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the first record in which this organism has been ineriminated 

&s the cause of an animal disease. The affected birds showed 

symptoms of icterus, distension of the ureters with urate. 

and derangement of 'the hock Joints. Moreover, infection 

of t.urkeys with s. gallinsrwa is eOInp:;lratively frequent. 

Two of the 11!9 outbreaks caused by this bact.erium and recorded 

by' me (vide intra) involved turkeys only-

(6) lPQwls. 

Virulent e9izootics, like fowl-typhoid and bacillary 

white diar-i'hoe~t are so common in gallinaceous birds 't,llat 

it is quite possible th.ctt some outbreaks due to other t.ype8 

of ~lmonella have been mistaken for these diseuses. III 
~ 

m;.ny outbreaks of pard-typhoid the scourge affe~s only very 

young birds in the same way as .l2uJ.loruJI disease attacks 

chickens. Fre~uently the source of infeeftion can be traced to 

eggs laid by infected hens, while in other epizQQtics older 
~ 

birds also s uf'f'er severly, and the disease resembles fowl ,.. 

t¥phoid. The nature otthe malAdy 18 revealed only whel1~ea.re-

f'ul bacteriologic~l UQ.lIinci.tion of "the dead birds is made. 

One of the first records of a disease that can be 

interpreted as paru~ypho1d in fowls is the description by 

Mazz~ (lOO9)ot an epizootic among theae birds in Italy. The 

at'fect-ad :fowls showed ilaemorrhagic patcb.ea on the skin with 

discoloration of the combs and ~J.ttles. £"1-ftar death there 

~~bserved serous exudates in the peritoneal cavity, 

swelling of the liver, spleen and kidneys, and oceaa1on..:;).11y 

haemorrhagic en'teriti's and hydroperi~rd1um. A mot-11e, non-

indol forming, glucose fermenting organism was obtained !'rom 

the inter~l organs; it wae found to be pathogenic tor ~owla 
~ 

and pigeons, and sllgh~ly for guinea-pigs; ~abbits were~su8-

eeptible. AIoreovert the baeterium WtJ,S distinguished from 

~t of fowl cholera. 

But 'theI". are very few early descriptions of paraty­

phoid in fowls, probably on account. of the marked resistance 

of adul~ birds to infection. rteinholdt (1912) and other. 
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have trried to infect. fowls, geese, ducks aoo pigeons witJl 

enteritidis and 1:ara txphus-B (typhi-mul"jium i) both parenteral­

ly and per 08i fowls proved to be the most res1stan~. Pte1-

ler and Itehse (1913) also found tktt fowls were not, very sua­

eeptible to paratyphoid infection; they studied the outbreak 

on a farm of a chronic disease which occurred enzoot1eal~ 

with a few dea.ths reported trom time to time. 

-the main lesions recorded were hydropericardium 

and ext.ensive swelling and mot,t.ling of the liver, due to the 

presence of numerous light-grey nodules. They recovered a 

bacterium from the 1nt~l organs which t hey placed in the 

Parawhus-B group. lleverthelea$, al:thougb adult, towls lII!J:¥ 

not be very susceptible to natural or art,itical infection 

with certain ~es of Sulmonella, numbers of very virulent­

outbree..ks of paratyphoid in chickens are reported periodically. 

Thus Spray and Doyle (1921) found that outbr~s of a .e1!7 

destructive disease in newly hat.ched chicks (2 to 4 days old) 

may be caused by organisms of the paratyphoid-B group, as 

well as by S.Rullorum. Edwards (1929) investi€clted aD e'pi­

zo,ot1c affecting over 2000 very young chicks with a llIOrta11t.y 

rdte of about 25 per cent: s. py}.lorum could no't, be detec­

ted in u-ttr ot the birds examined, but there VidS a raixed infec­

tion of typh1-mur1um and i;:qt.atum associated partly with cocci-

diosis. The disease resembled bacillary white diarrhoea. 1D 

some respee'ta; the birds were dull and listless and became 

progressively weaker until they died. but. there ... as DO dial'T-

noea. The tissues of the body wereextens1vely oedemat-ons, 

and .the peritoneal cavity waa distended with exuda:tie. If the 

birds were as old as 7 days necot1e foci could generally be 

found in the liver. The organisms were isolated from the 

heart-blood and orgf...tls. By means of serological t ast.s and 

post mortem examinations, no carriers could be detected fD 

either the breeding stock or in tt e survivors. 

Later five separate outbreaks at paratyphoid in birds 

were recorded by McGaughey (1932) • Of' these three occurred 
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in chicks, one in adult ~owls and one in ducks. In one 

of the chicken epizooties 1cYphi-mur:lum ltd-S obtained trom 

the heart-blood and internal organs of the dead birds; in 

another outbreak a non-motile strain of the txphi-murium 

raratyph1-B group was isolated from the ca.reasses, while ep­

tet1;teidi§ was reeovered from the third group of chickens. 

The e11nical symptoms in all three out.breaks resembled those 

of t;?ullorwp disease; the mortality varied :from 60 to 70 

per cent, but. no definite pathological changes were eneountered. 
~ 

i'1le disease inl'adult fowls caused a large number of sudden 

deaths. McGaughey isolated t.Y;ph1-muriym from the internal 
~ . 

organa of t.ae bird and pullorum from ~ nother, while the exami-

nation ot six f'owls gave.;>i~t1rely negdtive results; the blood 

of is live birds wu.s positive ~or pullorum, and of ODe tor 

both pullorum and txphi-myriym. In the outbreak affecting 

the ducks several deaths occurred during the eourse of a tew 

months. The ovary of one of the ducks examined resembled 

th~t of a Cd-se infected with eu1;Lorum,and s. i1\terit1dis was 

obtained·from its liver and ovary. It was sta ~ed above 

that Jansen (1936) isolated enter111di§ var.Essen from the 

organs of diseased ducks, and also from the yolk sac of chickens 

that had been living in close association with ducks. 

During the course of the routine diagnosis of chick 

diseases, Jungherr and Borden (19~)&) encountered 5 C~l$eS of 

paratyphoid infeetion. In two of these the causal agent wa. 

found to be ~yphi-mur1um yare storr!, in two atypieal strains 

of £holerae-su1s, and in one ana typzal strain ot 1&-

In spring of 1936 Schalm (1937) investigated a puile­

rum-like disease thttt a:ft'eeted several batches of chicks on a -
Californ1·;.tn :t.arm. The breeding stoek had been healthy 'loop 

a number of years and the farm. was free :from bacillary wh1 te 

diarrhoea, bu-t deaths were reported in the chicks sold to f:1.ve 

different, farmers, and about 40 per cent, losses were sustained 

in 4 to 10 days old birds. There were symptome ofaeute 

diarrhoea, pasty vent., listlessness and retention of sem.i-

coagulated yolk. Tgphi-murium was 1so1a~ed trom the hear~-
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blood and organs, and, chilling during shipment was considered 

"(,0 be a predisposing cause. The chicks t.hat remained 011 

t.he breeder's farm developed an apparently ebronie torm of 

the disease which affeeted tewer and much older birds- The 

latter uaual17 developed pericardit.is, but symptoms o-r 

diarrhoea and reten~ion ot the yolk were seldom observed. 

'I'wenty of the chronic casea were killed and, examined at agee 

varying from 32 t,o 51 days, and :trom the pericardial fluid of 

Sll of these txPhi-mpr1um was obtained. In order to de~er-

mine the me1.hoQ of infection, Sebalm smeared faece. intect.ed 

with t¥phi-murium on the sbells of 16 eggs before placing 

them in ~he Incubator; the resl1l.t was t.hat.t1ve ()~ "U1e 

chickens that hatched out were infected .• It, was thought, 

'theref*ore, that infect.ion of the ehickens on tJle farm. took 

place in the incubat.or after hatching by means ot bacteria 

present in 'Lhe faecal matter on the surface of the egg shells. 

Schalm could not infect 4-&1' old chickens either by feeding 

or by intravenous inoculations of cult.ures of typhi-muriy. 

According "to Emmel (1936) different. species of 

Salmonella may tl(:cur as taeul tat! ve parasi tea in the alimen­

tary canal of fowls; bY' examining the lnt,est1nal eonten'tll 

of a number of fowls suffering !'rom enteritis due either to 

coccidiosis or to worm in1"estatian be claims to have isolated 

we11 as pullorum. The account published bY' Emmel does not 

appear to be comple1,e; there are no records given of the 

methods used for typing the strainS, and it 1s not stated on 
~ 

what, grounds the different strains bave 'Bee. classified. To 

me it seems that Emme~·s claims canno~ be accepted, unless 

much more inf~rmat1Qn is available than is presented in hi. 

thesis. 

Ihe incidence of food poisoningprodl1ced by towl's 

meat is apparently much lower than t.hat, caused by foods 

prepared from duek~ and goose meat and eggs. In a review 
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of outbreaks of food-poisoning due t.o bird~ meatt :Seller 

(1933) discussed several cases where the meat of aquatic 

birds was iIlcl~1m.inated; he pointed out that fOYil and pigeon 

meat, intended for food are always well cooked so that food­

poisoning cannot be read11y set up even when the meat is 

infected. From 1923 to 1.932 JAe~er (1933) s'Ludied 50 Out.-

breaks of food-poisoning caused by b1rd~ meat,. Three 

hundred people were affected and there were three deaths; 

37 of the outbreaks were due -'0 goose, 3 to duck, 7 to :to9Jl, 
~ 

one to partridge, one t,o pigeoll. and in one ease both goose 
~ 'l 

and fowl"were incriminated. llthough the t,ype of salm!lllU! 

recovered was not determined in all outbreaks, teyphj-mgrj.B 

VJas f'OU11d to be by far t,he moat. common, ent.,rlt.1d!s was 

incriminat,ed in a small number of the cases, whi~e "Paratlplu1l­

i:' and a newporle-1ike organism were recovered from one 

The bacteria were genera.lly isolated. either :t.Pom 

the suspected food, or from the patients, or f'rom both food 

and patients. AS s1,at,ed above. 'the importance of ducks as 

carriers of SslmOnella in:f'ection lies rather in the eggs 

than in the meat,. 

although 2. gall1na.rum and s. QRl19fV!1 are generall7 

regarded aa non-pathogenic for man, Kauffmann (1934) has 

recent~¥ described a strain of gall1narum (the Duiaberg s'tllta11l) 

which he isola'ted from the stools of patients that developed 

acute symptoms of gastro-enter1tis after they bad partaken 

of a salad. The organism resembled gallinarum aerolog1eally. 

andwaa pathogenic for chickens, but its fermentation reac­

tions were atypical. 

