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organs of affected birds, and a slow-growing Salmonella that was 
agglutinated to high titre by both Schottmuller and Voldagsen sera , 
was isolated by Lutje from the internal organs of diseased birds. 
Burghoffer investigated a septicaemic disease among 1 :mel 2 \\·eek 
old goslings and incriminated Bact. entMit·idis BTesla1~ (typ hj
murium) as the causal agent. Apparelltly the young birds became 
infected after hatching as the blood of the laying h ens gave a negative 
serological test with typh·i-muri1~m . Experimentally the bacterium 
isolated was found to be pathogenic for very young geese only, birds 
from 4 to 6 weeks old being completely refractory to artificial 
infection. 

After the reeognition of members of the genus Salmonella as 
etiological agents of disea e in geese, sever al outbreaks of food
poisoning in man have been haced to goose meat or even to goose 
eggs . Thus Hohn and Becker (1927) r eported a number of outbreaks 
of food-poisoning in man where foodstuffs, like salads and sausages, 
which contained either goose eggs or goose meat as ingredients, were 
incriminated. The symptoms in some of the cases resemblecl those 
of typhoid fever, vvhile other cases were typical of tyzJhi-?mt.num 
infection, with vomiting ancl. diarrhoea as the chief s:ymptoms. Baars 
(1929) also found typhi-mu1·ium <.JS the cause of a disease in 12 persons 
that had partaken of some smoked goose breast. The organisms were 
isolated from the stools of t he patients as well as from the suspected 
meat . 

Later Baars (1931) described another outbreak of meat-poisoning 
in a family of three clue to Breslau-infected goose m eat. The meat 
was preserved in brine for a week before it was used. On investi
gation, h e discovered that the goose from which the meat \ras obtained 
originated from the same farm as the birds that were responsible 
for the previous outbreak. Smoking and salting of t he meat did 
n ot destroy the organisms, but rather caused their enrichment. 
B aars considered that freshly cooked or fried meats are less dangerou s 
as the organisms are not very resistant to high temperatures . 

Two outbreaks were recorded by Pressler (1930); the one 
involving four persons after a meal of pies that contained goose liver; 
B1·eslm~ (typhi-murium) was recovered from the stools of the patients 
and from what remained of the goose liver, but no infection could 
be detected in any of the remaining geese of the flock or in th~ 
persons that h ad handled the meat. The other outbreak affected a 
number of adults and a few children in a " Kinderheim "; th ey h ad 
eaten pies made from goose meat. During th e same year Kolbe (19;)0) 
al so described two epizootics of meat-poisoning resulting from th e 
ingestion of goose meat. 

On account of the increase in the number of cases of gastro
enteritis in man traced to goose meat, t h e car casses of all suspiciou s
looking birds are now seized and condemned for human food in 
Germany. Out of 87 condemned carcasses of geese th at had been 
suffering from fowl cholera, H-iisgen (1931) obtained typhi-murium 
from 11 and enteritidis from 1. Transportation of the b irds was 
considered to recl.uce their resistance so that infection could r eadily 
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have taken vla(;e. Husg en also repor ted L1Yo outbreaks of food
poisoning due to goose liver an d meat infected \Yit h typhi -murium , 
and in 1930 h e im·estiga ted a severe epizootic of paratyphoid in 
geese. 

During three mon ths of 1932 \Vun1lram and Schonberg (19J2) 
examined 182 goose carcasses i11 B erlin and isola ted typ h·i-?IW?'ium 
from 44. 'l'he atled ed birds " ere emaciated and sho1ved marke1l 
pathological changes in tb eir in ternal org ans, a nd their skins ,,·er e 
r eddened. The same \YOJ kerr; abo r eported G outbreaks of food
poisoning, involving 1G persons, caused hy goose meat and liYer 
infected with typhi-m ·twium. A boul the ,;ame -Lim e Bornstedt and 
Fiedler (1932) examin ed 828 geese inl)JOI'ted from P obllcl a nd 
Lithuania ; oi these 182 had died an cl sh o" ·ed either lesiom; of fo1d 
choler a or Yl· rnlinosi~ . 0£ 1A4 sic k geese s uffering ei th e r from 
transport injuries or symptoms of f tml l·hol era , 12 gave a posit ive 
agglutination rcactiou ,,·i t h tvphi -muri1rm ; from the faeces of fivr 
of t hese S . typhi-mw·i111n ,,·as isola ted. They suggested t hat 
S . ty ph·i-m 1trht1n pro ha bly occurs as a sapr ophyte in Lhe bodies of 
geese, becoming in vas ive onl~- when the animal' s r esi;; tan ce h as bee11 
lower ed by factors like 1lisease, injury and tran::;porta tion. 

As far as t:>outh Af ric;a is con cerned no cases of geese infrcte c1 
wit h S almonella have so fa r been r e1·ordecl. 

(4) Dl.." C E S . 

From the public h ealth aspect Salmonella infection in clucks is 
particularly dan gerous because the organisms may occur in t he eggs 
of infected birds as well as in the meat . Moreover , paratyphoid i s 
far more common in clucks and geese than in gallinaceous birrls; 
L ecoq (quoted by Scott , 1930) consid ered t he constant associat ion of 
water birds with ponrls and mud pools, which ar e sometiw es 
contaminaterl with infeetecl excr eta, as the cause of the frequency 
of disease in t hem . In his account of paratyphoid infection in 
aquatic bird s, Mann inger (1918) described a cliseasP in 1 to 2 weeks 
old clucks and geese caused by an organi sm of the P orafyJJ hvs-B 
gToup . Soon afterwards R ettger ancl SroYill e (1920) investigated a 
most viru lent disease (" keel " ) in duck] ings ; there was a mortality 
of nearly 100 per cent . in a flock of abou t 3,000, death usu ally 
occurring during the first " ·eek of life, but occasionally as late as 
3 to 4 weel;-s after hatching . Ther e " ·ere no defini te lesions, but a 
Salmonella was r eaclil.v ohtainect £Tom the h eart-blood and organs 
of the young binls and also from the ovarif's of t wo adult clucks and 
the abdominal cyst of one. Th e in vestiga tors r-onsicler ecl t hat t h e 
iu fection was probably transmitted from the ovaries of rliseased 
hens t hrough the eg-g t o the chick, and they nam ed the organism 
isolated l3acter1:mn anatum) a n e\Y species. nut Cooper and 
Krumwiede (1924), Edwards and R ettger (1924, 1927), and Kauffman 
and Silberstein (1934) found that onl~r some of the strains of 
Salmonella labelled nnn};w n could b e inclmlecl under the new nam e 
as the others resemblerl typl,.i-m vrium ser olog-icall:v; actually on e of 
th e strains sturliecl by K auffma nn and Silbertstein (1934), str:tin 3123 
of the National Coll ection of Ty pe Cult1.neB, was found to be 
erd Pritidi s. Anntvm like m ost other species of S almonella, h owever , 
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affects more than one species of animal. 'l'hus, Kauffmann and 
Silbertstein isolated a strain from the stool of a patient suffering from 
gastro-enteritis and intermit tent fever, and another strain (anatum 
var . LViu enster) from a person that had developed meat-poisoning 
after eating r a''" horse meat; t hey also described a third strain of 
human origin obtained from Kristensen. Edwards (1935 a ) 
incriminated anatun~ as the etiological agent of an epizootic in 
chickens, and I (vide inj?·a) isolated i t f rom adult fo"·ls . 

Subsequently several different workers have r ecorded epizootics 
in ducks due to S almonellas . Doyle (1927) r ecor ded a severe outbreak 
among chicks and young clucks clue to typhi-11wrium ; the source of 
t he infection r em ained obscure, but t he food was suspected. I n 1929 
Gaiger and Davies (1930) investigated the first known outbreak of 
" keel " disease in Great Britain. 'l'her e was a mortalit y of over 80 
per cent. and the r ecover ed birds r emained ailing for sever al weeks . 
A natum was obtained from a number of the birds examined. All 
t he deaths occurred on a farm to which the young ducks were moved 
after h a tching, while those that remained behind on the breeding 
farm r em ained h ealthy. It was apparent, t herefore, that the infec
tion took place after h atching and tha t t h e eggs and incubators wer e 
clean . F ermentation of the food was regarded as an importan t con
tributory factor in the gen esis of the disease in this outbreak. 

P allaske (1930) described a disease in ducks associated with 
pathological changes in the ovaries of hens and the testes of drakes; 
the cause was found to be S. ente-ritidis Gaertner. Holle ( 19:~2 ) 
encountered three epizootics in young ducklings, one due to en te1·i tidis 
and the other two to typhi-murit~m ; infection was thought to have 
occurred through t he egg. A cute and sub-acu te enzootics in young 
clucks and geese with a mortality of 96 per cent. wer e described by 
Strozze (1931). Another virulent epizootic in ducklings with a death
r ate of over 90 per cent. was recorded by Schaaf (1933). Typhir 
mu1·ium was found to be th e cause. Infect ed birds discharged the 
organisms with their faeces and gave positive agglutination react ions 
with these bacteria . Natural infection was thought to have resulted 
from the ingestion of food or water contaminated with infected 
excreta . Moreover, the vitality and r esist ance of t h e birds wer e con
sider ably r educed by tra nsportation over long dist ances by rail. 

In England Dalling and Warrack (1932), McGaughey (1932), 
and vVarrack and Dalling (1933) have shown that adult ducks may 
sometimes harbour S . typhi-m urium or S. enterit?:dis , and that breed
ing birds with diseased ovaries are !liable to lay infected eggs, which 
often fail t o hatch; should the infected eggs hatch an epizooti c of 
p aratyphoid will probably occur among th e newly-hat ch ed birds . 
In th is disease, therefore, as in Bacillary \ Vhite Diarrhoea, the 
infecting agent is transmitted from the adult bird through the egg 
to its progeny. The presence of Salmonellas in the eggs laid by 
infected birds was demonstrated by these workers. Moreover , those 
clucks which laid eggs infected with either t yP'hi -mu1·ium or enteri
tidis produced the corresponding agglutinins in their sera, and , as 
with pullorum infect ed hens, they could usually be detected by means 
of a serological test. 'Varrack and Dalling noticed that the eggs 
laid were infected only wh en the titre of t he affected bird was high , 
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an<l t h e agglu tina tion t i t r e of t he ser a obtain ed from reactors dropp ed 
:onsidera bly <lu ring the course of the laying season. In t h e ou tbr eak 
m vestig ated by }lr;Gaug hey, seYeral deaths occuned among adult 
clucks during t h e course of m outh s. T h e liver and ovar y of one b inl, 
which sh owed lesions r e,;em bli ng those of pdlorum. disease, y ielded 
enteritidis on r;ulture . 

But healthy ducklings m ay acquire t h e infect ion from out"ide 
sources, e .g . infede d eggs lllay int r oduce the infection in to t he 
incubator and so produce t h e disease in subseq uent h at chings . More
over, the infect ion m ay also be picked u p from contaminated soil, 
food or water. 

