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¢ and \non-spgcific “H" agglutining of
coul@ not Be completely exhauste \cn
e high titde of the unabsodped serum.

O = less than 1:1

The resulis of Table 7 show that typhi-murium
removed all "O" {ype and group agglutinins from Z34 serum,
as well as from the hLomologous serum, while culture 234
completely exhausted both typhi-murium serum and its own
serume. Accordingly culture 234 must be regarded as
identical with iyphi-murium, and its antigenic structure
should be made up of the same compoments, viz. "0" antigen
iv, V, "H" gpecifiec antigen 1, "H"™ non-specific antigen
1, 2, 3.

For fermentation reactions see Table 25.

iv.

Salmonella infection is fairly common in pigs.
Although 5almon and Smith's (1885) interpretation of the
significance of 3. cholerae-suils as an etlological factor
of swine fever is no longer acecepted, there can be no
doubt that this organism is an important pathogen for pigs
and a frequent cause of food=-poisoning in man. On coim~
paring the hog=cholera bacillus with other members of the
Salmonella group Smith and Moore (18394) found that it
fermented dextrose, but no lactose or sucerose, and that it
was highly pathogenic for rabbits in very small doses.
Kruse (1896) deseribed the hog-cholera bacillus under the
name of Bacillus suipestifer and, according to him, Selander

regarded this organism as the cause of Danish swine fever.
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Preisz (1898) alsc found Bact. suipestifer pathogenie for

pigs and he incriminated i1t as the cause of "Schweineseuche®
(swine-fever) and "Schweineseptikaemie™ in Germany.

After Salmon's isolation of the hog=-cholera
bacillus from the blood and internal organs of most of
the cases of swine~fever gstudied by him, this organism was
universally accepted as the cause of this malady until
de Schweinitz and Dorset (1904) pointed out that a disease
indistinguishable from hog~cholera could be readily produced
by injecting healthy pigs with morbid material and body
fluids, that had been proved to be free from organisms.
Later Dorset, Bolton and MeBryde (1905) showed that, while
hog cholera could be most readily itransmitted by means of
inoculations of blood and serum from diseased pigs, the use
of cultures of the hog-cholera bacillus only sometimes
produced a disease resembling hog-cholera. Whereas pigs
infected by means of morbid material from diseased ones could
easily transmit swine-fever to in-contact pigs, those that
were infected with culture remained practically innccuocus
for other pigs. They further showed that the causal agent
of hog=echolera was contained in the filtrates of the blood
and body fluids of sick animals, and that these filtrates,

although entirely free from Bact. cholerae~suis, were

nevertheless highly infective. They regarded the hoge~
cholera bacillus merely as an accessory faetor in the
production of disease.

Bainbridge (1908) divided the members of the
paratyphoid group into four sub~-groups, Iwz. (1) Paratyphosus=~
A3 (2) Paratyphosus-B which was indistinguishable in its
cultural characteristics from aertrycke and suiovestifer, but

which could be differentiated by means of absorpiion tests}
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(3) aertrycke and suipestifer whieh were regarded as sirains
of the same organism indistinguishable from one anotherj and
(4) enteritidis (Gaertner) sub-group easily differentiated
from the preceeding b, means of absorption tests. Later
Bainbridge (1211) and Bainbridge and G'Brien (1912) divided
paratyphold bacteria into two groups of separate organisms;
the first group they regarded as identical with B. psuipesti-
fer, and the second similar to Paratyphosus-E. These
workers used agglutination and absorption tests for their
identification. The source of Paratyphosus-E was con=
sidered to be from cases of paratyphold fever and carriers,
while suipestifer was apparently obtained from contaminated
food and cases of food-poisoning. Savage (1912) on the
other hand, like Bainbridge (1308), considered that food=-
poisoning bacilli of the aertrycke type vere indistinguish=-
able from guipestifer.

Dammann and Stedefeder (1910) succeeded in
infecting healthy pigs either by feeding or by inoculating
cultures of B._ suipestifer and transmitted swine-fever by wecuwo
of filtered materiale. Glisser (1803) found a type of
L. _suipestifer as the cause of disease in young pigs and
called the organism Bac, paratyphi-suis.

Dammann and Stedefeder deseribed B. suipestifer
(Voldagsen) as the cause of a disease in young pigs, re-
senbling swine-fever c¢limiecally, and known as Ferkel~typhus
(suckling pig diseasel). Although Gldsser's bacillus was
freguently regarded as identiecal with the Voldagsen's
bacillus it is now known that they differ from each other in
that the former is diphasie, while the latter is monophasic,
occurring only in the group phase like European cholerae-suis.
Both of them differ from suipestifer culturally; but sero-
logically Glasser is indistinguishable from the American
variety, whereas Voldagsen resembles the European type.
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Jordan (1917), basing his division on the study
of recently isolated strains, also divided paratyphoid
organisms into four groups:~-

(1) Earatyphosus-: which fermented arabinose rapidly
and dulcite slowly, xylose being left unaltered; 1litmus
milk was turned alkaline only after come time.

(2) Paratyphosus~B which rapidly fermented arabinose,
gulcite ana xylose, and turned litmus milk alkaline in a
very short period.

(3) Suipestifer which fermented xylose rapidly, but
arabinose and dulcite slowly or not at all, i.e. not sooner
than after 24 hours incubation. |

(4) Enteritidis which was indistinguishable from the
rphosus=B group culturally but not serologzically.

Jordan and Victorson (1917) used lead acetate
agar for the differentiation of the types of paratyphoid
bacilli.  All enteritidis straips and most Paratyphosus-B
strains were found to blacken this medium, while all their
suipestifer strains and typieal Paratyphosus-" failed to do
so. according to Bruce White (1926) Schutze found that

the Hirschfeld bacillus and furopean gulpestifer could be

distinguished from the american variety by the fact that they
readily blackened lead acetate.

In the course of an investigation of swine-fever
Uhlentuth and Hibener (1909) encountered a bacterium which
they called Paratyphosus-C bacillus. They found that
culturally it was indistinguishable from B. suipestifer,
but that it was not agglutinated by either suipestifer or
Gaertner serum, while its own serum was without effect on
the hog=-cholera bacillus. They claimed to have isolated
this bacterium from the organs of swine-fever pigs, from
sausages, and from human, pig and calf excreta, and regarded

it as similar to ihe organism coneerned with calf dysentery.

Digitised by the University of Pretoria, Library Services, 2012



54.

Heimann (1912) isolated a strain of the so-called paratyphosus-
€ bacillus from cases of food-poisoning at Hildesheim,
following the consumption of infected pork obtained from
emergency-slaughtered pigs, but Andrewes and Neave (1921)
did not regard the tests employed by Heimann as sufficiently
reliable for the recognition of the organisms. Bruce White
(1926}, on the other hand, identified some of the Hildesheim
strains as Buropean hog-cholera bacilli.

During the Great War, and subseguently, several
closely related organisms were isolated from cases of
paratyphoid fever,; especially in Eastern Europe. In 1915
Neukirk (1918) encountered an outbreak of disease in the
Turkish army and called the causal organism Erzindjan bacil-
lus. Subsequently several other workers observed a similar
type of organism in different localities. Weil and Saxl
(1917) isclated them from a number of Russian prisoners
suffering from paratyphoid (¢alhynian strain). Weil studied
another type from Albania, while Dienes and Wagner (1918),
on investigating an outbreak of disease among a group of
Russian prisoners, encountered several strains whieh were
agglutinated by Voldagsen serum. They regarded their
organism as identical with %eil's strain, Neukirk's
Erzindjan strain and Uhlenhuth's paratyphosus-C bacillus.
Hirschfeld (1919) also investigated an enteric-like disease
in the Serbian army and called the causal organlism Bacillus
paraty.bosus=C, in flagrant disregard of the original usage
of this term by Uhlenhuth and Hibener (1908). Mackie and
Bowen (1919) and Maéadam (1919) observed a similar type of
organism in Mesopotamia, while Garrow (1920) found it in
East Africa. Schutze (1920, 1921) identified an organism
isolated in India in 1914 as paratyphosus-C and divided the
Salmonella group of organisms into two sub-groups:- {1)

Enteritidis (Gaertner) and (2) Paratyphosus-B. He further
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divided the latter into four serological types viz. Schott-
muller, mutton, Hirschfeld and hog-~cholera bacilli. 1In his
mutton type he included the bacillus of swine typhus or
animal paratyphosus=-B (typhi-murium).

By means of agglutination and absorption tests
Bruce White (1926) showed that the Hirschfeld strain and
weil's Albanian strain were identical éiphasic organisms,
while one of the cultures described by Weil and Saxl proved
to be a typical newport strain. The erzindjan strain of
Neukirk was also found to be a true Hirschfeld bacillus.

Tenbroeck (1920 a and b) regarded Hirschfeld's
bacillus as serologically identical with the -merican hog-
cholera bacillus, but different culturally; whereas the
former fermented dulcite and arabinose and produced hydrogen
sulphide, the latter failed to do so. Unlike the hog-
cholera bacillus Hirschfeld's organism did not prove to be
very pathogenic for rabbits. Lhen these animals were first
injected with live Hirschfeld bacilli they were resistant to
subsequent inoculations of virulent gholerae- sujs. Ten=
broeck placed far more reliance on serclogical tests than
on biochemical reactions, and on account of its serum reactions
he placed the Hirschfeld bacillus in the hog~cholera group.

Andrewes and Neave {1921) noticed that the Glasser
and Voldagsen strains resembled each other culturally but
not serologically; Voldagsen serum was completely exhausted
.of‘all agglutinins by Glasser, while the specific agglutinins
- present in Gldsser serum were almost entirely unaffected by
saturation with Voldagsen. Glisser and Voldagsen did not
produce much hydrogen sulphide, whereas this gas was readily
formed by (European) gulpestifer and paratyphosug=-C of
Hirschfeld. Andrewes and Neave divided the hog=-cholera

group of organisms into two sub-groupsi~ Group 1 comprising
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American guipestifer, Gladsser's typhi-suis and Hirschfeld's
paratyphosus-C, While group 2 was composed of European
suipestifer and the Voldagsen strain. They showed that
any member of group 1 could exhaust all agglutinins from
the serum df any member of group 2, while group2 strains
could not materially reduce the titre of the sera of group 1
strains for members of group 1, although the sera were
completely exhausted for the members of group 2.
The various porcine strains of Salmonella of the

hog-choléra type, and those closely related hnmaﬁptrains
to which, regardless of its original usage, the term
Bacillus paratyphosus=C is frequently applied) form a group
of organisms with very close serological affinities. Al=-
though different workers have contributed towards the study
of the composition of this group it was Bruce White (1928) who
finally divided the members into four well~-Gefined types:-

1. Eastern or Hirschfeld bacillus.

2. American hog=cholera bacillus.

3. European hog=-cholera bacillus.

4. Glisser-Voldagsen (Ferkeltyphus) bacillus.
The differential features of these organisms were described
by Bruce White (1926) and by Nabarro, White, Dyke and Scott
(1929). The specific phases of the diphasic members of the
group, viz. Hirschfeld bacillus, American hog-cholera bacillus,
and the Ferkeltyphus bacillus (Glisser strain) are indis-
tinguishable; the non-specific phases of the last two are
identical, while the European hog=-cholera bacillus and the
Voldagsen strain differ from them only in so far as they
lack any trace of specific phase antigen. The Hirschfeld
bacillus differs from all these by the deficieney of its
non-specific phase in some of the antigenie components. They
all differ from each other biochemically. The Hirschfeld

bacillus ferments mannite, dulcite, arabinose, but not
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rhamnose; the hog=-cholera bacillus (both European and
American) ferments mannite and rhamnose, but not dulcite and
arabinose; while the Ferkel-typhus strains (Glasser-
Voldagsen) ferment only arabincse and rhamnose. All strains,
excepting the american hog~cholera bacillus, produce hydrogen
sulphide.

