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ANTIGENIC STRUCTURE OF SALMONELEAS.

As far as possible an attempt hax been made to present the
results in the form of tables. These ave given on the following
pages: —
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The significant part playved by Nalumonella infection i both man
and animal and the frequency with which members of this group
of organisms have been assoclated with outbreaks of food-porsoning
in man, have led to o detailed study of their anticenmic components
during  recent yvears.  With  the advent of reliable wethods of
serological analvsis it has become possible to recognise several new
strains of Naluwionella and 1o subdivide a nnmber of older forms
into distinel types in cazes where groups of these were previously
crouped in a haphazard fashion under one name on cither elimeal,
zoological or cultural groundsx.  Where ptoncer workers had to rely
Largelyv or solely on the fermentation reactions of the types for u
differentiation of the groups, a deseription of the organism at prescut
can be aceepted only if based on reliable serological work. involving
the complete antigenic analyvsis of the bacterinm,

Schiatze (19200 pointed out the fatility of groupivg Nalmoiellos
o elinical and zoological grounds and showed the value of sero-
logical methods of classifieation. v omeans of absorption tests he
was able to divide the organisms meluded in the derirycke group
mto a number of types. Bruece White (1926, 1929 a.bh), by adopting
NSehutze's fypes ax a primary basis for study, unified the Salmonella
taxonomy by comparizon of such representative strainz as he could
find avarlable.  He ddentified these various strains and introduced
a system of Tabelling for their different antigenic compounents.
Kauffmann (1929 o b, 1930 w.boe, 1931, 1934, 1935 a.boe., 1937
continued and extended the work initiated by Bruee White, but
used a different system of Tabelline.  Lovell (1932 a) correlated the
formulae presented by these two workers by eiving the equivalent
numbers and Tetters used in the two svstems,  In order {o obviade
the confusion that was bound to occur from the existence of iwo
separate systems of antigenic lubelling the Salmonella Sub-committee
of the International Society of Microbinlogy (1934 wdopted uft-
mann’s terminology for general use.
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M. W. HENNING.

In the study of the specific-phase—non-specific-phase varation
of Andrewes (1922, 1925) the presence of two well-defined, but
mutually convertible, types of organisms was recognised within the
limits of a species. This phenomenon explained several of the
factors concerned with the cross-agglutinations observed in a number
of different types of Salmonelle. But investigations on the antigenic
structure of bacteria were actnally commenced by Smith and Reagh
{1903) when thev sindied motile and non-motile strains of the hog-
cholera bacillus. ney were the first to deseribe flagellar and
somatic agglutination as two distinet processes and to show that the
same organism may contain two agglutinable substances, which have
the property of producing two corresponding agglutinins in animals.
They found that animals inoculated with motile strains yielded a
serum which agglutinated the homologous motile organisms at «
dilution of over 1:10,000 hut barely affected the non-motile organisms
at a 1:500 dilution. Sera prepared against non-motile forms
had a titre of only 100 to 500 for both motile and non-motile strains.
They recognised two types of agglutination, (1) large, loose, v idly-
appearing flocculent clumps of flagellated (motile) organismis, and
(2) swall, compact, dense, slowly-forming (somatic) granules of non-
mot '~ organisms. Theyv associated the agglutinins in the sera pre-
pare  with the non-motile organisms (somatic antigen) with the
bodies of the bacilli and not with the flagella. On absorbing the
sera made with the motile strain with non-motile bacteria, the
somatic agelutinins alone were removed, the flagellar agglutinins
remaining behind,

About the same time Joos (1903) deseribed two kinds of agglu-
tinogen and two corresponding aggluiinins in S. fyphi. He also
observed two forins of clumping associated with two different
agglutinogens, apparently corresponding to the flagellar and somatic
agglutination of Smith and Reagh. Moreover, Joos noticed that
heating at 60° to 62° (. destroyed the antigen vesponsible for the
large loose floccules but not the flagellar agglutinins, while this
temperature had no effect on the antigen forming the small granules,
but destroyed the agglutinin produced by it. Soon afterwards ever
and Reagh (1904), also working with the hog-cholera bacillus, tround
that the flagellar agglutinable substance was greatly damaged by
heating at 70° (. for more than 20 minutes, while the somatic
substance was mnot affected; but the heating did not destroy the
agglutinogenic property of the flagellar substance. Moreover, these
workers showed that heating at 70° C. destroyed the somatic bud
not the flagellar agelutinins,

he importance of these findings was not fully realised until
Weil and Felix (1917) observed that variation in the growth
characters of Proteus X19 was associated with very striking sero-
logical differcnces,  The one variant, termied by them the ““ H >
(Hauch) form, grew as a spreading film on ager and gave rise
to a marked, loose floccular agglutination with its own serum; while
the other variant, the ** O " (ohne HMauch) form, grew as circular
clumps with is own serum. They called the agglutinable substance
present in the ““ O 7 form, 0O receptors and the material
responsible for the large floccules of the “ I 7 forms, *“ H 7’ recep-
tors. They showed that the “ H * forms contained hoth receptors,
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ANTIGENIC STRUCTTRE OI' SALMONELLAS.

while the ©° O 7 forms contained ounly the O 7 receptor. Sera
of rabbits inoculated with the “ H *° variant of ’roteus XN19 con-
tained agglutinins for both “ H 77 and < 0O forms, while rabbits
injected with the ** O °° variant, produced agglutinins for the << 0O
form alone. When the ("7 variant was heated at 100° C. or
exposed to dilute acids ov to pure salecohol 1ts agglutinative power
remained unaltered, but when the *° 7" form was similarly treated
or grown on phenol-agar it lost its power of agglutinating in larre,
loose floceules but retained the property of forming small gram s,

These results showed the complete analogv between the motile
and non-motile forms of the hog-cholera bacillus described by
Smith and Reagh and the *“H W and 0O forms of Weil and
Ielix.  Soon afterwards Braun and Schaeffer (1919) demonstrated
that the ““ H ~" antigen occurs only in cultures of motile organisms,
while the ““ O 7 antigen is present in both motile and non-motile
cultures.

Later Weil and Felix (1920) demonstrated the presence of
similar antigens in organisms of the typhord-paratyphoid group, an
observation subsequently confirmed by Gruschka (1923), Schiff
(1923), DBruce White (1925) and others. Bruce White (1926)
adviged the use of the term ““ H 7’ antigen for the labile, flocculating
flagellar form, and the term O 7 antigen for the stable granular
form; the corresponding agglutinins he referved to as ** H 7 and
077 agglutinins vespectively. Tt is now conventional to attech
the label ““ H 7 to the heat-labile flagellar antigens, and the 1 el
07 fo the heat-stable somatic antigens.

A further advance with flagellar and somatic agglutination was
made by Orcutt (1924a) when she confirmed the work of Smith and
Reagh (1903) by using motile and von-motile strains of the hog-
cholera bacillus derived from a single strain, originally motile.
She employed a suspension of flagella as an agglutinogen and, by
using rabbits, produced a serum containing only flagellar but no
somatic agglutinins.  This serum agglutinated motile strains to a
titre of 1:5,000, but failed to flocculate non-motile strains at 1:40,
while antisera prepared with the washed bodies agelutinate hoth
motile and non-motile strains up to 1:1,000. Orcutt (1924n) « o
found that heating the free flagella at 70° (. destroyed their age -
tinating power without materially altering their agglutinogenic
propeirty. On the other hand neither heating at 70° ('. nor at 120°
C. destyoved the agglutinating and absorbing properties of the soma-
tic antigen. The somatic agglutinins were partly destroyed at 70°
C. and completely at 75° C.; but the flagellar agglutinins, although
unaffected at 70° (., were parvtly impaired at 75° (. The work of
Craigie (1931) on the distribution of the ““ H " and O 7 antigens
in the bacterial body confirmed the vesults obtained by Oreutt.

Weil, Felix and Mitzenmacher (1918), while working with
typhoid and paratyphoid organisms, found both ““ H "7 and ** O 7
agglutining in the sera of patients as well as in the sera of rabbits
inoculated with whole bacilli.  When bacterial suspensions heated
at 100° C. were inoculated into rabbits agglutining were formed
which caused small granulav flocculation of the *“ 0 * forms. These
observations were subsequently confirmed by Bruce White (1926).
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Andrewes (1922) found that the same culture of a pure growth
of a motile Salmonella often contained two sets of individual bacilli
with entirely different *“ J1 ' antigens, ihe one spe~ific for the
particular race, or for a few races, while the other he wide : ini-
ties for a whole group of allied races of Salmonella. By picng
a number of single colonies from an agar plate he succeede in
sevorating these two variants, which he Treferred to as the specific
an  the group phases; but on sub-cultivation, especially in fluid
media, he found that each of the two phases usually mutated rapidly
into organisms of both types. For the purpose of examining this
phenomenon Andrewes (1925) advised the use of specific and group
sera, prepared by absorbing the agglutinins not required from a
serum which confained both. White (19‘) 5) showed that these phases
were concerned purcly with changes in the fHagellar antigen, the
somatic antigen being the same in hoth phases Scott  (1926a)
showed that a strain of thompson occurring In a quasi-group phase
could be changed into a type (specific) p}mse In order to suppress
the excess of group antluen he grew the strain in a powerful group
seruni, viz. media contalning 15 parts nutrient broth and 1 -art
of a strong group serum. "After 24 hours the supernatant  11d
in the tube became clear, while a thick deposit collected at the
bottom. After centrifuging the culture, another tube with group-
serum-breth was inoculated and a drop was plated for individual
colonies. he procedure was repeated after every 6 hours, plating
a drop at each time. After a few passages a pure culture with a
new phase was obtained and the depusit “'ZlS no longer forme In
the tube. By employing Wassén’s (1935) modification of Scott’s
nlethod Bruner and Edwards (1939 « and /)) dll(l Edwards and Bruner

(1939) were able to demonstrate additional phases in a number of
m'ganisms that were previously regarded as monophasic.