Apar~ from infection with sa11inarum and Rull0£Um, 

I have studied tour outbreaks o£ Salnppella infection in 

fowls in South At'rica. 

1. The information relating t9 this outbreak has been 
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furnished by me in another paper (Henning, 1937). 

ID. 1935 a farmer at Nnerafoort in .the Transvaal 

sustained serious losses amongst his chickens tram what 

appeared t.o be an infectious disease. The disease was not 

1nvestigat.ed and the cause o-t t,he llOn,a.lity remained unkDoWll 

until the end o-r 1936, when the malady reap' .. .)eared and a lew 

affect.ed birds were sent to OnderstepooI-t for examination. 

AD appar ent 17 pure eulture,obtalned by Mr. J.D'-Vl.A. Coles, 

head of the Ponltrr Diseases Section, trom the heart, blood 

of a 7-day-old chick. was htinded to me for identification. 

lI'he culture was plated and a few i801a~ed colonies were picked. 

The cultures obtained from. these were fte'W "tested against 

various agglutinating sera. It, was found tbat the antigenic 

structure of: the organism4 exhibited an entirely newc0!lb1-
fpn. -I~ ~ 

nation of antigenic components; aRQ tllat it should, th.refore, 
~lJz.~~ 

"be admitted to species rankin compliance with the recommen-

dat.ions ot the Sa.lmonella Sub-commi'ttee of the Iomenclat;ure 

Committ.ee of the ID'ternatlonal Societ.y of Microbiology (1934). 

The name Salm9ae;lla amerstoeo (He.nniBg, 1937) was given to 

the organism - after the place of its origin. 

Mo'rpbologieally f 

9. amerstoort resembles a typical §almopt1J,a, and, 11k~ 11" 

grow's readily on ordiD4\r7 laborat.oq media.' It is Gram-

negative and izt actively motile. Saline and thermo-aggluti-

nation tests, as well aa the shape of individual colonies, 

show that it is smooth. 

6. §!Derstoort forms aeid 

ana gas in glueose, dulc1te, mannite, maltose. arabinose, 

rhamnose, atlci sorbitej it forms hydrogen. sulphide and .,.·enders 

litmus milk. alkaline; it. does not produce indol. 

PathogeniciU· s. amers:foors is pathogenic tor 

chickens and mice; 0.25 e.e. of a 24-hour-old broth culture, 

given intraperitoneall,., kills a 6-week-old chicken in 4 days 

and 0.05 e.c. kllls an adult mouse in 36 hours. s. amersfoo£$ 
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was recovered from the heart blood and spleen in each case. 

But chickens dosed with 1 c.e. of the virulent broth eulture 

remained apparently healthy. 

~llile making an ant1genie analysis of Salmonell! 

amers:foort I noticed well-marked floceulation oecurring 

between this organism and the sera of organi$ms that are 

generally regarded as not even remotely related antigenieally. 

It is the study of the antigente structure of this c:sr-ganiam 

that forms the basis of the diseussion. below. 

Bruce White (1929) described "\;hree form.s of antigenie I 

variation occurring in the genus 3almolH!p-a: (1) the 'tB" 

form - "0" form variation of W'eil and Felix (1920) t (e) the 

Smooth form - Rough form variation of Arkwright (1921), and 

(3) t.he specific phase - non-speeif1c phase variation of 

Andre.fea (1922). Latar Kauffmann and Mitsui (1930) 

described a new type of phase variation, involving the 

specific phases of brandenburg, dgl'-es-aalaam and. po~ad!lJ; 

and they called t:his 0( - (3 -variation. A similar Yariatioa 

has been observed in a number of other types of Sapnonell-a 

viz. abgrt.us""bov!s (Bernard, 1935), h!iltingtoss and o~(lo 

(Tesdal, 1936, 1937), bi§W,jef,& a.ndtl~:g.:t (Kauffmann, 19368., 

1936b), ches!&r and schleissheim (Kauffmann and Tesdal, 1937). 

The antigen.ic structure of these organisms, according to 

Kauffmann and Tesdal (1931), is given in Table 20. The 

inagglut,1n.able (containing Vi ant.igen) and agglutinable 

:t~orm8 of s. tzph~ described by Felix and his eo-workeJ-s (1934. 

1935, 1936) nJa7 be regarded as another type of variatIon. 

Kauff'mann(1935) iIltroduced the term t'v-tormH and "Y-form" 

to denote, respectively, the variant containing Vi-antigen 

and that devoid of it,; while Craigie and Brandon (193e) t 

Brown (1936), Seholtens and others showed the eftlectot 

bacteriophage on the V - W degradation. 

SerologY- For t.he study of the antigenic structure 
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ot~ s. aaerafoorlu ttO" sera, fiRM apecifle and non-specific 

sera, and mixed no" and tfH" sera, prepared against a number 

of representative strains of Salmonella, were used. Sera 

prepared against S. !!!rsf'oort were also used. The sera and 

agglutinating suspensions were prepared aecord~.ng to the 

methoQ.a described above. 

The tubes eonta.inlng the serum dilutions plus the 

antigen wereplaeed in the water-bath at 550C and, read after 

2 hours, and aga.in at'ter 18 hours. In"H" aggluttnation 

the two readings usually corresponded, but in ~O·f agglut,1-

nation the second reading general.ly gave a much higher titre. 

Preliminary ~est. showed t,hat Y!ttstoort gave a 

well-marked tine granular agglutinat.ion with "0" sera contain­

ing factors VI and Vll of the lauftmann-Vih1te schema 

(chglerae-su1s, pewpofle. potsdam and others) while a distinctly 

coarse floccular agglutination was produced not only with ~H· 

sera containing tae~o",s S or !. (abortus equi, brnnden!nu"it 

'po ysoam , S}ar-e@-atU.8am or ong,r,t'poon, D!WpOr;, £!2t·Qf9& or 

anatg>, but also with t.hose eontaiping factor il (.tenl,:, 
muellchep and \yph!). Bewever, Ii much stronge.r agglutination 

was produced by sera containing t'aewrs !D than with those 

containing- faetor ~ but not B. 

The culture was again plated on l'aaon tubes to 

obtain a number of separate colonies for 1nd.ependent. study. 

After 5 hours' incubation at 370 C broth cultures of these 

colonies were tested against Kppzendorf and Bipns group sera 

as well as against the type sera of ongersrtepoort, newpon, 

aotsdaJ'n and Wh1. The results are give.n in Table 15. It 

will -be noticed that '&:he maJo:rity of the 'cultures agglutinated 

with 'l:lphi serum (ta.e~or gl, a number agglutinated with pO!rsd!a 

(factors ~), i,wRO£~ (factors !ll) and 2Ddl£i~ep90rlr 
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1-16 

11-26 
, 

26-30 
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(factors .!!i) sera, a. few agglut.1natAd. incompletely Y/1t.h all 

f·our sera, being apparently intermediate torms, but, no 

agglutination wha.tsoever was effected wi t.h Kynzendorf and 

BiAQs sera. 

~£l2bi 
a. 

•••• 
0 

+ 

II II, n 

TABLE 1;;. 

liew2°£l or 
Ond!£s~e:eoorlc P2l=ld!, I.i!lzendo~ Bill! 

s s S 8 

0 0 0 0 

+ ••• + ••• 0 0 

• .. 0 0 

•••• a complete flocculation within 30 minutes. 
+ • partial flocculation atter 1 hour. 
o • no flocculation after 18 hours. 

In headings to table s. : serum. 

These results indicated (1) t,~t the organism 

occurred oJll.y in the type phsse and (2) that the culture used 

was either a mixed one or that it exhibited proper'tties that 

have hither~oaot been described ia a member of the Salmen!l6! 
group- horder to settle the matter of the purity of the 

strain, Dr. J.S. Mason kindly single-celled fresh eultur"es 

derived trom a colony of each of the two types - i.e. trem 

one colony agglutinating oaly with sera made against specif1c 

factor ~ and from another that flocculated solely with the 

anti-sera of specific factors !n and .!h. After plating the 

primary cultures obtained from the single cells a numbe.r of 
. 

well-i8olatedcolonies were again picked into broth tubes 

and incubated at 37°C tor 5 hours - in order to reduce the lag 

phase in the growth the broth tubes were placed in a water-bath 

at ..woe tor 10 minutes be~ore transferring them to the 

incuba:t,or' 

Digitised by the University of Pretoria, Library Services, 2012



109. 

Four single cells (a b e and d) obtained ~rom --- -
colony 1, Table 168, were DOW cultivated separat.ely in broth 

and plated. A number of colonies from each plate w'ere 

picked into br'ot.h t incUbated and tested against both ~ and !!l 

sera. i'he results. are given in crable 11. 

.10. ot co,lony 

1 to 21 

22 

No. of colony 

1 to 28 

29 and 30 

Single eell 

! 

' ..... 
o 

tABLE 1§B. 

Tlph1 aeram 

0 

+ + • .. 

TABL,§ 17. 

)fo. ot eoloJl1' 

1 to 4 

5 to 12 

1 to 14 

15 

1 to 14 

15 

1 to 10 

4ngersteRog£\ or 
R2~ldam aePUJl. 

o 

+ • • • 

, I 

01lderstei?£ort or Saline 
pgteS serum control 

.. .. + • 
0 

Il:eh1 serum . .. .. .. 
0 

0 

+ .. .. .. 
+ .. + • 

0 

.. + • • 

0 

'0 

Onderste999r$ or 
potsdam serum 

o 
.. . .. . 
+ + .. + 

o 
o 

+ .+ + 

o 
+ .. ... • complete flocculation after 

30 minutese 
Q == no flocculation after 18 hours 
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Therefore, these result.s clearly show that s. yera .. 

foorl; is composed of two dis'tinet --Htf antigenic complexes, 

both ofwhieh occur in the specific phase; the seeon.d(4-) 

811tigen, apparently corresponding to the 0<.. -phase of Kauffmann 

and JI~tsu1 (1930), is agglutinated with the Its:" serum. of 

t,rPIt' and,as. will be shown beloW', also with specific sera 

of other salmonellas, stanley and weneb1!.I, containing 

specific tactor ~, while the other coaponen't, ue first (m-) 

antigen, apparelltly corresponding to the {3 ,phase of lauttmann 

and Mitsui (1930), is agglutinated 601ely with P!tltaQy, 

onger"step9Rrj;, and other aeraeontaining agglutinins tor t.he 

type factors !!l and !!(v1d, infra). Sera eontaining 

agglutinins for factors !!l alwa.ys give a much stronger 

flocculation than the anti-se:ra of factors !h. It, has also 

been shown that single cells composed of either the one or 

other complex constantly give rise to daughter cells some at 

which resemble the parent. eell ant.igenically, while others 

have adopted a new antigenic structure entirely different 

from that preaent in the parent. The latt.er daughter cells 

again give rise t,o ottspring 80me of which resemble themselves, 

while others are like their parent. These mutations eon-

stAn'Uy proceed and cells eontaining eit.her the one or other 

antigenic eomplex cont,inually produce' cella of both types, 

and neither the one nor the other type ot cell haa been 

found to breed entirely true-

On single-celling the growth obtained from each 

of the t.wot¥pes of colonies serially three successive times, 

bot.h variants cona'tantly appear in the eul'tures arising ~m 

the single cells~ 

The purit.y of the cult.ure 1s therefore beyond dispute; 

it is the propert.y of the baet,erium of giving rise to two 

distinct types of variants in the specific phase that 1s 

responsible tor the uneOJ£:!lon behaviour of the culture. The 
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organism apparently does not occur in the non-speeitic phase. 