Scott (1910) r;onsidered that eggs may be resp onsible for many 
myster ious r;ases of Sal monella foo d-poisonin g in which none of t he 
common urtid es ('ould he inniminated . H e men tion ed sen •n ou t 
brea ks wher e cluck eggs " ·en • ;;nsp ected , but n ot proved , t o be t h e 
: :w ,;e _of t h e <liseast>, and h e allud e <1 t o a m OJI(>gr aph of L ecof) (190G) 
m wh1ch severa l ou t breaks of hacter ial food-po i ~onill g d ue t o whipped 
c~eam were described ; bot h <hick all d h en eggs were u sed as in g r e
cllen ts of the whipped rream . B y dippi ng h<·sh eg·gs in to a .. ultu ,·e 
of tyzJh i- mw·imn., Scott sho 1n~d that in fection mi g- ht pass through 
th e ::;h ell, provided lhe eggs were l;ept in th e wom for at least t wo 
weeb; both y olk and alb umen be<' a llle in fecl t•d . But h e foun rl th a t 
part of t h e Hh ell must relllain moist for t he p enetr ation of t he 
bacteria ; i f t h e ('ulture " ·as allo\n~ d t o tlr:-· on th e sl1 ell , in fection 
failed. T he haderi ci<lal action of fresh albumen preven ted g rowth , 
but , as th e eggs became st ale, t h e multiplication of t h e Sa lm onella 
\Yas marked a nd t h e eggs became had l~· in fected . The in fec t erl eggs 
sh owed no ou t ward ::;ign of iu fection and mi ght h ave b(\en mist aken 
fo r n orm a l eggs. 

L ater Scott ( 19~~2) described three \lirlely-separated outbreaks of 
acute gastro-enteritis in m an due to eggs infected \l·ith t yphi-m 1lriwn; 
th er e 'IYas one death . Th e organisms \YP re r e('over etl from t h e st ool s 
of a number of patien ts and fro m t h e organ s of one. D uck eggs, fried 
and ra 1Y , were impu ted and t he Slbpicion '"a" confirme<l by t he d is
covery of typJ, .,:-mu?'itl?n infeded eggs f1 om t he con espnn<lin g- flocks . 
rrhe i nfed ed bi rds wer e r ecognised by m eans of serolog ical tests and 
typhi-1nurium: \Yas isolat·etl f ro m t he splee n, o1·ary, ovidu d a JHI iu te,;
tin es of ,;ome of t h e reactors. 

Sill('P tb e disr;overy by Scott :mel ] )ailing an<l vV:nrack of t he 
tran smission of S almonella in fection by mean s of ll uck eggs several 
cases h ave been r en•alecl wherl' foods ('Ont aining in fected du ck egg s 
as ingre<lients h ave been incr imin ated as r eRpon si ble for outbreak s 
of food-p oisoning in man . T hus, F romm e (1.933) and vV il lfi.i hr, 
From m e an d B runs (19~n) d e~;nibed 25 out breaks of g as tro-enteritis 
in Germany , t r aced to duck eggs infect ed either wit h t yphi -murium 
or cnterdidis ; t he re \Yere 143 ('a ses and 2 draths . In t hree of t h e 
outbreaks S almonellas we re di~ ('OYe recl in th e foocl , and in on e it was 
possi ble to isolate typ ln- nW7'i?nn. from t h e faeces of t wo du cks and 
fro1n th e egg-shells of an oth er. F m t.h and Klein (1 833) l'PCorded t wo 
epi;wotics of food-po isoning in larg e h omes cau sed by vanilla puddin g 
an d pota to sala d containing dmk eggs as ing r edient s ; altogeth er 140 
case~ were in volved. In on e outb reak t yph'i-rnu.1"iurn, a nd in t he 
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other Gaertner bacilli, were isolated from the stools o£ the pat ients . 
The faeces of some of t he ducks, from which the eggs for one of t h e 
establishments originated, yielded aertryclce on cultivation, but th e 
examination of the contents of over a hunclr·ed eggs from a su spected 
flock failed to yield Salmonellas . 'l'hese organisms were, however, 
obtained from the shells of three of t he eggs examined. It was, 
t herefore, thought that the infection was produced by the bacteria 
present on the shells. :?\fUller and Rondenkircken (1933), on t he 
other hand, obtained Gaertne1• bacilli in pure culture from the con
tents of the r emainder of a consignment of dnck eggs, some of whit·h 
had been used in the raw state for a potato sa lad allll were responsible 
for an outbreak of food-poisoning. 

On investigating the cause of an epizootic 0£ gastro-enteritis 
among a number of g uests at a wedding party on a farm in Germany, 
}fieszner and K oser found that all the pat ients had partaken of a 
pudding made from cluck eggs. From th e ovaries of two clucks owned 
by the host, from an egg laid by one and from the faeces of another, 
typhi-m.urium was isolated. During the period 1931 to 1934 Bruns 
and Fromme (1934) studied 50 outbreaks of food-poisoning in Western 
Germany caused by foods containing cluck eggs, prepared mostly in 
the form of mayonnaise . 'l'h ere were 253 cases and G death s, and 
either typhi-mrurium. or enteritid,is was incriminated. Zeug (1935) 
also drew attention to the incr easing prevalence of food-poisoning in 
the industrial areas of W estern Germany clue to foods prepared from 
duck eggs; mayonnaise, potato salads, puddings and H ackfleisch were 
most frequently responsible. Typhi-murivm. was regarded as the 
chief cause. Zeug has pointed out that, al though no definite clinical 
symptoms may be observed in the birds that lay infected eggs, egg
laying gen erally decr eases, and pathological changes develop in the 
ovaries and oviducts. Sahnonellas are usually preseut in these 
lesions, from which they find their way into the interior of the egg. 
Hut i nfection sometimes occurs by contamination of the egg-sh ell 
with infected faeces. As shown by Scott (1930-'V1:de sup1·n), Salmo
nellas may pen etrate through the shell into the interior of the egg, 
under certain conditions. If the sh ell-contaminated eggs are soon 
cooked , no harm is likely to result; hut should they he kept for some 
time, serious infection may follow their use. The heating to which 
eggs are generally subj ected is not enough to destroy th e organi sms 
present in an infected egg. After 5~ minutes boiling infected eggs 
may still contain live organisms, but 6 minutes boiling is usually 
sufficient to kill all the bacteria . 

Claren burg and Pot (1935) a lso describe a a severe outbreak of 
gastro-enteritis in 4 f amilies, involving 9 persons . Symptoms o£ 
diarrhoea, vomiting and fever appeared soon after the people had 
eaten cream puffs supplied by the same baker. Typhi -mru1"ium. was 
isolated from t he cream puffs, and from the stools and urine of some 
of the patients . Duck eggs were used as ingredients of the puffs, 
hut all t h e eggs examined from the suspected ducks gave negative 
results. for Salmonella. Six of t he clucks, however, gave positive 
t:erolOg'lCall tests f,or t y ph1:-?nuri11,m, ann this organism Wfl S isolated 
from the faeces of one. When the r eact ing clucks were killed , they 
showed lesions of chronic oophoritis, an cl from the ovaries of two of 
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them typh£-m,uTium was obtained in pure culture. Similar bad eria 
"·e1·e a lso isolated from apparent ly normal looki ng- yolks p resen t iu 
t h e ovaries. 

Recentl.v epizootics in clucks, due t o infection with either 
(;.a crtneT or tyzJhi-mU1·ium, haYe been obsen ed fa irly frequ ently in 
Holland, where the ;lisease h as been studied by a numlJel· of investi
gaLors , e,;pecially Jan::;en (1934a, 1934b, 193:) , UJ36). In a Yirulent 
outbreak among young ducklings ·with lesions of enteri tis and 
s" ·elling of the liver, he isolated enterlhchs bac-iHi of the ~fosc<m 
type fro nt t he internal organs of afi'P<·ted hircl s. By te:sting a 1mmbe1· 
of suspeded binls SProlog-ically , h e found a few affeded ,,·ith 
oop hor iii ~ i n " ·hich t h e 1·eaction was negative, though in ,;ome 
puNitive cast•s thel'e w:ts no eviden ce of oophorjtis . G ener:t lly , ho11·
ever , t he OYary was afled e<l '"hen r. posi t i 1·e J"eaci ion had been 
obtained. 

Jall sen l1 as nlso noticed that a l:lrge pern·ntag-e of ovary-in fectt•<l 
ducks lay infected eggs, which frequent ly c-ause epizootics of 
panttyphoicl among ne"'ly hatch ed du cklings. But h e has also 
recorded a number of outbreaks i n young binls wh ere the eggs 
could not be incrirn:inat erl . 

In five outb1·eaks studied by Jansen in ] 93G, three " ere foulHl 
to be due to ente1'itid·£s var . E ssen, one to ty phi-7nuTi·um and one to 
a mixture of the two organisms. In the l a Her case tyzJhi-muri?.t?n 
"'<I S obtained from the head-blood, liYer and yolk of the young birds, 
while a small percentage of t he a·dults was infected \Yith essen as 
well as typln-mv.Tium . 

Th e importance of Sa lmon ella infection in both duck::; and geese 
in Germany was also emphasised by Lerche (193G), who found 5 · 7 
p er cen t. of the duck 's eggs offer ed for sale to be infected. H e 
described an outbreak of food-poisoning in a family that had eaten 
fri<~d ducks eggs . Typhi-17111Tiv.m wn s isolate<l hom the stools of t hP 
p atien ts anrl from t h f) eggs . 

I haYe not had a n oppor tunity of studyi ng ,<.:.almunelln in fection 
of duds in Sout h Africa, but in ] 931 Dunning (1934) im·estigated 
a virulent epizootic of d11 r lding8 in t he Cape P eninsula. At least 
50 per cent. of a flock of 2 ,000 bi rds di ed at ages var ying from G 
to 23 cl ays . "Keel " disease ,,·as tentatin·l.Y diagnosed. Fourteen 
newly hatched duckli ugs taken from the infected farm were renwvecl 
to fresh , clean premises and kept uucler ob~Prvation. All dierl from 
5 to 29 days after h atch ing. A bacillus obtaitw.'l. in pure culture 
from the organs of affected birds was t·ested bi oC"h emicall.v an d wac 
found to react like S . enteritidis . The evi<l ence collected b1 
Dunning- suggested that th e eggs were in fPcte<l at th e t ime t h e)· 
were placed in the in cubator. 

Early in 1932 Coles also inYestigated a Yirulent epizoot ic of 
ducklings in the 'I'ransvaal , and isolated a Gram-nega t ive, noll
la ctose fermenting bacterium from the affected bi rds . Fermen tat ion 
test s carried ou t wi th this organism r esembl ed those obtained with 
t yph i-111 uriu:m. 
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As the cul tures made from t he orgamsms isolated from both 
,mtbreaks wer e discarded , serological tests could not be performed. 

(5) TmumYs . 

About 45 years ag o hlacFadyean (1890) described a disease i n 
t urkeys which h e called " e pi<~ootic pneuma-pericarditis " . The 
organism obtained by ii'IncFadyean from the heart -blood, sp'leeu and 
pericardium is probably a S almonella, an·d the outbreak of " pneuma
pericarditis " causetl by it is th e first r ecord of paratyphoicl a mong 
tm·keys. 'l'h e etiology of the disease " pneumo-enteritis ", describetl 
by DoJd (1905), is l ess appare nt. The organism incriminated was a 
non-motile bacterium of the " fmd-eholen1 " type, ob tained in 
pure culture from the heaJt-blood and lungs. In South Africa, 
Jowett (HJU8) investigated a highly fatal disease in tur keys, which 
l1 e a lso called " pneumo-periearditis " after t he conditio n 
described by :JtfacFadyean. Cultures of the organism isolated from 
th e h eart-blood and peri(:anlial flu id proved to be pa t hogenic for 
t urkeys and guinea-pigs, bu t not for fmd s. It is hi ghly probable 
t hat Jowett w:1 s a lso dealin g with nn ou tbr eak of pamtyphoid. 
H owever, t he first authentic r ecord of an epizootic in t mkeys, in 
\\·hich a Salmonella was r ecognit>ed as the causal agen t , is t h at of 
Pfaff (1921). A pure cultme of a paratyphoid-like organism was 
isolated h om the heart-blood and pericardial fluid of diseased binls. 
Cultures of thi:o; bacterium proved to be pathogenic for turkeys and 
l'eYera'l small laboratory anim als . 