Tenbroeck (1920 a and b) expressed his surprise
| at the comparative infrequency of paratyphoid in man caused
by the hog=cholera bacillus, while Savage and Bruce “hite
(1925) also remarked upon the rarity of suipestifer food-
poisoning in man. They considered that the slight viru-~
lence of the organism for man and the massive doses required
for setting up an infection are responsible for the low
incidence of the disease. According to Ertger (1932b),
it was declared by Uhlenhuth (1926), at a meeting of the
German Society of Mierobiology, that suipestifer bacilli
could not be regarded as very pathogenie for man; and it
was stated by Ostertag that, although thousands of swine-
Tever pigs were slaughtered for human consumption, mass
infecetion of man did not ccecur. Kruger considered that
suipestifer frequently lives as a saprophyte in the human
body, setiing up an infection only when the resistance has
been lowered by conditions like appendicitis. Revertheless,
salmonella infection of porcine origin has been known to
cause serious disease in man. Indeed, the number of human
cases of infection with cholerae=guls recorded during recent
years eannct be treated as insignificant. Apart from the
number of outbreaks of paratyphoid fever in man in Eastern
Burope, due to the Hirschfeld bacillus, several cases are
reported from time to time where the hog=-cholera baecillus
has been incriminated as the cause of the disease. Krumwiede,
Provost and Cooper (1922) recorded an outbreak of paratyphoid
fever in four members of a family after eating tapioca pudaing.
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Une of the patients died and 5. eholerae-suis was 1solated
from the liver. It was thought that the source of the
infection was pork that contaminated the pudding. Seott
(1926) described four outbreaks of infection due to the
Buropean hog-cholera baeillus, involving over a hundred
persons. In all the cases the source of the infection was
traced to prepared meats. A fatal case of septicaemia in
man caused by “Bacillus (Salmonella) suipestifer® (America)
and resembling typhoid fever was studied by Bauer and McLin-
tock (1929), while two cases of human infection with the
american hog-cholera bacillus were reported by Nabarro,
Bruce White, Uyke and Scott (1928). Another case of
American guipestifer causing disease in man in England was
described by Boycott and McNee (1936); the organisms were
obtained from blood culture, but although they were diphasic
they resembled the HEuropean type culturally. Symptoms of
malaise, fever, shivers, sweating, pains in different parts
of the body and mental disturbances were observed.

Clayton, Milne and Menton (1930) recorded an
outbreak of acute gastro-enteritis in eight persons following
the imgestion of pork pies Three of the cases ended fatally;
from the intestines of these patients as well as from the
stools of the other five smerican guipestifer was isolated.
Another case of cholerae-guis infection of man was described
by Branham, Motyca and Devine (1930), the most outstanding
symptoms being intermittent chills, headaches, delirium,
fever, cystitis, pyelitis and prostitis. The condition
lasted for over 5 weeks and the organism was obtained from
blood culture. Kuttner and Zepp (1932, 1933) reported
eleven cases of guipestifer infection, mostly in children.
Of these ten were due to the European variety, and only one
was caused by the American type; symptoms of septicaemia,

cystitis, arthritis, broncho-pneumonia and meningitis were
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manifested to a varying degree, and in some cases the
symptoms were mistaken for those of typhoid fever. Bagt.
suipestifer was obtained by blood culture from all the
patients. All the cases recovered excepting one whieh
ended fatally.

In Germany Kobe (1930) described two strains of
sulpestifer obtained from cases of meat-poisoning following
the ingestion of psrk. The patients showed symptoms of
septicaemia with gastro~enteritis, as in typhoid fever.
Eruger (1932a) reviewed several outbreaks of paratyphoid
fever in which Baet. sulpestifer was incriminated as the
causal agent. He described cne case im which the source
of infection was traced to pork sausage; symptoms of pyrexia,
pruritus and icterus, lasting for several weeks, were mani-
fested, and Bact. suipestifer (Kunzendorf) was isolated from
the blood and urine of the patient.

Giglioll (1930) studied a number of cases of
quinine resistant fever in British Guilana and found Hirsch~
feld bacillus in 72 out the 77 éggzsﬁaxamined. The organisms
isolated corresponded both culturally and serologically with
Hirschfeld's bacillus. More recently D'Hooghe (1932) and
Mattlet (1932) described a number of fatal cases of paraty=-
phoid fever in the Belgian Congo where they ineriminated
Hirschfeld's bacillus as the cause, while Tenbroeck, L1 and
Yii (1931) recorded five cases of infection in man caused by
the same organism in Peiping (China). Materna and
Januschke (1925) ineriminated gholerae-suis as the cause of
purulent meningitis in a man, while Rovitech and Washington
(1937) described several cases of sulpestifer septicaemia
in Hegro children.

In South Africa Greenfield and Judd (1936) and
Henning and Greenfield (1937) bave described an outbreak of
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TABLE 10 (after Henning and Greenfield).

ol

UNABSCURBED SERA.

ABSORBED SERA.

. - - Newport Mue n Bovis- Afri. Afri, Afri.Aust Afri., Kunzen- Heidel- Bovis- _Bovis- Afri.dust
nggléggt-ﬂsiéfl ézzzfn Ko?gbus serum, morbifi- Aust Aust., serum ab- Aust, Corf ~  Dberg @orbilfi- morbi- serum
serum berg e Gn Serum. cans serum serum sorbed FeTum serum Ber um cans Ticanse absorbed

Antigen. unabsorb- serﬁ? rb- unab- serum un- absorbed absorbeu with Hei- absorb- absabed absorbed serum serum by
| ed. uEa ° sorbed. absorbed. with Af- with gelberg, ed with with_Ai- with_Af- absorbed absorow Beldel-
ec. ri. Aust.Kunzen- Bovis- ri.aust. ri,aust., with with  Dherg and
- dorf, morbi- - Afri.,aust.Bovis- then by
' ficans. morbl- Kunzen-
ficuans. Gorft.,
Afri, Aust. "O" . 800 0 0 1600 800 1600 0 400 800 0 - - 0 0 400
Afri, Aust. Type..... ©400 6400 0 - - 6400 0 6400 0 0 - - 0 0 0
Afri, Aust. Group.... 6400 3200 3200 - - 25600 0 400 3200 0 0 - 0 0 400
Heidelberg "O"..evees o 800 - - - = - - - - - 800 - - -
Heidelberg Groupeess. 1600 12800 800 - - - - - 0 - - 0400 - - -
hunzendor I. H O" Y REERE) 50 - 800 - - - - - - - 800 - - - -
KunZQHQ-QIf "H" EEERERE N 3200 - 3200 - - - had O - - 200 - - - -
Bovis-morbificans "QO" 800 - Q - - - 1600 0 - - 0 - - O e -
Bovis-morbificans Type 3200 - - - - 8400 0 - - 0 - - o 0 -
Bovis-morbificaus Group 6400 - - - - 25600 -0 - - 0] - - 0 4] -
Newport (Kottbus) "O" - - o 1600 - - - - - - - - - - -
Muenchen "O",...c0., - - 0 - BOO - - - - - - - - - -

O = less than 1l:50.
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The organism was originally described by Green-
field and Judd (1936) as a new Salmonella - suipestifer var.
Afpi. sust. But later Henning and Greenfield (1937) showed
that it is not distinguishable from bovis-morbificans, Base-
nau. Cultures of the organism were tested against various
%O" and "H" sera. These were agglutinated by "0O" sera of
organisms containing factors V1 and V111 of the Kauffmann~
White schema, by group sera and by the type sera of heidelberg
and bovigemorbificans. The organism was, therefore,
regarded as diphasie.

A culture was plated so as to yield several welle
separated colonjies after 24 hours incubation; a number of
fresh colonies were picked into broth and incubated for §
to 6 hours at 379C. The cultures obtalned were tested
against a pure group serum, e.g. Kunzendorf serum, and also
against the type sera of heidelbegg and bovis-morbificans.

The colonies that occurred iIn the group phase agglutinated
with Kunzendorf serum, while those that cccurred in the type

phase were flocculated only by heidelberg and bovis-morbificans
serda. Group, type and “0O" suspensions were now prepared

and tested against a numberof sera (Table 10). It will be
noticed that heidelberg serum agglutinated both the group and
type antigens, but not the "0" antigen, that kunzendorf
flocculated the group antigen, but neither the type nor the
"O® antigen, and that bovig~ ficans serum agglutinated
all three antigens up to a very high titre.

After suitable antisera were prepared against
ifrd, susi. absorption tests were performed (Table 10). Om
absorbing Afri. sust. serum with heidelberg all agglutinins
for the type phases of both heidelberg and «fri. Aust. were
exhausted, but there was hardly any reduction of the group
agglutinins (from 6400 to 3200), and all the "O* agglutinins
remained. When this partly absorbed serum was re-absorbed

by Kunzendorf a marked reduction of group agglutinins (from
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3200 to 400) was effected, but the "0O" titre remained
unaltered; Kunzendorf also reduced theﬂggzktitre of unab-
sorbed afri. sust. serum from 6400 to 400, but it had no
effect on the type agglutinins. On the other hand, aAfpi.
fust. removed all the type, but very little of the group
agglutinins from heidelberg serum, and it did not reduce the
"O" titre. Moreover, sfri. Aust. absorbed most of the
group agglutinins (from 3200 to 200) from Kunzendorf serum
without reducing its “0O" titre aporeciably.

On absorbing bovis-morbificans serum with Afri.lust.
| and Afri. Aust. serum with bovis-morbificans all the type,
group and "O" agglutinins for both organisms were completely
exhausted. |

It will be observed that Kunzendorf did not com~
pletely exhaust the group agglutinins from Afri. Aust. serum
and that afri. Aust. failed to remove all the group aggluti-
nins from EKyngendorf serum. This occurrence cannot be

explained as Afri. Aust. and bovis-morbificans have the same

group antigenic factors,‘and; according to the Kauffmann-thite
schema, the group antigens of Kunzendorf and bovis-morbificans
are identical. There was barely any "0% agzlutination
between afri. Aust. and Kunzendorf, indicating that the somate
factor V1 of Kunzendorf is either absent or poorly represented
in afri. suste.

These results clearly show that 3. sulpestifer wvar.
Afri. aAust. of Greenfield and Judd has the same type antigen
as heidelberg and bovis-morbificans (factor pr) and a group
antigen that corresponds largely with that of Kunzendorf
and entirely with that of bovis-morbificans (factors 1, 3, 4,
5), while its somatic "O" antigen resembles that of bovis-
morbificaps (factors V1, V1ll). Moreover, since  fri. Aust.

removes all agglutinins, type, group and "O%, from bovis-
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morbificans serum, and bovis-morbificans exhausts all
agglutinins from afri. 4usti. serum there can be no doubt

that the two organisms are identical.