Cross-agglutination 1;est,a were 

carried out with the heat-stable "0" antigens and "0· sera of 

the different Salmgnelll '\typea ot the Kauf:fman.n-~bite schema; 

also with S. aber;lee (Smith, 1934), s. 209Me (Bridges and 

Sco,tt, 1935) and;,) •. 91gers1;eeogrt (l:Ienn1ng, 1938). The 

reaetions obta.ined are given in Table 1.8. 

Unabsorbed sera: 

.lmer,t~29rjc s. 

P2tSSi!m s. 

lIuenehen s. 

BrandenbUl'j s. 

9nderetepoort s. 

Absorbed sera: 

amefsfootl s.a. b. a.ru.ers,;C. 

,~~!rsf2or:t: s.a.b. wO.l4§g 

~~ersfoorle s.d..b. bra.nd,g'burs 

Poisaam s.a.b. potsQ!I 

Potsdam 8.a.o. amerir. 

Muenchen a.a.b. a.mersf. 

"OU MUut1Dat.ion. 

no,· antigen 

,A.mers·' Pots­
toorle ,. 

auo 800 

800 800 

200 .-
0 -

50 

0 Q 

'-1 0 

200 

SOO 

0 0 

0 0 

0 .... 

Mug­
chen -

200 

-
16..>0 

... 

.. 

0 

... 

-
... 

800 

100 

-
... 
... 

BOO 

... 

... 

-
o • less than 1:50 - III not tested 

Branden-
pgra. 

0 

-
... 

1600 

-

... 

o 

... 

-
In t.~1s table s. • serum, a.a..b. • ser-ll1!l absorbed by. 

The results show that amersfoprt ,to" as well as 

potsdam "0" sera are completely exhausted for the homologous 

nOM antigen by amersfoort. In the same way both s era are 

exr~usted b7 potsdam. The soma.tie "0" antigen of amer§tpOtt 
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must, therefore, be regarded as identical with that o't 

pgtsd!!h i.e. it is eODlposed ot factors Vl, Vll. 

'tIP' agglu'tJ.Mtion. Floecw.at1on9 approximately 

equivalent in titre to that produced with the homologous 

antigen, was obtained with the specific sera of abor1;us egut, 

potsdam, brangenburg, dar-es-aal!y, !.t.We~t !ll'lenchen and 

'txphi, but a much weaker agglutination resulted when the type 

sera of onders.j:,'J22ort, f.L!fMporj" readirijl or ana!curn were u.sed 

for the test. In. the same way amersfoort teR" serum aggluti-

nated the cpecif'ic antigens of' abortuB egyi, potsdy, Rrand,n­

burg, §.~r-e8-S!18.d.1l, staI¢:ley, mvenchen and. t,¥pfi1 almost up to 

f'ull titre, while its titre for type antigens con.taining 

factors .!B was much lower. 

On absorbing amersroort "Btl serwn wit,]) the spa eifie 

phase of either potsdam (factors enl'y) t prandenbur,g (factors 

~) or dar-ei-pala@i1 (fa,ctors enlw) the titre of the serum 

i:or one of the homologous speei.ficantigens (ep-), ~ , phase, 

was redu.ced from 6400 to approx:f.mately 800, while the titre 

:for the ot.her llomologous specific antigen (g-), 0( ... phase, as 

well as for ~jtanleYt muenchen and ~n[!1 (:t'"aetor g) remained 

una.ltered. When abortu~ egu! (factors enx) was used for the 

absorption, the reduction in titre fer the homologous !n 

antigen (f-'-Phase) was almost complete, but, 8t.1.11 no not1ee­

atle Clecrease in agglutinins, tor th.e homologous g antigen 

( t\.-phaseJ was ett'eeted; a small residue, however, remained 

which caused an incomplete agglutination with the !n-variant 

( ~ -phase) o£ amersfoorle- The eaU$e of tbis flocculation is 

discussed below. 

On the other hand, when amersI"oort flHft serum was 

absorbed with either sj:eanle,x, m.uenshen or ;tsphi (factor j) 
~ 

most of the agglutinins for the aee9As variant (~~-phase, 

of !21e£§to2r'St were removed, while the titre for the other 

homologous ant.1gen (!!!-~-phase, remained unaltered (Table 19) 
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\Jnabsorbe<i sera 

AmeIst'oort .s!.. s. 

Amersfoort ~.s 

Typhi s. 

titan1.siL type s 

auenchen type s. 

.t'otsdam s. 

BrandenbUI.g s. 

Dar-es-salaam s. 

Onoerstepoort s. 

Abortus-egul s. 

A~sorbed ser um: 

Amersfoort d 
s.a.b. amersf. 

Amersfoort d 
s.a.b. typhi 

Amersfoort d 
s.a.b. stanley' 

Amersfoort d 
s.a.b. muenchen 

!\mer sf oor t .!S. 
s.a.b. EotsOaDl 

Amersfoort en 
' -s.a.b.brandenburg 

~ers:foort en 
s.a.b. dar-es-
salaam 

Amers­
Yoort 

9: 

12,800 

0,4UO 

12,800 

25,600 

6,400 

v 

0 

0 

0 

\) 

400 

4UO 

I 

400 

6,400 

0,400 

6,400 

Amera­
foort 

!.!l 

0400 

6400 

0 

400 

0 

t>400 

0400 

1600 

400 

6400 

0 

6400 

3200 

3200 

800X 

800X 

1.60OX 

12,800 

6,400 

12,800 

26,600 

6,400 

0 

0,400 

Stanley 

12,800 

6,400 

12,800 

25,600 

0,400 

0 

0 

U 

6,400 

113. 

TABLE 19. 

"Hft Specific Antigen. 
Ii I.· .1' .. I . 

M\1en­
chen. -

12,800 

6,4UO 

12,800 

25,600 

12,800 

0 

0 

Pots-
~ 

a.am. -

1600 

3200 

6400 

t)400 

200 

1600 

0 

0 

Brand­
en­
ouri_ 

3,200 

0,400 

0,400 

12,800 

3,200 

-
3,200 

U 

Dar-ea­
sala~. 

3,200 

3,200 

... 

b,400 

3,200 

3,200 

aoo 
0,400 

~,200 

0 

U 

Abor­
tus 
equi 

3,200 

0,400 

-

3,200 

3,200 

200 

3,200 

0 

800 

V1l0er­
ste-!' 
Fort .. 

200 

400 

800 

400 

1600 

.New­
port 

400 

... 

ftead-
rug 

400 

Ana­
tum 

400 

r'ana--ma -

0 

0 

.. 

t)400 

0400 

1000 

Lendon 

0 

0 

1600 

3200 
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Aa;.ersfoort en 6 400 2UO 0 
t . 

s.a..b. abortus 
equi 

Typhi s.a.b. 0 0 ~o() 

amersf. 

T~Ehi s.a.b. tlEhi v 0 0 -
~tanler·s.a.b. v 0 400 400 -
&meIS. 

Sta.nle~ s.a.b. \.I 0 v - -
stanle~ 

.i4uenchen s.a.b. () 0 v 100 
amers? 

.,tJotsdam s.a.b. v 6400X b,400 6,400 64 ~o S~oO 

amers? 

Braoosnbur s: s.a.b. V b,400 0400 ~OO 

allers? 

Dar-es-salaam s.a.b. v - 800 1,000 - 1.000 800 

!mersf. 

Abortus egui s.a.b. 0 0 - v 0 - 0 .-

amersi·. 

~otsdam s.a.b. 100 100 0 0 

amersf.~then by 
;eanama 

Brandenburi s.a.b. • 200 0. 0 

aO'lersf. , then by 
Iondon 

Abortus egui s.a.b. 400 v .. 200 
;Eotsdam 

o -- less than 1:50. x = partia.l flocculation, fluid. remaining turbid. 

In this table s. • serum, s.a.b. • serum absorbed by. - • not tested. 
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When either potsdam or brandenbyrg ser'tlDJ, wa,s 

absorbed with amersfoort, all agglutinins for amersfoorl w'ere 

removed, but the ti,tre of t,he serum for ~E! (taetors Jy) 

and l.pndoD (f·actors .!!) was not affec~ed. Moreover, the 

trea·ted serum still agglutinated the homologous antigen 

although theflocculat.ion was incomplete and t,befluid re­

mained turbid, due, no Q,oubt, t.o the pe:rs.istence of !! 

agglutinins in the serum. Dar'-e§-salaam serum behaved in 

practically the aamew&y, but ifmax:s'''OQ£S is appa,ren~ly 

capable of removing all the agglutinins f.or the homologous 

antigen from abortus-eyy! serum. 

On absorbing either s1ta.plelt muenchep or ~yphi serum 

with amersfoort, most of the agglutinins for the homologous 

-Hll specif:i.c antigen were exhausted, my.encheaserum being 

exhausted much more completely than either st6Hl1,z or j,YJihi 

serum, while all the agglut1.nins tor the sec'ond variant of 

amersfoor~(taetor g-) were removed. 

DISgussION. 

