardium, 
enteritis, tumor ·plenis and swelling of the liver. A gram-negative, 
non-lactose fermenting or ganism was obtained in pure culture from 
the h eart-blood and spleen of all the birds examined. Cultures of 
this organism were readily agglutinated by typhi-murium serum and 
the organism was found to be di-phasic. A mixed serum was prepared 
by injecting a rabbit five t imes with a suspension of the canary strain 
(culture 176) in Raline. Agglutination and absorption t ests wer e then 
performen as shown in 'l'able 14. 

11AlJLE 14. 

Typhi- Typhi- 176 nturiunt muri'lun Typhi - S. a .b. Antigen. S. a.b. S. a.b. mu1·ium Typhi-typhi- S. una b. 
mur·ium. 176. l nwrium. 

Ty]Jhi ·rnuriU'tn " 0 " . . ... 0 0 1,600 0 
Typhi-mltrium " H " type 0 0 50,000 0 
1'yphi-murilw~ "H" group 0 0 25,000 0 
176 " 0 " . ...... . ... . . .. 0 0 1,600 0 
176 t ype .......... . ..... 0 0 50,000 0 
176 group . . . ........ . .. 0 0 25,000 0 

S = serum ; a. b . = absorbed by; una b. = unabsorbed : 
0 = no agglutination at 1 in 100. 

176 176 S. a.b. S. unab. 176. 

0 800 
0 12,800 
0 6,400 
0 800 
0 12,800 
0 6,400 

The r esults of Table 14 show that culture 176 removed all 
agglutinins (" 0 "' type ann group) from typhi-murium serum a:; 
well as from 176 serum; while typhi-murium completely exhausted 
both 176 serum and t he homologous serum. Culture 176_, ther efore, 
resembles tyrphi-muriu1n serologically and contains the same antigenic 
factors ; it should be regarded as typhi-murium. 
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ANTIGENJ C ST lt UC'.I' URE OJ:' S AL\lOKU.LAS. 

On investigating the sour<.;e of t h e infection, I found that losses 
commenced to ocntr soon after t h e OIYner had ch ange<l the food s upply . 
Several samples of grain used by t h e owner for feeding were obtained 
and inoculated into enrichment m eclia, e.g. tetrathionate broth. 
After 24 hours ' incubation a loopful ho rn each tube was spread 
on to a Maso.n tube of :M:a t;Conk e,(s bil <->-sal t agar. A fe11· t ranslucen t, 
Hon-lactose fermenting colon iPs wrre obseiTed on one of the tubes ; 
!'ome of these were pic ked and tested against drops of a tyPl1 i-m11.r iv 111 

serulll dilution on a glass slicle; t h e r esult " ·as a coarse :floecular 
~1gglutination an cl tytd,i- murivm 11· a~ su sp ected. The remainder of 
two of t he po::;iti1·e coloni es IYas sulwultiva ted until a pure culture 
(ndt11're 177) was obtu inefl . Cult u1e 111 11as fou nd to be diph asi<.; , 
and , li ke rv lht1'P 17G, it cxha usf<.· cl :1ll agglutin i ns horn ihe serum 
of cvlt nre 11G, as 11·el ! as .from t he serum of typhi-11wrium Ul:n;gow. 
Accord ingly, culture 177, like r ulture 17G. sh ould be regard ed as a 
strain of ty7Jhi-murium. A onp-sidecl a hso.rptim1 was f~onsicl en•d 
sufnc iPnt in the case of thi;; tes t . 

A lt.hough th e preRence of t yrp lu-mu'li'tllll in the grain may explain 
the or igin of the infectio n, i he possihilit,\ of t h e grain becoming 
contaminated hy atteHclants l1andling it after the outbre:1k among· 
i he t· .• marics C'amwt lw ex elud ed . 1t nwY be of in t erc·st tc> mention 
that J onet; au c) \V right (1938) describecl a~t outhreak of t yp71'£-mlll''i11m 
iood-poiwning in man (lu e to ('Ont:> m in ation of food with tl1 e exnet:J 
of mice. 

Culture 1G0, obtaiuecl from one of a number of finches that were 
dying from a septicaemic disease in an aYiary, was also studied. 
By testing i t with the same m etho(l u sed for culture 17G it was fouJII1 
t o be dipLasie and t.o exhibit th e sam e antigrnic charact er s as cultun's 
17G and 177. It was, t h erefore , a lso labelled lyp hi-?n'lt1"i11111 . 

Outsid e Uerlll any the re is Yery little i nfo rmation available 
r egarding the in cid en('e of paratyphoid infection in geese. According 
to t h e cla;;sical n1on og rap h of .llul)(•n e J· (Hll 0) seYe nteen ou t breaks of 
food-po isoning tr:H·ed to hinb · meat h:Fe been recoule1l in Germany 
during the period 1900 to 1908; of t lwse 14 ontb reaks \TPre <lu e to 
goose mea t, on e to d11ck, one t o frl\d , and, in th e caRe of one, t}H) 
species of binl was Hot m enhonerl. Xine of t h e 011tbreaks were 
ascri Led t o paratyphoid Ol'ganisms ; of the,;e, eight 1vere caused by 
goose m eat a nd one was due to thr meat of a si(' k }Je ll. 

On e of t h e firs t rec·ords of paraty phoicl in geese· is that of Pfeiler 
(]919) 11·hpn h e descr ibed a Yindent epizoot ic.; amon12; 8-week old binl~ 
w1th symptom;; of septicaemia an cl swelli ng of th e hPad and eyes. 
H eart-blood and organ culture:-; y ie ld e rl a pure g ro,YLh of an organis1ll 
of the Paratyphi-ll group ( t.l)phi-mw"imn ?) . Earlier in the year 
cultures of typhi-muri'tt?n were used for the eradication of mice anrl 
there was a su spiC'ion that geese ol1tainecl the infection from the 
llll ce. Later I\' eiRsgerber antl liJ tiller (J 922), Lutje (1924) and 
Burgho:ffeJ: (1D27) described similar epimoties among young geese . 
An org-a :~:usm which . r esembl ed both Paratyplws-B and snipestif er 
was oh tam eel by '\V e1ssg-erber and :Th1i.iller from th e h eart-blood and 
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