L ater, several oth er inYestigators studied outbreaks of para
typhoid in turkeys . R ettger, Plastridge a nd Cameron (1933) 
investigated outbrea ks of r ecurrent deaths among young poults on 
t \YO differ en t farms; the gr eatest losses occurred among birds t h a t 
were less th an 10 clays old, but deaths " ·ere also observed as late 
as G weeks after hatchi ng. A pure ('Ul ture of typhi-murium was 
obtained from the heart-blood an·d internal organs and it was thought 
t ha t the unhygienic co nclitions 11ucler whieh the birds were kept 
on t he one farm a('counted for t he ease with which t he cli seaFP 
becam e esbbli , hed . 

Aeconling to L ee, l::Iolm awl }funay (193(i) no serious losses 
\\·e re known to occur in t u r keys i n the State of lowa p1·ior to 1934. 
ln :May of th<1t year a very virul ent disease, with a mortality of 
over UO per cen t ., appe:U"ed in young poults under 5 weeks ol d . 
A pure culture of typh i-murium was obtained from th e h eart-bloocl 
;, nd int ernal org-an s of atled.ecl birds. :More J·ecent ly Cl1 errington 
U ildow a nd } 1 oore (1937) inYestig-atecl four outbreaks of typhi 
nwriu m in fection among poults in widely separated areas . In tbree 
of the outbrea h the disease appeared before the birds were a week 
old , sugge,;ting- th at the infection was probably transmitted , like 
pullonm~ disease, from infected hens t hrough the eggs to the poults . 
A larg-e pPr centage of the h ens th at produced diseased poults gave 
positive agglutination r eactions wi th typhi-mu1·ium. 'rhere was a 
mortality of over 80 per cent . among the poults under 10 clays of 
age. In one ou tbreak typhi-mur£um was isolated from some dead
i n-t h e-sh ells poults, antl in another from the ovaries and :~-o l k 
of some of the reacting h ens; in some cases, however, no organisms 
could be cultivated from the abnormal ovar ies of reacting hens . 
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But outbreaks of paratyphoid in turkeys may be caused by 
Salmonellas other than typhi-mun:um. Edwards (1937) has describe(l 
an epizootic in poults clue to S . senftenbe1'()) the fi st record in which 
this organism has been incriminated as the cause of an animal 
disease. Moreover, infection of turkeys with S. gallinarum is 
comparatively frequent. Two of the 149 outbreaks cause·;! by this 
hacteri urn and reeordecl b~r me (vide 1:nfm) in vo1l vecl turkeys on 1 y . 

(6) FowLs. 

Virulent epizootics, like fowl-typhoid and bacillary white 
diarrhoea, are so common in gallinaceous birds that it is quite 
possible that some outbreaks due to other types of Salmonella have 
been mistaken for these diseases . In many o1itbreaks of paratyphoid 
the scourge affects only very young birds in the same way as 
putlorum disease attacks eggs laid by infected hens, while in other 
epizootics older birds also suffer severely, and the disease resembles 
fowl typhoid. The nature of the malady is revealed only wh en a 
careful bacteriological examination of the dead birds is made. 

One of the first records of a disea~e that t·mt he interpreted as 
paratyphoid in fowls is the description by Mazza (1899) of an 
epizootic among these birds in Italy. A motile, non-indol forming, 
glueose fermenting organism obtained from the internal organs was 
foun;l to be pathogenic for fowls and pigeons, but not for ra hbits. 

But there are very few early descript ions of paratyphoid in 
fowls, probably on ac(~ount of the marked resistance of adult birrls 
to infection . Reinholdt (1912) and others have tried to infect fowls, 
geese, ducks and pigeons with enteritid1:s and paratyphoir;l-TJ (tyrhi
rnurium?) both parenterally and p er os; fowls proved to be the 
most resistant. Pfeiler and Rehse (1913) also found that fowls were 
not very susceptible to paratyphoid infection. They studie·;l the 
outbr eak on a farm of a chronic disease which occurred enzooticallv 
with a few deaths reported from time to time and recovered n 
bacterium from the internal organs of affected birds which t hey 
placed in the Paratyphus-B group . N evertheless, although adult 
fowls may not be verj' susceptible to natural or artificial infection 
with certain types of Salmonella, numbers of very virulent out
breaks of paratyphoid in r hickens are reported periodically. 'l'h us 
Spray and Doyle (1921) found that outbreaks of a very destructive 
·disease in newly hatched chicks (2 to 4 clays old) may be caused by 
organisms of the paratyphoid-B group, as well as by S. pullor1tm. 
Edwards (1929) investigated an epizootic affecting over 2,000 very 
young chieli·s with a mortality rate of about 25 per cent. S. ]J111101'vm 
could not be detected in any of .the birds examined, but there was a 
mixed infection of typhi-mU?·ium and anatum associated partly with 
coccidiosis. By means of serological tests and post mortem exam ina
tions , no carriers could be detected in either the breeding stock 
or in the survivors. 

L ater five separate outbreaks of paratyphoid in birds were 
recorded by llfcGaughey (1932) . Of these three occurred in chicks, 
one in adult fowls and one in ducks . In one of the chicken 
epizootics typhi-mn'fium was obtained from the heart-blood and 
internal organs of the dead birds; in another <mtbreak a non-motile 
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strain of the typhi-mu1·iU?n Paratyphi-B group " ·as isolated from 
the carcasses, while enterit1:dis was recovered from the t hird group 
of chickens. The disease in t he adult fowls caused a large number 
of sudden deaths . McGaughey isolated typhi-nw1·ium from the 
internal organs of one bird and pu,llorum from another. In t he 
outbreak affecting the ducks several deaths occurred during the 
course of a few months. The ovary of one of the dur;ks examined 
resembled that. of a case infected with pullorum, and S. enteritidis 
was obtained from its liver ami ovary. It was stated above that 
Jansen (1936) isolated ente1·itid·is vM. Essen from the organs of 
diseased ducks, and also from the yolk sac of chiekens that had 
been living in close association with ducks. 

During the course of t he routine diagnosis of chick d isease, 
J ungherr and Borden (1934) encountered 5 cases of paratyphoid 
infection. In two of these the cau sal agent was found to be typhi
mur·ium var. storrs, in two atypical strains of cholerae-suis , and in 
one an atypical strain of L2. 

Iu spring of 1936 Schalm (1937) investigated a pullo.,.um -like 
zlisease that affected several batches of chicks on a Californian farm. 
The breeding stock had been healthy for a number of years and the 
farm was free from bacillary white diarrhoea, but deaths were 
reported in the chicks sold to five different farmers, and a bout 40 
per cent. losses were sustained in 4 to 10 days old birds. Typhi
?nUT'iUJn was isolated from the h eart-blood and organs, and chilling 
during shipment was considered to be a predisposing cause . The 
chicks that remained on the breeder' s farm developed an apparently 
chronic form of the disease which affected fewer and much older 
),i.rds . It was though t that infection of the chickens on the farm 
took place in the Incubator after hatching by means of bacteria 
present in the faecal matter on the surface of tne egg shells . 
Schalm could not infect 4-clay old chickens either by feeding or by 
intravenous inoculations of cultures of typhi-?m.trium. 

According to Emmel (1936) different species of Salmonella may 
occur as facultative parasites in the alimentary canal of fo\vls ; by 
examining the intestinal contents of a number of fowls suffering 
from enteritis clue either to coccidiosis or to worm. infestation he 
daims to haYe isolated aertTyclce, Jla?"atyphi-A, ])(U'atyPhi -B, enteri
tidis, typh·i as well as ]Jullontm. 'rhe account published by Emmel 
does not appear to be complete; there are no records given of the 
methods used for typing th e strains, and it is not stated on what 
grounds the different strains were classified. To me it seems that 
Emmel 's claims cannot be accepted, unless ntuch more information 
is available than is pre ented in his report . 

'J'h e inr;idence of food poisoning prorlueed hv fowl' s meat is 
apparently much lower than that caused by foo·ds prepared from 
duck and goose meat and eggs. In a review of outbreaks of food
poisoning clue to bird meat, Beller (1933) discussed several cases 
where the meat of aquatic birds was incriminated; he pointed ou t 
that. fowl and pigeon meat intended for food are always well cooked 
so that food-poisoning cannot be readily set up even when the meat 
is infected. From 1923 to 1932 Meyer (1933) studied 50 outbreaks 
of food-poisoning caused b.v bird m eat . Three hundred people were 
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affected and the1·e were three deaths ; 37 of the outbreaks were due 
to goose, 3 to duck, 7 to fowl, one to partridge, one to pigeon meat 
and in one case both goose and fowl meat were incriminated. 
Although the type of Salmonella recovered was not determined in 
all outbreaks, typhi-mur1:u·m was found to be by far the most 
common; enteritid·is was incriminated in a small number of the 
cases, while " Paratyphus-B " and a newport-like organism were 
recovered from one outbreak. The bacteria were generally isolated 
either from the suspected food, or from the patients, or from both 
food and patients. As stated above, the importance of clucks a s 
carriers of Salmonella infection lies r ath er in the eggs th an in the 
m eat. 

Although S . gallinarum and S . pullorum. are generally regarded 
a ::: n on-pathogenic for man, Kauffmann (1934) h as described 
a strain of gallinarum (the Duisherg strain) which he isolated from 
the stools of patients that ·developed acute symptoms of gastro
enteritis after they had partaken of a salad. 'l'he organism resembled 
gallinarum serologically , and was pathogenic for chickens, but its 
fermentation reactions were atypical. 

Apar t from infection with gallinarum and pullorum, I have 
studied four outbreaks of Satmo·nella infection in fowls in South 
Africa. 

I. 'l'he inform ation r elating to this outbreak has been furnished 
by me in another paper (Henning, 1937). 

In 1935 a farmer at Amersfoort in the Transvaal sustained serious 
losses amongst his chickens from what appeared to be an infectious 
disease . The disease was not investigated and th e cause of the 
mortality remained unknown until t h e end of 1936, when th e malady 
reappeared and a few affected birds were sent to Onderstepoort for 
examination. An apparently pure culture, obtained by M:r. J. D. 
vV. A . Coles, head of the Poultry Disease Section, from the heart 
blood of a 7-day-olcl chick, was handed to me for identification. The 
culture was plated and a few isola ted colonies were picked. The 
cultures obtained from these were tested against various agglutinating 
ser a . It was found that th e antigenic structure of the organism 
exhibited an entirely n ew combination of antigenic components; for 
t his reason, therefore, the germ should be admitted to species rank 
in compliance with the recommendations of the Salmonella 
Sub-committee of the Nomencl:lture Commi ttee of th e International 
Society of Micro biology (1934). The name Salmonella amers.foort 
(I~e:r:ning. 1937) was given to the organism- after the place of its 
ongm. 

Morpholo.r;y and rultuml chamcter.- M:orphologically , S . 
amersfoort resembles a typical SalmonPlla, and, like it, grows readil y 
on ordinary laboratory media. It is Gram-negative and actively 
motile. Saline and thermo-agglutination tests, as weJl as t he shap e 
of individual colonies, show th::1t it is smooth . 