These result6 show that iSlmonella amerstoor~ 

contains two dis1;inct ant.1genie complexes, the one, (3- phase, 

correspond1.ng to factors !!l of aborj;.us-egui,i0 1;idy, ~=f.andeD· 

burg and gar-e§-s§lawn plus an additional factor, part of 

which apparently corresp·onda to factor ~ of abortus-e91.f1; 

the other complex ,0( .. phase, coincides largelY'w:f,th factor ,g ot 

s:!eEJ.ey,muencben and ~phi. The additiona.l f aetor is 

probably responsible tor t.he residue of agglutinins lett tor 

the first (m-)ant1.gen, (3 .. 'phase, after absorbing amersf20 G 

serum with Rotadam, brande:nburg or dar-es-salaamj but, although 

factor ~ of abortus-egui apparently forms a part of this 

adai tiona,l factor, there may be another compon.ent \~h1ch is 

not present in ab0£tus-egui. The fact that amerstoor~ 

exhausts all agglutinins from abol'tus-egu! serum for itself as 

well as tor the homologous specific antigen indicates that 
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" .. w!rafoort cont.ains all the specific antigenic components of 

abortus-egu! i.e. factors enx; but since abortus-S9u1 fails 

to exhaust amersfoorx. serum completely for the homologous 

first (!Il-) antigen it is possible that this a,llt1geno~ 

amersfoort contains a minor factor in a:dd1t1on to the enx of -
abortus-equ' • 

. after absorbing runersfgorji serum with either s1:,apel,x, 

muel1£h~!J. or ~i2hal a small residue is left which still agglu­

t.inates Ute homologous second (g-) antigen 0( .. phase, but not 

the specific antigen (factor.4) ot e1the'r stenleX. muenebeD 

or tygh1. It is not quite clear to what this residue can be 

ascribed; whe~her it sllQuld be(regarded a,s an extra factor in 

'tbe second (S-> antigen, oI..-phase, in addition to factor £l. of 

stanley, muenchen and \yphi, or whether it can be attributed to 

a trace of the first (!!l .... ) antigen" (S - pbase, preeerlt in the 

emulsion of the second <.9-) antigen,o(,-pbaset of arnerstoo£~ used 

tor the test, 1s not certain. If the latter explanation holds 

it is likely that the agglutination occurring in wnersfoorte 

serum. absorbed vvith a'Qortus-egui 1s likewise due to an overtlow 

of the second (g-) ant.igen, 0( .. phase, in the emulsion of the 

first (!ll-) antigen, (.S'" phase, of amersfoort. 

Neither abort\1.s-egu1. PSfkl?ge!!" brandenburs, nor 

dar-as-salaam effected :aulY reduction in the tiars of amersfgort 

serum :for the homologous second (g-) ant.igenic complex,o( ... phase, , 

or for the type phases of stanleY, fllien.chen B.nd :tJ:rohi. In 

the same way neither slran1ey, muencilen nor'k;r~hi absorbed an 

apvrec1abl,e amount of agglutinins from. amersfoort serum f or the 

homologous first (.!.!!-) antigen, (l,- phase, or for a:gortus-egy~, 

potsdam, pra.ndenby.£B and da:r-es-salaam. 

~'hen potsdam serum was absorbed 'by amerstoort all 

agglutinins for botJl amersfoort and ,bortus-egui ii'ere completely 

exhausted, but flo·cculation 1:.0 nearly full titre was still 

effected with the specific phases of 'Qotsdam, brandenburg, 

p~ and longon. On reabsorbing the partly absorbed potsdam, 

Digitised by the University of Pretoria, Library Services, 2012



118. 

l v 

serum with '2!DlUW:l (facto·rs 1!:) no appreciable agglutination 

resulted when. specific antigens of potsdam, brRdepbyrg. 

p!nama ana +on~on were used. iunersfoort, therefore, removed 

O~lly ·the agglutinins of fa.ctors !n f"'1-om the potsdam serum, 

leaving the agglutinins of factors .Ix to be absorbed by ae-nama. 

The fact that amerstoort almost completely exhausted 

muench,en serum f'or the homologous spec1f"ic antigen suggests 

that ·the second (g-) fact.or, 0{ - phase t is similar to the 

$pec1ticpl~ase (factor .i) of ItUenchepJ the small residues ot 

agglutinins left in sleanlu and "txphi sera for their homologous 

~vee1fic ant.igens after absorption ~·:J..th amersfoort cannot be 

explained at present. 

A new type of' pat,hogen1e Salm~nella tor the fo-wl has 

been described. Its somatic no" antigen corresponds ~r~.th 

factors Vl. Vll of ~otsdam. It occurs only in t'he a,pecific 

f)hase, but its tlagellar""HM antigen contains at least two 

distil'lct and separate antigenic complexes, wh.ich COIfL'Ttonly 

occur in o~rganisms t.hat are not even remotely related. The 

one complex (the £1rst, 5-, an:t1,gen, ~- phase ot Kaufin-ann 

and »Ai tsui) coni;,ains factor·s inlt wbich represent also the 

factors of the specific pbase of abortua-e'9ui. The other 

complex (tIle second, &-, .tmtige.n" o<.-phase of Kauftnl8lln and 

Jldtsui) contains facto!' Si, which comprises the type phase ot 

s )enley, .muerf·wefl a.no t.li!hi. 

Single cells containing factors enx, on multiplying, 

consta.ntly yield vari.ants containing factor g as \jH~ll as off-

s;ringt.hat retain a.ntigenic complex .!ll!. In the same ·vv"a.y 

single cells cont.aining apparently only specific fa.ctor g will 

bring forth ne~ cell$, most of ~hich retain the parental 

antigenic structure, 'but a small prop·ortion of the progeny 

will acquire specific :factors ~ instead of ,g. 

~hen a broth culture of amersfoort in either the 
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,!!!!; or g phase and in an ap,~;arently pure form, is used for 

the preparatio.n of sera, agglut.inins of approximately the same 

titre for both variants al~e produced in the sera. The purity 

of the phase culture must be judged by the agglutination 

test, using hetG'Dlogoussera wh.1ch contain agglutinin.s either 

against factors enx or 51_ 

As a result of the information given above the 

following antigenic structure i6 proposecl for Salmonella 

amersfoo.rt: 

Somatic no· antig'en - VI, Vll. 

Flagellar "Rft antj,gen -

(1) c( - .phase ot Kauf:fmarm and H:I,taui .. g-

(2) (! - phase of Kauffmann and. Mitsui .. ~ 

11. During t.he course of 1937 an outbreak of a fatal 

disease occurred among a group of adult fowls on a farm near 

Onderstepoort. The symptoms and lesions presented were 

indistinguishable from those of an ordinary virulent ·outbreak 

of :fowl typhoid. The disease was investiga.ted by 1!X¥ colleague, 

Mr. J.D.lI.A. Coles, who made spleen cultures on agar from 

thr-ee birds; tlle cultures were hand.ed to me for identification 

and I spreaa seed ma:~er1al trom each culture onto Jia.eCo·nkey· s 

bile-salt agar in Mason tubes. After 24 hours ineubation 

both small and large non-lact.ose fermenting eolon.ies apJ?e£ired 

in t·wo of 'the IIason tubes. S,o •• of these colonies were 

picked ap.d mixed separa'tely with drops of a gal11narwa serum 

dilution on glass slides. All the small colonies tested were 

readily agglutinated by 't,he gallinarPlP serum, but all the large 

colonies failed to react with this serum. A pure culture of 

the small colonies was obtail1ed and labelled cuI-eyre ;360. 

Several of the large colonies were now tested against various 

r .. ott t t.vpe and group sera. Io agglutinati.on, what·soever 

occurred~i th any group serum, but some of t.he colonies 

flocculated when m.ixed with wph;t and s;,kmle1 type sera, while 

otJlers lrJ'ere agglutinated by type sera containing factors !A!, 
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WI. enlv;! and .!.b (abortYi-egui, pot.s§am. &r-9s-salaYt 

opderstepoort). All the colonies tested were agglutinated 

by "Oft sera containing factors Vl, Vll (cholera,e-suis, Do1=§Sam). 

lforeover, all the colonies tested were flocculated by a.mers­

toor;i nOn and uHf. mixed sera (factors VI, VIi and .2 - 1!l!l. 
It ap~eared, therefore, from these preliminary tests that the 

organisms from the 'large colonies, labelled cu}'lrure 3§9, were 

related to amtrsfoorlir, and a rabbit was Imm.unised for the 

production of antiserum. 

When culture 359 w'as plated so as to give several 

well separat.ed single colonies, like amer§fo2f!u some of these 

were found to agglutinate only wit.h a type serum containing 

factors ~, !nly, eplw o.r til (abortus-egy*, .2.,oj.sdam,dar-es­

salaam or reading), while others were flocculated only by 

type sera containing factor S (iyPh1, s~lil and mpenchen). 

In order to make sure 't,hat the culture used w~sunquest1onably 

pure it was single-celled. It W<:18 found that the single-eell 

obtained from the colony that was agglutinated by type sera 

containing f'aetors !1l! etc. produced. daugbter organ1,s,ms which, 

on sub-cultivation, gave rise to colonies some of which 

agglutinated ir~'1 th !m! sera, 'while others <about 12 per cent) 

were agglutinated by type sera containing factor 51- Moreover, 

the single-cell procured trom the colony that was fioC!culated 

by type sera. con'taining factor Sl yielded bacilli, which on 

sub-cultivatiQn produced colonies occurring in both the phases 

(,g and. enx). Some of the colonies (about 90 per cent) were 

agglutin&ted only by sera eont,a1.ning factor S, while a sma,ller 

number were agglutinated by type sera containing factors !ll!, 

~nlv, eplw or !h. Tbe bacilli of culture 359, therefor~ also 

occurred in two specific phases, the d.- and (3- phases. of Kauffmann 

and Mitsui (1930), the organisms which occurred in t.he one 

phase constantly dissociating intobacill1 which were present, 

in both phases. As the organism occurred only in the specific 
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phase the dissociat.ion was confined to that phase; non­

specitic variants were not encountered at anT time. 

In order to settle the identity o"t culture 359, 

agglutination and absorptioll tests were carried out as shown 

in Table 12. After absorption tests had been performed with 

amersfoor£ the iden~it,. of the strain was determined, and no 

further tests were performed. 
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Antigen 

Amersfoort t'·O" 

Amersfoort uRn 
.£ (~-) 

Amer sfoor t uH'· 
en(~) 

TABLE 12. 

Amersfoott Allersfoort Amers- 359 serum 
336 serum 336 serum fooIt absorbed 
absorbed absorbed 336 serum by J\Jllers-
by AmeIS- by 369 .. unabsorb- foort336. 

foort. ea. 

0 0 800 0 

0 0 128'00 0 

0 0 6400 0 

0 80'0 0 

0 12800 0 

- !!! (~) 0 0 6400 0 

01>:: less than 1;100 

359 ser um --sog se=--
absorbed r urn 

by unabsorb-
3S9. ed. 