Schutze (1922), Bruce White (1925, 192G, 1929), Kauffmann
(1929a, 1930a,b,¢ 1935a, 1935h, 1935¢, 1937 ete.) and others have
pointed out that the somatic as well as the flagellar antigen
of Salmonellas may be multiple, the somatic antigen being gene-
rally regarded as the connecting hink between different races of
specles.

Ficker (1903) and Dreyer (1909) used broth cultures extensively
as agglutinating suspensions for routine diagnosis. But the aggluti-
nation obtained should be regarded as an ‘° H -agglutination
Lecause liquid cultures generally contain bacteria which are more
motile and better supphed with Hagella for ** H "-agglutination
than solid cultures. Moreover, Dreyer advised the use of dead
cultures killed by the addition of 0-1 per cent. formalin and exposure
at 379 C. tor some days. Pyper (1923). on the other hand, found
that bacterial suspensions containing formalin are unsuitable for
purposes of routine diagnosis—he suc ‘ceeded in detecting many more
positive cases of typhoid fever with the complement fixation test
than with a Widal test in which he was using formalised suspensions.
Later Felix and Olitsky (1928) showed that for somatic agglutina-
tion the antigen must be kept free from formalin and cavbolic acid
as elther of these inhibit somatic agglutination in the presence of
““ H "-antigen. Thus, by using a formalised antigen for his test,
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ANTIGENTIC STRUCTURE OF SALMONEKELLAS.

Pyper succeeded in detecting only those cases in which the serum
contained 11 77 agglutinins.  Those cases contaiming O 77 agglu-
tinins, but no 11 77, failed to react.

Bien and Sonntag (1917) succeeded in killing the motile forms
and 1 destroying the flagella by heating the organisms in 30 per cent.
alecohol at 37° C.: thus leaving an almost pure "~ ) 7 suspension.
Braun and Schaeffer (1919) found that the addition of 0-1 per cent.
phenol to agar suppressed the development of flagella and, therefore,
the production of the correspondine labile antigen.

Al present the agglutination test is generally regarded as a very
reliable aid 1o the recognition and classification ot pathogenic
bacteria.  For classification both somatic and flagellar antigens must
o emploved, although these are not equally important in all families.

v Baclllus proteus, for example, the Hagellar antigen can e used
tor distingwshing laige groups, while the somatic antigen 1s far
more specialised.  In Salmonellas, on the other hand. some of the
somatic antigens are very widely distributed in the group, while the
Hagellar antigen is much more specific (Weil and FFelix, 1920, Bruce
White 19206).

oth Schutze (1922) and Bruce White (1925, 1926) maintain
that no reltable and safe antigenic velutionship can be arrived at by
means of absorption tests, unless cross-absorption and cross-ageluti-
nation methods are caoried out with both strains of bacteria and their
sera emploved in the lest, f.e.. unless the complete mirror test 1s
performed.  Bruce White obtained a number of so-called ° Sehliott-
muller 77 strains, isolated from calves and deseribed by Christiansen
(1914) as Paratyphus-I3 (Sehottmuller). By means of proper absorp-
tton tests Bruce White (1926) found these organizms to he tvpical
S, typhi-novrium.

The ubsorption of agglutining from sera was firsi employed by
Bordet (1399), Eisenberg and Valk (1902), Cuxtellant ¢1902) and Joox
(1903). Subsequently ithis method was extensively used by several
workers for the antigenic unalyvsis of different groups of bacteria.
Boveott (1906) was one of the first workers to distinguish be'een
Paratypliosus 13 and Bacl. Adertryeke by 1ts use; Bainbridge )09)
and O Brien (A910) also adopted it tor the diffeventiation of para-
typhoid orgunisms, while Schutze (19200 1922) and Bruce White
(19251926, 1929 o and b)) made extensive use of absorption {ests for

the classification of Nalmonellus.  For the study ol the antigenic
analysis of bacteria absorption tests now play a most important and
indispensable part.  Morve detailed 1nformation on the subject of

aggluidination will be found in o review given by Arkwright (1931).

I LA 1 CAL 5.

(] ) INTRODUCTION,

In Europe, especially in IHolland., Denmark and Germany.
Salmonella infection in cattle has assumed considerable proportions
in certain localities, where it tends to recur vear affer vear in an
enzootic form, causing very heavy losses among voung stock. The
meidence of Nalmaonella infection in adults is generally regarded as
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sporadic. Duact. enteritidis of Gaertner 1s the organism commonly
meriminated as the cause of calf mortality, but as this labelling
frequently includes a number of closely allied serological types most
of the records referring to it are incomplete and unreliable. More-
over, the members of this group cause disease in man as well as 1
animals, but it is seldom possible to recognise the exact type of
0 mism involved, as a reliable antigenic description of the organism
13 hardly ever available. When Smith and Scott (1930) studied sone
of the organisms isolated {rom cases of calf diarrhoea and labelled
Bact. enteritidis Gaertner, thev {ound that these belonged to the
dublin type.

According to Jensen (1913) a form of calt diarrhoea (Kilberruhr)
has been known in Kurope for more than a century. Obich (1865)
was probably the first to regard the disease as infectious, but it was
left to Franck (1876) to prove it. The first bacteriological study,
however, was made by Jensen (1891) when he investigated a serious
outbreak of Kilberruhr in Denmark; but he could not completely
distinguish the bacteria obtained from the normal intestinal contents
of healthy calves from those of Kilberruhr. Later Thomassen (1897)
described an outhreak of cali diarrhoea in Holland associated with a
bacteraemia and caused by organisms which were called *° pseudo-
typhoid bacilli . Soon afterwards Poels (1899) studied a disease in
calves which he ascribed to pseudocolibacilli. He distinguished
pseudocolibacilly from ordinary virulent 5. coli by virtue of their
higher virulence for small animals, their greater motility and their
inability to ferment lactose. Later Jensen (1903, 1913) described
diseases 1n young cattle and in calves under the term °° aracoli-
bacillosis 7. The organisms recovered from the tissues or affected
animals fermented glucose, dulecite, mannite, maltose, xylose,
rhammnose and sorbite, but not lactose or saccharose. Jensen stated
that cases of meat-poisoning as well as some outbreuks of paratyphoid
in man could be traced to the consumption of the meat of calves
suffering from this disease. He divided the organisms into three
serological groups (1) those which correspond to (Faertner’s bacillus
and which com=~ise the majority of strains, (2) those which resemble
paratyphi-B an  (3) a few strains which resemble neither Gaertner
nor paratyphi-ls.

Mohler and Buckley (1902) reported a spontaneous enzootic in
cattle due to a bacillus of the enteritidis group. They obtained the
causal organism in pure culture from the internal organs of affected
animals. Schmitt (1908) isolated Gaertner-like bacilli from calves
affected with s ticaemia, diarrhoea and pneuwmonia. e regarded
this disease (et '~ paratyphoid) as probably identical with pseudo-
hacillosis of Poels and paracolibacillosis of Jensen. Soon afterwards
Luxwolda (1913), Warnecke (I914) and Douma (1916) « ribed ~ases
of enteritidis Gaertner infection in Holland, Christiansen « J)15)
regarded paracoli bacilly as identical with bacteria of the enteritidis-
paratyphus-B group. Meyer, Traum and Roadhouse (1916) investi-
gated an outbreak of infectious diarrhoea among a group of hand-
reared calves, from 1 to 4 days old. They incriminated as the cause
Bact. enteritidis isolated from the blood and internal organs of the
affected calves.
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Miessner and Kohlstock (18123, Lutje (1926) and lLehr (1927)
described outbreaks of paratyphoid disease in adult ca e, Two
children became infected after receiving milk from a sick cow studied
by Lutje. Lehr noticed that the agglutination titre of the sera of
infected animals varied from 1:100 to 1:20,000; from the faeces of
some animals, the sera of which had a tltle of 1:100 1o 1:200 ., he
1solated Gaertner bacilli and he found the milk of a cow that excreted
Gaertner bacilli 1n the faeces to be infected.

Sometimes the ~ exists a afinite relationship between e disease
i adult cattle an  calves. ournier and Doetsch (1928) described
several cases of (raertner intection in both cows and calves. A
number of a 11t animals excreted the bacilli with the faeces, and the
milk of one particular cow that had to be emergency slaughtered
caused infection in man. They also described an “outbreak of para-
typhoid involving more than 80 people who had partaken of cheese
prepared from the milk of an apparently healthy cow which was
discharging Gaertner bacilli with her faeces. Kinloch, Smith and
Taylor (1926) described a widespread outbreak of acute enteritis
affecting 497 persons in Aberdeen. Milk was found {o be the cause
of the disease and the source of infection was traced to a cow with an
indurated udder which later developed septicaemia. Gaertner bacilli
were isolated from the faeces and the vomit of a number of patients,
from the infected milk and from the udder and flesh of the cow. In
order to determine whether Gaertner bacilli are excreted with the
milk Standfuss and Wilken (1933) ecarefully examined the milk of
two cows that were discharging large numbers of Gaertner bacilli
in the faeces. The results were entirely negative and these workers
came to the conclusion that when paratyphmd baeillt occur in the
milk it is due entirely to contamination.

Rimpau (1937) studied an outbreak of acute gastro-enteritis in
80 persous of an insfit\ltion due to typhe-mwrivi (Breslau). The
vehicle of infection was ice-cream, and it was found that the cream
used originated from a herd in which there was a calf discharging
typhie-maurivwm.,

A detailed study of the incidence of paratyphoid in calves and
adult cattle was made by Préscholdt (1931). Calves were found teo be
far more susceptible to infection than adults and Gaertner hacilli
were considered to be the most important pathogen for calves, while
adult cattle infected with this organism were regarded as the prin-
cipal source of meat-poisoning. Prdscholdt described two outl »aks
of Glaertner infection spreading from adult cattle to calves. Aggtuti-
nation tests carrvied out sometimes revealed a titre of 1:100 in healthy
animals, a titre of 1:200 being regarded as suspicious, and one of
1:400 as positive. Out of 465 cases tested by Prischoldt, 404 were
positive for Gaertner and only 61 to typhi-murivm. Rievel (1933)
kept 4 infected carriers under observation for 18 wonths. In some
animals the agglutination titres were as high as 1:3,200. Periodically
the organisms could not be detected in the fdP(,e\ and the presence of
Gaertner bacilli could not be demonstrated in the milk at any time.