B iochemical chamcte1·.-S. am ers.foo1·t forms acid and ()'as in 
glucose, dl1lr ite, mannite, maltose, arabinose, rhamnose and s~rbite · 
it forms hydrogen sulphide and renders litmus milk alkaline; it doe~ 
not produre indol. 
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Fathogenicity .-S. amersfoort is pathogenie for ehickens and 
mice; U · 25 c.c. of a 24-hour-old broth eulture, given intra peri ton eally, 
kills a G-,veek-olcl chieken in 4 clays and 0 · OG c.e. kills an adult mouse 
in JG h ours . S . amersf oort was r eeovered from the heart blood and 
spleen in each e<.Hie . Bu t chidens dosed with 1 e.c. of t he viru lent 
brot h eulture relll ained apparently h ealthy. 

vVhile makiug an antigeni e au aly::;is of Sal monella amersjo01·t 
I noticed well-marked flocculation occurring between thi s organism 
and the sera of orga nisms th at are generally regard r rl as n ot even 
1 emotely r e la ted antigeni('all.\·. 

Bruce 'White (1929) de eribed three fo rms of an tige11ic variation 
oceurr in g i n th e genus :ialmonella : (1) t he " ]J . , ionn- " 0 ., fo rm 
variation of W eil a nd F elix (1920), (2) th e Smooth form- Hough 
form Yaria tion of Arkwrig h t. (1921), a nd (J) t he Rpeeifi c pbnse
non-::>pe<·ifi l· phase n ria l ion of Anrhe\H~s (1922) . La ter Kauffmann 
nnrl Mi L:;ui (HlJO) dec;r:ribecl a new type o£ phase \'ariation , i nvolv ing 
t lte specifiG ph ase · of brandenburg, dar-es-oalaam awl P otsdam ; a n<l 
i.hev call e<l t his o. - 8- Yarintion. A simila r Yari alioll ha:; been 
obs~ rYed in a number .of other types of Salmonella, vi /':. abortus-bo·u·is 
(B erna rd, 1905), !t oittin.IJfoss and oslo ('l'esrlal , 1936, 19;17), 
biszJebjrrg and t yp hi (Kauffmann , J 93Ga, 190Gb), cl1 ester and 
schleiss f,eim (Kauffmann and T esdal , 19:J7) . The ant igenic st ructure 
of t hese organisms, according to K nuJtmann and T esdal (1937), i s 
g iw n in T able 20Jl . The inagglu linahle (contai ni11 g Vi antige n) anrl 
agglntinable forms of S. t y phi descri bed by Helix nml his co-11·orker s 
(1934, 1935 , 1936) may be regarded as another i y iJe of variation. 
Kauffmaun (1935) introduced t he terms "V-fonn " and " V\T-fonn" 
to denote, respectively, t he Yariau t con taining V i-antigen and th at 
devoid of i t; while Cr aigie and B randon (1936), Brown (193G), 
8choltens and others sh o,ved t he effect of bacterioph age on th e V - vV 
cl egmda t .ion. 

Serolog y .-For th e ;;tu rly of t he nniigenic stru cture of 
• ·. amersfoo·rt, " 0 " ser a, " I-I " sp ecific and non-specific sera, and 
mi:seJ " 0 " and " II " sera , prepared against a number of repre
se nLa tive strains of Salmonella, wer e used. Sera prepar ed agai nst 
S. a llwnfoo1't were also used . The ser a and agglutinatin g s uspension ;; 
v.·ere prepa red ar.;cor ding to the m eth orl s descri l>ed above. 

Preliminary tests sho"·ed t ha t amersfooTt gave a well-marked 
fine g ra nular agglutinat ion \1·i th " 0 "ser a eonta inin g factors VI and 
YII of t he Ka uffmam1 -\Vhite schema (choleme-:;uis, newpo1't , 
]Jotsdam and others), while a distinctly coarse floccular· agglu tination 
v.·as produced not onl y \Yi th " H " sera containing fadors en or e 
(a bortus eq ui, U1'(l ll den llvT_q, z!Otsrlam, da r-rs-sala(l1n, ondrTstepoort , 
neWJ!Ort, 1·ead·ing or anatum), hut also with those con taining factor d 
(stanley, ?n1lenchen and ty]Jhi). HoweYer, a m uch stronger 
agglutinat ion was produ ced by ser a ('On taining factors en than v.-it b. 
those containing factor e but not n . 

The cu ltur e was again plated on Mason t u bes to obtain a number 
of separ ate colon ies for independent study . After 5 h ours' incubation 
a t. 37° C. broth r·ultures of t h ese coloni es '"ere t ested ngainst 
J( unzend01'/ and B inns group sera as well as against the type sera of 
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onderstepo01·t, newport, potsdam and typhi. The results are given in 
Table 15. It will be noticed that the majority of the cultures 
agg·lutinated with tyzJhi serum (factor d), a number agglutinated 
with potsdam (factors enlv), and neicport (factors eh) or 
onderstepoo1·t (factors eh) sera, a few agglutinated incompletely with 
all four sera, being apparently intermediate forms, b ut no 
agglutination whatsoever was effected with K unzendorf and Binns 
sera. 

2 

TABLE 15. 

Thirty colonies g1·own in broth jo1· 5 hours and tested against 
5 d1:jferent sera. 

No. of 
Colony. 

1- 16. 0 0 0 0 0 0- 0 0 0 0 

7-25.0 0 0 0 0-0 0 0 0 0 

6- 30.0 0 0 0 0 0 0 0 0 0 0 

++++ 
+ 
0 

Newport or 
'I'yphi Onderste- Potsdam Kunzendorf 

s. poort s. 

I 
s. 

++++ 
I 

0 0 
I 

0 ++++ ++++ I 
I 

I 
T I + + 

I 

= complete flocculation within 30 minutes. 
= partial flocculation after 1 hour. 

:10 flocculation after 18 hours. 
In headings to table s. = serum. 

s. 

0 

0 

0 

Binns 
s. 

0 

0 

I 0 

These results indicated (1) that the organism occurred only in 
the type phase and (2) that the culture used was either a mixed one 
or that it exhibited properties that have hitherto not been described 
in a member of the Salmonella group. In order to settle the matter 
of the purity of the strain, Dr. J. H. Mason kindly single .. celled fresh 
cultures derived from a colony of each of the two types-i.e. from 
one colony agglutinating only with sera made against specific factor d 
and from another that flocculated solely with the anti-sera of specific 
factors en and eh. After pllating the primary cultures obtained from 

TABLE 16A. 

Twenty-two colonies pichd from the plate seeded with growth f1'01n 
the single cell obtained from colony 1, Table 15. 

No. of Colony. Typhi Serum. 

1 tQ 21 .... 0000 0 0 0 0000 0 .. 0 .... 0 0 0 .. 0 .. 0 .... 0 .. 0 ++++ 
22 . 0 0 0 0 0. 0 0 0 0 0 0 0 0 0 0 0 0. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0. 0 
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the single cells a number Df well-isolated colonies were again picked 
into broth tubes and incubated at 37° C. for 5 hours-in order to 
reduce the lag phase in the growth the broth tubes wer e placed in 
a water-bath a t 40° C. for 10 minutes before transferring them to the 
incubator. 

Four single cells (a b c and d) obtained from colony 1, Table 16n, 
were now cultivated separately in broth and pla ted. A number of 
colonies from each plate were picked into broth, incubated and tested 
against both d and en sera . The results are given in Table 17. 

TABLE 1 6B. 

Thirty colonies picked from the plate seeded wi th the broth culture 
j1'0m. single cell of colon y 17, T able 15. · 

I 
OnderstepooTt 

No. of Colony . 'l' yphi Serum. or Potsdam Saline Control. 
Sen11U. 

I 
--

1 t o 28 . .... .. ..... . . . . . . . .... 

2 9 a nd 30 ..... . ..... . .. . ...... 

Single Cell. 

a ..... . . ... . . . . . ... ........ . . . 
a ... .. . .... .. . . . . . . ..... . .... . 
b .. ... . .. ...... .. . . . .. . . . ..... . 
b .. .. . .. ... . . .... . . .. ...... . . . . 
c ..... ..... . . ..... . . ....... . .. . 
c .... . . . .. . ... .. .. . ... . .. . .... . 
d .. . . . . ... . .. .... ...... . . . ... . 

0 

++++ 

'1.1.<\BLE 17. 

No. of Colony . 

1 to 4 .... . . . . 
5 t o 12 ... . .. . 
1 to 14 . . .... . 

15 ..... .. . . . . . 
1 to 14 . . . .. . . 

15 .......... .. 
1 t o 10 ..... . . 

++++ 
0 

1'yphi Serum . 

++++ 
0 
0 

++++ 
++++ 

0 
++++ 

++++ 
0 

complete flocculation after 30 minutes. 
no flocculation after 18 hours. 

0 

0 

Onde,-stepoort 
or Potsdam 

Serum. 

0 
++++ 
++ ++ 

0 
0 

++++ 
0 

-

Therefore, these results clearly show th at S. am ersfoort is com
posed of two distinct " H " antigenic complexes, both of which 
occur in the specified phase ; the secon d (d-) antigen , appar ently 
corresponding to the o. phase of K auffmann and Mitsui (1930), is 
agglutinated with the " H " serum of typhi and, as will be shown 
below, also with specific sera of other Salm onellas, stanley and 
m.uen chen, containing specific factor d , while the oth er component, 
the first (en.-) ant igen, apparently corresponding to t h e {3 phase of 
Kauffmann and Mitsui (1930) , is agglutinated solely with potsdam , 
onderstepoor~ , and other sera containing aglutinins for th e type 
factors en and eh (vide inj1·a) . Sera containing agglut inins for 
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factors en always give a much stronger flocculation than the anti-sera 
of factors eh. It has also been shown that single cells composed of 
either the one or other complex constantly give rise to daughter cells 
some of which resemble the parent cell antigenically, while others 
have adopted a new antigenic structure entirely ·different from that 
present in the parent. The latter daughter cells again give rise to 
offspr ing some of which resemble themse!lves, while others are like 
the parent. These mutations constantly proceed and cells containing 
either the one or other antigenic complex continually produce cells 
of both types, and neither the one nor the other type of cell has been 
found to breed entirely true. 

On single-celling the growth obtained from each of the two types 
of colonies serially three successive times, both variants constantly 
appear in the cultures arising from the single cells. 

The purity of the culture is therefore beyond dispute; it is the 
property of the bacterium of giving rise to two distinct types of 
variants in the specific phase that is responsible for the uncommon 
behaviour of the culture. The organism apparently does not occur in 
the non-specific phase. 

" 0 " aggltttination.-Cross-agglutination tests were carried out 
with the h eat-stable " 0 " antigens and " 0 " sera of the different 
Salmonella type of the Kauffmann-White schema; also with S. 
aberdeen (Smith, 1934), S. poonae (Bridges and Scott, 1935) and S. 
understepoort (Henning, 1936) . The reactions are given in T'ahle 18. 

TABLE 18.-" 0" Agglutination. 

"0 "-ANTIOE~. 

Amers-

I 
Potsdam. l lvhtenchen ·I Onderste- I Branden-

Joort. poort. burg. 