0 160'0 

0 12800 

0 12800 

0 1600 

0 12800 

0 12800 

-..... ~ . ..----.-.. ~-,-
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The results of Table 12 shoW' that. amersfoorlr 

absorbed all the agglutini.ns (won t "R" 9.- type and MHM .mx 

type) fro,m the homologous serum as 'well as from 359 serum; 

on the other hand, 359 completely exhausted both its own serum 

and an'Lersfoort serum. iok"nerstoort (cult~e 336) and culture - . 
359 should, therefore, be regarded as :l,d.entical. But the 

original <in:tersfoo,rt (culture 336), was obtained in pure culture 

from dead chickens during a virulent outbreak of a septicaemic 

disease in very young chickens at ,hmersfoort, wh:f.le the present 

strain, c\lljture 39ft, '\Aras isolated in conjunction with 

galliparUlYi (vide infra) from adult fowls suffering from a fowl 

typhoid-like disease. In 'the epizootic discussed above (1) 

and lnmy previous paper (Henning, 1937), amersfoo£i336 was 

apparently the sole cause of the mortality in the chicks; but 

in the present outbreak it is not qu.ite clear whether amersfoo!:te 

359 or gallinarum 360 was the primary cause of the disease. 

The proba'bil:1.ty is that ml11n,arum 3,00 was t.he more important 

etiological agent, and tr.at f!.merifoort 359 gained admission 

into the body atter its resistance had been lowered by fowl 

typhoid. 

~Ihereas the organisms comprising amersfoort culture 

359 were motile, those of gu1trm:e 360, obtained from the small 

colonies, ifiere non-motile. CyllfY£e 3§Q was test-ed, therefore, 

both serologically and by mea.AS of t'ermen,ta.:t"ion reactions. 

The latter are given below (Table 25) and are typical tor 

ga11inarwn. Agglutination and absorption t~ests were carried 

out with culture 360 and gallinaruln 43, obtained from the 

National Collection of Type Cultures, and the serum of the 

latter. An antiserum for culture 360 was not prepared, but 

a one-sided absorption was carried out and it was found that, 

like gallinarum 43, culture aso, completely removed all the 

agglut,inins from the serum. of gal11narym 43. Moreover, the 

latter serum agglutinated the "Ott antigen of eul't~urle 360 up 
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to full titre (1:1600). Both serologically and by means of 

fermentation reactions (vide intra), therefore, culture 360 

:resembled gal11narum 43, and it, should be regarded as a strain 

Qf gallinarum. 

The fermentation reactions of amersfoort culture 359 

are also given below (Table 26) '. 

For purposes of comparison Table 20 is included in 

Order to show the antigenic st'l"'ucture of different organisms 

that occur in 'the 0( and [3 phases of Kauffmann and Mit.sui. 
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TABLE 20. 

Organisms known to showc(-(S phase variation in their specif'ic phases (partly after Kauff'rnann &: Tesdal,1~37). 

no,· Antigen. 

s. Abortus-bovis I IV 

5. Schleissheim IV 

;:;). hv1ttingfoss XVI. 

S. chester IV V (XII) 

S. bI anCie nbuI g IV (XII) 

~. bis:pebj er g IV (XII) 

S. abor t us.l..equ.i IV (XII)* 

S. potsdam VI VII (XII) 

.:3. oslo VI VII (XII) 

S. amar k)i"oor t VI VII (XII) 

s. typhi IX (XII) 

S. dar-es-salaam I IX (XII) 

H. specific Antigen. 
O(.phase. rs-phase. 

b enx 

b Z5 

b enx 

eh enx -
llf en 

a . enx 

'I enx 

Iv en 

a enx -
d enx 

d iL 
lw en 

Author. 

Bernard (1935) 

Kauffmann & Tesdal (1937) 

Tesaal (193ti) 

Kauffmann &: Tesdal (1937) 

Kauffmann & Mi ts ui (1930) 

Kauffmann (1930$0) 

Kauffmann &: Mitsui (1930) 

Tesdal (1937) 

Henning (1937) 

Kauff'mann (1930b) 

Kauffmann & Mitsui (19~O) 

Or igin. 

Aborting cows. 

bovine. 

gastro-enteritis in man. 

gastro-enteritis in man. 

gastro-enteritis 1n wan. 

gastro-enteritis in man. 

aborting mares. 

gastro-enteritis in mall. 

gastro-enteritis in man. 

Septieaemie disease in fowls. 

lyresia 

1i Kauffmann & Teseal (1937) consider that :?_ abortus-ey,ui will probably also be founo to show o<..-~ 

v&riation at times. 
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111. During spring of 1936 a very virulent epizootic 

occurred in few day old chicks at the School of Agriculture 

near Potehetstroom. Some of these chickens were forwarded 

to Onderstepoort for investiga.t:Lon and were examined by 

Mr. Coles, Ch.ief of the section of .Poultry D1,68&888. He.art-

blood and spleen cultures made by him yielded a pure growth 

of a gram-negative bacterium thata"was handed to me tor 

id.entification. The organism was found to be very actively 

motile. and it dlt1 not tertnent lactose. '*hen it was tested 

against various ·'0", type and group, sera by means of slide 

agglutination, it was readily a,gglutinated by "0" sera con­

taining factors 1V and V, b7 ~'ahi-!!\t£1u type serum and by 

group sera. The organism was also found to be d1-phasi.c, 

and the culture was labelled 357. A rabbit was immunised 

with a killed saline suspension ot a fresh apr culture, and 

a good serum was obtained. ~\s the preliminary test 

indicated that culture 357 is probably related to tlPyi­

muriulb eross-agglutination and absorption tests were first 

performed. witll this organism (i,a.ble 13). 
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Antigen. 

typhi-mur ium nOn 

typhi-murium type 

typhi-murium group 

357- "0" 
357- type 

357- group 

125. 

TABLE 13~ 

Typhi-mur ium l'yphi-murium Typhi-mur ium 357 ser um 357 ser urn 
serum (Glasgow) ~Glasgow) serum (Glasgow) serum absorbed by absorbed 
absorbed by absorbed by unabsorbed. typhi-murium. by 357. 
ty phi -m ur i urn. 

0 

100 

100 

o 

100 

100 

357. 

0 

100 

100 

o 

1.00 

100 

800 

100,000 

50,000 

800 

100,000 

50,000 

0 

0 

0 

o 

o 

o 

0 

0 

0 

o 

o 

° 
0:\1:100. Qn account of the high titre of the typhi-murium type ana group serum a small 

residue (1:100) of unabsorbed agglutinins were left after the absorption. 

3b7 ser um 
unabsorb-

ed. 

800 

25600 

c4()0 

800 

25tiOO 

6400 
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The results of fable 13 clearly show that the 

antigenie structures of culture 351 and \Zi?hi.-murium (Glasgow) 

are identical; culture 357 removed all the agglutin1.ns (no:m, 

type and group) trom \yphi-mur1um (Glasgow) serum, as well as 

from the homologous serum, while whi-mg;ripm (Glasgow) 

completely exhausted both its .:>wn serum and 357 serum .• 

The agglutination (titre 1:100) which is reeorded 

in the absQrbed sera in columns 2 and 3 of Table 13 is 

attributed to the high tit.re of the unabsorbed serum; au! 

stated aboV6;sera or very hi.gh a.gglutination titres are very 

unwieldy tor absorption tests, because it is extremely diffi­

cult to remove tbe la.$t tra.ce of agglutinin, even when the 

homologous ant.igen is used for the a.bsorption. 

After several strai.ns of pure culture of !elQh.i-wUt"iUJI 

(357) were obtained from a numb.x- ot the chickens, this 

organism was considered t.o be the etiological agent of the 

epizootic, and an attempt wa.s Bllad.e 'to determine the source 

oftheinfeet1on- As the first deaths took place only a few 

days after ba,tching, it 'was thought that the infect.ion was 

probablJr obtai.ned from the breeding hens throughtbe e,ggs. 

Two successive slide agglutination tests were perform.ed with 

the blood of the breeding stock; but both tests were nelf'd.t:l,VG 

and no carriers could be found a.mong the hens. In the case 

of ducks \~arraek and Da.l1ing (1933) observed that infected 

eggs were la.id only when the titre of the affected birds wa,s 
~ 

high and that the agglutination"ot the sera obtained froll 

reactors aropped con.siderably dll.r'ing the course of the layixtg 

season. lihether 'the same condition holds for fowls cannot 

be stat,d at present, and it is not certain whether the 

existence of carriers escaped notice on account of the laten,ess 

of the tests - serological tests were performed only some 

weeks after t.rphi-.mw::ium had been proved to be the cause of 

the epizootic- )jane of the eggs were examined for JrxPhi-mWiB 
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infection, and Salmunellas could not be detected in the 

ovaries of any o"r the hens examined. The source of the 

infection, therefore, still :remains obscure. 

lV. During the course of an investigation of another 

fowl typhoid-like epizootic among adult birds, Mr. Coles 

again made agar cultures trom the heart-blood and spleen 

of the affeeted birds, and handed these to me tor further 
tok.-

study. The cultures (three in number} (l1d not appear"pure, 

and some seed material from each one was thinly spread on 

MaeConkey's bile-salt agar in Mason tubes. One of the 

cultures yielded only lactose-fermenting eolon1es and was 

discarded; but fi'om b,oth the others several la:rge and small 

non-lactose fermenting colonies were obtained, suggesting the 

existence of a mixed infection. The small colonies were 

readily agglutinated by galliparum serum; a few ot these were 

picked, cult-urad and lAbelle,deulture 415. The large colonies 

were tested a.gainst various nott, type and group serum dilutions 

on glass slides. A distinct :fine granular agglutinat.ion was 

obta1nedwith the RG" sera ot @Int!tenberg. and anatqlU coars!'e 

fioccules were produced by group sera (e.g. sholerae-s'u!s var 

Kunzendorf serum) and by newporle, readi:gg, 2ndersteRo2r~ and 

~type sera. Some of the large colonies were sub-cultured and 

labelled 2y:ltyre 414, and a rabbit was 1mmunised with it. 

The prelin.linary tests show'ed that cuJ,t;g£e 414 was related 

partly to senfienberg and anatwn on account of its flon antigen 

and partly to aewpo£t, teadiDi, 2nders$tepQor:tc andana:!tHll on 

account of' its "E" specific antigen, and that it was d1-p:haaie .. 

Cross-agglutination and absorption tests were. therefore, 

perf"ormed, first with culture 414, anatwn and senftenberg 

(Table 14). 
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Antigen. 

Anatum "0" 

Anatum type 

Ana tum gr OUp 

414 _ "0" 

414 - type 

414 - group 

L2 - 0 

L2 - type 

L2 - group 

Kottbus not. 

Kottbus type 
Kot thu.s group 

.. ;;.natum 
S. abe 
by 
Anatum. 