The only other record of a 3almonella obtained
from a pig 1s that of Robinson and Martinaglia (1932) when
they described an organism isolated from a piz at Onderste-~
poort. A deseription of the antigenic structure of this
organism, strain 192, was not attempted by them, but its
antigenic analysis was subsequently performed by %h@zs;thar
(Table 8). It was noticed that strain 192 was agglutinated
far better by iyphi-murium than by cholerae-suis serumes
The agglutination obtained with the latter serum was purely
floccular, while with the forﬁer the agglutination was boih
granular and floccular, suggesting the existence of a closer
relationship between strain 192 and iyphi-murium than between

it and cholerae-suig. Moreover, strain 122 was found te

be diphasic; 1its type phase colonies were agglutinated by
typhi=rurium type serum, while the group phase colonies

were flocculated by both ityphi-murium and gholerae-suils group
sera. ageordinzly agglutination and absorption tesis were
performed as shown in Table 8, mixed "O" and "H"™ type and group
sera being used for the tests. The results show that typi-
murium removed all agglutinins (®0O®, "H® type and "H" group)
from 192 serum as well as from the homologous serumj culture
192 also completely exhausted both typhi-murium serum and its
own serum. accordingly it was evident that culture 192 and
typhi-murium were composed of the same antigenic structure,
and that they both contained the following antigenic faetors
of the Kauffmann-ihite schema:- ®0" 1V, V, "H" gpecific i ,

W non-'specific 1' 2, 3
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TABLS 8.
Typhi-murium A Typhi-murium 192 s.a.b. 192 s.a.b, Typhi-murium 192 8, unab-
Antigen. 8.a.b. S.84b, typhi-murium, 19%. ¢, unabe sorbea,
typhi-murium. 192 sorbed
Typhi-muriuam "O" 0 0 0 0 800 1600
Typhi-mur iun |
HY type 100 100 o 0 100,000 G400
Typhi-murium _
" group 3 0O o ¢ 26,000 3200 :
192 - "OM O 0 © Q 800 1600
192 - "H® type 100 100 0 0 100,000 6400

192 - ®"H" group G o 15} © 25,000 0400

O = less than 1:100; & = serum; a,b, = absorbed by, The "H" type titre of typhi-murium
was 80 high (1:100,000) that it wae impossible to remove a s8mall resicue (l:*%ﬁ) o1 the
aggiutinin,
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In 1833 Dr. Robinson and myself isclated another
strain of Salmonella (culture 168) from the blood of pigs
suffering from a septicaemic disease in the Cape Province.
This organism was readily agglutinated by chelerae-suis

serum and was found to occur entirely in the group phase.
aceordingly, absorption tests were conducted as shown

in Table 9.
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TABLE g,
: 4 G
Cholerae-  gholerae- 168 s.a.b. 18 le8 . Cholerag-  Cholerae-  Cholerug- 168 Cholerae-
suis ~ suls Cholerae~ S.a.b. SedleD suis suis suls serum suis r
(Guropean; (European) . suis ie8. Cholekge- (America) (America) (Buropean)  unab- (smer ica)
Antigen s.a.b. S.8.D. (Zuropean). Suls, S.a.b. Be.8.b, s, unab- sorbed, 8erum
Cholerae~ le8. (Hmer%ca). 1le8, "~ Cholerae- sorbed. unabsorbed.
suls suls__ ‘
(Zuropean). (America),
Cholerae-suis
(European) _ .
"o 0 9] C 9] 800 1600
Cholerae-suis
(Buropean)
HE o 0] 0 O 0400 12800
le8 - Q" o 0 ¢ 0 G 0 0 800 1600 800
lo8 - "H" ¢ 0 0 0 G 0 0 400 12800 0400
i
Cholerae-suis
(Auerica)
"o a 0 0 1600 800
Cholerae~suig
“(America) 1
"H" type G 3200 0 0 3200
Cholerae-suis
(America)
LI .
H" group 0. o 0 12800 6400
0 = legg than 1:100

s = serup

a,b. = abgorbed by
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The results show that culture 168 removed all

agglutinins from cholerae-suis (European) serum as well as
from the homologous serum, and that cholerae-suis (European)
exhausted both 168 serum and its own seruu. sbsorption
tests were also carried out with the adiphasic american

- hog=cholera bacillus and its serum. it was Tound that

culture 168, while completely removing all the 0" and

group agglutinins from cholerae=-suis serum, left the "H"
specific titre almost unaltered. On the other hand cholerae-
suis (america) completely exhausted all the agzlutinins
(0" and "H" non-speeific) from 168 serum. The reaultg,
thereforg,showed that culture 168 was devoid of an “H"
specific antigen and that it contained the same antigenie
componentis as cholerae~suls (Buropean), viz. the following
factors of the Kauffmann-ivhite schema:-  *O", V1, V1l.
*H® non-gpecifie 1, 3, 4, 5. "H" gpecific gil.

8ix other strains, ecultures 365, 380, 381, 382,
383, 334, isolated from the blood of pigs during an ocutbreak
of swine fever in the Transvaal were also studled serologically.
kith strain 365 complete mirror absorption tests were carried
out a8 in the case of culture 168 (Table 9) and exaetly
similar results were obtained. With the other five strains
one-sided absorption tests were performed, using both
sureopean aad American hog-cholera sera.  Whereas all the
agglutinins (“O® and “H" non-specific) were removed from
surcpean hogecholera serum the "H® speeific agglutinins of
the ~merican guipestifer serum were left unabsorbed. 4ll
six strains were found to be monophasic.

These results, therefore, clearly show that
strains 366, 38U, 381, 38z, 383, 384 resemble cholerae-suis
(suropean) antigenicelly, containing the same antigenie
factors assigned to strain 168.

For fermentation tests see Table 25.
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Murray (1934) cites several different workers
who have isolated gholerae-suis from the faeces of a small
percentage of apparently healthy pigs. He states, however,

that he has been unable to d emonstrate the presence of

sulpestifer in normal pigs.

v.

In horses infection with 3. abortus-egui is

undocbtedly the most common disease caused by the genus
salmorella. More than forty years ago Kilborne (1893)
and Smith (1893) studied an outbresk of abortions in mares
and isclated a non-lactose fermenting orgsnism of the hog-
cholera group from the vaginal discharges of the affected
anim.ls. This organism was found to be pathogenic for
rabbits and was regarded as the cause of the abortions;

on cultivation it formed a membranous growth with wrinkled
edges on the agar.

Subsequently several different workers investigated
cutbreaks of infectious abortion in mares caused austensibly
by the same bacterium studied by Kilborne and Smith. Good
and Corbett (1813) studied a very serious epizoatic in
kentucky due to crganisms of the gnteritidis hoge-cholera
group, whieh produced nearly 100 per cent abortions. Intra-~
venous inoculations of cultures of this organism caused
abortions in mares within 10 days. About the same time
Meyer and Boermer (1913), de Jong (1913), Dassonville and
itiviere (1913), van Heelsbergen (1914) and Schofield (1914)
also described épizsotics of abortion in mares due to Bact.
abortus-egui. Later MacFadyean and Edwards (1217) discussed
the relationship of infectlous ahortion in mares and joint-
ill in foals, while Miessner and Berge (1917) and Murray
(1919) also incriminated abortus-equi as the etiologiecal

agent of outbreaks cof abortion in mares.
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Apart from causing abortions in eguines this
organism has been found de—be responsible for pyaemic
arthritis, joint-1ll, abscessation and tendo-vaginitis.
Yhile studying the etiology of infectious arthritis in
colts in ameriea, Good and Smith (1914) isclated from the
pus of the joints a bacterium which resembled the-causal
agent of infectious abortion in mares; but from the affected

in

synovia of one foal they obtained(onl
the outbreaks of pyaemic arthritis in foals investigated

by Schofield (1914) Gram-negative bacteria were isolated in
pure culture from the synovia of the affected joints - in

a few cases only)the cultures yielded & mixed growth of Gram~
negative bacteria and gireptococeis. The former viere regarded
as closely reluted to the bacterium of centugious abortion

in mares. In Germany Miessner and Perge (13917) uscribed

the cause of a severe epizootic of abortion in a stud to a
paratypboid organism, which was isclated from the stomach

and intestines of dead foetusesj; they polinted out that the
majority of the foals %gggkwere born alive on the affected
farm developed Jjoint-11l, but girepiococci were regarded as
the most important etiological agent, paratyphold organisms
being obtained from only one case. In & comprehensive

study of contaglous sbortion in mares and joint-ill in foals,
MacFadyean and Edwards (1917) found Bact. abortus-equi as

the most cormon cause of the two diseases. Toey 1isolated
this organism from the heart-blocd and internal organs of
several 6f the aborted foetuses, and also from the Jjoints
of a nurber of foals affected with joint~ill. Some of the

horses that were imrunised with abortus-equi for the purpose

of serum production developel arthritis. Magnusson (1919)
on the other hand, considered an organism, which he called

Lact. viscosum equl, as the most common cause of Jjoint-ill

in foals.
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In South africa Martinaglia (1929) kee described
several cases of tendo-vaginitis in aduli horses due to

abortus-equl following horsesickness immunisation. Out of

twelve cases studied in 1822, nine yielded pure cultures

of abortus-equi, while in the remaining three & mixed infec-
tion of this organism and a streptococcus was found. Une
aniwal, a stallion, was affected with orchitis due to abortus-
egui. In 1925 a similar condition appeared in mules, also
after immunisation against horsesiekness.

Seymour (1936) also incriminated abortus-egui as
the cause of an outbreak of pyosepticaemia in foals, while
Fujimura and Hoshi (1936) described ocutbreaks of contagious
abortion and cases of abscessation in equines due to this
organism. Yoreover, they reported a case of sbhortus-equi
infection in man.

Although the antigenic struecture of the organism
incriminated in these outbreaks is not clearly given, there
seems to be very little doubt that gbortus-eguil, or a very
closely related bacterium, was responsible for most of the
Ca5ES, The strains 1solated by Martinaglla were described
as actively motile; but only one of these, culture 219,
was kepte when this strain was finally received by me it
was found to have lost all its properties of motility.
~fter preparing sntisera, agglutinatioen and absorpticn
tests were performed with this organism and abortus-equi
¥HZ2. The results of these tests showed conclusively that

culture 219 and abortus-equi WHZ had the same somatie

antigen; culture 219 removed all the "O" agglutinins from

abortus-equl WH2 serum as well as from the homologous serum,

WAl
on—theother hand, abortus-egul WHZ completely exhausted the

"o% agglutinins from both sera. As culture Z19 was none-
motile its serum was devoid of "H" agglutinins and it left

Secosv

the "H" agglutinins of ab g=eyui ﬁﬁEAunaltered.
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Apart from abortus-equl infeetion other types of

Salmonella are sometimes responsible for outbreaks of disease

in solipeas. Thus, Moulin and Amichau (1918), Combes (1918)
and Urbain, Stocanne and Chaillot (1229) described epizootics
in horses due to paratyphoid bacilli. Graham, Reynolds

and H111 (1918) studied @ virulent outbreak cf disease in

a shipment of horses and mules cdue 1o enteritidis. Meissner

incriminated iyphi-murjum as the cause of a {iscase in foals

and obtained this organism as well as abortus-egui from mares

that had aboried. Worecver, Lutje (123C) isolated both
¢nteritidis and typhi-murium from equines affected with
abortion, and Le obtained gnteritidis from foals exposed to
infection with ealves. Standfuss (1925) and Lehr (1928)
isclated paratyphoid organisme from horses that were
slaughtered in emergency. Other workers like Baumann and
Gratzl (1831) and Arnberger (1921) describad outbreaks of
gastro~enteritis in horses due to hi-purium, while
Edwards (1934) investizated an epizootic of infectious
colitis in 3 to 7 months old foals caused by the same
organism. Cernczubov, Pilipovie and Stavel (1937) claim
to have isolated five strains of iyphi-murium andfour of
paratyphi-B from diseases in horses.