I 
UNABSORBED SEUA-

Amersfoort s .... . ... . ... .. 800 800 200 100 0 
Potsdam s ........ . ....... 800 800 - - -
Muenchen s . .......... . . .. 200 - 1,600 - -
Brandenburg s . . ........ . .. 0 - - - 1,600 
Ornlerstepoort s ....... . . ... 50 - - 800 -

ABSORBED SERA-
Amersfoort s.a.b. Amersfoort 0 0 - - -
Amersfoort s.a.b. Potsdam .. 0 0 - - -
Amersfoort s.a.b. Muenchen. 200 - 0 - -
Amersfoort s.a. b. Branden· 

burg . .. ...... .. . ....... 800 - - - 0 
Potsdam s.a.b. Potsdam .... 0 0 - - -
Potsdam s.a.b. Arnersfoort .. 0 0 - -

I 

-
Muenchen s.a.b. Arnersfoort. 0 - 800 - -

0 = Jess than l : 50. -= not tested. 
In this table s. = serum; s.a.b. = serum a.bsorbed by. 
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The results show that anw rsf oort " 0 " as well as zJotsdam " 0 " 
sera are completely exhausted for t he homologous " 0 " antigen by 
mnersf oort . In the same way both ser a are exhausted by potsdam. 
'l'he somatic " 0 " antigen of mnasjoo1·t must, therefore, be regarded 
as identical with that of potsdam-, i. e., i t is com posed of factors V I , 
VII. 

" H " agglut·ination.-Flocculation, approximately equivalent 
in titre to t hat produced ' vith the homologous antigen, was obtained 
with the specific sera of abortus equ·i, potsdam., brandenbu1·g, da1'-es
salaam, muenchen and typhi, but a much weaker agglutination 
resulted when the tyPe of serum of onderstepoort, newport, reachng 
or anatum was used for the test . In the same way am.ersf oort " H " 
serum agglutinated the specific antigens of abo1·t1ts equi, potsdam, 
b1·andenhurg, dar-es-salaa rn, stanley, muenchen and typhi almost up 
to full titre, while its titre for type antigens containing factors eh 
was much lower. 

On absorbing amersfoort ' H " serum Vi7ith the specific phase of 
either potsdam (factor s enlv) , brandenb1t1·g (factors enlv ) or rlm·-es
salamn (factors enlw) t h e titre of the serum for one of t he homologous 
specific antigens (en-), (3 phase, was reduced from 6,400 to approxi
mately 800, while t h e t itre for the other homologous specific antigen 
(rl-), a phase, as well as for stan ley, muenchen and typhi (factor d) 
remained unaltered . When abortus equi (factors enx) was used for 
the absorption, the 1·eduction in titre for t h e homologous en antigen 
((3 phase) was almost complete, but still no noticeable decrease in 
agglu t inins for t he homologous d antigen (a phase) was effected; a 
small r esidue, however , remained which caused an incomplete agglu
tination with the en-variant ((3 phase) of am.ersjoo1·t. The cause of 
this flocculation is discussed below. 

On th e other h and, when amers/ oort " H " serum was absorbed 
with either stanley , mruench en or typh:i (factor d) most of th e agglu
t inins for t he one variant (d-) a phase, of amersfoort were removed, 
while the t i tre for the other homologous antigen (en-) (3 phase, 
remained unaltered (T able 19). 

When either potsdam or brandenburg serum was absorbed with 
amers/oort, all agglutinins for amersfoort were r emoved, but the titre 
of the serum for panam a (factors Z·v) and london (factors l11) was not 
affected. Moreover , the treated serum still agglut inated th e 
homologous antigen although the flocculation was incomplete and the 
fluid remained turbid, due, no doubt, to t h e persistence of l·v 
agglut inins in the serum. Dm·-es-salaam serum behaved in 
practically th e sam e way, but amM·sjo01·t is apparently capable of 
removing all the agglut inins for the homologous an tigen from 
abortus-equi serum. 

On absorbing either stanley, muenchen or typhi serum with 
amers/ oort, most of t he agglutinins for the homologous " H " 
specific antigen were exhausted, muenchen serum being exhausted 
much more completely than either stanley or typhi serum, while all 
th e agglut inins for the second variant of amersjo01·t (factor d- ) were 
removed. 
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ANTIGENIC STRUCTURE OF SALMONELLAS. 

Discussion. 

'fhese results show that Salmonella amersfoort contains two 
distinct antigenic complexes, the oue, {3 phase, corresponding to 
factors en of abortus-equi, potsdam, brandenbu1·g and dar-es-salaam 
plus an additional factor, part of which apparently corresponds to 
factor .v of abortus-equi; the other complex, a phase, coincides largely 
with factor d of stanley, nwenchen and typhi. The additional factor 
is probably responsible for the r esidue of agglutinins left for the first 
(en -) .antigen, {3 phase, after absorbing amersjo01·t serum with 
potsdam, b1·andenburg or dar-es-salaam; but, although factor .1· of 
abortus-equi apparently forms a part of this additional factor, there 
may be another component which is not present in abortus-equi . 'l'he 
fact that amersfoort exhausts all agglu t inins from abortus-equi serum 
for itself as well as for the homologous specific antigen indicates that 
amersfoort contains all the specific antigenic components of 
abortus-equi, i.e. factors en.x ; but since abortus-equi fails to exh aust 
amersj oo1·t serum completely for the homologous first (en-) antigen it 
i~ possilYle that this antigen of mners/ oort contains a minor factor in 
addition to the en .v of abortus-equi. 

After absorbing amersfoort serum with either stan ley, muenchen 
or typhi, a small residue is left which still agglutinates the homo
logous second (d-) antigen, a phase, but not the specific antigen 
(:factor d) of eith er stanley, muenchen or typhi. It is not quite clear 
to what this residue can be ascribed; whether it should be regarded 
as an extra factor in the second (d-) antigen, a phase, in addition to 
factor d of stanley, muenchen and typhi, or whether it can be 
attributed to a trace of the first (en-) antigen, {3 phase, present in 
the emulsion of the second (d-) antigen, a phase, of amersfoort used 
for the test, is not certain. If the latter explanation holds it is 
li kely that the agglutination occurring in ame1'Sfoort serum absorbed 
with aborhts-equi is likewise due to an overflow of the second (d-) 
antigen, a phase, in the emulsion of the first (en -) antigen, {3 phase, 
of amersfoort. 

N either abortus-equ·i, ]Jotsdam, brandenburg , nor dar-es-salaam 
effected any reduction in th e t itre of amersjoo1·t serum for the homo
logous second (d-) antigenic complex, a phase, or for th e type phases 
of stanley, muenchen and typhi. In the same way n either stanley, 
m1tenchen nor typhi absorbed an appreciable amount of agglutinins 
from amet·sfoort serum for the homologous first (en-) antigen, {3 phase, 
or for abortus-equi, potsdam, b1·andenburg and dar-es-salaam. 

When potsdam serum was absorbed by ame1·sjoort all 
agglut inins for both amet·sfoort and abortus-equi were completely 
exh austed, but flocculation to nearly full titre was still effected with 
the specific phases of potsdam, brandenburg, panama and london. 
On r eabsorbing the part ly absorbed potsdam, serum with ]Janama 
(factors lv) no appreciable agglutination resulted when specific 
antigens of potsdam, brandenburg, panama and london were used. 
Amersfoort, therefore, removed only the agglutinins of factors en 
from the J!Otsdam serum, leaving the agglutinins of factors l1: to the 
absorbed by panama. 
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The fact that mneTsjooTt almost completely exhausted muenchen 
serum for the homologous ;;pecific antigen suggests that the second 
(d-) factor, a phase, is similar to t h e specific phase (factor d) of 
muenchen; the small residues of agglutinins left in stanley and 
ty7Jh'i sera for thei1· h omologous speeific antigens after absorption with 
ame1·sjoo1·t cannot be explained at present. 

Su'mmm·y and C oncl11 sious. 

A ne;y type of Pathogeuie Salmonella for the fmd h as been 
described. Its somatic " 0 " antigen corresponds v;·ith factors VI, 
VII of potsdam. It occurs only in the specific phase, but its 
flagellar " H " antigen eon tains at least t"·o distinct and separate 
antigenie complexes, \Yhich rommonly occur in organisms that are 
not even remotely related. The one c-omplex (the first, en-, antigen, 
(3 phase of Kauffmann -and l!Iit::;ni) contain :o factors en,v, which 
represent also the fartors of the specific p hase of a/J01'tus-eq1ti. 'rhe 
other complex (the second, d-, antigen, a phase of Kauffmann and 
Mitsui) routains fador d, whirh romprises the type phase of stanley, 
muench en and tyz1h i . 

Single cells eontainiug factors enx, on multiplying, constantly 
yield variants containing factor d as \Yell as offspring that retain 
antigenic complex en,'V. In the same way single cells containing 
apparently only specific factor d will bring forth new cells, most 
of which retain the parental antigenic structure, but a small 
proportion of the progeny will acquire specific factors en,'IJ instead 
of d. 

vVhen a broth eult.ure of ame1·sjo01't in either t he en,'IJ or d phase 
and in an apparently pure fonn, is u sed for the preparation of sera, 
agglutinins of approximately the same titre for both variants are 
produced in th e sera. The purity of the phase culture must be 
jurlged by the agglutin ation test, using heterologous sera which 
contain agglutinins either against factors en,'IJ or d. 

As a rewlt of t he information giYen above the follo,Ying antigenic 
structure is proposed for Salmonella ame1'sfom·t: 

Soma tie " 0 " antigen-VI, YII . 
F lagellar " H ,. antigen- -

(1) a phase of Kauffmauu aucl Mitsui- d-
(2) (3 phasse of Kauffmann and Mitsui-en,1: . 

II. During the course of 1937 an outbreak of a fatal disease 
occurred among a group of arlult fm-ds on a farm near Onderstepoort. 
'l'he symptoms an cl lesions presen tecl \Yere inrlistinguisha ble from 
those of au orclinnry virulent outheal' of fowl typhoid. The disease 
was investigated by my colleague, l\Ir. ,T . D . \V . .A. Coles, \Yho made 
spleen cultures on agar from three birds; the cultures were handed 
to me for identification and I spread seed material from each culture 
on to MaeConkey'R bile-salt r~gar in MaRon tubeR . .After 24 hours' 
incubation both small and large non-lactose fermenting colonies 
appeared in tv;·o of the )fason tubes. Some of these rolonies were 
picked and mixed sepandely with drops of a gailinannn serum 
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ANTIGENIC STRUCTURE OF SALMONELLAS . 

dilution on glass slides . All the small colonies tested were readily 
agglutinated by the gallinm·~vrn serum, but all the large colonies 
failed to react with this serum. A pure culture of the small colonies 
was obtained and labelled c~tltu1·e 360. SeYeral of the large colonies 
were no'" tested against various '' 0 '' , type an cl group sera. No 
agglutination, whatsoever occurred with any group serum, but some 
of the colonies flocculated when mixed '"ith typhi and stanley type 
sera, while others were agglutinated by type sera containing 
factors en.'V, enl1;, enlw and eh (abortus-eq1u:, potsdmn, dar-es-salaam, 
onde1'Stepo01't). AH the oolonies tested were agglutinated by " 0 " 
sera containing factors YI, VII ( cholerae-suis , ]Jotsdam). }ioreover, 
all the colonies tested were flocculated by ameTS/oort " 0 " a nd " I-I " 
mixed sera (factor::; YI, YII and cl- enx). lt appeared, th er efore , 
from these preliminary tests that the organisms from the large 
colonies, labelled cult1t1'e 359, "·ere related to ame1'Sjoort, and a 
rabbit " ·as inununised for the production of antiserum. 

vVhen culture 359 was plated so as to give several well separated 
single colonies, like amC7·sfoort, some of these were found to 
agglutinate only with a type serum containing factors en.v, enlv, 
enlw or eh (abo1·tus-equi, potsdmn, dm·-es-salamn or reading), while 
other s were flocculated only by type sera containing factor d (typhi, 
stanley and nwenchen) . In order to make sure that th e culture useJ 
was unquestionably pme it was single-celled . lt was found that the 
single-cell obtained from the colony that was agglubnated by type 
sera containing factors en.v etc. produced daughter organisms which, 
on sub-cultivation, gave r ise to colonies some of \Yhich aggluti11ated 
with enx sera , while others (about 12 per cent.) " ·er e agglutinated 
by type sera containing factor d. ~Ioreover, the single-cell procured 
from the colon:'i' that " ·as fl.oceu lated by type sem containing factor 
d yielded bacilli, which on s u b-enlti Yation produced colonies 
occurring in both the phases ( d and enx). Some of the colonies 
(a bout 90 per cent. ) \\~ere agglutinated only by sera eontaining 
factor d, while a smaller number were agglutinated by type sera . 
containing factors enx, enlv, enltr or eh. The bacilli of culture 
359, therefore, also occurred in t 1Yo specific phases, t he a and (3 
phases of K auffmann and Mitsui (1930), the organisms which 
oceurred in the o:1e phase constantly dissociating into bacilli which 
were present in both phases . As the organism occurred only in the 
specific phase the dissociation was confined to that phase ; non
specific variants were not encountered at any time. 