Pallaske and Tommatzsch (1933) were unable to recover
Gaertier bacilli from the organs of more than 47 out of 79 cases which
showed pathological changes of paratyphoid. By cultivating sus-
pected material for long periods in enrichment media they were ahle
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to detect bacterta in a large number of cases. Out of £3 outhreaks of
pavatyphoid in cattle, Francke, Standfuss and Wilken (1934) found
20 due 1o dublin, T Ao typhi-muricne and a few to rostock.  In Haly
Strozz (1934 found S, enteritidis var, dublin as the most 1mportand
causal agent of calf paratyvphond.  Karsten (1933) also wade a coni-
parative study of the incidence of Gaertner infection 1n adult cattle
and calves.  ITe considered that adult cattle, unlike calves, could
discharge paratyphoid bacilli with the {fucces for long periods, and
he emphasised the danger of such dischargers to all animals that
rome in contact with them. Clarenburg (1933), on nvestigating an
outbreak of paratyphoid infection, found apparently healthy calves
and cows discharging Gaertner bacilli in the faeces. On slaughtering
the calves three weceks later he discovered typical necrotie foel in the
Iiver and kidneys, but failed 1o izolate the organizsms from the intes-
tinal contents ov internal organs; but the titre of the serum at firs
negative wias now found to be 1:200 and 1:400.  With regard to
nieat inspection, Clarenburg (1934) showed that it is extremely difli-
cult to obtain Gaertner bac/lll from the muscles of <ome animuls in
which organ cultures have vielded positive results. He considered
the use of envichment media (e g, tetrathionate hroth) essential for
the recovery of Gaertner baceidli from the muscles.

Weber (1936) regards the walls of the stomach and inlestines uas
predilection <ites for No enteritidis, and therefore attaches consider-
able tmportance to the hacteriological examination of the mucosa of
all suspected cases: he claims to have suceeeded 1in detecting many
carriers by placing serapings from the intestinal mucosa in enrvich-
nent media, when the cultivation of faeces vielded negative results.
He also noticed that Guertuer bacillli arve frequently excreted inter-
mittently in the faecex and that a negative scrological test may be
obtained even when an animal discharges bacilli with the facces.
Klimineck (1936), on studving « number of herds of cattle for para-
typhotd carriers, found 47 adults and 39 calves positive : of the adults
23 discharged  Gaertner and 23 typhi-muariun,  while 33 calves
excreted Gaertner and only S typhi-murivm . A very small percentage
of the adult carriers gave a positive agglutination reaction, while
the proportion i calves wax <till smaller.  Knoth (1936) made a
differential study of H61 stvains of Gaertuer bacilli obtained from
slaughter an als, using arabinose and rhammnose broth, Bitter's whey
and  Stern’s  elveerine-fuchsin hroth for hiw identification. e
ncluded 1 stvain (02 per cent.) in the Jena type, 12 (2°1 per cent.)
m the Rostock type, 20 (3-6 per cent.) in the Ratin fype and 528
t94-1 per cent.) in the Kiel type.

In Kast Africa Daubney (1927) investigated o very destructive
form of calf paratyphoid associated with lung lesions, necrotic foe
i the liver, haemorrhagic enteritis, tumor spleniz and bacteraemia.
e obtained organisms of the Nolmonella enteritidis {vpe from the
blood, internal organs and faeces of affected calves. Tn Tndia ©hi o
(1935) Investigated a highly fatal disease in calves cause by a
member of the Salmonella cnteritidis group. Calves ranging trom 4
to 120 days old were affected. A tentative diagnosis of S, enteritidis
was made purely on biochemical grounds.  Iygienic factors were
regarded to play an tmportant role in the genesis of the discase.
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ANTIGENIC STRUCTURE OF SALMONELLAS.

In domestic mammals calf paratyphoid 1s by far the most serious
and most common form of Salmonella infection. Of the 104 calf
strains studied by me, 2 were found to be typhi-muriuwm, 3 entervtidis
and ninety-nine enteritidis var. dublin—the latter described first by
Bruce White (1929). The strain described by Bruce White was
isolated by Biggar from a man affected with =onticaemia following
an operation on his kidney. Smith and Scott  130) recognised this
organism as the cause of three cases of continued iever in man studied
by them. They considered that several of the cases of so-called
“ (Gaertner septicaemia *’ encountered in man were in reality due to
infection with the dublin type of organism. Some old laboratory
st 15 obtained from outbreaks of food-poisoning, septicaemia and
meningitis, and labelled Bact. enterditidis, were evamined by them and
found to be of the dublin type. Six strains 1s 1ted from outbreaks
of calf dysentery in Denmnark which were included in the paracolon
group (B. paracoli) of Jensen (1913) were also recognised as belong-
mg to the dublin type. Smith and Scott pointed out that in the
majority of cases where this organism had been 1solated from man,
milk was incriminated as the cause; they rvegarded 1t as having a
special association with bovine animals and concluded that cows’
milk was the common vehicle of hwman infection. Bosworth and
Lovell (1931) described three outbreaks of dublin infection in calves
in Great DBritain, where Salmonella infection is generally regarded
to be very rare. A little later Smith (1934) recorded two fatal cases
in children due to infection with dublin. he organisms were
obtained from the blood, cerebro-spinal fluid, throat swabs and pus
from the pleural sac of one or other of the patients.

In South Africa, Hutcheon (1893) referred to a disease of calves
in the lsastern rovince of the Cape that can prohably be identified
with ‘ lewersiekte > of Otto Henning (1894). utcheon believed
that the infection was spread from farm to farm hy means of the
taeces of infected calves.

Otto Henning (1894) described the disease under the name of

““ yellow liver *’ or ‘‘ lewersiekte ”’. Subsequently calf di=rrhoea was
reported from different parts of the country. In 1920 (Henning.
1932) investigated an outbreak near Iistcourt in Natal and foind
lesions of necrotic focl in the liver and acute enteritis, but the etin gy
remained obscure until Viljoen and Martinaglia (1926, 1928) and
Martinaglia (1929) incriminated Salmonella enteritidis, obtained
from the organs of affected calves as the cause of the malady. They
regarded this organism as a frequent secondary invader affecting
mostly calves whose vitality had been lowered by factors such as
improper feeding, bad hygiene, piroplasmosis, and anaplasmosis.
wtinaglia (1929) described outbreaks of Salmonelle infection in
horses, fowls and canaries as well as in calves. He scussed the
bacteriology, symptomatology, pathology and diagnosis of the disease
caused by a number of different strains, and classified the organisms
almost entirely on their biochemical characters, no attempt being
made to give the antigenic structure of the bacteria described. As a
result of the work of Andrewes, Schutze, Bruce White, Kauffman
and others, veliable analytic methods of serological comparison are
now available so that I have been able to devote my time largely to
the study of the antigenic structure of different strains of Salinonella
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isolated from domestic animals in this country. But, for the sake of
comparison, the biochemical characters of the organisms are also
given. (Table 25.)

During the last three years no less than 102 outbreaks of calf
paratyphoid were recorded in South Africa and in the majority of
these the losses were considerable; from these outbreaks I have
obtained 102 different strains of Salmonella. According to inforna-
tion received from different parts of the country it 1s quite evident
that outbreaks occur which are never reported. In many cases the
farmer inoculates his calves with paratyphoid vaccine as soon as he
suspects the disease, and the Inoculation frequently protects the
animals against infection. Tn other instances the vaccination has
little or no effect in protecting calves that are exposed in grossly
infected areas or in premises harbouring a particularly virulent strain
of the organism. At one time 1t was thought that these apparent
breakdowns in 1mmunity occurred only when the vaccine was pre-
pared from a stock strain of Salmonella (dublin), but it was subse-
quently found that even vaccines prepared from local strains could
not produce an Immunity strong enough to resist a natural infection.

The disease 1s always most severe in very young calves, but it
may affect calves up to 4 months old. All affected calves discharge
large numbers of bacilli with their faeces resulting in their wholesale
dissemination. The scourge usually commences on a farm with a
few cases of acute diarrhoea, and during the ensuing ye  the inci-
dence of the disease may increase to an alarming extent, depending
upon the conditions under which the animals are kept. In some out-
breaks the infection becomes so severe that the majority of the calves
reared on the place succumb to the disease. With the increas~ in the
number of cases of paratyphoid the locality becomes more ar  more
heavily infected resulting in the creation of a vicious circle. Karms
which contain the greatest number of cattle are generally the worst
infected.

The habit of kraaling calves, or of kraaling the cows while the
alves are admitted during the milking, or any procedure which
permits calves under conditions where they have to come in contact
with infected manure, favours infection. It is not knov  how long
the manure in infected premises will remain infective; all the avail-
able evidence suggests that the infection persists for a matter of
years. In 1934 I inoculated a young bhovine with a virulent culture of
Salmonella dublin (strain 154). Afiler a severe reaction the an al
recovered, but remained a carrier and discharged the organisms in
its faeces for several months afterwards. Some of the infected faeces
were collected, spread in a thin layer over a Petrl dish and dried in
the incubator for 48 hours; the dried manure was scraped out, ottled
and placed on a shelf in the lahoratory. Periodically this manure
was tested for the presence of dublin; this was done by inoculating
some manure in an enrichment medium, like tetrathionate broth,
and by spreading some of the growth obtained en MacConkey’s lactose
bile-salt agar.  After 1,069 days the last test was made and the
manure was found to be as badly infected as at the first test. Whe er
the organisms will survive for as long a period under natural condi-
tions 1n the kraal or stable manure remains to be proved, but the
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fact that, under certain conditions, dublin Hhactlli can remain alive
in the manure for nearly three vears 1s an imdication that they arve
very resistant and that dry manure from nfected premises must be
regarded as very dangerous. The possibility of calves obtaining the
infection from the manure under natural conditions should, therefore.
be emphasised. Moreover, when cows are milked in stables or kraals
with the floors covered with manure, dry or moist, contamination of
the milk with manure may lead to the dissenmiination of Jublin
through the milk: a number of Kuropean workers (see above) have
shown that the milk of cows dischareing paratyphoid bacilli with the
faeces may be coutaminated with these hacilli, and that when milk
is infected, the infection is alwavs obiained from the facces and not
from the udder.