But apart from causing disease in eqguines

salnonel infection of horses may lead to serious outbresks

of food=poisoning in countries where horse flesh 1s used
for human food. Thug, during the Great %ar and the years
immedlately followinétmore than 25 per cent of &ll oute
brezks of meat-poisoning in Germany were traced to horse
neaty zégiémzﬁéazg;idence of gastro-enteritis from this
source has been very low during recent years (Meyer, 1934,
1928). In 1923 Heyer recorded 19 outbreaks and in 1932
only one that could be ascribed to this cause. Euppelmayr

(1924) deseribed 47 cutbreaks of food-poisoning, involving
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5440 cases and czusging 63 deaths, all traced to the consump-
tion of infected horse meat. Elkelas (1925) recorded 61
outbreaks of meat-poisoning in Germany during 1923, involving
3093 persons and causing 2C deathsi the majority of these
cases were due to horse-me2t. Glage (1916) studied an
epizootie of food=poisoning cdue to horse-meat; 392 persons
were uffected and there were 2 deaths. Organisms of the

Raratyphus~B group were lsolated from the suspected meat

and from the stools of the patients. Infection of man
following the consumption of horse-meat was also described
by Muller (1921). Clarenburg (1931) described two out-
breaks of food=poisoning in Holland where the cause of
infection was horse-meat. Uhlenhuth (1926) isolated typhi~
murium from patients who were suffering from acute gastro-
enteritis following the consumption of horse-meat, while
Kauffmann and Silberstein (18934) obtained anatum var.
Liuenster from & person who had developed food=-polsoning
after a meal containing raw horse-meat. Several other
outbreaks of Salmonella food-poisoning in man resulting from
the ingestion of horse-meat has been studied in the
Aeichsgesundheitsamt in Germany. Many of these have
followed the consumption of mest from animals slaughtered
in emergency. |

Recently my colleague, Mr. R. Clark, investigated
an outbreak of purulent arthritis in foals in th2:§$26 State.
He obtained pus from the affected joints of one foal and
made cultures on agar slants; the growﬁhs obtained were
submitted to me for identification. These were plated on
MacConkey's bile salt agar and yielded pure cultures of a
non=lactose fermenting bacterium whieh looked like a
salmonellz. Several of the single colonies obtained were
tested against various *0O%, type and group sera. They were
all agglutinated by the "0O" sera of group P the Kauffmann=-
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White schema, and it was at first thought that the organism
was probably abortus-egui. But, on further testing, it
was found that some of the colonies were agglutinated by
typhi-murium type serum, while others were flocculated by
a pure group serum, like that of cholerae-suis var.Kunzendorf.
The organism (gulture 478), therefore, was diphasic. Accord-
ingly, antisera were prepared against it for the purpose of
carrying out agglutination and absorption tests.

These tests (Table 26) show that typhi-murium
removes all "Q", "H"-type and "H"-group agglutinins from
478 serum, while 473, although completely exhausting the "H"
agglutinins from txghi—muriggzrggrely reduced the "O" titre
of the serum from 800 to approximately 200. Culture 478

also absorbed all the type and group agglutinins from
aberdeen serum without altering the "O" titre, and aberdeen
exhausted all the *H" agglutinins from 478 serum, but

failed to reduce its "O" agglutinin content. On the other
hand, culture 478 removed all the agglutinins ("0, type

and group) from both storrs and copenhagen sera, while both
storrs and copenhagen completely exhausted 478 serum. The
results of these tests, therefore, showed that culture 478

is identieal with Salmonella typhi-murium var. gtorss
(Edwards, 19353 » Oor S. typhi-murium var. copenhszen (Kauffman,

19353, containing the following antigenic formula:~ "O® 1V,
"H"-specific 1, "H"-non-specifie 1, 2, 3. The ferﬁentation
reactions of culture 478 are given below (Table 25).

Strains of 3almonella ityphiemurium devoid of ™O*
factor V were first described by Landsteiner and Levine (1932)
when they studied the Binng strain of Schutze. Later
Kauffmann (1935a) recorded 16 variants of typhiemurium which
contained "O" faector 1V, but not faetor V, and he called these
variants typhi-murium var. Copenhagen.  aboutl the game time
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( |ﬁ3"')
Jungherr and Wilcoxhdbtained from pigeons a strain of typhi-

murium which reacted atypically with maltose; an antigenic
analysis of this arganism made by Edwards (193%? showed that
it 1s lacking in "0" factor V. Edwards called the variant
typhi-murium var. Siorrs. Hobn and Hermann (1937) alse
recorded an outbreak of disease in pigeons due to the 1V~
variant of typhi-murjum, while Hoffmann and Edwards (1937)
studied an infection in rabbits caused by the same type of
organism. Moreover, several cases of infeg¢tion in man due
to strains of ityphi-murium devoid of "QO" factor V have been
described by Zahn (1935).

Both Zdwards and Kauffmann found that the 1V~
variants exhibited blochemical reactions that are not
typical for typhi-murium and that strains from different
localities did not always react in the same way.

Edwards (1938) points out that all the recorded
outbreaks of disease due to lVevariants of typhi-murium
have oceurred in min, pigeons and rabbits; no lV-variants
were found among btyphi-murium cultures obtained from horses,
sheep, guinea-pigs, rats, mice, turkeys, chickens, ducks and
canaries., The strain of typhiemurium var. (openhagen
(Storrs) deseribed by me is, therefore, the first record

of this organism obtained from a horse.
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TABLE 208

s

2

ABSORBED SERA. UNABSORBED oERA
- TEoITs Serum Copenhazen Typhi-mur {um &abor tus- Aber—
478 serum absorbed by:- hbsorbed by:-|609 serjum serum absor- lequl serum |deen
absorpbeld by:- bed by:- absorbed ser ug
, by:=- ab.by {-
Qopen- yphlz" abor- uber- ! . ~ABoT= T
hagen murium tus- deen - %gggﬂr lyphi- Lus ~- Copen~ ty.hi- tus  Aber-
antigen 478 Storrs ©d59 equl 478  Storrs {478 agen 478 ‘murfum (478 egqui 478 | 478 Otorrs hagen murium egui geen.
e * i — et — — ————
478-1 0" 0 o 0 o o 800 0 0 0 0 0 0 0 o | 800 1600 /600 800 800 0
478-type 0 0 0 0 12800 O ¢ o 0 0 0 O 22800 €400 12BOO 25600 50,000
476-group o o o o 3200 O 0 0 0 0 0 O [3200 25600 6400 25600 6,400
Storra-"o" o o _ o 0 - 800 1600 -
Storrs-type 0 6] - C ¢ - 42800 6400 -
Storrs-group C ) - 0 O - 3200 25600 -
Copenhagen "O"| O - 0 0 0 800 1600
Copenhagen- 0 - 0] 0 0 1800 12800
type
Copenhagen o - 0 o 0 3200 6400
group
typhd-murium | O 0 S 200- 0 800 800
A\ HoH 400
typhi-muwriwg- | 0 100 100 100 1£800 25600
type ,
typhi-murium- 0 100 160 100 3200 25600
ETbup
Ago,rgz_s'_-;%%i 0 G o 0 1600 1600
A =equ -
bortus“E' i 0
Aberdeen "O" o #OO 0 400
Aberdeen type 0 LoO  1g800 20,000
Aberdeen 0 g2 ) 94
P roup o) 8200 04400
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Infection of birds with different types of
Salmopnella is much more varied and widespread than in
mamals, and the losses sustained through this group of
organisms are probably far greater than those resulting from
any other cause. Epizootics in fowls due to 5. gallinarum
are extremely common in some countriesj in South Africa,
fowl typhoid is without doubt the most serious infeetious
disease of fowls, while in Europe and ~meriea Pullorum disease
seems to be more important. BEpizootiecs due to Salmonellas
other than gallinarum and pullorum, although less common,
may nevertheless be responsible for serious losses in all
species of domestic birds. It is with & discussion of
these diseases that this part of my paper 1s ehiefly concerned.
Although no authentiec cases of paratyphoid in pigeens,véﬁﬂhc
and geese nhave so far been recorded in South Afriea, my
discussion will not be complete unless the literature
relating to disease in these birds iIs duly reviewed. More~
over, »almonella infection, other than that due to gallinarum
and pullorum oceurs apparently more frequently in them than
in gallinaceous birds. The extensive literature relating
to fowl typhoid and pullorum disease is not discussed in
this paper; it bas been fully reviewed by a number of
different workers.

salmonella infection 1s most common, and also most
serious, in very young birds.  sdult birds usuvally suffer
from a chronic form of the disease with lesions in the ovary,
testes, Jjoints, liver and spleen; whereas in young birds
septicaemia and enteritils with changes in the internal organs
are more frequently observed. The infection may be the
cause of serious losses in the affected m and of food-

poisoning in man, either through the medium of infected meat
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or eggs. Jeveral different species of birds mey be affeec-
ted, and a number of different types of Salmonells have been
ineriminated as etiological agents.

In a recent review Schaaf (1938) mentioned typhi-
murium, eritidis, anatum, cholerae~suls and abortus-egui
as the causes of paratyphoid in birds; while #dwards (1936,
1937) has found oranienburg as the eause of an infection in
quail and Senfitenmberg responsible for a disease in turkeys.
Recently I have recorded an outbre:k in chickens due to
Salmonella amersfoort (Henning, 1937). Typhi-murium seems
tc be the most common czuse, with enteritidig next in impor-
tance; the other organisms are only rarely found.

Natural infeetion usu:zlly occure by means of food
or water contaminated with the exereta of Infeeted animmls or
birdg;but transmission may algo take place through the medium
of the egg which has obtained the infection Iin the ovary or
oviduct, or which has been contaminated by mecns of infected
faeces. Sometimes the embryoc is dead in the shell as a result
of the infection, but generally the newly hitched birds develop
the discase during the first few days of life. There are
several predisposing factors like bad hygiene, improper feeding
anc infestation by parasites which favour infectionj the
dirty habits of water birds, probably account for the frequen-
¢y of puratyphoid in ducks and geese, as well as the number
of outbresks of food-polsoning that result from the ingestion
of food~gtuffs containing their eggs or meat as ingredients.

Lerche (1936) considers thut 5.7 per cent. of ths
ancky eggs sold in Germuny mey-be infected with 3a
Freyuently the shell is contaminated with infected fueces

and under favourable conditions the organisms penetrate from
the shell into the interior of the egg; but although the yolk
is zn execellent culture medium, the albumen of the fresh egg
is strongly bactericidal (Lachtschenko, 1909, Rettger and
Sperry, 1912, and Seott, 1930). This germieldal action,

Lowever, deteriorates when the egg becomes stale and when it
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is exjoned o warm, moist weather for more th:n two weeks,

the orgunisms oay penetrute into the interior and increase

in nusberd; this inereuse cocurs only when some yolk hiag
diffused inte the «lbumen. The most dongerous scuree of
infection is food which contains Guck™ egge as an lugrediant,
and in vhiech the orgenisms ¢sn rescily multisly, e.g. creass,
custaris, puddings and “Hackfleisch” th.«t have not been suffi-
clently he.ted during tbe preparation; mayonn:ise is too
geid for baeterds)l growth and is, therefore, leas dungercus.
The dunger of eating Suex™ ogugs in the ruw state is obvious,
but even frying or bolling may not be suffieient to kill the
organises $aminfeetec—egr. Lerche (1936} considers th:t
after & minutea boiling the lemperature of 1he yolk of a duck's

@@ Bay hot be much more Lham 4% (e« while Bruns and Frooae
(1934) state thst after bolling an egg in the shell for 33
pinutes ithe tempersture in the interdior ia only 80C., but
after & minutes boiling it rises to about €59C.