In order to settle the identity of culture 359, agglutination and 
nbsorption iw;ts were canied out as shown in Tabl e 20 .. \. .\fter 
absorption tests had been performed with ame1·sjoo1't th e identity 
of the strain was determined, and no further tests were performed. 

'l'he r esults of Table 20A shm1 thnt mners.foort absorl:ed nll the 
agglutinins (" 0 ", " I-I " d-type and " I-I " en.v type) from the 
homologous serum as well as from 359 serum; on the other hand, 
359 completely exhausted both its own serum and arnersfoort serum. 
A.me1'S foort (culture 336) and culture 359 should, therefore, be 
regarded as identical. But the original amersfoort (culture 336), 
was obtained in pure culture from dead chickens during a virulent 
outbreak of a septicaemic disease in very young chickens at 
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Amer~foorl . while the present ~tl':\ in, culture :{)9, ,,-;\,; i,-ob tecl i n 
C'onjundion " ·ith .r;al1171111'lllll ( rldl' Inf ra ) bom achtlt tOIYI:< sufte l'in g 
frm11 :1 fo11 l l_qJ iwid- like dise:\"e - In the epizooti t· cli,.:eu,;,;ed alJOYe 
( I) :mel ill my }Jl'eYion,; paper (I-lt·nning. l ~J:l l ) , om ers/oo rt :j:l(i 11·a,; 
: l pp:ll'e n il~- the sole e·:1u,;e• eJf tiu• nlnl·blii.l· in till' c·hi cb; lnd in the· 
pt·e~e·nt outbrl-':lk it i,; 11 ot c1uite d~·: 1t ' ,,-lll' lher cunersfoort :Jo!J o t· 
.'}llllinann11 3(50 ,,·as t he primar .1· e·au~e of the di~ease. The probabi 
lit,v i ,; that wdl inmulll :)(jQ \\·as the nwre important etiolog·it·al ag'l'ni . 
:1!ld t lwt .'/1/INsfoorl :~.-1 1 ! g·;\ in eel a elm i,.,sion inio the hud.1· nher ih 
n·~ist-a nee ltacl bPen lome" red b.~ - fc)\d i~·p b oicl. 

:\nt i ~('Jl. 

.rl mer . ..,foorl n () ' l 
-~ llter.sfoorl " H ,. cl (rt). 
.-1 mersfoort .. H. " en (}) ... 

:!.)9- " (J " ... 
:~.>9-" H " (a ) . 
;{,-,!J-PJ/ (}) '' .. . .. . ' . ' ' . . '•' ' 

T.l llLJ-: :2 () \ . 

.I lt1Pr8- .-I mer .... ·- :3.)!) 

foMI f oorl . I il l fl r8- ~cn1rn :l.-·!1 
:l:Hi :l:J(i foorl .\ b~or- :--len 1m 

~t' l'lllll Sl'rllllt ;j:Jii bed .-\hsor-
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1\'lten·as t h e· m·g';mi ,n~,; compns1 n g- am c rsfuu J·t t·ultult' ;:):)9 II' C'l'l 
motile, those of cult1n-e JG(J , obtained from the sm:ill (·olonit>s , IY ere 
non-motile. ( 'uliltre 3fi0 \\·a,; t e~tP cl. tiH'lC·forr , hot h ~rml og-ic·all.1 
:1 nd h.1· ll1l';!Jl ,~ of fel'III E' l1 blion J ' (';l(·(io '' ~- The• Lltlt •r <J rr g- il-l' !\ hc·lm,· 
('l\;bl e :!5) <lilU <\l'l' t.1·pic: al for yolli" o rll til. "\g-gluti11:1tion ;\ltd 
ahsorpiinn i r: t;; " ·en• carric·cl out " · It h l'llliur€ :lGO :1 111l yo//i nru ll/1! 
-t:J, ohLIL!l<'cl from tll<' ::\ntional \'o ll 0t·l ion of T.\-lW C'nll m·c•s, :1rHl il H· 
H'l'lllll of i hL' L1HC'r. A11 :IJlii<t'IUlll for c·ul!un• :~(ill\\' ;\ ~ 11ol p tt•p:l \'l' ,i, 
lntt :1 on r -s itl1•d :Jhs01·ption "- " ~ <·:IJTic•tl ,,uj- ;lll(l it w:1~ fouJ I!l ( h:~l. 
i ih• y ollinonii/J ..j.:{, !'ldfun· :Hil l, t·<llllJllell'h - l't'llH>\' l'tl ;;II 1i1t' :lg·glu l i
ll ill .-: hotn tlw C'C' I'IIlll of _r;uliinou!m -f:L _\Ioreo n •r. tht· hlll'r · ~ t·r·u lll 
:tgglu l inatrel the• '' () " urd ig-en of e·ult nn· : \(i() up to ht!l tiln· 
11 :lGOO). Hotl1 se rolog-ic·all:- and l1_1· mea11 .< of fc•J·mr•nbli oll n·ac-l i<~t l ~ 
(Yi.clt• infr;l). tlte re>fo re . t·ulhu·<· :3\jll l'!'.'Plllhlcd _r;ollinal'ltlll -l-1 . :\li d il 
,;]w ulcl be reg-arcll-' cl as a strain of _r;ollzll(ll'llllt. 

Th e fermentation reaction s of am el'sf oo1t (·ulturc 3--J!:l are aL;o 
g-iHn helo1Y (T'ahle 25). 

For purpo,;e, of co lli pari:<oil Tal:k :.?ll u i.-; i tll'lu tlPd in orcl t>r lo 
.-;ho,,- ihe :mtig-enic s tn1etnre of tlifl'e renl org-aJl lSlll ~ i h:d or·c-ul' w 
the '' mr.:l /3 ph ::1.q's of Kanfhn:1n n ;mrl :Jfihni. 
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M. W. HENNING. 

III. During spring of 1936 a very virulent epizootic occurred in 
a few day-old chicks at the School of Agriculture near Potchefstroom. 
Some of these chickens were forwarded to Onderstepoort for investi
gation and were examined by :Mr. Coles, Chief o£ the Section of 
Poultry Diseases. Heart-blood and spleen cultures made by him 
yielded a pure growth of a gram-negative bacterium that was handed 
to me for identification. The organism "~as found to be very actively 
motile, and it did not ferment lactose. When it was tested. against 
various "0 ",type and group, sera by means of slide agglutination, 
it was readily agglutinated by " 0 " sera containing factors IV and 
V, by typh'i-mur-ittm type serum and by group sera. 'l'he organism 
was also found to be eli-phasic, and the culture was lubelletl 351. A 
rabbit was immunised with a killed saline suspension of a fresh agar 
culture, and a good serum was obtained. As the preliminary test 
indicated that culture 357 is probably related to typhii-nwrium, cross
agglutination and absorption tests were first performed with thiR 
c;,·ganism (Table 20c) . 

'!.'ABLE 20c. 

Typhi- Typhi-
rnurtum muriurn 'i.'yphi- 357 357 

(Glasgow) (Glasgow) murtu?n Serum Serum 357 
Antigen. Serum Serum (Glasgow) Absor- Absor- Serum 

Absor- Absor- Serum bed by bed Una b. 
bed by bed Unab- Typhi- by sorbed. 
'l'yphi- by sorbed. muriurn. 357. 
murium. 357. 

Typhi-murium " 0 " ......... 0 0 800 0 0 800 
Typhi-m1tr-ium type .. . ...... . 100 100 100,000 0 0 25,600 
Typhi-m1tr·ium group ......... 100 100 50,000 0 0 6,400 

. 
357-" 0 " ................ . 0 0 800 0 0 800 
357-type ................... 100 100 100,000 0 0 25,600 
357-group .. . ............. . 100 100 50,000 0 0 6,400 

I 

0 = 1 : 100. On account of the high titre of the typhi-murium type and group 
serum a small residue (1 : 100) of unabsorbed agglutinins were left after the absorpti01.1. 

The results of 'l'ahle 20c dearly show that the antigenic structures 
of culture 357 and typhi-murium (Glasgow) are identical; culture 357 
removed all the agglutinins (" 0 ", type and group) from tyPlu
murium (Glasgow) serum, as well as from the homologous serum, 
while typhi-murium (Glasgow) completely exhautlted both its own 
serum and 357 serum. 

The agglutination (titre 1: 100) which is recorded in the absorbed 
sera in columns 2 and 3 of Table 20c is attributed to the high titre of 
the unabsorbed serum; as stated above, sera of very high agglutina
tion titres are very unwieldy for absorption tests, because it i.s 
extremely difficult to remove the last trace of agglutinin, even when 
the homologous antigen is used for the absorption. 
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ANTIGENIC STRUCTURE OF SAL::\101\ELLAS . 

After several strains of pure culture of typhi-murium (357) wer e 
obtained from a number of the chickens, this organism was considered 
to be the etiological agent of t he ep izootic, and an attempt was made 
to detel'mine the source of the infection. As the first deaths took 
place only a few clays after hatc hing·, it 11·a:; though t ihat the infec
tion was probably oblained from the breecling h ens th1ough the eggs . 
Two successive slid e agglutination Lests were perfonued with the 
blood of the breeding ::;tod~; but both test:;; " ·ere negative and no 
car r iers could be found among the heu s. In i.he case of ducks \Yarrack 
and Dalling (1933) obsened -that infected eggs \\'ere la id only when 
the titre of the affected biHls '"as high and that the agglutinat ion 
titre of the sera obtained from n'adon; chopped considerably durillg 
the course of the laying sea::;on. \\'helher the same condition holds 
for fowls cannot be stated at present, aUL1 i t is not ce1·tain whether t he 
existence of canie1·s escaped notice on acl'ount of the lateness of thP 
tests- sewl<Jgical tests were pPrfonnecl only some weekt> after typlu
?i LU?'iwn had been praYed to he the ca use .of the epizootic. ~o egg,; 
'"ere available for examination fm· ty phi- munu IIi infection, a nd 
Salmonellas could not be detected in th e ovaries of any of t he hens 
examin ed. The source of the infection, therefore, still remains 
obscure. 