My observations agree with those of Daubney (1927) and Viljoen
and Martinaghia (1928), viz., that exposure of calves (o 11111‘(1\()111(11111*
conditions and fo diseases like piroplasmosis and anaplasmosis pre-
dispose them to infection. 1 have <iudied several outhreaks in which
the calves were so badly 1 sted with ticks that their resistance
must have heen lowered considerably.  Sometimes there was no doubt
that ihe mortality could he attributed either o piroplasmosis,
anaplasmosis, gonderiosis, or heartwater, but in other cases the calves
were iutected with dullin ax well ax one or move of the tick-borne
dizeases.  The role played by the latter in predizposing calves to
paratyphotd infection must, therefore, he considerable.  In some of
the outhreaks studied by me 1 consider paratyphold as a disease per
se, but in many | regavd the tick-borne disease as the primary cause
of illness and the Jublin infection as secondary.  Moreover, the
hyglenic conditions under which the aninals ave kept also play a
very tmportant part in the genesis of the disease—particularly when
they are frequently exposed to condiiions that bring them in contact
with infected manure.

Prophylactic measuwres for combating ealf paratyphoid, therve-
fore, should entail the syvstematic eradication of ticks as well as the
application of vigorous hveglenic wmeasures in o all premises where
calves are raised.

Al exereta and infected carcases should he properly disposed of,
and healthy calves should be vemoved from the infecled premises (o
clean surroundings. Vaceination, although a usetul method of pro-
phylaxiss cannot he relied upon solelv: its value ix greatest when it
1s wsed in oconjunction with the application of suitable hveienic and
ek eradication measures.  But, as vaccination against calf para-
typhotd forms ithe subject of auother paper which 1x heing prepated
m collaboration with other workers at Onderstepoort, 1t will not be
discussed here.

Irom these records 1t 1s clear that Nelwonellas are common
pathogens of calves in different parts of the world, generally setting
up symptoms of  septicaemia. acuie  diarrhoes, pneumonia, and
nenigitis with loximn of haemorrhagie enteritis, hroncho-pneumonia,
tumor splenis, necrotic foci in the liver and kidnevs, and meningitis,
In the vast majority nf outbreaks described, N, enterit/dis is Incrini-
nated as the cause of the dizease: but, apﬂ't from the work of Bruce
White (1929), Smith and Scotr (1930, Bosworth aud Lovell (1931)
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Smith (1934}, Kauffmann (1935h, 1935¢) and a few others, the identi-
fication of the organism was not based on iis serological characters.
On the basis of a series of agglutination absorption tests carried out
with all the strains of Salmonella obtained from calves in South
Africa, T have been able (o recognise the organism responsible for
each outbreak. The results of these tests are given in Tables 1,
and 3.

(2) Tue Trecuxique KMPLOYED.

The material studied was obtained from different parts of the
country. In most cases 1t was composed of organ specimens (liver
and spleen) sent to the laboratory in 90 per cent. glyvcerine; some-
times fresh faeces or faeces sent in g¢lycerine were submitted for
examnination. Occasionally a sick animal was available for investi-
gation. In addition several cultwes made from fowls by My,
J.o Do W Al Coles, Chief of the Department of Poultry Diseases
at Onderstepoort, were studied.  These are described in Section V1.
Most of the muaferial was obtained from places 100 to 800 miles
away from the laboratory so that it was not possible to visit more
than one or two infected farms. As routine preventive inoculation
of all calves 1n areas infected with paratyphoid was generally
carried out, 1t was not possible to obtain sick calves for observation
that had not been previously inoculated with paratyphoid vaccine.

For the identification of Salmonella types the technique advised

Scott (1934) and modified by me was ususally emploved. Speci-
mens of suspected material (blood, liver, spleen, fueces) were spread
directly on MacConkeyv's Tactose bile-salt agavr in Mason tubes
(Mason 1933)—Scott used Petr1 plates.  Genervally 1t 13 advisable to
dilute some of the material in saline or broth before it 1s spread
on the MacConkey. In this way isolated colonies will be obtained
more easily. In additien material (especially faeces) 18 inoculated
into an enrichment medium, e.g. tetrathionate broth or 1 per cent.
peptone water containing brilliant grcen (1 1n 150,000),  After 18
to 24 hours incubation the Mason tubes ave examined and e en-
rched cultwres are spread on dry MacConkey agar. The charaeteris-
tic pale, finely structured Salmonella colonies ave picked from the
tube which is frequently crowded with colonies of lactose-ferment-
ing . coli; sometimes colonies of late lactose fermenting or non-
lactose fermenting 8. coli, B. pyocyancus and B. proteus are seen—
these should be avoided and should not be confused with Salmonellas.
The suspected Salmonella colonies are now subjected to an agg lutina-
tion test. A portion of a suspected colony s picked and emulsified
m - a Joopful of group serum (e.g. hmopean cholerae-suis serum)
and in a loopful of type serum (e.g. enderitidis seruan) on a glass
slide, the dilution of the serum depending on the titre—about 1
1w H0 if the titre 1s 1:5,000. A number of the suspected colonies
are emulsified each in two separate loopfuls of diluted sera (group
and tyvpe); the amount of serum carried over from the one to the
cther drop 1s {oo small to confuse the reaction.

Some of the colonies may agglutinate with one or other of e
two drops of serum ; while others may fail to agglutinate with either,
or may exhibit a mere trace of agglutination. Organisms which
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oceur in the specific phase will react with their own fype sera, while
those that happen to be in the non-specific phase w 11 agg]utlna’re
with a group serum. When a reaction occurs a characteristic
flocculation 1s seen which is readily distinguished from non-specific
salt agglutination of Rough variants. Moreover, in a positive test
flocculation will occur only in the one drop and not in the other,
whereas in the case of salt agglutination clumping will be observed
in both. A good hand lens and a dissecting microscope are very
useful during the fishing for colonies as well as for the study of the
reaction. Colonies that have given a positive reaction are picked,
subcultured and studied further.

bRl

“ Pure type-specific sera can be prepared by inoculating
rabbits with 6 to 8-hours old broth cultures of e organism in the
specific phase. But as these sera always contain a certain amount
of group agglutinin, preliminary absorption of the latter with an-
other balmom)]?a (outdmmn’ the same group phase, but another type
phase, 1s recommended. Tt typhi-murium serum, for e*\’lmple 18
absorbed with a mixture of paratyphi-I3 and cholera- -suis, the group
agglutinins will be removed leaving a *“ pure ’” type serum-dilution.
It the organisms used for the absorption contain the same somatic
antigen (e.g. paratypli-B and typhi-murium) the “ 077 agglutinins
will also be removed; thus preventing them from interfermg with
the reaction. The ** pure '’ type serum will contain only type agglu-
tinins, but neither ** O’ nor group agglutinins. 1‘or »outine diag-
nosis a set of representative fype-specific sera should =2 available
e.g. paratyphi-B, typhi-murivin, cholera-suis, newport, thompson,
potadmn bovis- morb/ﬁwns typht, enteritidis and L2 sera. If a
suspected colony gives a characteristic reaction with only one of
these sera, a preliminary diagnosis is made and the culture obtained
from it is studied further by means of agglutination absorption
tests. If group serum is used, colonies occurring in the group phase
will be detected. UCLJ\I()H&H\' more than one type ,\aimonella is
preseunt in the culture (mixed infection), but the second organism
15 not likely to be missed as long as a reasonable number of colonies
is examined.

Sometimes, when diphasic Salmonellas are studied, there may
be some difficulty in demon ‘ating the existence of specific-phase
colonies, if colonies in the group phase predominate. On repeated
sub-cultivation of the latter, however, an occasional colemy occurring
in the specific phase may he detected. But in cases 1 e Kuropean
choleraesuis, where the organisin occurs permanently (*) in the group
phase, phase dissociation will not readily take place

For the acceleration of phase dissociation Scott (1934)
recommends the use of broth containing approximately 15 per cent.
group serum. Group colonies cultured in this medium yield a
culture with a clear supernatant fluid and a dense deposit after 18
hours’ incubation. On repeated sub-cultivation in group serum-
broth, a turbid supernatant fluid may ultimately be obtained. If
this turbid culture is now plated, most of the colonies resulting will
be in the specific phase. Sometimes as many as 10 or 12 passages
may be necessary before the hase dissociation becomes apparent.
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Scolt’s technique was tmproved hy Was<én (1935) and Bruner
! : | ; A
and Kdwards (19392 and b).

The diferentiafion of monophasic organisms, like enteritidis
and the members of its subgroups, can be carried out on similar
lines.  The specific serum is absorbed so that only the agglatinin
factors not present in the sera of the other {ypes are left.  Ior
example, by absorbing enteritidix serum with the type moscornr.
agelutinin factors g.o. of the Kauffmann-White Schema (1934) arve
removed, leaving factor wm which 1s exclusively present in enteritidis.
Neveral of the other members can be purified by abrorption with
enterttidis which removes factors y.ooom.