1) pizeong.

The first record of a disesse In birds cuused by &
3 1s given by Xoore (1853) in bis deseription of
a severe eplizootic in pigeons Gue to & bacillus of the hog~

cholers groups The orgxniem w«s reeovered from ihs hearte
blood and intern:l orgsnsg of affeeted birds; 1t wug found to
ve pathozenic for rubbits, mice and guinea-pigs, and it fere
zmented cextrose, but not laclose or sacecharcse. Salmon (1504}
sleo deseribed a rapldly fatal disesse ia pigeons, due o an
erganiss of the “enteriticis group®. The suspectsd hacterium
wab obtiined from the internsl crgans of sffectsd birds, and
it wus found 1o be puathogenic for _mall Jsborstory animils

us well asg,g)igm, snteritis wws the moet culstanding lesion
recorded. snother cutbreak of pigeon puarstyphoid wus des~
eribes by Zingle (lsl4), whan he investig:ted & mort.lity
smong militery bBirds at Strassburg. Ho definite sysploms
were described, but the Lirds lost their condition in apite

of &90¢ foocs  after death the liver was founki o be enl-orged
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and yellowish=-grey, while numerous greyish nodules of vary-
ing sizes were scuttered throughout the pectoral muscles,
liver and kidneys. Organisms of the rarutyphud~B group

(typhi-murium?-) were obtained in pure culture from the

heart-blood and organs of disessed birds, but it wae not guite
clear whether this infectlon was primary or secondary as the
birds were affected simultaneocusly with pigeon-pox. The
invusion of the body by paratyphoid organisms under certain
abnorm:l conditions is explained by Cash and Doam (1231).
They have found thut latent infections with typhi-murium be-
come seemingly active under adverse conditlions; they have
reported an appurently spontaneous development of a fatal
disease in under-nourished pigeons associuted with myeloid
hyperplasgia of the bone-murrow, an increase of the myeloid
elements of the blood, and necrotic foei in the liver, spleecn,
kidney and bone-marrow, Iyphi-murium was regularly recovered
from the heart-blood and orguns. A similar discace was set
up experimentally in norm.l pigeons by the inoculation of
liver emulsions and cultures of the orgunisms.

Subsequently several other workers described out-
breaks of Sulmonella infection in pigeons. Thus, Heitsma
(1924) studied an epizootic in Holland, as a result of which the
pigeons developed an uleerative enteritis and became very much
em.clated; a pure culture of an organism, libelled “B.parae-
typhus-B* (typbi-purium) was obtained from the liver of the
affected birds. Subaya and Willems (1927) recorded a chronie
and sn acute form of the disease affecting adult and young
birds respectively. The adult pigeons were usually afflicted
with a severe arthritis and swelling of the Jjoints, asscciated
with softening and atrophy of the pectoral muscles,y while
young birds suffered moestly from acute enteritisy sbout 65
percent. of the young birds died from the disease, and most
of the survivors scoured for several months on end. The latter
apparently rem.ined carriers and generally transmitted the
infeetion in turn to their off-spring. The most important
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iesions recorded were caseous nodules in the lungs, smill
white nodules in the liver, uleeration of the mucous membrane
of the intestine and distension of the joints with & purulent
or cazseo-purulent material., A Salmonellu, which was not
identified, was isolited from the pus of the joints in the
chronic cases and from the heart-blocd of the young birds.
This organism was found to be pathogenic for guinea-pigs,
rabbits, mice and pigeons. On Investigating the ecause of a
serious epizootic among a group of young squabs, Beaudette
(1926 b) found W in the heart blood, internal
organs and unabsorbed yolk of the young birds. The sick birds
showed nervous symptoms, like incg-ordinition of movements
and convulsions, and diarrhoeaj; +the lésions were swelling
of the liver and lungs, catarrhal enteritis znd inflammation
of the proventriculus. The birds had been kept under very
unhygienic conditions, which were regurded as a predisposing
factor.

Several outbreaks of paratyphoid in pigeons from
widespread areas in Germany were studied by Beck and Meyer
(1927). The cause was aseribed to typhi-murium (breslau)
and the disease affected old birds as well as youy ones. The
latter usually suffered from an acute form associatedw ith
loss of appetite, severe thirst, listlessness, dlarrhoea and
pneumonia. In older birds the symptoms were more sub~acute
or chronie; there were symptoms of general weakness, involun~
tary drooping of the wingé, paralysis of the limbs and swelling
of the joints. The mortality was generally very high. A
post=mortem examination revealed atrophy of the peetorsl mis-
cles associated with the preéence of several elongated grey-
ish~yellow nodules, and a yellow caseous exudate in the en-
lurged Joints; there were also numerocus small, neerotic
‘nodules in the lungs and liver, and several ulcers on the mucwms
menbrane of the intestine; the testes, ovary and oviduet were
frequently affected, Beek (1928) considered that the etiologital
agent of pigeon puratyphoid resembled typhi~-muriuvm (Breslau)
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serologically, and that adult birds were much less suceptible
than young onesj the latter could be readily infected paren-
terally or otherwise. Berge (1929) regarded paratyphoid as
one of the most important diseuses of pigeons in Germany ==
of 103 birds examined by him 22.6 per cent. were found to be
infected with typhi-murium (Breslau). Young birds commonly
suffer from an acute form of the disease with symptoms of
progressive weakness, listlessness, loss of appetite, thirst,
severe dilarrhoea and pneumoniaj the outstandi ng lesions are
sepficaemia, tumour splenis, disseminated neecrotic nodules
in the liver, acute enteritis, and pneumcnia with several
greyish-yellow nodules scattered throughout the lungs. In
older birds the condition is generally chroniec and the symptoms
may last for several weeksj; the Joints are swollen and there
is paralysis of the musecles of locomotion and flight; the
carcass is usually emaciated, the pectoral and leg muscles
are @trophied, there is swelling of the internal organs and
numerous small necrotie nodulea have developed on the mucous
membrane of the smxll intestine; in cases cof enlargei joints
there is a purulent or caseous exudate in the Jjoint cavity.
immel (1829) also found Schottmuller {(typhi-murium ?) in
praetically pure culture in the exudates obtained from the
swollen joints of pigeons examined by hime.

By examining & flock of over 8OO0 pigeons suffering
from weakness of the wings and sweiling of the joints Brunett
(1930) found a staw coloured exudate In the Joint swellings
and «bnormulities in the ovaries resembling those of pullorum
disease. Iyphi-murium was isolated from the Jjoints as well
as from the ovaries.

Recently Jungherr and Wilecox (1934) investigated the
cause of a disease In a flock of about 150G pigeons in whiech
there wus an annuzl loss of about 20 percent. They incrimi-
nated an atypical non-maltose fermenting varilant of iLyphi-
murium as the eticlogical agent. They found s widespreak
sensitisation to the wuriant in the breeding stock, and called
attention to the misleading cross-agglutination which was
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obtained between this organism and Pullorum, snd therefore
the possible diagnosis of bacillery white diarrhoea in
unusuai hosts., The lesions seen were tumour splenis,
peritonitis end arthritis. In same cases typhi-murium
could not be obtained from reacting squabs, while at other
times the orgsnisms were isoleted from birds that failed %o
react serologically. Edwards (1935 b) studied the same
variant from three widely separated areas and found the "O"

antigen, like that of abortus equi, lacking in factor V of

the K@uffmann-@hite schema, The variasnt was noticed to be
non-maltose r%@enting and negetive to the Bitter test;

it sppeared to be similar to typhi-murium var,Covpenhagen

of Kauffmann (1935 a). BEdwards labelled the organism

S, typhi-murium vear.,Storrs., A similar organism, obtained

from a case of purulent arthritis in & foel, is described
by me above,

Lesbouyries end Verge (1932) described pigeon
paratyphoid in France and Cernsisnu and Popovieili (1933) in
Rumania, while Ismail Abu Bakr Khalife (193%5) studied an
epizootie in Egypt due to typhi-murium, More recently
Shirlaw and Gaﬁapathy Iyer (1937) have rcecorded an outbreak
of pigeon septicasemia in India caused by what they called
e "Gaertner infection”, Soon after & number of birds had
been lnoculated with fowl-pox vaccine they developed
symptoms of acute enteritis end fever from which they dled,
It is not possible to recognise the type of Salmonella
incriminated from the description given.

That infeection of pigeons with Salmonella may

lead to serious outbreak of food-poisoning in men is
illustrated by the description of (Clerenburg aend Dornickx
(1932) of an epizootic which involved 20 persons in the
military hospital &t the Hague, The source of the infeection
was treced to pudding made large%from.pigeoné' egzs., The

patients showed symptoms of fever, dlarrhoea, vomiting &and
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gastro~enteridvis. S,typhi-nurium was isolated from the

pudding, and from the bloocd, faeces and urine of some

of the patients; the sera of the affected persons also
agglutinated cultures of the Salmonelle found. On investi-
gation, it wss ascertained that the flock of pigeons from
which the eggs originated were suffering from paretyphoid,
Moreover, typhi-murium was recovered from eggs laid by
these birds,

Although several outbresks of a Septicaesemic
diseese in pigeons have been reported in South Africa from
time to time the cause has remained obscure until recently
when Henning and Halg (1938) studied an epizootie of
squabs in which & Salmonella wes found to be the cause,
(Th$€ outbreask was studied after the completion of this
paper).

The affected birds suffered from loss of appatite
acute diarrhoee with green evecuations and rapid loss of
econdition. The nost important lesions observed were
enlergsment of the spleen and liver and acute catarrhal
enteritis, The affected flock was composed of over 2(G0
birds of whiech 24 have died from the dlsease, Heart-
blood, spleen and liver cultures ylelded & pure growth
of & non-lactose fermenting, Grem-negative motile
bacterium (culture 548). On testing this bacterium
against various "0", type &and group sera of different
groups of Salnonella , it was agglutinated by "0O" sere
containing factor IV of the Kauffmenn-White Schema, by
type sera containing factor i and by group sera., This
suggested that the orgenism is related to typhi-murium,
Agglutinetion snd absorption tests were therefore, per-
formed with different varieties of typhi-murium. The
results are given in Table 2¢ B.

The results of Teble 26 B show thet typhi-murium

absorbed sll the agglutinins, "Q" type and group, from
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548 serum a8 well as from its own serum, but that culture

548 merely reduced the "O0" titre of typhi-murium serum

from 3200 to 1600. Culture 548 removed all the "O"
egglutinins from its own serum but failed to exheust a
smell portion of type and group agglutinins from both its
own &nd typhi-murium serum. This is ettributed to the

reduction of its motility which occurs on subcultivation
on solid ager.
When 548 serum was absorbed with either tybhi-

marium var.Siorrs or typhi-murium var. gopenhagen. a@ll

the "0" agglutinins were removed Tfor typhi-murium,

typhi-murium var, Siorrs, typhi-rmrium var. Copenhegen

end for itself.

| According to these results, therefore, culture
548 contains the same type and group antigens as typhi-
murium and the seme "0" antigen as txphi—murium var,

Copenhacen (storrs). Its antigenic formule should be

"o" o IV, type 1 group 1,2,3.
An outbresk of pyo-arthritis in foals caused by
the IV-veriant of typhi-murium is deseribed on page 73,
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TABLZ 20 B.