IV. During the course of an inYestigai.ion of anoth er fowl 
typhoid-like epizootic among adult birds, :Hr. Coles again made agar 
cultures from the heart-blood and spleen of the affected birds, and 
handed these to me for fmther ,;tucly. The cultures (thl'ee in number) 
did not appear to be pure, and some seed mate1·ial from each one wa~; 
thinly sp1·ead on :JiacConkey',; bile-sal t agar in :Mason tubes. One 
of t he cultures yielded only lactose-fermenting colonies and was 
discarded; but from both the others seYeial large and small non
lactose fermenting colonies "·ere obt<.lined, suggesting th e existence 
of a mixed infection. The small colonies " ·ere readily agglutinated 
by gallinrtrum. serum; a fe" · of these " ·ere picked, cultured and 
labelled culture. 415. The large colonies ITere tested against variou s 
" 0 ", type and group serum <lilutions on glass slides. A disiincl 
fine granular agglutination was obtained with the " 0 " sera of 
senjtenue1·g and anatum; coarse floccule:; " ·ere proclucec1 by group sera 
(e.g. choleme-suis var. K111t:::endo1f serum) and by netcpotf, 1'eading, 
ondentepoo1-t and anatttin type sera. SomP of i.he lm·ge colonie;; were 
sub-cultured and labelled cttltU?·e 414, <.m d a rabbit 11·as immunised 
with it. The preliminary tests shoY1·ed t hat. culture 414 was related 
partly to senftenberg and anatvm. on account of its " 0 " ant igen and 
part ly to n ewzJort, na.rllng, 011dentepoott and anatum on arcouu t of 
its " II" ;;pecific antigen, and t hat it 11·as lli -phasie. Crose; aggluti
nation and absorption tests were, therefore, per£onnec1, first with 
culture 414, anatum and senfienl1erg (Table 20u) . 

'rhe results of Table 20u show that cullture 414 luu; the nun e 
antigenic structure as anahtm. Cultm·e 414 completely absorbed all 
the agglutinins(" 0 ",type and group) from anatunu serum, as well 
as from the homologous serum , while anaturn completely exhausted 
the sera of cultu1'e 414 and of itsPlf. d1wturn var. 11Wenste1· com
pletely exhausted both the " 0 " and specific agglutini ns from 414 
serum, but it merely reduced th e non-specific titre from 6,400 to 1,600. 
Culht1'e 414 should, therefore, be regarded as a strain a£ anatum . 
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M. W. HENNING. 

Cdt~ue 414, obtained from the small colonies, was tested against 
gallinarwrn 40 serum and was agglutinated by it to full titre 
(1 : 1,600); it also completely absorbed gallinat"'.tm 43 serum, showing 
that it contained the same antigenic.. components as gallinm·um.. 'l'he 
fermentation tests given below (Table 25) are also typical for 
gnllinancrn. CultuTe 415 should, therefore, be regarded as a strain 
of gallinantm. Antiserum for cult~tre 415 ·was not prepared and the 
absorption test performed •vas one-sided. 

In this outbreak also it is not certain whether mwtum c~tlture 
414 .or gall-inarum 415 was the primary cause of the clisease . Salmo
nellas were found in two cultures only-three vYere made-and both 
contained ana.tum as well as gallinm'um. On account of the fre
quency of gallinaru?n infection, however, and on account of the pre
dominence of gallinarum colonies in the first subcultures made, it 
seems probable that the organism of fowl typhoid was the m ain etio
logical agent in this outbreak. 

In addit ion to these outbreaks of Sal?nonella infection in poultry, 
149 epizootics of fowl typhoid and 55 outbreaks of disease in young 
chicks were a lso investigated. In most of t he cases heart-blood and 
spleen cultures were made by M:r. J. D. vV. A . Coles and subm itted 
to me for identification. Some of the cultures were made by me 
personally, and culture 206 was obtained by Dr. M:artinaglia from 
0ne of a number of chicks thought to be affected with bacillary white 
diarrhoea. On plating culture 206 I noticed that both large and 
small colonies appeared on the agar within 24 hours . As large and 
small colonies have frequently been observed in cultures of pullorum 
that were unquestionably pure, especially after allowing the cultures 
to stand a day or two at room temperature, the existence of a. mixed 
infection was not suspected; nevertheless, a. few of t he small, and 
some of the large colonies were picked and cultured separately. The 
large colonies yielded a dense g-rowth of actively motile organisms, 
while the small colonies gave rise to a much poorer growth of non
motile bacteria. In order to determine the purity of the two cultures, 
my colleague, Dr. J. H. Mason, kindly undertook to single-cell them; 
the growth s obtained from the single-cells were l abelled cultuTe 207 
and cultm'e 208 for the non-motile and mot il e bacteria respertively. 

The two cultures were now tested against various " 0 ", type 
and group sera. CultttTe 207 was agglutinated only by " 0 " sera 
containing factor IX, while culttl1'e 208, which proved to he mono
phasic, was flocculated by " H " sera containing- factor d, as well as 
by " 0 " sera with factor IX. 

With a view to ca.nying out complete absorption tests, antisera 
wer e prepared against both cultuTe 207 and 208. But as cult~tTe 208 
was agglutinated with sera containing " 0 " factor IX ancl " H " 
specific factor d, it was evident that the organisms comprising the 
culture were closely related to S. typhi, which contains both these 
components. Absorption tests were, therefore, performed with S . 
typhi, as shown in Table 21. 

The results of these tests clearly show that culture 208 absorbs 
all agglutinins (" 0 " ancl " H ") from S . t yphi serum, as well as 
from its own serum, while S. typhi completely exhausts both the 
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homologous serum and 208 serum. Culture 208, therefore, has the 
same antigenic structure as S. typhi, and should be regarded as a 
strain of this organism. S. typhi is not regarded as a pathogen for 
poultry, and it is not known to be carried by fowls. It is true that 
Emmel (1936) claims to have isolated S . typh-i, S. paratyphi-A, 
S. paratyphi-B and other salmonellas from the intestinal contents of 
£owls suffering from enteritis due to coccidiosis or verminosis, but 
he gives no information on what basis the organisms were recognised, 
and his conclusions require confirmation before they can be accepted. 
For comparison see biochemical tests in Table 25. 

TABLE 21. 

I 'J'yphi I 'J'yphi 'I'yphi 208 208 208 

Antigen. Serum I Serum Serum Serum Serum Serum 
I Absorbc~ Abs~,;:bed Un- Absorbed Absorbed U n-
, by Typht. by :.08. absorbed. by Typhi . by 208. absorbed. 

'l'yphi " 0 " . ..... 0 0 3,200 0 0 1,600 
Typhi "H " . . .... 0 0 25,600 0 0 12,800 
208- '' 0 '' . . ..... 0 0 3,200 0 0 1,600 
208- " H " . . . .... 0 0 25,600 0 0 25,600 

0 = less than 1 : 100. 

As cult111'e 207 was readily agglutinated by " 0 " sera containing 
factor IX, and as pulloTum infection was suspected, absorption tests 
were performed with S. pulloTu?n, which ilike cultuTe 207 is 
non-motile. The results, which are given in Table 22, show that 
cultuTe 207 absorbs all the " 0 " agglutinins from pulloTum serum 
and that pull01·um completely exhausts the :;erum of cultuTe 207. But 
pullo1'11/ln and gall,inanrrn have the same somatic an tigenic 
components, so that it is not possible to determine by means of a 
serological test alone to which of these two types cult11,1'e 207 belongs; 
a final differentiation can be made only by means of fermentation 
tests (Table 25). According to tbrse tests cultuTe 207 corresponds to 
Salmonella pulloTum. 

TABLE 22. 

I Pullorwn Pullorum Pullorum 207 207 207 Serum Serum Serum Serum 
Antigen . Absorbed Absorbed Serum Absorbed Absorbed Serum 

L:'n- Un-I by 
by I absorbed . 

by by absorbed. Pullonwt. 207. Pullonun. 207. 

·-·-

l'u llorum " 0 " .. . 0 0 3,200 0 0 3,200 

2(1 7- " 0 '' . . . .... 0 0 3,200 0 0 3,200 

0 = less than 1 : 50. 
P•dlorum = P ltllorum Bb 26 of the N.C. of type cultures. 

I hscuss1:on. 
Of the 139 outbreaks of fowl typhoid 137 cultures were obtained 

from fowls and two from turkeys. Aa·ainst four of these, antisera 
were prepared for the purpose of performing absorption tests with 
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strains of gallinarum and pull01'U7n obtained from the National 
Collection of Type Cultures of the Lister Institute. In Table 23 t he 
results are given which were obtained with culture 29; the 
results obtained with the other three cultures (249, 314 and 340) are 
similar, but are not given. Table 23 shows that c·ulture 29 absorbs 
alil the " 0 " agglutinins from gallinarum serum, as well as fr-om 
the homologous serum, while gal l·inarum exhausts both its own serum 
and 29 serum. Similar results were obtained when rndlo1·um serum 
was substituted for gallinarum serum, and pullorum cultures u sed 
for the absorption tests instead of gallinar1tm. Cultu1·es 29, 249, 
314 and 340, th erefor e, resemble both gallinarum and p1dlo1·um 
serologically, but their fermen tation r eactions (Table 25) corresponded 
to those of gallinarum, so that they should be regarded as strains of 
gall·inarum. The other 135 cultures were useCl for unilateral 
absorption tests of gallinarum serum, and were found to r emove all 
the " 0 " agglutinins from the serum; the fermentation r eactions 
f)£ all these cultures also resembled those of gallinarum>. 

TAJJLE 23 . 

Galli-
naru1n Galli- Galli- 29 s. 
Serum narU'tn narurn a. b. Antigen. a. b. s. a. b. s. l;nab- Galli-
Galli - 29. sorbed. naru1n. 

na·runt. 

G allinarmn '' 0" ... .. . . ... .. .. 0 0 1,600 0 

2 9- '' 0 '' . .. . . ........... . . . .. 0 0 1,600 0 
I ' I 

Gallinarum = gallinarurn 416 of N.C. of type cultures. 
0 = less than 1 in 50. 

a .b. = a bsorbed by. 
s . = serum. 

29 s. 29 s. 
a.b. Una.b-
29. sorbed. 

0 1,600 

0 1,600 

A studv was also made of 55 cultures obtained from a. number 
of few day· old chicks suffering from an acute disease, and from 
the ovaries of h ens that gave a positive agglutination test for 
pullm·11.m . Against three of these, cu ltures 317, 322, and 436, 
antisera were prepared for absorption t ests. The results , which are 
given in Table 24, show that culture 317 removes all the " 0 " 
agglutinins from pullont?n serum and from the homologous serum, 
while pullo1·um also completely exhausts both these ser a. Similar 
results were also obtained with cultures 322 and 436 and p·ullorum. 
When galhnM'1tm was substituted for pulloru?n identical results were 
obtained, so that identification of the cultures could not be made 
en t irely on the basis of t he serological test- fermentat ion tests were 
necessary for the complete differentiation between gallinarum and 
pv.llor1t1n; t h ese are given in Table 25. Unilateral absorption t ests 
were p erformed with the other 52 cultures and pullorum or gall1:na1·um 
serum , r esulting in the complete absorption of the sera. But when 
fermentation tests were carrieCl out, it was found that the reactions 
of 42 of the cultures resembled those of pullorum, while t he other 
10 corresponded to gall1:narum. 
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Ant igen. 

Pullorum " 0 " . .. 

317- " 0 " .... . .. 

T ABLE 24. 

PullonLm Y ullonLm Pullorurn 317 
Serum Serum Serum 

Absorbed Absorbed Serum Absorbed Un-by by a bsorbed. by 
Pullorum. 317. Pullorum. 

0 0 3,200 0 

0 0 3,200 0 

P1dlorurn = P1Lllorum Bb. 26. 
0 = less t han 1 in 50. 