A pure culture of the <train studied was obtained either by
preking single colonies from  three successive generations of the
culture on agar plates, or by single-celling the culture according
to the method deseribed by Mason (19360, Saline and  thermo-
agelutination tests, asx well as the shape of individual colonies were
studied  for evidence of voughness.  Unless indisputably  smooth
colonies conld be obtaimed the culture was discarded.  Only a few
stratns isolated from organ material (liver or spleen) were found to
be completely rough: hut several cultures obtained from facces of
infected or carrter animals turned out to he rough. Al the strains
studied  behaved  morphologieally  and  colturally like  typical
Selmoncllas.

Preparation of antigens.—1or the preparation of agglutinating
suspensions the technique employed 1s that described by Lovell
(1932). Lo = O 7" suspensions a smooth strain of the organism 1is
grown on agar contained in Mazon tubes (Mason, 1933 for 24 hours
at 379 (., the noculum used being obtained from agar slope
cultures. The growth 1s washed off with 95 per cent. alcohol and
Lieated in a waterbath at H56° (' for 2 hours.  After the suspension
has been centrituged and the wleohol poured off, the deposit is ve-
suspended 1n about one cubic centitueter of distilled waler, before
it 12 made up i osaline to the opacity required.  1or preserving the
antigen, Bruce White advises the uwddition of 66 per cent. of
glveerine to the thick suspension i distilled water: this mixture ix
diluted in saline when required for use, the density of the antigen
being approximately o thousand million organisms per cubic centi-
nreter.

I suspenstons are prepared by growing a motile strain of the
organism 1n bhroth at 220 (', for 18 hours or at 372 (. for 6 {0 &
hours.  I'requently the culture is mervely left standing on the
Laboratory bench over-night, during which period a suitable density
15 usually obtained. In the case of diphasic members of the eroup
1 Is exsential to pick colonies in both the specific wd non-specific
phases, and to prepare broth suspensions from each one.  In order
to obtain well separated colonies a small amount of noculum 1s
spread on fairly dry agar in Mason tubes and incubated over-night.
Next morning about a dozen or more suttable colonies wre selected
and unmbered; half of ecach colony is picked and Inoculated into
broth, and then transferred to the incubator for about 5 to 6 hours,
while the Mason tubes are placed in a refrigerator 1o prevent further

93



ANTIGENIC STRUCTURE OF SATLMONELLAN.

growth and dissociation of the colonies. Alternativelv the colonies
are Picked and each one is seeded ito duplicate tubes of broth. After
incabation the one tube is stored in the refrigerator, wh  the dupli-
cate s tested. 11 13 seldom necessary 1o incubate the broth tubes for
more than 5 or 6 hours; 1f a <uttable density 1z obtained the culiwres
are killed by the addition of formalin to a concentration of 0-25 per
cent. awd heating at 579 €. for two hours. Two parallel rows of
Drever tubes are now placed in o rack: to each of the tubes in the
oe row 09 coel tyvpe serum dilution s oadded, and to each of the
tithes of the other row a <tmilar amount of diluted group serum 1=
added : thix s followed by the addition of 0-5 c.c. of the suspension
trom each of the broth cultures 1o a tube of serum dilution m cach
row. The rack 1= placed in o waterbath ot 552 ("0 The cultures that
are agghutimated by the type serum oceur in the {ype phase and have
beeu obtaimed from colonies in that phuose, while the suspensions
that flocculate with eroup serum have been obtained from group
Jhase colonmes. The kind of antigen, type or group, required can
now he prepared by inoculating broth with the remaining halt of
the colony in the Mason tube., meanwhile stored 1n the refrigerator,
In order to reduce the lag phase in the growth of the cultures the
broth tubes are placed in o water-bath at 402 ' for about 10 minutes
before amcubation.

Group and {ype phase colonies may alzo be recognized by testing
them in droplets of group and type serum ou a glass lide according
to the method described by Scott (1934,

ST suspensions are made up to o density of approximately H00
million per cubic centimeter and O 7 antigens up o roughly
1,000 million per cubic centimeter.

Agglutinating sera are prepaved hy injeeting rabhits infravenousiy
with kilted bacteria 4 or H times at 3 or 4 day intervals. For mixed

O and 0 O 77 sera, the antigen used is a suline suspension of
an eighteen hours old agar culture.  The organisms are also k  ed
by the addition of formalin to make o concentration ot 0-25 per cent.
and heating at 579 (. for two hours.  For the preparation of type
and group sera the organizimn in the required phaxe Is grown in broth
{for approximately 6 hours and killed hefore injection. But the type
sera obfained alwayvs contain a certain amount of group agglutinins
which should be removed by means of an organism occurring i the
croup phase. or by one which has the sawme group but o dilferent
tvpe phase.  Group phase sera are alzo seldom ** pure 7. but purifi-
cation 13 far more difficult on account of the presence of some
similar group factors in all group antigens.

IF'or the preparation of = O 77 antisera the antigen consists of
a bhotled saline suspension of an eighteen hours old agar culture.
The first dose given is usually about 100 fo 200 million hacteria
suspended in I oeoeo of saline. Subzequent doses can be gradually
increased until a final dosage of approximately 500 to 1,000 wmillion
bacteria 1s reached.  The administration of larger doses does not
appear {0 be justified. Tt ix seldom necessary to give more than five
or six injections; too many injections are lable to produce sera of
titrex too high for easy absorption work.
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Agglutination tests are carried out in Dreyer tubes placed in a
water-bath at 55° C., the lower half of the tubes heing immersed in

water. The agglutination of ** H 7 suspensions results in *he
formation of coarse, loosely arranged floccules within a very  ort

time, reaching 1ts maximum in about 2 to 4 hours. The clumping
of ** 77 suspensions occurs more slowly and 1s characterised by the
formation of fine granules: this is best seen after the tubes have been
standing in the water-bath overnight.

Saline dilutions of the seruw to be tested are generally made in
a series of dilution tubes. 1'rom these the serum dilutions are
transferred to Drever tubes in -9 c.c. amounts. A similar amount
of antigen is added to each tube. Yor ‘* H' agglutination the
tubes are redd after standing for about 2 hours in the water-bath

and for ** O 7" agglutination 1he readings are taken on the following
morning.

TPor absorption tests the absorbing organism is grown on agar
i~ son tubes for about 24 hours. The agar is poured fairly thick
into the Mason tubes so as to furnish a good growth. After the
agar has properly set the Mason tubes are placed flat in a cupbouard
for about 3 or 4 days in order to allow most of the water of conden-
sation to evaporate; alternately the tubes are put in the incubator
overnight. TUnless some of the water of condensation Is evenorated,
the surface of the agar will be too moist, and the excessive uid on
the surface of the agar will interfere with the subsequent removal
of the growth. The seed material is either a fresh agar or = Hth
culture of the organism. 1f the surface of the media 1n the Mason
tubes is still moist a loopful of inoculum from the agar slant is
preferred, but if the surface is dry a couple of drops from the broth
culture should be used. As a rule, however, a thicker growth 1
obtained 1f a large amount of inoculum is used. The seed material
is spread by means of a blunt, slightly bent DPasteur pipette flamed
hefore use. After 24 hours’ incubation a fairly thick homogeneous
growth will be obtained on the surface of the agar. By using Mason
tubes instead of Petri plates for culturing the organism the risk of
contanmiination 1s reduced to a minimum;: whereas contamination of
Petri plates kept in the incubator overnight 1s not uncommon.

The serum to be tested is diluted to the concentration required:
when the ““ H "7 titre 1s about 1:5000 a serum dilution of 1:25 or
1:50 is rvecommended. The desired amount of serum dilution 1s
measured into a thick centrifuge tube. By mnieans of a Pasteur
pipette, approximately 25 ¢.m. long, with an open loop at the

apillary end, the growth 1n the tubes is scraped off and emulsified
with the serum dilution along the inside of the centrifuge tube; but
greal care should be taken that all the clumps of bacteria arve
properly broken wup, so that the organisms are well distributed
throughout the liquid. The suspension is now placed on the bench
for an hour or more and shaken every now and then so as to ensure
thorough mixing of the bacteria and the serum. Although the
absorption is usually complete after an hour of two on the bench,
the suspension 1s pnferal)]y kept 1n ‘rhe refrigerator overnight and
centrifuged the next norning at about 2,000 revolutions per minute
for one hour. The clear Supelndtant fluid is removed with a pipette
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and +ested. Sometimes, especially with high titre sera, better results
are - tained 1f the absorption is performed in stages: i.e. part of
the antigen is mixed with the serum dilution at first, wh - the rest is
emulsified in the same fluid after it has been centrifuged an hour
or two later.

(3) SEroLOGY.

In Table 1 are given the results of agglutination and absorption
tests that were obtained with cultures 154, 217 and 216 on the one
hand and dublin (Knox) 1 enteritidis M.7. on the other hand.
The tests carried out witn cultures 154 and 216 were complete
bilateral (mirror) absorption tests, while the one performed with
culture 217 was a unilateral absorption. Complete mirror absorption
tests were also carried out with cultures 170, 171, 173, 175, 198, 203,
295 and 430. The results obtained were identical with those given
for culture 154 (Table 1) and, with the exception of those
relating to culture 430 (Table 3), are not recorded separately in this
paper.

Cultures 418 and 296 reacted the same way as culture 216 but the
records of their tests are not given; they are regarded as i1dentical
with culture ! j serologically. The results obtained with culture
190 are given m Table 2; according to a one-sided absorption test
performed with culture 502 its antigenic structure is apparently
similar to that of culture 190 (see below). Unilateral absorptions
were also carried out with the other 87 calf strains against dublin
(Knox) serum; the results obtained with these show that they are
identical with culture 217 and are therefore not recorded here.