Antigen 548 Typhi= 548 serumX 548 serum  typhi-~ 548 serum™ 548 ser um
serum wWur Lum absorbea absorbed mur ium absorbed absorbec by
unabsorbed serum by 548 by typhi- absorbed by typhi- typhi-mur ium

unabsorbed ' by 048 murium var, var, «0,€en-
St0rIs. hagen,

548 oM 1lo00 3200 C o (¢} ¢

548 type 6400 100,000 1Q0C 1C0

048 group 100,000 50,000 200 ACC

typhi-murium "CQ" 1,600 3,0 ¢} 1,600 o Q

" type ©,400 130G, 000 100 100G
" group 100,000 25,000 200 200

tyyhi-murium

var, olorrs nom 1,600 o C

typhi-murium  *O"

v.Copenhagen 1,600 v %)

e Bl

X Strain 548, although unuoubtedly mobile, lost a grest ceal of its motility when it

was grown on selide agar.

It, therefore, failed to @bsorb all the "H" agglutinins
from its own serum a&s well w8 from typhl-uurium serum.
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(2) Canariss,

Canaries seem to be particularly susceptible
to Selmonella infeotion. They usually contraoct & very
virulent form of the diseese which may account for very
severe losses in both young and adult birds, Joest (1906)
wes proably the first to draw attention to the ococurrence
of a disease in cenaries caused by the enteric group of
baeteria, Another early record of an €pizootic
epparently due to & Salmonella i1s that of Gilruth (1910).
Apart from symptoms of drowsiness and listlessness, the
birds 414 not appear to be sick; but death was often
sudden, with tumor splenis as the most important lesion.
A bacterium isolated from the heartblood was found to be
pathogenic for mice, rabbits, guinea-pigs and canariss,
About the same time Pfeiler (1911l) incriminated an
orgaenism of the Paratyphi-B group, obtalned from blood
culture, a8 the cause of a virulent outbreak of diarrhoes
anmopg & group of well-bred canaries, After deeth, lesions
of acute enteritis, peritonitis and tumor splenis wers
revealed, A somewhat similar outbreak was recorded
by Lutje (1924).

Later Beaudette (1926 a), Beaudette and Edwards
(1926), and Harkins, (1926) also described virulent
epizootics in cenaries in which organisms of the Paraty-
phoid -B group were incriminated as the etlologlcal
agent, DBeaudette and Edwards (1926) studied two outbreaks
in which birds of all ages were affected with severe
diarrhoea associeted with an increase in the amount of

urates excreted; an organism which

Digitised by the University of Pretoria, Library Services, 2012



&3

regembled typhi-murium serologically wag obtained from the
hexrt~blood and internal organs. The outbre:zk described

by Harkins (19268) involved over 200 imported cunaries with

a mortality of over 75 percent. The premises into which the
birds were introduced were well-kept ad elean and none of
the local birds became affected; but the imported canaries
arrived in solled wooden cages, which probably pluyed a pre=-
disposing purt in setting up the infeetion. The sick birds
showed gsymptoms of listlessness, inappetance and disrrhoea,
and death was always very rapid.

In South Africa, Martinaglia (1929) recorded two
outbreaks of paruatyphoid in canaries in whieb typhi-murium
was the cause, and im 1933 I Investigated a very virulent
epizootic in an aviary comprising about 200 well-bred canaries.
The most importunt symptoms were drowsiness and diarrhoea, and
the course of the disease wig always very rupid, with a mor-
tility of over 95 per cent. The most important lesions ob-
served were hydro-perlcardium, enteritis, tumor splenis and
swelling of the liver. A gram=-negative, non-lactose fer-
menting organism was obtained in pure culture from the heart-
blood and spleen of all the birds examined. Cultures of this
organism were readily agglutinated by typhi-murium serum and
the orgunism wes found to be di-phasie. A mixed serum was
prepared by injecting a rabbit five times with a suspension
of the canary strain {(culture 176) in saline. Agglutination

and absorption tests were then performed as shown in Table II.
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TABLE II.
antigen Typhki=  Typhi~ Typhie 176 S. 176 3. 176 Se
murium murium murium 8D Aebhe Ul
Se a.E. SCe Beble DetiNe e 176
typhi- 176 Baxbe murium
BUDI Ul
Typﬁé;mnrium ¥ ¢ 1600 0 ¢ 800
Typhi-murium 0 0 SO000 0 Q 12800
: 113:4 typ e .
Typhi~murium ¢ G 26000 o o 6400
i?Hti gr@ {i-p -
176 wo» O QO 1806 O Q 800
176 type Q 0 50000 ¢ 0 12800
176 group O ] . 28000 ¢ Q 6400

O¥ serum j; a.b. = absorbed by; unab ¥ unabsorbed;

U ® no agglutinution at 1 in 100.

The results of Table 1l show that culture 176
removed all agglutinins ("O", type and group) from ityphi-
murivm serum as well as from 176 seruy while typhi-murium
completely exhuusted both 17€ serum and the homologous serume.
Culture, 176, tnerefore, resembles typhi-murium serologieally

- ana contains the same antigenic factors; 1t should be ree-
gurdea as a—etrzhrof typhi-murium.

On investigating the source of the infection, I
found thut losses commenced to cecur soon after the owner
had changed the food supply. Several samples of graln used
by the owner far feeding were obtained and inoculated into
enrichment media e.g. tetrathionate bdroth. After 24 hours
incubation a loopful from each tube wus spreud onto a MHason
tube of HacConkey's bille-salt agar. 4 few translucent,
non~lactose fermenting colonies were observed on one of the
tubes; some of these were picked and tested against drops
of a typhi-murjum serum dilution on & glass slide; the result
was a coarse flocecular Aleutination and typhi-murium was
suspected, The rem=indrof a—eﬁﬁ?&l—&f the positive colonies

#gﬁé subcultivated until a pure culture (gulture 177) was

obtained. Culture 177 weos found to be diphasie, and, like
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gulture 176,1it exhuusted all agglutinins from the serum of
culture l76,as well as from the serum of typhi-murium Glasgow.
accordingly, culture 177s like gu

ture 17¢, should be regarded

as a strain of iyphi-murium. A one-sided absorption was
considered sufficient in the case of this test.
slthough the presence of i phi-purium in the grain
may explain the origin of the infection, the possibility
of the grein becoming contaminated by attenduants handling
it after the outbreak among the canaries cunnot be excluded.
It may be of interest to mention that Jones and Wright (1938)
described an outbreak of typhi-murium food-poisoning in men
due t¢ contamination of food witk the excrete of mice.
Culture 153, obtained from one of a number of fin-
ches that were dying from a septicaemic disease in an aviary,
was also studied. By testing it with t he same method used
for culture 176 it was found to be diphasic and to exhibit
the same antigenielcharacters as8 cultures 176 and 177. it
wig, therefore, also labelled typbi-muriume.

(3) geese.

Vutside Germany there is very little information
aveilable regarding the incidence of paratyphoid infection
in geese. secording to the classiezl monograph of Hubener
(1910) seventeen outbreaks of food=-poisoning traced to birds'
meat have been recorded in Germany during the period 1903
to 1308; of these 14 outbrezks were due to goose meat, one
to duck, one to fowl and, in the case of one, the species
of bird was not mentionec. Nine of the outbreaks were age
erited to paratyphoid organismsj of these7eight were caused
by goose meut and one was due to the meat of a sick hen.

Cne of the first records of paratyphoid in geese
is that of Pfeiler (1919) when he described a virulent epi~
z00tic among 3-week o0id birds with symptoms of septicaemia
and swelling oi ithe head and eyes. Heart~blood and organ
cultures yielded a pure growth of an organism of the Parutyphi-
B group (iyphi-murium?). Barlier in the year cultures of

typhi-murium were used for the eradication of mice and there
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was a suspleion that geese‘obtained the infeetion from the
mice. Later Weissgerber and Miller (1922), Lutje (1924)
and Burghoffer (1927) deseribed similar epizoctics among
young geese. The geese sQpdied by wWeissgerber and Miller
manifested symptoms of diarrhoea, swelling of the eyelids,
weskness and comvulsions followed by death. The lesions

recorded were swelling of the liver and spleen, huemorrhagie

enteritis, epicarcditis and hydropericardium. A4n organism
PRESEIN

raratyphus=8 and portiy

suivestifer was obtained from the heart-blcod and orguns of

affected birds. Very heavy losses were recorded by Lutje
among goslings that sbhowea sywmptoms of fever, listlessness,
Glarrhoea with lesions of tumor spienis, enteritis, and
miliary necrotic nodules in the liver; a slow-growing 3al-
mogell gtinat wus agglutinated 1o high titre by both uchoti~
puller and Voidagsen sera, was isolited from the internal
orgunse. Burghoffer investigated a septicaemic diseuse among
1 and =z weeg 21d goslings and inceiminated Lgct. enteritidis
Eresleu (dypbi-murium)as the causal agent. ap parently the
young birds becane Infected after haitching as the blood of
the laying hens gave a negative serclogical test with typhi-
muridae wxperdimentully the bacterium isolated was found to
be pathogenic for very young geese only, birds from4 to 6
wecks old being comoletely refractory to artifieial infeetion.
After the recognition of members of the genus 3al~
monella as etlological agents of diseuse in geese, severzl
outbrezks of food-poisoning in man have been traced to goose
meat or even to goose egzs. Thus Hohn and Becker (1927)
reported 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 resembled those of typhoid
fever, while other cases were typlezl of iyphi-murium infee-
tion with vomiting and diarrhoea as the chie? symptoms. There
were two deaths, and iyphi-murium was recovered from some

of the suspected salads, as well as from the stools of the
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patimts. Baars (1929) also found typhi-murium as the cause
of a disesse in 12 persons that had partaken of some smoked
goose breast. Symptoms of diarrhoes, vomiting and colie,
lasting from 1 to 10 days, were shown by all the patients.
The organisms were isclatec from the stoole of the patlents
a8 well as from the suspected meat.

Later Baars (1931):described another outbreuk of
reat-poisoning in a family of three due to Breslau infeeted
goovse meate The meat wus preserved in brine for a week
before it was used. On investig&ting,i%fﬁés discovered that
the govee from whieh the meat was obtained originated from
the game farm as the birds thut were resovonsible for the pre-
vious outbresak. It was thought that the infection was inw
troduced onto the farm by means of a number of geese imported
from Poland} +these geese were suffering from gistro-enteritis
when they arrived. Smoking and szlting of the meat did not
destroy the organisms, but rather esused their enrichment.
Baars considered that freshly eocked or fried meats are less
dangerous ae the organisme are not very resistant to high
temperatures. ,

Two outbreaks were recorded by Pressler (1230); the
one involving four persons after a meal of pies that contained
goose liver; Ereslay (typhi-murium) was recovered from the
stois of the patients «umd fromwhat remained of the goose liver,
but no infection could be detected in any of the remaining
geese of the floek or in the persons that had handled the meat.
The other outbreak affected a number of adulis and a few chile-
dren in a “Kinderheim"; they had ezten pies made from goose
meat. During the same year Kolbe (1930) also described two
epizootics of meat=-poisoning resulting from the ingestion of
goose meat; symptoms of vomiting, diarrhoea, fever and body
pains set in about 12 hours after the meal, and typhi-murium
was ineriminated as the cause. |

Un account of the increase in the nunmber of cases

of gastro-enteritis in m:n traced to goose meat, the carcasses
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of all suspicious-looking birds are now seized and econdemned
for humen food in Germuny. Out of 87 condemned carcasses of
geese that hud been suffering from fowl cholera, Hisgen (1931)
obtained ty.biemurium from 11 and enteritidis from 1. Trans-
portation of the birds was considered to reduce their resis-
tance 80 that infection eould readily have taken place. Hiig~
gen also reported two outbreaks of food~poisoning due to goose
liver and meat infected with t yphiemurium, and in 1930 he
investigated a severe epizootic of paratyphoid in geese. The
dutﬁtanding symptoms described in the geese were listlessness
ang diarrhoea, associated with numercus neerotic nodules
in the liver.