0 

0 

0 

0 

0 

0 

Anat urn V. Muens t er It OU 

Anaturn " type 
AnaturrI H group 

Sen:ftenberg no" 

TABLE 14. 

Anatum Anatum 4148. 4143 414 S. L23 • 
S. abe S. un- a.b. a.b. unab- a.b. 
by 414 absorb- Anatum 414 sorbed 414 

ad. 

0 400 0 0 800 

0 3200 0 0 12800 

0 6400 0 0 6400 

0 400 0 0 800 0 

0 3200 0 0 12800 

0 0400 0 0 0400 

800 0 

0 

6400 0 

0 

3200 

1600 

800 

6400 

1600 

200 

128 

L2 S Kott- Kot t~l.l}:~414 ~14 ~14 ~14.. Senf'- Sen:f-
unab- bus spec~- ~.ab. ~.ab. S.ab. ~. ab.ten- ten-
sorbed speci- fic un- L2 Kott- Anatum Senf- berg"···· Berg S. 

:fic ;:;. absorb- bus. V. Muen-ten- S.ab. unab-
a.b. ed. ~e~. berg. 414 sorbea. 
414. 

800 0 0 0 800 0 400 0 40() 

'0 0 3200 12800 0 0 

1600 0 800 200 800 1600 

800 0 0 

3200 0 

ti400 0 

1600 1600 0 

0 3200 0 

800 3200 0 

0 

0 

0 

400 800 

o ~ ~.tJ....o- , ~ , ~ 0 • ~'"~' 
G..k ~ ~~. 
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The results of Table 14 show that culture 414 has 

the same' antigenic structure as anatum. Culture 4l4com­

pletely absorbed all the agglutinins (nOn, type and group) 

from anatum serum, as well as trom the homologous serum, while 

anatum completely exhausted the sera of culture 414 and of 

itself.. Anatum yare muenster completely exhausted botJl the 

.to*f and specific agglutinins from 414 serum, but it merely 

red'ueed the non-apecl£ic titre from MOO to 1600. Cultur,a 

ill should, therefore t be regarded as a strain of anatum-

Culture 115, obtained from the small colonies, was 

tested against gallinarwp 43 serum and was agglutinated by it 

to full titre (l:ltSoO); it a.lso completely absorbed sa1l!naGm 

43 serum, showing that it contained 'the same antigenic 

components as gallinarum. The fermentation tests given 

below ('1'able 25) are also typical tor gallinarlmh Cglture 412 

should, therefore, be regarded as a strain of ia11Ptarwa­

Alltiserum for culture 415 was not prepared and the absorp,tion 

·test performed was one~s1ded. 

In this outbreak also it 1s not certain whether 

anat'um culture 4.4 or gal;tinarum '115 was the primary cause of 

,the disease. Salmgnellai were found in two eul tures only -

three were made - and both contained anatum as well as 

gallinarum. On aceount of the frequency of gallinarwp 

infection, however, and on acc'Ount of the predominance of 

gallinarym colonies in the first subcultures made, it seems 

probable that the organism of fowl typhoid was the main 

etiological agent in this outbreak. 

In addition to these outbreaks of' Saln~onelAA 

infection in poultry, 119 epizGot.ics of fowl typhoj.d and 55 
outbreaks of disease in young chicks were also investigated. 

In most of the eases heart-blood and spleen cultures were 

made by Mr. J.,D.\\.A. Coles and SUbmitted, to me tor 1dentiticatiOll 

Some of the cultures were made b;y me personally, and culture 

206 was obt.ained by Dr. Martinaglia from one or a number of 
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chicks thought ~o be affected with bacillary white diarrhoea. 

On plating culture ~OE) I noticed that both large and small 

colonies ap1:"eared on the agar within 24 hours. As large 

ana small colonies have frequently been observed in cultures 

of Rullorum that were unquest.ionably pure, especially after 

allowing the cultures to stand a day or two at room temperature, 

the exist,ence of a mixed infection was not suspected; never­

theless, a few of the sm.a.ll, and some ot the large colonies 

were picked and cultured separately_ The large eolon1es 

yielded a dense growth of actively motile organisms, while 

the small colonies gave rise to a much poo~er growth of non-

motile bacteria. In order to determine the purity of the 

two cultures, my colleague, .Dr. J'.ll. Mason, kindly undert.ook. 

to single-cell them; the growths obtained from the single­

cells were la-belled cult,ure 207 and Stulture 2,08 for t.he non­

motile and mot.ile ba.cteria respectively. 

The two cultures were now tested against various 

ftO" t type and group sera. gull:ure 207 was agglutinated only 

by "0" sera contAining factor 1X, while eUdzjtwie 20.§,. which 

proved to be Monophasic, was tloccula:ted by ~',H« SeI"& COllt.ain­

ing factor g, as well as by itO" sera with factor 1X. 

With a view to carrying out complete absorpt.ion 

tests, antisera were prepared against both sulture 207 and ~. 

But as eulturs 208 was agglutlnate,d wi th sera containing .to~ 

factor lX and "lIft-specific factor ,g,,:f.t was evident that the 

organisms comprising the culture were closely related to 

s. tiphi, 'tihich contains both these components. ,Absorption 

tests were, therefore, performed with s. kl2bit as shol!:ll in 

Table 21. 
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AN'rIGEl~ • 

typhi n ott 

typhi ""H1ti! 

208 - !fitOiflf 

200 - ttR" 

typhi -s et urn 
ab:s or bed by 

typhi. 

0 

0 

0 

0 

typhi ser urn 
absorbed by 

200 

0 

0 

0 

0 

o --

I"') • 

TABLE 21. 

typhi serum 208 ser um 
unabsorbed. absorbed by 

typhi. 

3200 0 

25,600 0 

3200 0 

25,600 • 0 

less t)'aan 1:100. 

208 ser urn 
absorbed by 

208 

0 

0 

0 

0 

208 serum 
unabsorbed. 

1600 

12800 

1600 

25,000 
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The results of these tests clearly show that 

culture 208 absorbs all agglutinins (Mott and ttfI~) from 

3. typh1 serug, as well as from its own serum, ,>,hile s. typhi 

complete1.Y exhausts both the homologo'Us serum and 208 serum. 

Culture 208, therefore, has the same antigenic structure as 

~. tYRhi, and should be regarded as a strain of this o'rgani,sm. 

i? t.lphi is not regarded as a pathogen for poultry, dnd i~ is 

not known to be carried by fowls. It is true that Emmel (1936) 

claims to have isolated S. tlRhi, s. 12aratl:ijhi-rl.& S. 2arat;{ohi-B 

and other salmop.ellas from the intestinal contents of fowls 

suffering from ent~r1tis due to coccidiosis or verminosis, but 

he ~ives no information on what basis the organisms were 

recog;nised, and his c,onclus:i.ons require confirmation befor-e 

they can be accepted.7b7 ~t~~ ~ ~~_~a£ ~ 1liA-& QY. 

AS culture 20~l was readily agglutinated by r,o,,* sera 

containing ta.e'tor lX, and as 2u11o±::Y:m infection was suspected, 

absorption tests were per:formed with s. pullorum,wh1ch like 

culture 207 is non-motile. The results, which are given in 

Table 22, show that culture 207 absorbs all the nOt. agglutinins 

from pullorum. serum and that ~ullorum completely exb.f.iUsts the 

serum of culture 2°7- But pullorum and gallinarum have the 

s~e somatic ant1genic components, so that it i.8 not possible 

to determine by means at a. se.rological test alone to which of' 

these t'W'o types vulture 207. belongs; a final differentia,tion 

can be made only by mean.s of fermentation tests (Table 25). 

Accoruing to these tests gulture 207 corresponds to Salmonell! 

pullorum-
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Antigen. 

Pullor um nO" 
(, 

207 - nOff 

TABLE 22. 

Pullorum serum 
absorbeci by 
Pullor urn. 

o 

o 

Pullorum serum 
absorbed by 

207. 

o 

o 

o - less than 1:50. 

Pullorum serum 
unabsorbed. 

3200 

3200 

207 serum 
absorbed by 
Pullor urn. 

o 

o 

207 ser urn 
absorbed by 

207. 

o 

o 

Pullorum = Pullorum ~26 of the N.C. of type cultures. 

207 serum 
unabsorbed. 

3200 

3200 
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Of the 139 outbreaks ot towl typhoid 137 cu1tures 

were obtained from fowls and two from turkeys. Against four 

of these, antisera were prepared tor 'the purpose of performing 

absorption tests with strains of gallinarum and pullortUI 

obtained from the Rational Collection ot Type Cultures of the 

Lister Institute. In Table 23 the results are given which 

were obtained with cul\!lre 29 .. the results obtained with tbe 

other t'hree cultures (249, 314 and 340) are similar. but are 

not given. Table 23 shows thatgulture 29 abso,rbs all the 

nO"f agglutinins from gal11nar\l". t3erum, a,s well as from the 

.homologous serum, while aallinarum exhausts both 1tsown serum 

and ~ serum. Simila.r results were obtained when RullQljij'tl 

serum was substit.u.ted for ga.llinar'YJ! serum, and Bu1.1o£lHB 

cul turesused for the absorption t es't,s instead of .g:dllinarg. 

tul tures 2~., ~49, 3+-~ a,nii 340. therefore, resemble both 

~llinar~ and 'Q~+orum serologically, bllt their fermen.tation 

reactions (Table 25) corresponded to those of IG11inarW. so 

that they should be regarded as strains of galllnaru.m. The 

other 135 eultUl'es were used for unilat.eral a.bsorpt,ion tests 

of gallinarum serum, and were found to remove all the ~O­

agglutinins from ~he serum; therermentation reactions of all 

these cul'tures also resembled those of gallin.arum. 
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Antigen-

Ga.111narum 
u'OJj~ 

29 .. $lOft 

135. 

TABLE 23. 

Gallinarum Gallina- Gall i-
S.serum a. rum najrum 
b. gallina- s.a.b. s.unab-
rum.. 29. sorbed. 

0 0 lSOO 

0 0 1600 

29 s. 
a..b. 
gal11-
narum. 

0 

0 

29 S. 
a.b. 
29. 

0 

0 

29 S. 
unab-
sorbed. 

1600 

1600 

Gallinarum 11: gallinarum 416 of N.C. of' type cultures. 
o • less than 1 in 50. 

a.b. • absorbed by-
S • serum. 