The records of Table I show that Salmonella enteritidis var.
dublin (Knox) absorbed all the agglutinins (¢ O " and ““ H ) from
154 serum as well as from the howologous serum, while culture 154
exhausted both its own serum and dublin serum; enteritidis M.7.,
while completely removing all the agglutinins from the homologous
serum, absorbed only the *“ O 7> agglutinins from 154 serum, leaving
its ““ I * titre practically unchanged; in the same way, culture >4
exhausted only the ““ O *7 agglutinins from enteritides serum without
materially reducing the ““ H’’ titre of the latter. These results,
therefore, demonstrated that culture 154 has the same ““ O’ antigen
as enteritidis and dublin, and an ““H *’ antigen similar to that of
dublin. Although culture 154 was agglutinated by enteritidis se=m
up to full titre, and although enteritidis was fully flocculated by 34
serum, enterttidis could not appreciably lower the ‘“ H ' titre of
154 serum and culture 154 failed to remove the ““ H 7 agglutinins
from enterttidis serum.

According to the Salmonella Sub-committee of the Nomenclature
Committee of the International Society of Microbiology, S. enteri-
tidis var. dublin 1s composed of the following antigenic factors:—
“O0”, IX; and “H” gp ““0 7 factor XII has been a led subse-
quently by Kauftmann (19350). As strain 154 is identical with dublin
1ts antigenic structure is made up of the same components. Mirvor-
absorpilon tests performed with strains 170, 171, 173, 175, 198, 203,
295 yielded the same results as strain 154; they are, therefore, also
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Tasre 1.

Dublin (Knox) serum absorbed hy dublin (Knox

154 sermwmn absorbed by dublin (Knox), and strain

216 serum absorhed by strain 216 and enteritidis

v

Enteritidis M.7. serum absorbed by strain 216 a

| |
Dublin | Dublin Dublin Dublin | Enteritidis | Enteritidis | .
(Knox) I (Knox) (Knox) (Knox) M.7 | M.7T
Serum Serum Serum Serum Serum Serum
Antigen. | Absorbed | Absorbed | Absorbed | Absorbed | Absorbed | Absorbed
by by by by by by
Dublin Strain Strain Strain Enteritidis | Strain
(Knox). 154. | 217. 216. M. 7. 154.
. . | | | o
Dublin Knox ™ 000 i aiinnensmreie oo sormisie i s saiam 0 0 0 0 — ‘ —
Dublin Bpgk “H "o vimmis svovs vmsweis sob e 0 0 0 | 6400 — ‘ —
Strain 154 % 0.0 0 o | — — | o0 0
SEEAi -84 M cmsmnmgni canies SRR Beai S 0 0 — — 0 0
Strain 216 “ O . e 0 —_ — 0 0 —
T ] e N T 0 — — 0 0 —
| ! 1
Enteritidis =07 M. .. oo, — — — — 0 0 i
Bateritidis) * W™ NE oo sa958 500 iitine samsmmoe — — - — U] 6,400
Btrain 217 0 7. i e s e 0 -— 0 —_ — —
S R B e = L R 0 i - 0 — [ — —
o |
0 = less than 1 in 100,
97-98a
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Tasre 1.
by dublin (Knox), and strains 154, 216 and 217.
(Knox), and strain 154 and enteritidis M.7.
216 and enteritidis M.7. and dublin (Knox).
by strain 216 and enteritidis M.7. and strain 154.
L ; ‘ ] 7 ] T o
t | Enterilidis - o ! ” G " \ ;
7| e | sonam | Soram | Soram | Soum | soum | Diblin |Baidis] oo
Absorhed Absl;) 1; bed | A bslor.be d Absgrbed Abslc)) 1; bed | A bs;))rb(-d Alralglr’ bed Serum Seram Sc[)lr‘u _m Segu m
by | Y W g X, Y. o Y Un- Un: ‘n Un-
Strain ‘ lz'ub.’m Enfe?‘-mdw Dublin En‘tenf..zdn .StL'am ‘ »S_tra.m iksoibed. | sbsorbeds | absorbed. | absorbed,
216. (Knox). M. 7. (Knox). M. 7. 154. 216.
, | i L
== 0 — 0 — 0 1 0 1,600 =t 1,600 8K
— i ( - 0 — ] | 0 12,800 — 25,600 6,400
- 0o 0 s = 0 — 1,600 800 1,600 =
— ] 12,800 — - 0 ' A 12,800 12,800 25,600 —
0 = . 0 R 0 1,600 800 - 800
| 0 — — 3,200 0 — 0 12,800 12,800 — 6,400
0 - 0 — 0 0 0 - 800 1,600 300
0 — 0 — 0 1 0 0 — 12,800 25,600 6,400
. _ — - O - 1,600 - - ~
- - - = = — | = 12,800 _ — o
| |
0 = less than 1 in 100.
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identical with dublin and possess the same antigenic factors. The
experiments carvied out with strain 217 and the other 87 strains not
recorded in Tables 1 and 3 also demonstrated that these strains
resemble dublin antigenically. TIn Table T it was shown that strain
217 exhausted dublin serum as completely as this was done by dublin

(Knox).

With regard to strain 216 the results in Table 1 show that it
completely absorbed enteritidis M.7. sevum as well as the homol »pus
serum, whereas enteritidis M.7. exhausted agglutinins from botu 216
serum and its own serum. On the other hand, strain 216 failed to
reduce the ““ H 7’ titre of dublin (Knox) serum but removed ail its
07 agglutinins. Enteritidis M.7. and strain 216 must. therefore,
be regarded as ideutical, both containing the same antigenic factors
viz. < 077, IX (XII), and “ " gom. Complete reciprocal absorp-
tion of the “ 07 agglutinins of dublin (Knox) and strain 216 sera
was effected by cultures of these iwe organisms on acconnt of the
existence of identical *“ O *’ factors in them; but the ¢ H ’~ aniigenic
componenis, although cross-~~glutinating to full titre with the two
sera, were not sufficiently r .ted to reduce the “H 7 titres of the
sera. The cross-agglutination observed between the ““ H *7 antigens
of strain 216 and dublin, of strain 154 and enteritidis M.7. and the
corresponding sera, took place by virtue of the presence of factor
g 1n the antigenic complexes of both types. Cross-absorption
removed only this factor, leaving the other components undisturbed,
hence the high ““ H ’’ agglutinin titre of the absorbed sera.

The antigenic structure of strain 190 was found to differ com-
pletely from that of both dublin and enteritidis, but it was readily
agglutinated by ¢yphe-muriuvm 07 and type sera as well as by a
group serum (e.g. cholerae-suis var. Kunzeudorf serum). In Table
2 the records of an absorption test between strain 190 and tuphi-
murium are given. The results show that strains 190 not only
removed all the type, group and ““ O 7" agglutinins from the homo-
logous serum but also from typhi-murivm (Glasgow) um, while
typhi-murium (Glasgow) exhausted all the agglutinins trom its own
serum as well as from 190 s am. It is evident, therefere, that the
antigenic structure of strain [90 and typli-murium ((Hlasgow) are
identical.  According to the Salmonellas Sub-committee of the
International Society of Microbiology, the following antigenic
components have been assigned to typhi-murium:— <07 IV, V
and ‘° IL "-gpecific, 7, “ H ’-non-specific, 1, 2, 3. According to
Table 2 the same assignment should be allotted to strain 190.

A one-sided absorption test was performed with another
diphasic strain of Salmonella (culture 502) also isolated from a calf
that had died from paratyphoid. 7Typhi-niwrivm (Glasgow) serum
was used for the test. The result was that culture 502 completely
removed all the 07" type and group agglutinins from typli-
muriuin serum.  Culture 502 therefore contained the same antigenic
components as typhi-murium ((Hlasgow).

The results recorded above clearly demonstrate that Salmonella
enteritides var. dublin is by far the most common cause of calf
paratyphoid in South Africa. Of the 102 strains studied only two
proved to be S. typlhi-murium, three were classified as S. enteritidis
and 97 were grouped under S, enteritidis var. dublin.
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TapLe 2.
Typhi-murium (Glasgow) serum absorbed by typhi-muriwm
(Glasgow) and by strain 190.
Strain 190 serum absorbed hyv tuphi-murium (Glasgow)
and by strain 190.

I Typhi-

‘ murium zi‘gfz?tlm ’ ) %éﬁ?m | 190
d I - [ A“ (
| _\?’exu.m Serum ly}‘zhz ‘ Absorbed ‘ Serum 190
: Absorbed murium Absorbed | Serum
Antigen. by . Absorbed ‘ Tn. by by Un.
| Typhi- i by . absorbed. ‘ Typhi- 1 Syrain | absorbed.
Comarium | Strain murivwm 190
' (Clasgow). J 190. } (Glasgow). i
| | |
SR : R r N
! |
Typhi-murium <0 | 0 ‘ 0 “ 1,600 0 0 I 1,600
Typhi-murium type } 100 100 100,000 | 0 0 ' 6,400
Typhi-murium ‘ 1 i
group.. ... | o ! 0 | 25600 | 0 0 3200
- S . - | ——
Strain 190 “ 0 .. | 0 0 | 1,600 ‘ 0 0 1,600
Strain 190 type... 100 100 ‘ 100,000 | 0 0 | 6,400
Strain 190 group. . | 0 | 0 25,600 0 0 3,200

0 = less than 1 :100.

The antigenic properties of another strain, culture 430, 1solated
from the blood of a Native should also be recorded. The Native with
a number of others had partaken of the meat of a calf which was
susPected to have died from paratyphoid. Several of the Natives
became violently ill and one, a woman, died from septicaemia. The
blood of this woman was submitted io me for investigation and a
Salmonella, strain 430, was isolated from it after enrichmeut in
tetrathionate broth. TUnfortunately no meat or part of the suspected
carcass was available for bacteriological study (Henning 1938).

Tasre 3.

; . Dublin . 430
ls):rlgz Serum Dublin ng\?m ‘ Serum 430
Antigen. Absorbed Absg;de Silrl:m | Absorbed Absorbed : b%ﬁfn
Dut;)}l]in Strain absorbed. ‘ DQBJ}Z"M Strain absorbed.
ort. 430. RO 30,
| I
Dublin “0...... * 0 0 1,600 1 0 \ 0 800
| :
Dublin “H>..... 100 100 25600 100 ¢ 100 50,000
— _ | | .
430 “0 ..., 0 0 1.600 | 0 0 800
430 “H”........ L 100 100 23,600 i 100 100 50,000

0 == less than 1:100.
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Cultures of strain 430 were readily agglutinated by dublin
CH and 00O 7 sera; cross-agglutination and cross-absorption tests
werve, therefore, carried out ss shown 1n Table 3.