During three months of 1¢3% Pundram and schénberg
(1$32) examined 182 goose carcasces, in Berlin and isolated
tyohii-muriusn from 44. The sffected birds were emaciated and
showed marked¢ pathologicsl ehanges in their internal organsg,
and thelr skins were reddened. The same workers also reported
6 outbreuks of food-poisoning, involving 1€ persons, caused
by goose mext and liver infeeted with iyphi-murium. About
the same time Bornstedt and Fiedler (1922) examined 828 geese
Imported frem Polund and Lithuamiiy of these 182 had died and
showed either lesions of fowl cholera or ve¢ rminosis. Of
144 sick gecse suffering either from transport injuries of
symptoms of fowl cholera, 12 gauve a positive agglutination
reaction with typhi-purium; from the faeces of five of these

ohiiemuri was lsolated. They suggested that 3. tyohis

Murium probably occurs as a saprophyte in the bodies of geese,
becoming invasive only when the animal's resistance has been
lowered by factors like diseuse, injury and transportation.

4g far as South Africa is concerned no cases of geese

infected with 3almonella have so far been recorded.

(4) Ducks.
From the publie health aspect Szlmonella infeetion
in ducks is particularly dsngerous because the orgsnisms may
occur in the eggs of imfected birds ae well as in the meat.

Digitiséd by'the University of Pretoria, Library Services, 2012



89
Eoreover, par«typhoid is far more common in ducks and goese
that in galiinacecus birdsi Lecog (quoted by Seott, 1330)
consldered the esnataint associztion of water bLirds with ponds
and sud pouls, which are sometizes contaminated with Infected
exervta, «8 the c:use of the frecuetcey of diseuse in theme
in kis sccount of paratypbold infectica in s uatie birds,
¥amminger (1918) Gescribed s dise«se in 1 to % weeks old Jucks
and gesse cxused Ly <& organism of the 2

Eroupe.

The main symptoms recorded sere drowelness, loss of apjetite,
a purulent conjunctivitia, assplieasmds and enteritis; death
seourred In £ to 8 days' time and the lesions obesrved were
tumor splenis, sometimes neorotic focl iIn the liver and spleen,
snteritis and perfesrditis. oon afterw:rds letiger and
Jeovwille {1520} investiguted a most virulent disesse (“keel®)
in dueklingse; thers w28 & mUrtalily of me.rly WL percent

in & flock of sbout Al desth usually cccwreling daring the
first week of 1ife, but occasliomslily as late 23 2 to 4 wesks
after hatehinge. The only symptoms cbservad were listlegss-
neps, weéakness and intense ithirst; after drinmking the duck-
lings drew themselves up, stigeered, “ketles” apd dleds. Thers
were no definite leaions, but a . lmonglle w.s readily obe
tedined from the beart~blood «md grguns of the young birds «nd
«iso from the owsries of teo adult Cucks and the .Ldominal
cyat of ona. The lowvestig.tors ecopsidered that the infece
tdon was ecbibly trensmitled from ihe overdes of diseased hens
: bhe ags 1o the chliek, and they numed the organism igo=

a new specles. Boat Cooper and lrame
wisce (1984), sdwsrds and Rettger (1504, 1827), and Lauffman
ang silberstein (19:34) found that only some of the struins of
lsopells lsbslled apatys could be included under the new nume
as ihe others resesblec Lyphi-muriym serelogically; actuxlly
one of the strains syficied by Esuffmann anc silberstein (1834),
strain 3123 of thw Nationsl Collection of Type Cultures, was
Apatas like msf.‘/ iiim' apecisa of

mzl. 'rkau7i.an.ffm and Silbersteain lasclsted A strain from

t&e stocl of a patient suffuring from gestro-enteritis and
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intermittent fever, and .nother strain {apatum var Kuenster)

from & person that hud developed meat~poisoning after eating
raw horse meat] they also deseribed a third strain of human
origin obtained from Kristensen. Edwards (1935:5 ineriminated
anatum a8 the etioclogieal agent of an epizootic in chickens,
and I (yice infra) isolated it from adult fowls.

Subseguently several different workers have recor-
ded epizootics in ducks due to Sulmopellas. Doyle (1927)
recorded a gevere outbreszk among chicks and young dueks due
to Lyphi-purium; the source of the infection rem:ined ob-
scure, but the food wus suspected. In 1929 Galger and
Davies (1930) investigated the first known outbreak of “keel®
disegse in Greut Britain. The disease was so v irulent
that over 4000 ducklings from 2 to 17 days old were lost.

The main s ymptoms manifested were loss of appetite, catarrh
of the nose and eyes, incoordinapion of movements and loss
of equilibrium; finally ’t«hﬁ ducklings fell down unable w0
rise, "keeling® with their legs in the air. There was a
mortality of over 80 per cent. and the recovered birds re-~
muined alling for several weeks. Anatum was obtained from

a nunber of the birds exumined. All the deaths occurred

on a farm to which the young ducks were moved after hatching,
while those that remained behind on the breeding furm remmined
healthy. It was apparent, therefore, that the infection
tock place after hatching and that the egys and incubators
were clean. It was suggested by Gaiger and Davies that ana~-
tum, which they regarded ss a common inhabitant of the ali-
mentary c¢anal of ducks, 1s normully not pathogenie for these
birds, but that it becomes pathogenic only when ecertaln pre-
disposing factors operaite. Fermentation of the food was ree~
garded as an important contributory factor in the genesis of
the disease in the ocutbreak under consideration.

Pallaske (1930) described a disease in ducks asso=-
ciated with pathological changes in the ovaries of hems and
the testes of draukesj the cause was found to be S. enteritidis
Gaertner. Hole (1932) encountered three epizootics in young
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ducklings, due to enteritidis and the other two to typhi-
murium; infection was thought to hive occurred through
the egg. aeute and sub-acute engootics in young duecks and
geese with a mortulity of 96 per cent were described by
Strozzi (1931). Another virulent epigzootic in ducklings
with a death-rate of over 90 per cent. was recorded by
Schaaf (1933). The symptoms manifested were loas of appetite,
diarrhoea, with soiling of the eloacal featbhers, swelling
of the eye-lids and a purulent conjunctivitis. There were
lesions of tumor splenis, swelling of the liver, enteritis
and septicuemia; the yolk-sacs were about as largeas a
pes and eoniained a yellowish mortar-like material. Tyohi-
murium was found to be the cause. Infected birds discharged
the orgznisms with their fueces and gave positive agglutina-
tions reactions with these bacteria. Natural infeetion was
thought to have resulted from the ingestion of food or water
contaminated with infected execreta. Horeover, the vitality
and resistance of the birds were considerably reduced by
transportation for long distances by rail.

In England Dalling and Warrack (1932), McGaughey
{1932), and Warrack and Dalling (1933) have shown that adult
ducks may sometlmes lm'g}our S typhi-murium or S, ~itidis,
and that breeding birds with diseused ovaries are lisble to
lay infected eg. s, which often fail to hateh; should the in-
fected eggs hateh an epizootic of paratyphoid will probably
occur among the newly-hitched birds. In this disease, there-
fore, as in Baeillary White Dlarrhoea, the infeeting agent s
transmitted from the adult bird through the egg to its progeny.

The presence of g s in the eggs luild by infected birds

was demonstirated by these workers.  Moreover, those ducks
which laid eggs infected with either typhi-murium or epteriti-
dis produeced the corresponding agglutinins in their sera, and,
as with pullorum infected hens, they could usually be detected
by mexns of & serologiecal test. warrack and Balling noticed
that the aggs/:ggg infeoted only when the titre of the affec-

ted bird wis high, and the agglutination titre of the sera
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¢btained from reactors dropped considerably during the course
of the laying season. In the outbreak investigated by
McGaughey, several deaths éccurred among adult ducks during
the eourse of months. The liver and ovary of one bird,
which showed lesions resembling those of Pullorum disease,
yielded enteritidis on eulturé.

But healthy dﬁcklings m:y acquire the infection
from cutside sources, e.g. infected eggs may intoduce the
infeetion into the incubator and sc produce the disease in
subsequent hatchings. lMoreover, the infectlion may also be
picked up from cont:minated soil, food or water.

Seott (1930) considered that egzs may be responsible
for many mysterious cases of Zalmonella food-poisoning ia
which none of the common artieles eould be incriminated. He
mentloned seven outbreaks where duck™s egge were suspected,
but not proved, to be the cause of the disease, and he alluded
to a monograph of Lecog (1806) in which several outbreaks of
bacterial food=-poisoning due to whipped cream were describeds
both duck™ and hen™ eggs were used as Ingredients of the
whipped eream. By dipping fresh eggs into a culture of
typhl-murium, Scott showed that infeetion é§§2§$a§Z§ie through
the shell, provided the eggs were kept in the room for at
least two weeksj both yolk and albumen became infected. But
he found thst part of the shell must remain moist for the
penetration of the 5§cteria; if the eculture waus allowed to
dry on the shell, infection failed. The buctericidal action
of fresh albumen prevented growth, but, as the eggs became
stale, the multiplicatlon of the Sulmonella was marked and
the eggs became badly infected. The infected eggs showed
no outward sign of infection and might have been mistakan-fbr
norm:.l eggs.

Later Scott (1932) described three widely-separated
outbreaks of acute gastro-enteritis in man due to eggs infee~
ted with typbi-muriumj; there wss one death. The organisms
were recovered from the stools of a number of patients and

from the orgezns of one. Duck} eggs, fried and raw, were
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imputed and the suspiclon was confirmed by the disecovery

of typhi-murium infected eggs from the corresponding flocks.
The infected birds were recognised by means of serologiesl
tests and i phi-murium wus isolated from the spleen, ovary,
oviduect and intestines of some of the reactors.