317 317 Serum 
Absorbed Serum 

Un-by absorbed. 317. 

0 1,600 

0 1,600 

R ecently I h ave studied a culture of pullrYrum isolated from th e 
spleen of a duck by a colleag-ue, Mr. Haig. 

According to the fermentation reaction s, ther efore, 45 of the 
cultures from few day old chicks and infected ovaries of ad ult hens 
should be 1·egarded as pullonm,, while the other 10 cultures fall under 
gallinm·u m . 'rhe dinical symptoms and lesions presen ted by th e 
chicks from which prullon m iJ cultures were isolated di<l not differ 
materially from those which yielded cultures of gallin m'UT/1,. A 
diagnosis of infection with ei ther gall1>narum or p~tllorum in very 
young chicks should, therefor e, not be made, unless fermentation 
tests h ave been carried out, as well as serolog-ical tests . 

The fermentation r eactions given in T able 25 include the 
rhamnose test of Bitter, W eigmann and Habs (1926), the glycerin
fuchsin-broth test of Stern (1916) and the d-tartrate test of J ordan 
and H armon (1928). By u sing solid agar media advised by J ordan 
and H armon more clear-cut r esults were obtained th an with the :fluid 
media of Silber stein (1931); in posit ive reactions th e colour of the 
(phenol-red) was ch anged yellow by the acid formed. The th e exten t 
to which th is discolouraticn of th e agar occurred varied even with 
differen t strains of th e same organism ; stab cultures were made and 
the discolouration started from th e inoculum, spreading from this 
point in all directions. In some cases barely a quarter of th e 
medium was changed. , while in others as much as a half or three
quarters h ad tur ned yellow. 

Fifty of th e strains l abelled du blin gave negative tests with 
Bitter 's rhamnose and Stern's glycerin-fuchsin-broth ; with th e 
d-tartrate test of J ordan and H armon t he indicator was ch anged 
yellow about half-way down th e tubes ( + +) in 14 cultures, and 
about one quarter down the tube ( +) in the r emaining 36 cultures-
47 of the cultures were not tested with these media . Out of 97 
cultures, 76 were ar abinose negative and 21 were positive after 5 
days incubation; 79 were rhamnose posit ive am:l 18 were n egative 
after 48 hours incubation . But th e rhamnose was generally 
fermented after 4 or 5 days in th e incubator. The ant igenic structure 
of all the 97 st rains was iden t ical with that of S . enteritidis var. 
dublin. 
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.-\XTIGEKIC ST.Il1JC1TRE OF SAL ,.lOSELLAS . 

l<'or compar ison five :>tock st rains of d'Ubl~n wer e studied . 0£ 
t hese P esch 25G, Cambridge 1 and 'ropley were positive with Stern' s 
glycerin-fu ~:;chin-broth , while d'Ub lin (Knox) and Famcoli (Savage) 
250 gave a negative reaction. All five Jeacted negatively with 
Ditter's rhamnose and posit ively 11·ith Jordan and H armon 's 
d-tartrate . On comparing t he antigenic strudure of Cambridge l 
and 'l'opley wit h that of dvbl-ln (Knox) by means of agglutination 
anrl absorption test s the three cultures " ·ere found to be identical; 
both Cambridge 1 and 'l'opl ey completely exhau.,;tecl dvhlin (Knox) 
senun. 

Of the three stra ins 11·hich corresponded antigen ically to S. 
enteritid·is all ga1·e a pm;it i,·e reaction to Hitter's rh;tmnose, two 
(cultures 290 and 418) r eacted positively with Stem's fuch sin-brot h 
an<l one (culture 2J(i) fail ecl to change it. All three cult~tn•s were 
po;,itive with J orcl an an·d Harmon's m edium. Tho three ;,tock 
strains , M.7. and D.5, and vVt:ybridge gave a positive reaction with 
Bi1ter 's rhamnose, Stern 's fuc-hsin-broth and :Jordan and Harmon's 
d-tartrate. 

Of the 13 strains 1rhi eh \H' re a ntigenically identical with t y p lu:
nmriu?n (Glasgow) all were Stern a nd d-tartrate positive, twelve 
were B itter positiYe and one (eulture 357) \\·as Bittt>r negative. 
Eig-ht of t he cultures were inositr positiYe and t "·o (strains 357 and 
1)02) wer e n egative; nin e wer e positiYe and 011 e (si rain 357) was 
neg-ative with rhamnosf:. while all the ten testecl fermented 
arabinose. Cul ture 307 was both rlwmnose and inosite negative. 
~foreover, a complete mirror absorptio n test performer! with culture 
357 (Table 20c) sho11·ecl 11·itlt out doubt that it is a strain of typhi
m 111·iv111. Of th e typli i -mw·imn stock strains t·ested all five were 
Bitter and d-tartrate positive, three (:Mutton 74, Glasgow and 
IVeyhridge) were Stt-:m posiliYe, ~~-hile h ·o (Binns ancl Bre,;la11) IYere 
Stern n egatiYe . 

The on e strain of /;yphi-rruurium Yar. Cnprm lwgen-Stons
( culture 4 7 8) studied gave posi. tiYe Bitter , Stern and d-tartrate 
reactio11s. It fermented both inosite and malt-ose, hut not arabin ose: 
while the stock strain StorTs 19500 fe rnw n ted arabin ose and inosite. 
but not m altose; it wa ;, also Bitter an(l d-t:u-tn1 te pos it ive, hut 
Stem negative. rrhe two st rains of CoJienll a!JPn (6~'>9 aml llJ7) both 
fe rmented m alt ose and ara1>inose but not· in o;,ite; both IYere Bitter, 
Stern and rl-tartrate positive. Antigeni rally, bmnYer, Copenhagen 
(Storrs) 478 , Stons 19500 aocl t he t1vo strain s of Copenha.r;en were 
identical (Tabl e 12). 

1<'or comparison 5 ::d ock strain s of JHUtlf!JJihi-B >~·ere ioclud <>il in 
the t est. Of these three (D.<'. , Gre~' all(] Oden se) wPre Stern po~it ive 
and two (Sch ottmnller and Lo,,·estoH) 11·ere negat ive; only one 
(Grey) was Bi tter positive, the other four ,,-ere negative . All fi1·e 
reacted neg-;l tivel.v '"ith Jordan and Hannon 's cl-ta rtrate . 

'l'he six strains which resembled cholcrae-.m1:s (K11nxend orf) 
au t ig-enicall.\· were all Bitter an-3 cl-hutrate positin• hut Stern 
negative. 

'l'here was only one culture (strain 391) wh ich h<tcl t he f-ame 
antigenic structur e as bo1Jis-morbijicans. Like the original c~ ulture 
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of Dasenau it w<~ s Ditter, Stern and d-tartrate positive, but the 
strain of Sladden an<l Scott differed from it on account of its n E-gative 
Bitter reaction. 

The strain of anatvm (culture 414) studied gave a posit iYe 
reaction with Bitter, Stern and d-tartrate, resem bling, ther,efore , 
the two stock strains (3701 and 3702). 

Like abortus-equi W.H.2, t he one strain (culture 219) studied 
reacted positively to Bitter and d-tartrate, but negatively tr1 Stern's 
glycerin-fuchsin-broth. It was foun·d to be anaerogenic. 

Both strains of amwrsfom·t and the one of ondeTstepoort were 
positive with Stern, Bitter and d-tartrate. 

All the forty gallinarum strains tested gave a negative readion 
with Bitter and Stern, but a positive on e with J orclan and R armon 's 
d-tartrate. Out of 139 strains 119 fermented arabinose , whi~e :20 
failed to do so after 4 days. All the cultures fermented rhamnose, 
but in the case of 17 of the strains the fermentation was delayed. 
All were dulci te and maltose positiYe. · 

'l'he fifteen strains of J7ullo rum teste<l all failed to rea ct <Ja 

Bitter , :::ltern or d-tartrate. Thirty-seven of the 45 strains fermented 
arabinose, but 8 failed to do so. All t he 45 strains fermented 
rhamnose, but in ] 0 the reaction was delayed. All were dulcite 
and maltose negative, and all 45 ~trains were anaerogenic. (Recently 
a fe,v aerogenic strains were isola ted.) 

For the differentiation of S . galhnarum and S. p'ullormn the 
cysteine-gelatin medium of Hinsha~~· and Hettger (1936) was t ried , 
but the organisms failed to gTo\1· in th e me(lium so t hat no change 
could be ·Jetected in the tubes. 'rhe cysteine u sed was freshly 
prepared. 

Only one strain of S. tvph i \Yas studied. The original culture, 
obtained from n chicken by :M:artinaglia, was found to be composed 
o£ a mixture of two organisms when I received it; the one non
motile and the other motil e. After " single-c.elling " , the Hon
motile culture was labelled " strain 207 " and t h e motile one 
"strain 208 " . 'l'he former resembled pvllo1·um and .gall£na1'1n n 
antigenically ('l'able 22) and pnllorum biochemically; while culture 
208 was found to have the same antigenic strt~ cl ure as typh1: (Table 
21). The £erment·ation reactions of the latter, however, did not 
altogether corr espond to those of the stock strains of typhi employed . 
Like typiP' , culture 208 -was Bitter and Stern negative, and d-tartrate 
positive. Four year s ag-o culture 208 fermentecl dulcite slowly, ancl 
maltose within 24 hours, but at present it fails to ferm ent clul cite 
and the fermentation of m altose is delayecl for about five clays. All 
the stock strain s of typh£ used fermented maltose within 24 hours, 
but fai leJ to ferment chtlcite. The fermentation reactions of culture 
208 are, therefore, not quite typical of typhi, but its antigenic 
structur e is identical with that of this bacterium. 'When i t wa,; 
found that a chang-e had occurred in the fermentation reactions of 
culture 208 after four years, t he serological test s were repeated . 
The r esults of these t ests show that the aniigenic structure of culture 
208 l1as r emained unaltered , ancl th at i t · still resembl es typh,i. 
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ANTIGENI C STRUCTURE OF SALMONELLAS. 

When the biochemical reactions of the different types of 
Salmonellas studied are compared with their serological reactions 
very marked differences may be exhibited by several strains belong
ing to the same serological type. For example, some striking 
variations in their fermentation reactions were manifested by the 
four strains of typh·i-mu1·ium vaT. starTs (Copenhagen) studied; the 
one strain 478 ·.iescribed by me and the other 3 stock strains. All 
four gave positive Bitter and d-tartrate tests; three (StoTrs 478 and 
Copenhagen 659 and 1147) were Stern positive and fermented 
maltose, while one (Sto1'1'S 19500) . gave a negative reaction to these 
tests. '1\>o (Stons 478 and 19500) were inosite positive and two 
(Copenhagen 659 and 1147) were n egative. All four were antigeni
cally identical ('l'a ble 12). 

Analogous variations have been observed in the case of typhi
muP?:um, paratyphi-B, ente1'itidis, entePitid·is var. dublin, bovis
moTbificans and, to a lesser degree with typhi, pullorum and 
gallinanlm. 

SUMMARY. 

Altogether 318 strains of Salmonella from different species of 
animals have been stu.iied. The antigenic analysis obtained IS 

summarised in Table 26 and the biochemical reactions are given m 
'l'able 25. 

The result,; recorded in Tab'les 25 and 26 therefore, show that 
the biochemical reactions of Salmonellas, although very useful as 
complementary tests, cannot be solely relied upon for the identifica
tion 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 place.i only on the antigenic analysis of the bacterium 
by means of carefully performed serological tests. 
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