The results show that strain 430 absorbed all agglutinins (¢ O 7
and “ H ") {from dublin serum as well as from the homologous
serum, while dublin in the same way completely exhausted both 430
serum and 1ts own serum. The presence of the small residues of
unabsorbed agglutinins 1n hoth the dublin and 430 sera can he
attributed to the high fitres of the sera used for the test.

Strain 430 should therefore be regarded as another strain of
Salwonella  enteritidis  var.,  dublin, containing the following
antigenic components:— 07", IX (XII) and < H 7 gp.

FFor fermentation reactions see Table 25.

EL 1\ CE | BN

In w vecent paper (Henning 1936) 1 pointed out that Salmonella
infection s not very common in sheep and that food-poisoning in
man associated with mwutton 1s comparatively vare. 1t is true that
shortly after the Great War a very severe outbreak of food-poisoning
was described in (Germany by Fickinger (1919) and by Bruns and
(tasters (1920). The source of the infection was traced to sheep,
several of which were emergency-slaughtered in order to save the
carcasses  for human food. Organisms deseribed to he of the
= Paratyphosus B type were 1solated from the suspected mutton as
well as the stools of the patier 5 bul Bruce White (1929) regarded
the organizms ucviminated as N. typhi-murium. Severe outhreaks of
Salmonelle infection in sheep have also Leen described in America.
Jordan (1925} reported an extensive epizootic of dysentery in lambs
i Colorado and found the causal agent to be S. typlu-nowriwm, while
Newsom and Cross (1924, 1930, 1935) investigated several outbreaks
of gastro-enteritis in lambs ca ed by the sanmie orgunism; Newsom
and Cross regarded the long railway journeys the lambs had to make
and the long periods of fasting as predisposing factors; typhi-
snuriun were obtained 1n pure culture from the heart blood and
spleen of the affected lambs.  The most common pathogenic
Salmonella for sheep, however, 1s S. abortus oris. This orgaunism
has been deseribed by several workers in Europe, but it has not yet
been recorded in South Africa; it was first deseribed by Schermer
and  Ehrlich (1921), and later by Stephan ar  Geiger (1922),
Bosworth and Glover (1925), Miessner and Baars (1927), Lovell

{(1931), Bosworthy (1933) and Lesbouvries et al. (1933).

Although several cases of suspected paratyphoid in sheep have
been reported from time to time very little is really known of the
incidence of the disease in South African sheep. So far only two
authentic cases of Salmonella infection in sheep have been studied
in this country; both strains have Leen isolated by Dr. J. H. Mason
at  Onderstepoort, and handed to me for identification. The
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serological characters of the one were recently described in full
(Henning, 1936). As its ©° O *” antigen was shown to differ from the
somatic antigen of all previously described Salmonellas, it was
admitted to species rank in compliance with the recommendations of
the Salmonella Sub-committee of the Nomenclature Committee of the
International Society of Microbiology (1934); in accordance with the
suggestions of the Sub-committee, this organism was called
Salmonella onderstepoort.

Seralogy.—The conclusions drawn regarding the specificity of
S. onderstepoort were based on the following information condensed
in Tables 4, 5a and 6.

“ 0 agglutination. —Cross-agglutination tests were performed
with the heat-stable ©“ 0’7 antigens and ‘“ O ”7 sera of the Salmonella
types given in the Kauffmann-White schema of ¢ Salmonella Sub-
committee, as well as with the two newer fypes ». aberdeen (Smith,
1934) and N. poonae (Bridges and Scott, 1935). The results are
recorded in Table 4; negative reactions are not given. Although
Onderstepoort serum agglutinated Senftenberg € )77 snspensions to
nearly full titre, Senftenberg serum barely agy 1tinated Onderste-
poort “ (77 antigen at a dilution of 1:100. OUnderstepoort serum
also gave u trace of flocculation with the “ 07 antigens of
Paratyphi-A and Enieritidis.  But the titre of Onderstepoort serum
remained unaltered after absorption with either Senftenberg,
Paratyphi-21 ov Enteritidis, On the other hand, Onderstepoort did
not appreciably reduce the titre of Senftenberg. These results clearly
show that Onderstepoort possesses an ““ O 77 antigen which does not
corre  ond to that of any other Salmonella previously described.

“H ' agglutination.—:  Onderstepoort culture was plated on
a Mason tube so as to obfain a number of individual colonies. These
were tested against several type sera and against cholerae-suis
(Kuropean) group seruni. Some colonies were flocculated by the type
sera of Reading, Newport, Anatum, while others were agglutinated
by cholerae-suis group serum. These type-phase and group-phase
colonies were now sown into separate tubes (or sks) of broth and
grown at room temperature for 18 hours, or at 379 C. for H to 6 hours;
the cultures were killed by formalin (0-25 per ce .) and heat at 57°
C. for 2 hours, as described above. On the other nand, Onderstepoort
serum agglutinated to full titre broth cultures of the type phases ot
newport, reading and anatum, and broth cultures of the group phases
of cholerae-suis, reading, sendai, paratyphi-C. A strong agglutina-
tion was obtained between onderstepoort serum and those antigens
containing factors e.lo of the Kauffman-White schema : when antigens
containing only factor e, but not h, (e.g. potsdamm and braudenbury
were used the agglutination titre was much lower « able HA).
Onderstepoort type serum (titre 1:6,400), also gave a low agglutina-
tion with the “ I1 *” antigens of moscow (1:400), senftenberg (1:400),
rostock (1:200) and derby (1:200) but not with dublin: moscow and
derby sera also gave a weak flocculation (1:100) with ondersteroort
type suspension, but senftenberg, derby and dublin sera had no effect
on it.
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On performing absorption tests (Table 5A) the specific phase of
either reading, newport or anatum lowered the titre of onderstepoort
type serum from 6,400 to 200, while the specific phase of onderstepoort
was not able to exhaust the type sera of newport and reading com-
pletely. These results show that, although the type factors e.li. of
readii g, newport and anatum are fairly well represented in onderste-
poort, complete absorption could not bhe effected. Whether this is
due to the presence or absence of a minor extra factor, or due to the
existence of a small residue of group agglutinin in the absorbed
sera, remains to he seen.

The non-specific phase serum of onderstepoort (titre 1:25,600)
agglutinated various group antigens up to different titres (Table 6).
On absorbing ondersiepoort group serum with binns or newport (group
factors 1, 2, 3) the titre for onderstepoort antigen was reduced from
25,600 to only 12,800, and for the group phases of 7.2 and anatum
(group factors 1, 4, () the reduction was from 1,600 to 400. 7.2 and
to 3,200, removing all group agglutinations for hinns as well as for
L2 and anatum. Wlhen this partly absorbed serum was further
absorbed by monophasic cholerae-suis the titre was further reduced
to 800. By absorbing unabsorbed onderstepoort group serum with
cholerae-suis the titre was lowered from 25,600 to 800, and simul-
taneously all the group agelutinations for binns, anatum and L2 were
exhau d. The group phases of reading and sendai (factors 1, 4, M
also lowered the titve of onderstepoort group serum from 25,600

300.

These results suggest that the reduction in the titre of onderste-
poort seram effected by the group phases of binns and newport was
caused by their group factor 1; that the reduction produced by L2
and anatwm can be ascribed to their group components 1 and 4; and
that the almost complete absorption brought ahout by the non-specific
phases of cholerae-suis, reading and sendai shold be attributed to
their group factors 1, 4, 5. It 1s evident that onderstepoort contains
group factors 1, 4, 5 and not 2, 3, 6. The unabsorbed agglutinins
left after absorbing cholerae-suis serum with onderstepoort can be
ascribed to group factor 3 contained in cholerae-suis; but the presence
of the residue left after absorbing reading group serum with onder-
poort cannot be explained, nor is it clear why cholerae-suis, reading
or sendai failed to exhaust onderstepoort serum completely unless
onderstepoort contains an extra group factor.

According to the information recorded above Salmonella onder-
stepoort possesses an ° H 77 specific antigen which corresponds largely
1o the factors e.i. of reading, newport and anatum, and it contains
a non-specific antigen which is very closely related to that of reading
and paratyphi-C (factors 1, 4, 5). But onderstepoort failed to exhaust
completely the specific sera of reading, newport and anatum, or the
non-specific sera of reading or cholerae-surs (Furopean). On the
other hund, the specific phases of reading, newport or anatum could
not absorb all the specific agglutinations from onderstepoort t e
serum, while the group phases of reading, paratyphi-C or cholerwe-
suis did not remove all the group agglutinations from enderstepoort
group serum. [t 1s not quite clear how to explain the residue of
unabsorbed agglutinins left after these absorptions; it is possible
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that the specific =erum contained a small awount of group agglutinin
after absorption with organisms in the specific phase, or that the
specific phase of onderstepoort possesses some factor that 1s lacking
in the type factors e.h. of reading, newport and anatwm, or that the
sbecific tactors e b contain =ome component that is not present 1n
the type phuase of onderstepoort.

The O antigen of vuderstepoort exhibited characters which
do uwot correspond to those that have been deseribed for any other
member of the Nalmonellae group of bacteria and the numeral XTV
has been assigned to this new = O 77 factor.

Kauffmann (1937) would not accept my assignment of specific
factors e fi. to onderstepoort.  He agrees that factor ¢ is common to
onderstepoort, and organisms like casthowrne, which contain com-
ponents e./i. and he claims 1o have succeeded in completely exhausting
the specific agglutinins from onderstepoort serum by means of a
strain ot eaxtbourne which occurs only 1 the specific phase, while
ondersiepoort failled to remove all the specific agglutinins from east-
howrne,.  Tle does not agree, thevefore, that onderstepoort contains
factors e.li. and he assigns specific factor ¢ . . . to onderstepoort.