~~fb 
A study was also made ot 55 cultures obtained from 

"f"ew day old chicks suffering from an acute disease, and from 

the ovaries of' hens that gave a positive agglut:i.nat1on test 

f'or ,2ullorum. Against tl~ee of these, cultures 317, 322, 

and 436, antisera were pref)&red for absorption tests. The 

results, which are given in Table 24, show tha,t culjdl£! 3.1 
removes all the ftO" agglutinins from .ru!llorwn serum and from 

the hom.ologous serum, while pull0rutIl also completely exhausts 

both these sera. Similar results '~ere also obtained with 

cult.ures 322 and 436 and pullorum. When sallinarum was 

substituted for pullorum identical results were obtained, 

so that identification of the cultures could not be made 

entirely on the basis of the serological test .. fe,rmenta.tion 

tests were n.ecessary for the complete differentiation between 

gallinarum and 12ullorum; these are given in Table 25. Uni­

lateral absorption tests were performed with the other 52 

cultures and pullorum or g;al11narwn serum, resulting in the 

complete absorption of tIle sera. But when fermentation tests 

were carried out, it was found that the reactions of 42 of the 

cultures resembled those ott pullorum., w'hile the other 10 corres­

ponded to gallinarum. 
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rullor urn Ser um 
jU~TIGEN. absorbed by 

pullorum. 

Pullor UliJ tt 0'111 0 

317 - "0" 0 

TABLE 24. 

rullor urn Ser urn 
absorbed. by 

317. 

o 

o 

~ullorum Serum 
unabsorbed. 

3200 

~200 

Pullor urn - t"ullor urn Bk.2b 

o less than 1 in 5u. 

317 Serum 
absorbed by 
Pullorum. 

o 

o 

13u 

317 Serum 
absorbed by 

317. 

o 

o 

317 Serum 
unabsorbed. 

ltiOO 

1600 
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According to the fermentation reactions. therefore, 45 of 

the cultures from few day old chicks and infected ovaries 

of adult hens should be regarded as pullorypl, while the 

other 10 cultures tall under galliparum. The clinical 

symptoms and lesions presented by the chicks from which 

t?yllorum cultures were isolated did not differ materially 

from those which. yielded cultures of ga11inarum.A diagnosis 

of infection with either gallinargm. or Rullorum in very young 

chi.cka should, therefore, no'\ be made, unless fermentation 

tests have been carried out. as well as serological tests. 
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Type of ~almonella. 

~nter1tidis vax. 
dublin 

.b;nteriticiis 

'l'yph1 

Gallinarum 

¥ullorum 

Abortus-egu1 

'l'yphi-mur ium 

Typhi-murium 
var • cc;;::;::r:f­

(~torrs) 

Choleras-aula 
(~unzendorf) • 

Bovis-morbificans 

Anatum 

onoerstepoort 
Amersfoort 

I'!>'S 

TABLE 27. 

Summary of the results obtained with the antigenic analysis of 318 strains of 
Salmonellas isol&ted from oomestic anlmals and birds in South Afrlca. 

urigin lilo. of 
~trains 
studied. 

of 
organisms 

"01
'­

antigen 
Type Group 

(specific) (non-specific) 

1 

149 

10 

1. 

1 

1 

1 
2 

96 calves and 
1 human 

Calves 

(';hick 

139 Adult fowls 
10 few day old chicks 

42 chicks 
3 ovar lea of hens 

adult hox:se 
(tendo-vaginitis) 

2 calves 
2 canaries 
1 finches 
1 canary -food 
1 pig 
1 chickens 
1 sheep 
1 rabbits 

foa~ 

(purulent 
ar t hr it 1s). 

pigs 

pork 

fowls 

sheep 
1 chickens 
1 adult fowls 

V'-O""'" -

lX, (XlI) 

IX, (XlI) 

lX, (Xll) 

lX, (Xll) 

lX, (Xll) 

lV, (Xll) . 

IV, V (Xll) 

VI, VlI (XlI) 

V1, Vlll 

X, III 

XIV 

VI, Vll, (XlI) 

,------~~----~---------
0{ -phase (3 -phase 

.. 

! 

1 -

r 

eh 

eh -
d -

(.i.1 ) 

ewe -
x 1~o of these strains were motile ana were, therefore, devoid of H-speoific 

factors i£. A 

xx The one strain studied had lost its motility and, therefore, did not contain 
an H-antigen, factors ~. 

O-factor (X11) has been recently added by Kauffmann (1935b) and is supposed. to 
occur in a number of different species that are not related. 

I 

1,3,4,5. 

1,4,6. 

1,4,0. 

Since the completion of this paper lu more strains of dublin have been isolated 
from calves and 17 more strains of f811inarum have been obtained from outbreaks 
of fowl typhoid. In their antigen c structure and biochemic~l reaotions the 
dublin strains corresponded to those dublin strains described above and the 
reactions of the gallinarum strainsr'esembled those of the gallinarum cultures 
given above. the total number of dublin strains, ther efor e, sfioulo be 107 
and of gallinarum 16G. and the total number of Salmonellas 340. 
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enter it iuis var. 
dublin. 

Qublin 15411 

dublin 170 

dublin 17b 

dublin 283 

dublin 296 

dublin 300 

dubJ.in 329 

dublin 342 

dublin 441 

dublin 445 

dublin Pesch. 
256 

fJ Knox (220bA) 

ft Cambr iage I 

It Tapley 

Pl\racoli savage 
255 

ent er it io. is 21u 

tt 2i10 

4l.B 

M.7 

D.b 

U Weybridge 

n Jeua 

" val.Rostock 
3747 

t. Val' .Moscow 

U var • Blegdam 

I I. 

50 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

J. 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

50-

x 

x 

x 

x 

x 

x 

x 

x 

x 

50-

xx 

xx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

30 x 97 
14xxx 

x 

xx 

xx 

x 

xx 

x 

.x 

x 

x 

x 

xx 

xx 

xx 

x 

xx 

xx 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

xxxx 1 

x 1 

xx 1 

x 

x 

xx 

x 

x 

xx 

FERMENTATION REACTIONS OF TH:!~ DIFFERENT TYPES OF 
SALMONELLA STUD lED. 

x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

2lx 
76-

x 

x 

x 

x 

x 

x 

79x 
18-

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x -

x x x 

x x x 

x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

..... 
o 
'0 
d 
H 

Alit 

Alk x 

x 

x 

Alk 

All. + 

Alk x 

Alk. . x 

Alk x 

A~k 

Alk 

Alk 

Alk 

Alk 

Alk 

x 

x 

x 

x 

x 

.x 

x 

x 

S!Jecies 01 
animal or 
source from 
which cul­
ture was 
obtained. 

Calf 

Co.lf 

Calf 

Calf 

Calf 

Calf 

Calf 

Cal.f 

Calf" 

Calf 
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enteritidis Veir. 
Essen 

Typh1 

Typh1 2e~ 

Ty'ph1 Ty2 

typhi-mur ium 

ty~hi-murium 
190 

It 

" 
ff 

" 

tJ 

192 

17ti 

177 

357 

502 

234 

typhi-mur 1um var. 
Storrs 478 
~ 

fI V.Gtorrs 19:)00 

tt V.Cop~nhagen 
009 

II V.Copenhagen 
1147 

" ( Glasgow) 

tt (Breslan) 

If (rout ton) 74 

ft (Weybr idge) 

"(Binns) 

2 

1 

1 

13 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Paratyph1 B. 1 
(Schotmuller) 

Faratyphi B. D.C. 

i'aratyph1 B. 
(Lowectoft) 

~aratyphi B.(Grey) 

Paratyphi B. VCir. 
Odense 8085 

Cholerae-suis 1bB 
(Kunzendorf) 

1 

1 

1 

1 

1 

x 

12x 
1-

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

XXXX 

13 
xxxx 

xxxx 

xxxx 

xx 

xxxx 

xxxx 

xx 

xxxx 

xxxx 

xxxx 

xxx x 

xxxx 

x 

XXXX 

xxxx 

x 

x 

xx 

.xx 

xx 

xx 

2 

1 

1 

5x 10 
8xxxx 

xxxx 1 

xxxx 1 

x 

x 

x 

xx 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1. 

1. 

x x 

x x 

x x 

-x x 

x x 

x x 

x x 

x x . 

x x 

x x 

x x 

x x 

x x 

x x 

x x 

x 

-2-

.L .L 

.1. 

.L .L 

x x x 

x x x 

x x 

x x x 

x x x 

x x x 

x x x 

x x x 

' X x -
x x 

x x x 

x x x 

x x x 

x x . X 

x x x 

x x 

~x 
1-

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

8x 
2-

x 

x 

x 

x 

x 

x 

x 

x 

.L 

.1 

.. 
x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

J. x 

x 

J. .L 

x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x x 

x x x 

x x x 

x x x 

:x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

Neut. x 

Neut. x 

Ne ut. x 

All 

All 

All. 

Alk 

Alk 
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Gal11narium 340 1 xx 1 1. J. J. .s. J. L .t -
Pullol'um 15 46 J. J. 37x 36x .Ld.. .L 

8- lOXd 

It 207 1 1 J. .1 .L J. J. J. J. 

It 317 1 1. ..I. L .1dt, - - J. J. La 

u 322 1 1 J. xd~ - J. J.d 

11 337 1 - 1 L J. J.. xotll - J. 4 J.d 

u 436 1 1 .L .1 J. J. 1. J. La 

Stern: x, xx and xxxx inoicate d1:f:fer ent degreeso:.f discoloration, xxXI being the most deeply dark: 111ac colour. 

a-tartrate: x, xx and xxxx indiaate tbat i, * and i respectively of the medium in titre hi:lS been ehangedyellow. 

x = .Positive­.J L ;i: acid, but no gas is i'ormed; xd· :: t?-elayed :f'errnentat1on. 

.J..X • acid, but no gas formed 4 years iigO, negative now. 

X Alk Fowls 

X Neut. Chicken~ ~tI-

~1-~ 

X Neut .. Chicken 

x Neut .. Chickens 
and ovaries 
of Hen. 

x :Nell t. Chicken 
(7 day) 

x Neut .. Chick. 

x Neut • (;hicks. 
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The t'erme:ntat:ion reactlons given in Table 25 

inc.l\1d-ethe r-h(;UXAOSe test of E~·i.tter, i~e1#~i!Uln and Pabs (192f) , 

t,fte iJJrcer;b'-'f\'c1u~:tn-brotb teat of S~rn (1915) acd the 0-

vy uaing solld 

&g'ar at.d.ta a.a.visGoby JordJ;il,n and Har~riOn wo:re ele;,r-cutresltlt.s 

*er.a otr~:ti.neu·tJ.wl It'i tbt,he :f"luid m.ol.a 0·1: ;jj,lbersteS,n (1.931); 

in pO$1t.1vered.~.ction,s the colour of tJj,e intticator (phenol-rea) 

.'as chi;ii:nged, yello~ 1)1' tbe{iC1d t'o·Z"'mf$d. !hlt 'the ex·teflt to 

w.b1e:hthis discoloration ot" the ag~ occurred v'klriea even 't.\ritb 

($,i,.Eterent atrfflkin6 otUle 8:Wn'it orgun,isx.t!l, at.a,b culture~ were 

IPace .and 'the d 1acolo:rat1on IIJV.l.rted f~m the :lnc,culutn, ~!)readi~i 

"uaJ~·te..r Uf1 \t:UfP me'd,1tltn waa. e;baJ'ag&d. wh.l1e 1:n otbera as mucll a.s 

a h.a.lt" or three-quarters bad turned yellow. 