Since the discovery by Secott and Dalling and Warrack
of the transmission of Salmonella infeetion by means of duck™s
eggs several cases have been revealed where foods containing
infected duck™ eggs as ingredients have been incriminated as
responsible for outbreaks of food=-poisoning in man. Thus,
Fromme (1833) and Willfihr, Fromme smi Bruns (1933) deseribed
25 outbreaks of gasto-enteritis in Germany, traced to dueck™s
eggs infected either with typhi-murjum or enteritidis; there
were 143 cases and 2 deaths. In three of the outbreaks
salmonellus were dlascovered in the food, and in one it was
- poggible to lsclate typhi-murium from the faeces of two dueks
and from the egg-shells of another. Furth and Klein (1933)
recorded two eplzooties of food-poisoning in large homes caused
by vanilla pudding and potato salad containing duck™ eggs
a8 ingredients; sltogether 140 cases were involved. In
one outbrezk typhi-murium, and in the other Gaertner baeilli,
were isolated from the stools of the patlents. The faeces
of some of the ducks, from which the eggs for one of the es-
tablishments originated, ylelded zertrycke on cultivation,
but the examination of the contents of over a hundred eggs
from a suspected flock failed to yield Salmonellas. These
organisms were, however, obtained from the shells of three
of the eggs examined. It wws, therefore, thought that the
infection was sroduced by the bacteria present un the shells.
Miller and Rodenktrcken (1933), on the other hand, cbtained
gaertner bacilli in pure culture from the contents of the re-
mainder of a consignment of cduek™ eggs, some of which had
been used In the raw stute for & potato suilad, were respon-
sible for an outbreak of food-poisoning.

on investigating the cause of an epizootic of gastro-
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enteritis among a number of guests at & wedding psrty on

a farm in Germeny, ¥ieszner and Koser (1934) found thut all

the patients had paritaken of a pudding made from duek™ eggs.
From the ovaries of two ducks owned by the host, from an

egg lald by one and from the faeces of another, Lyphi-murium
was isolated. During the period 1931 to 1934 Bruns and

Fromme (18934) studied 50 outbreaks of food-poisoning in Wes-
tern Germany caused by foods containing duck™ eggs, prepared
mostly in the form of mayonnaise. There were 253 cases and

€ deaths, and either iyphi-murium or enteritidis was incrimina-
ted. Zeug (1935) also drew asttention to the increasing
prevalence of food-poisoning in the industrlal areas of wes-
tern Germany due to foods prepared from duck\g eggs; mayonnaise,
potato salads, puddings a«nd Hackfleisch were most freyuently
responsible. ITyphi-murium was regarded as the chief cause.
Eeug has pointed out that, although no definite clinieal symp=-
toms may be observed in the birds that luy infected egus, egu-
laying generally decreases, and pathologieal changes develop

in the ovaries and oviduets. Salmonellas are usually present
in these lesions, from which they find their way into the
interior of the egg. But infection sometimes occurs by con~
tamination of the egg-shell with Infected faeces. /8 shown

by Seott (193C =~ yide supra),
the shell into the interior of the egg, under certain condi-

Sailmonellas may penetrate through

tions. If the shell-contaminated eggs are soon eooked, no
harm is likely to resultj but should they be kept far some
time (.evg$n-%he—ﬁkeg4, serious infection may follow their
uses. Th§ heating to whieh eggs are generally subjected is
not enough to destroy the organiems present in an infected
égg. after 5% minutes boiling infected eggs may still con-
tain live organisms, but 6 minutes boiling is usually suffi-
cient to kill all the bacteria.

Claremburg and Pot (1236) also deseribed & severe
outbreazk of gastro~enteritis in 4 families, involving © per-

sons. Symptoms of diarrhoea, vomiting and fever appeared
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soon after the people had eaten ecreum puffs supplied by the
same baker. Iyphi-murium was isolated from the cream puffs,
and from the stools and urine of some of the patients. Duek's
egys were used as ingredients of the puffs, but all the eggs
examined from the suspected ducks gave negative results for
valmonella. 8ix of the ducks, however, gave positive sero-
logliecal tests for itypni-murium, and this organism was isolated
from the fueces of one. When the reacting ducks were killed,
they showed lesions of chronic ocophoritis, and from the
ovaries of two of them typhi-murium was obtained in pure cul~
ture. Similur bucteria were also isolated from appsrently
normal looking yolks present in the ovaries.

Recently epizooties in dueks, due to infeection with
either Gaertner or typhil murium, have been observed fairly
frequently in Hellund, where the disease has been studied by
a number of investig.tors, especially by Jansen (1934a, 1934b
1935, 1936). From an area badly infected with tuberculosis
he obtained about 10V ducks fpg examinstion; 34 of these
were infected with tuberculosis a«nd € showed lesioms of chronie
oophoritis with either gnteritidis or ityphi-murium present
in the ovuries. A nusber of birds were infected with both
tuberculosis and paratyphoid. In & virulent cutbrezk among
young dueklings with lesions of enteritis and swelling of the
liver, he isolated enteritidis baeilli of the Noscow type
from the Internal organs of affected birds. By testing a
number of suspected hirds serologically, he found a few affec-
‘ted with oophoritis in which the reaetion was neg.tive, though
in some positive cases there wis no evidence of oophoritis,
Generally, however, the ovury was affected when a positive
reaction bad been obtained.

Jansen has alsc motleed that a large percentuge of
ovary~-infected ducks lay infected egus, which freguently
ewuse epizooties of paratyphold among newly hatched ducklings.
But he has also recorded a number of outbreaks in young birds
where the eggs coulé not be ineriminated.

In five outbresks studied by Jansen in 1936, three
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were found to be due to enteritidiswer. cssen, one to typhi-

surivm and one to a mixture of the two organisms. In the
latier case typhi-murium was obtained from the heart-blood
liver and yolk of the young birds, while & smll percentuge
of the adults was Infected with essen as well as typhi~murium.
In one of the outbreaks no losses occurred during the first
few weeks of life, but at about three weeks several acute
cases of enteritis set in, a number of which ended futullys
infection through the egg can, therefore, be excluded. The
other four epizootics probubly oceurred through the egg, as
the birds started dying during the first few days of life.
In the cases caused by typhi-murium there were no outstanding
lesions, wpart from degeneration and yellow discoloration of
the liver; +there was a certain amount of unabsorbed yolk in
some of the birds, and organismes were ohtained from the heart~-
blood, liver and yolk. The gssen infected birds zlso did
not show any marked pathologieal chunges; the liver was
coloured yellow, the yelk was partly or completely absorbed
and the organisms were isolated from the Internal organs.

The importance of Sulmonells infection in both ducks
and geese in Germany was also emph.gised by Lerche (1936).
He found 5.7 per cent of the duck's eggs offered for szle to
be infeatei, and he described an outbreak of food-poisoning
in a family that had eaten fried duck™ eggs. Iyphi-murium
was isolated from the stools of the patients and from the
egSs.

I have not had an opportunity of studying Salmonells
infection of ducks in South Afriea, but im 1931 Dunning (1934)
investiguited a virulent epizootic of dueklings in the Cape
Peninsula. At least 50 per cent of a flock of 2000 birds
died at ages varying from 5 to 23 days. "Keel™ digsecse was
tentatively diugnosed. Fourteen newly hatched ducklings
taken from the infected firm were removed to fresh, clean
premises and kept under obserwvation. All died from 5 to 29
days after hatching. A bacillus obtained in pure eulture from
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the organs of affected birds wius tested biochemically and

wag found to react like S. enteriticis. The evidence collec~
ted by Dunning suggested thut the eggs were infeeted at the
time they were placed in the incubstor; the owner of the
infected farm (Furm 4) so0ld € dozen eggs,t o another farmer

living on Farm B(for breeding purpose with the exception

of a few all the birds that were hatched out from these eggs

died from a disease thwt resembled the one on Farm A. Some
time after the outbrexzk Dumning found that seve%@ of the sur-
viving ducklings on Farm A remained wesk and unthrifty,
apparently suffering from a chroniec form of the disease.

Barly in 1932 Coles also investigated a virulent
epizootic of ducklings in the Transvaal, and isolated a Gram=-
negative, non~lactose fermenting baecterium from the affected
birds. Fermentation tests curried out with this organism
resembled those obtained with typhi-murium.

A8 the cultures made from the organisms isolated
from both outbreaks were discarded serologically tests could

not be performed.

(58) Turkeys.

About 45 yeurs ago MacFadyean (1893) deseribed a
disease in turkeys which he called "epizootic pneumo-peri=-
carditis®. The main lesions mentioned were marked pericarditis
and croupous pneumonis, and numerous short, metile bacteria
were found in the pericardial fluid, heart~blood, spleen and
lungs. Cultures of this organism were pathogenic for
turkeys and rabbits, while guinea-pigs and plgeons were more
resistant; fowls ana-calvas appeared to ne unsuscentible.

The organism deseribed by MacFudyean is probubly a 3a ella,
and the outbreak of ‘"pneumo-periearditis® cuused by it the
first record of paratyphoid among turkeys. The etiology of
the disease "pneumo-enteritis®, deseribed by Dodd (1908),

is less apparent. The organism incriminated was a non-motile
bacterium of the *"fowl~cholera®™ type, obtained in pure culture
from the heart~blood und lungs. In South Africa, Jowett
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(1908) investigated a highly fatal disease in turkeys, whieh
he «ls80 ealled "pneumo-pericarditis® after the conditien
deseribed by MaecFadyeuni periecarditis and pneumonia were also
the most important leslons, and a "pi-polar staining™ bae=
terium was isolated from the heartvblood, pericurdial fluid
and internal organs of affected birds. Cultures of this
orgunism proved to be pathogenic for turkeys and guinea»pigs,
but not for fowls. It is highly probable that Jowett was
dealing with an outbreak of paratyphoid. However, the first
authentlc record of an epizootic in turkeys, in whieh a
salmonella was recognised as the causzl agent, is thut of
Pfaff (1821).  apart from listlessness and loss of appetite,
the birds did not show any definite symptoms of disease, and
dewth usuully occurred within a day or two. The following
lesions were obserwed:- perlearditis, hydropericardium,
tumor splenis, greyish-yellow necrotic nodules in the heart
muscle and lungs, and patchy swelling of the intestinal
micosa. + pure culture of a par«typhold-like orgunism wss
isolated from the heart-blood and perieardial fluid. Cul=-
tures of this baeterium proved to be puathogenic for turkeys
and several small laboratory anim:ls.

Later, several other investigutors studied outbreaks
of paratyphoid in turkeys. Rettger, Plastridge and Cameron
(1933) investiguted outbreaks of recurrent deaths among young
poults on two different farms; the greatest losses oceurred
amongz birds that were less than 10 days old, but deaths were
als8o observed as late as € weeks after hatching. The affee~
ted poults crowded together as if they were chilled, and many
that appeared quite normal In the evening were found dead in
the morning. 4Plarrhoea wus the most common symptom, and
after death lesions of enteritis and swelling of the liver were
observed; in many eases the caecal contents were of a cheesy
appearance. o pure culture of typhi-murium was obtained
from the heart~-blood and intern.l orguns and it was thought
that the unhygienie conditions under whieh the birds were kept
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on the one furm accounted for the ease with which the disease
became estublished; infected poults probably econveyed the
disease from this farm to birds that were kept on an appurent-
ly c¢lean farm.

secording to Lee, Holm and Murray (1936) no serious
losses were known to oecur in turkeys in the State of lowa
prior to 1934. In May of that year a very virulent disease,
with a mortality of over 9¢ per cent., appeared in young
poults under 5 weeks old. The birds were unthrifiy, weak
and drowsy and sometimes suffered from diarrhoea. The lesiong
were Inconstant, the most common ones being hydropericardium,
swelling of the liver, hyperplasia of the bone-marrow and
enteritis with cuaseous caecal contents. A pure culture of
typhi=murium was obtained from the heart-blood and intern.l
organs. lMore recently Cherrington Gildow and ¥oore (1937)
investiguted four cutbreaks of gxghi-mggiuﬁ infection umong
peults in widely sepurated areas. In three of the ocutbreaks
the diseuse appeared before the birds were a week old, sugges-
ting that the inrfeetion was probably transmitted, like pullore
um disease, from infeeted hens through the eggs to the poults.
4 large percentage of the hens that produeed diseased poults
gave positive agglutination reuections with typhi-murium. Ths
most important symptoms and lesions were weakness, emaciation,
pneunonia, watery or coagulated yolk-sacs, occasionally en=
teritis with a cheesy material in the ecaeca; the liver was
yellow or mottled and the kidneys palej there was a mortality
of over 8 per cent, among the poults under 10 days of uge.
In one outbreak iyphiemurium wes isolated from some dead-in~
the~shell poults, and in another from the ovariee and yolk
of some of the re«cting hens; Iin some cases, however, no
organisms could be eultivated from the abnormal ovaries of
reacting hens.

But outbreaks of paratyphoid in turkeys may be

caused by 3al llug other than typhi-murium. Hdwards(1937)

h.g described an epizootic in poults due to S. senfienberg,
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