'1t~' of' ~tJ:&e st;r'iii.ln,a .lJiitbelled .~ g~ive rUf:gatj.v$ 

test~ \(I·itJ:t. iri.'t,!ter '8 rl~o8e .flJld ~::~tern t $ glyeer1n-f"\Jcbsin-b,roth; 

'With th~ a-uu .... tra:~e testot Joroatl f~nd H,e:Moon the indicator 

W~,ia cb~1n.g:eQ )"ellow aboo.tbalt~-wa,. down t,he tubes ( •• ) in 14 

eul tlrres, dJlU ,abou'tone quar1:te r UotJ'l1 the tube (. J ill t.he 
~ 

r·eft$':U11~J 3~· eul turea .. 41 o:t'" t.:be cu.l tUft-Eta were no't A w1 th these 

.i)O$·iti've and 18 were nega.t1ve after 4811~)UrS ioetibat.i;ort'l. But-

't,'he rbanmoae "aG· gen.er:ally ferme.l'rted ~fte·r " or 5 days in the 

:tnCl.l~""'~r. 'fhe an 't1gen Ie a ~U;C Wl"e of all t.he9"7 $ltr·:..~lnewat\ 

identiea,l wit.h tJ'tjj:t of s. !DlttJ~~\ig.i val'. ~,.mlln. 

~'or con~par~.$on five: B't.oek strains of ~ub,Jr,1(i ~ere 

,&'L110.160.. (;If ·t.~hese 'e.el~ 266, C41f.!lt~i4g. 1 ·and ~lopley we're 

i?v:a1t1ve Vr1'tb ..;.tern la glycerin-:tuchs1n-broth,whl1e gp.l!lm 

(MOX,) and~~·~£~,~~1·1 (~vagG) 2S5 ,gave a negative retlctti,on • 

. \11 f'1ve re~.(~t,,eti .negat.ively~1 t.b 85 .. t tar' $ :r:ham.n.o,$·e tinu posi1:hrely 

genie Structllrf! of Cambr'l,lfIe 1 and fopley wiUt ·tht~t of ~w.)l.1D 

(l.ftoxJ 'OJ' me~;d'-;i) of ~lu't1.n;J:tion i;t;nd !'tbsorpt.1on t.ests the 
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three cultures were found to be identical; both Cambridge 1 

and Topley completely exhaust,ed dublin (Knox) serum. 

Of the three strains which corresponded antigenieal-

11' to s. enterit:tdis all gave a positive reaction to Bitter's 

rhamnose, two (cultures 290 and 418) reacted positively with 

Stern's fuchsin-broth and one (culture 216) failed to change 

it. All three cultures were positive with Jordan and Harmon's 

medium. The three stock strains, M.? D.S, and Weybr-idge gave 

a positIve reaction with Bitterts rhamnose, Stern's :tuehsin­

broth and Jordan and Harmon t 4 d-tartrate. 

Of the 13 strains Which were antigenically identical 

with ty-phi-murium (Glasgow) all were Stern and d-tartrate 

positive, twelve were BItter positive and one (culture 351) 

was Bitter nega.tive. Eight of the cultures 16ere inosite 

positive and two (straillS 357 and 5(2) were negative; nine 

were positive and one (strain 357) was negative with rhamnose, 

while all the ten tested fermented arabinose. Culture 357 

was both rhamnose and inosite nega,tive. Moreover, a complete 

mirror absorption test performed with culture 357 (Table 13) 

showed without doubt that it is a strain of !typhi-wuriU- Of 

the :!i.yphi-murium stock strains tested all five were Bitter 

and d-tartrate positive, three (Uutton 74, Glasgow and Weybridge) 

were stern positive. while two (Binns and Breslau) were Stern 

negative-
~, 

The one strain of typhi-muriym yare Storrs (culture 
(\ 

478) studied ga.ve positive Bitter, Stern. and d-tartrate 

reactions. I~ fermented both inosite and maltose, but not 

arabinose; while the stock. s'train ptR£E.i 195G'O fermented 

arabinose and inosite, but not maltose; it was also Bitter and 

d-tartrate positive, but Stern negative. The two strains of 

Copenhagen (659 and 1141) both fermented maltose and arabinose 

'but not inosite; both were Bitter, Stern and d-tartrate 
~ 

positive. ",mtigenically, however, A.~torrs} 478, Storrs 19500 
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and tlle two strains of Copenhagen were identieal (Table 'i.~ ). 

For conlparlson 5 stock strains of pa.ratzphi-B were 

included in the t,est. Of these three (D,.C. t Grey and Odense) 

were Stern positives,nd two {Sehot.tmuller and Lowe stott) we.re 

negative; only one(Grey) was Bitter positive, the other four 

wer·e negative. All five reacted negatively with Jordan and 

Barmon t s d-tartrat:e. 

The six strains which resembled cholerae-suis 

(Kunzendorf) ant1genically were all Bitter and d-t.artrate 

positive but Stern negative. 

There was only one culture (strain 391) which had 

the same ant!genic structure as bovis-morbificans. Like the 

original culture of Basenau it was Bitter, Stern and d-tartrate 

positive, but the strain of Sladden and Scott differed. from 

it on account otits negative Bitter reaction. 

The strain of anaty.m. '(culture 414) studied gave a 

positive reaction with Bitter, St,rn and d-tartrate, resembling, 

therefol·e, the tiiO stock strains (3701 and 3702). 

Like abo£Wi-,qy,1 W'H.2. the one strain (culture 219) 

studied reacted positively to Bitter and d-tartrate, but 

negatively to Stern's glycerin-fuehsm-broth. It was~ound 

to be an:aerogenie. 

Both strains of amerstoo£t and the one of ongerster>oorJ 

were positive wit-h Stern, Bitter and d ... tartJ:tate. 

All the forty galltgarum strains tested gave a nega­

tive reaction with Bitter and Stern, but. a positive one with 

Jordan and Harmon·" d-tartrate. Out of 139 strains 119 fer­

mented arabinose, while 20 failed to do so after 4 days. All 

the cultures fermented rbamnose, but in the case of 17 of the 

strains the fermentation was delayed. All were dule1te and 

maltose positive. 

The fifteen strains of 'pullofWIi tested all failed 

to react on Bitt.er, Stern or d--tartrate. Thirty-seven of the 
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45 strains fermented arabinose, but 8 failed to do so. All 

the 45 strains fermented rhanmose, but in 10 the reaction was 

delayed. All were duleite and maltose n·egat!ve, and all 45 

strains wereanaerogenic. 

i'or the diff-erentiation ot·,j 5 •• gallinarum and 

S. Rullorwn the cysteine-gelatin medium of" Hinshaw and 

.Rettger (1936) was tried, but the organisms tailed to grow 

in the medium so that no change could be detected in the 

tubes. The cysteine used was freshly prepared. 

Only one strain of s. txphi was studied. The original 

culture, obtained from a cllicken by Jlartinaglia, was found to 

be composed of a mixture of two organisms when I received it; 

the one non-motile and the other motile. .After "single-

celling«, the non-motile culture was labelled ~strain 207" 

and the motile one "strain 208ft • The former resembled 

pullorum and gallinarum antigenieally (Table 22) and I2u11orgm 

biochemically; while culture 208 was found to ha.ve the same 

antigenic structure as t:y;ph1 (Table 21). The fermentation 

reactions of the latter, however, did not altogether eor:r-es­

pond to those of the stock strains of typhi employed. Like 

typhi, culture 208 was Bitter and Stern negative, and d-tartrate 

positive. Four years ago culture 20B fermented dulcite 

slowly, and maltose within 24 hours, but at present it fails 

to ferment dulcite and the fermentation of maltose is delayed 

for about five days. All the stock strains of typh1 used 

fermented maltose within 24 hours, but fa.iled 'to ferment duleite. 

The ferrnenV.ition reaction::s of culture 208 aje, therefore, not 

quite typical of typh~, bu.t its antigenic structure is identical 

with that of this bacterium. When it was found that a change 

had occurred in the fermentation reactions of culture 208 after 

four years, the serological tests were repeated. The results 

of t,hese tests show that tbe antigenic structure of culture 208 

bas remained unaltered, and that it still resembles typh!. 

When the biochemical reactions of the different 
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types of Salmonellas studied are compared wi th their serological 

reactions very marked differences may be exhibited by several 

strains belonging to the same serological type. For example, 

some striking variations in their fermentation reactions were 

manifested by ,the four strains of typhi-muriurn var. ~torra 

(Copenhagen) stud1edjthe one strain 478 described b7 me and 

the other 3 stock strains. All four gave positive Bitter 

and d-tartrate tests; tllree (Storrs 478 and Copenhage~ 659 

and 1147) \"ere Stern positive and fermented maltose, while 

one (Storrs 19500) gave a negative reaction to these tests. 

Two (Storrs 478 .and 19500) were inosite positive and two 

(Coperillaien 659 and 1147) _ere negative. All four were 

antigenically identical (Table 26). 

Analogous variations have been observed in the ease 

of typhi-murium, paratyphi7~t ~nteritidi$, enteritid1g var. 

gyb11n, bovis-morb!fieans and, to a lesser degree with typhi, 

'pullgrum and gallinarum. 

Alt.ogether 318 strains of Salmonella from different 

species of animals have been studied. The ant~enic ana~sis 

obtained is summarised in Table ~?'1. and the biochemical reactiolU 

are given in Table 26. 

The results recorded in Tables 26 and 27, therefore, 

show that the biochemical reactions of Salmonellas, although 

very useful as complementary tests, cannot be solely relied upon 

for the identification of the type or species of organism. 

Many of the types which were indistinguishable on serological 

grounds were found to differ in their fermentation reactions, 

whereas others which differed markedly in their antigenic 

composition showed identical biochemical reactions. For the 

recognition of the type of Salmonella studied) reliance can be 

placed only on the ant~enic analysis of the bacterium by 

means of carefully performed serological tests. 
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