Yuoany previous paper (Ilenning, 1936) 1 made the following

cone stons:—" A new type of Salmonella has heen described, whieh
il is proposed to name Salmonella onderstepoort. The * H “specific
antigen corresponds lavgely 1o factors e b, of reading, newport and
anatum.  Although cross-agelutination to full titre occurred, com-
plete cross-ubsorption could not be affected.  Apparently the specific
factors ei. contain some component which 1z lacking in the type
phase of onderstepoort, while the specific phase of ouderstepoort
possesses some factor in addition to e i, T proposed the following
antigenic components fov onderstepoort - -
07 antigen X1V
"H " antigen (specifie) e¢.h. but there is probably some
small portion of e . v ich is lacking in onderstepoort and
apparently onderstepoort contains a small addition factor
which 1s lacking in ¢.h.
"H ' antigen (non-specific) 1, 4, 5 plus an additional
factor which does not oceur in So cliolerae-surs, S, anatum or

Binns’

In view of Kauffmann's findings 1 repeated some of the tests
which I had previously performed with onderstepoort. Unfortunately
P did not have available o strain of eastbowrne which occurs only in
the type phase, and all the strains of reading, newport and anatum
of ‘my collection were definitaly  diphasic.  KEven the strains of
neicport var. Kotthus labelle " specific phase ” and a strain of
chester also labelled * specific  were found to contain both phuses.
I had 1o rely, therefore, on my available strains for the tests.

The results obtained are given in Table 8, and they confirm
my previous findings.  The specific phase of newport var. Kotthus
reduced the titre of onderstepoort type serum from 3,200 to 200,
while the type phase of newport lowered 1t to 400, and anatum
Muenster decrveased it to 300, On the other hand, the type phase
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of onderstepoort reduced the titre of the specific agglutinins of new-
port var. Kotthus serum from 3,200 to 200, of newport from 2,000
to 400 and of Muenster from 12,800 to 1,600. Accordingly, the
specific phase (factors e.h.) of newport and newport var. Kotthus
could not remove a small residue of agglutinins from onderstepoort
serum, and onderstepoort failed to exhaust a small residue of
agglutinins from both newport and newport var. Kotthus sera.

TaBLe 7.

\ [

‘ ‘
v Typhi- Typhi- ‘ 234

2
| snurium maurtum Typhi- Serum ‘“34 e
I . ) . Serum 234
Serum Serum muritum | Absorbed Absorbed Serum
Antigen. " Absorbed | Absorbed Serum by - s{)n: ed Un
by by Un- Typhi- Strfylin ; aqurb-ed
Typhi- = Strain absorbed. | maurium. ',),;‘4 ‘ i ’
. 5¢ 234,
murium. l 234.
| i
‘ i : :
Typhi-muwrium <0 0 0 1,600 0 l 0 800
Typhi-murium type 200 200 ‘ 100,000 0 0 6,400
Typhi-muriumgroup 100 100 50,000 0 | 0 3,200
i o T T o
234—“07 . ..., 0 ‘ 0 ‘ 1,600 0 ‘ 0 800
234—type......... 200 200 100,000 0 0 6,400
234—group....... 100 100 50,000 (O (U 3,200
\

The specific and non-specific *“ H * agglutinins of typhi-murium could not be completely
exhausted on account of the high titre of the unabsorbed serum.

0 = less than 1 : 100.

Moreover, onderstepoort type antigen was barely agglutinated
by the serum of abortus-equi (factors éna) at 1:400, while the
homologous titre was 1:6400; in the same way onderstepoort serum
just flocculated abortus-equi " H 7’ antigen at 1:200. When
absorption tests were performed abortus-equi could not appreciably
reduce the titre of onderstepoort serum and onderstepoort had no
effect in lowering the titre of abortus-equi serum. Faclor e of
abortus-equi 1is, therefore, nol well rvepresented in onderstepoort.

It is evident from these results that the specific phases of
onderstepoort and newport, although not entirely alike, have a great
deal in common. The specific phase (factors e.h.) of newport 1s well
represented in onderstepoort, and the specific phase of onderstepoort
has a great deal in common with thal of newport. If the component
shaved by onderstepoort and newport is represented by specific factor
e, then abortus-equr should be expectled to lower the titre of onderste-
poort, serum for the type phase of newport. According to Table 8
abortus-eque failed to reduce the titre of onderstepoort serum for the
specific phases of both onderstepoort and newport.

The specific phase of onderstepoort, therefore, contains a fo<tor
in addition to the small one which it shares with abortus equi. s
factor comprises most of the el of newport, but 1t does not corres-
pond to the entire ef.
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i UxopservED GROUP SERA.
ANTIGENS,

| Ouderste | Reading. | Newport. | Binns, | Kurser
OB aleionthc v cun anvsms wis s, s v { 25,600 ! 25,600 6,400 12,800 3,200
Reading. ... ooovvvveees e e eiaennns 25,600 25,600 = = —
N GHPIE sovvsnimn vammi Phiss veme Wvissn wis 800 — 12,800 — —
T ST — — 25,600 =
JCRzeRdOTf o impve oo yon svrpvegs sunss e 25,600 | — - e 3,200
Barad gl . oscumm sommimn somsmimesomm crpeny v 25,600 i == — — —

|
Sendatmnsnans s sien s 12,800 — s — —
SRR i s v, s ARATRSAT RS BN A | 1,600 — _— — —
ARG . .o o e ! 1,600 = - — | —

| ;

107-108a 107-108p ===



TasLe 6.—dbsorbed

Group Sera.

ONDERSTEPOORT, GROUP SERUM ABSORBED BY.
‘ | |
I i ) Binns-| ' i
Binns. London. f;ﬁzﬁj ]}?Zigzr Kg:fﬁn' Part(xj!yphi- Reading. | Newporl. | Sendai. | Anatum. |
dorf. |
|
l2,800i 3,290‘ 3,200 800 800 800 400 6,400 800‘ 3,200
N RS I R A Y R R
- - - - - - - 50 - -
0’ oé 0 0 0 — E — — o | — |
o e | e 0 0 - - e o | — |
— % — | —_— — . 0 — — - | _—
- | = [ - e - - e . 0o 1
4(10? 0& 0 0 0 — - - 0 -
o I T I I I e e I
) 0 = less than 1 :50.
- 107-108a 107-108c¢

107-108b

—



M. W,

HENNING.

ABSORRED SERA,

‘ i ) | Reading | Newporl
} Anatum-t | g1,05rhed | Aisorbed
Anatum-- | Binns-+
} Anatum. Binns o by by
| LG ;nzem Onderste- | Onderste-
! orf. poort. poort,
1
‘ _
3200 3,200 800 o 50
]
i o - - 400 —
| - Y - — 6,400
0 0 — -
_ — 0 — —
| o s .
3 i
0 & 4] 0 = ==

Binns | Kunzendorf
Absorbed | AbsorbLed
by by
Onderste- | Onderste-
poart, poort.
0 0
6,400 —
- 400

< 107-108b

107-108c



M. W. HEN! 1G.

‘0¢ UL | UeY)} §89] == () ¢ Aq PIqIosqe = ‘(' ¢ WNIAS = °F
, _— -
0 00%°9 00¥°9 - - 00z 002 - - - - - - Tttty gm0y
— - — 008°¢I - - 003°¢ 009°T - - 0 — o T Rpsuan N TeA WNIDUE
OQNAM OOw — N — OOO.N OONAM _— Oouﬂ — — O F I wk@n&Swz
- - — - 003‘¢ - 00&°¢ — - 008 - - 0 e tsnquogy xR podma
002°¢ 00¥ 0 0081 | 00&'€ 000G 003 | 0 0 0 008 00¥ 00¢ ottt ** " poodapsiapug
‘nba 12000 d 4218 ‘SN0
" ood | orwindag | | -1849pU()| . SUINRY |, .oﬁ A
qn Wity |-apsiapu s wWnisy o Qs 1o0d | -3psaspu() - EA Modmapr|  dea
aw :&mw .a.%m Y ~uan SO | TWNIOY t%&w mﬂ% osepug) AES ‘qes uodnay ‘suofyuy adAJ,
wniog 140 onba e aBA grodma T —apssapup)| ~uangy qres | sngpoy | . w:m.qu 1000 qres By
14000 v " I odma 7 (Y -1 0dma N1 “IBA 4 P ) uood
~SLBPUL) STHOQE | Wiy ! TUA odmayy | 100 - IS UIPU
UWDUT N -31842PU() wAPUO
‘g WTIAV ],

109






M. W. HENNIKNG.

Danish swine fever. Preisz (1898) also found Bact. suipestifer patho-
gen for pigs and he incriminated it as the cause of ‘° Schweine-
seu 2”7 (swine-fever) and ‘° Schweineseptikaemie *’ in Germany.

After Salmon’s isolation of the hog-cholera bacillus from the
blo  and internal organs of most of the cases of swine-fever studied
by nim, 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 res ly produced
by injecting healthy pigs with morbid material and body fluids, that
had been proved to be free from organisms. ILater Dorset, Bolton
and McBryde (1905) showed that, while hog-cholera could be .ost
readily transmitted 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
pig- infected by means of morbid material from diseased ones could
eas - transmit swine-fever to in-contact pigs, those that were
infected with culture remained practically innocuous for other igs.
They further showed that the causal agent of hog-cholera was
contained in the filtrates of the blood and body fluids of sick animals,
and that these filtrates, although entirely free from Bact. cholerae-
suts, were nevertheless highly infective. They regarded the hog-
cholera bacillus merely as an accessory factor in the production of
disease.

ainbridge (1908) divided the members of the paratyphoid
group into four sub-groups, viz. (1) Paratyphosus-A; (2) Para-
typhosus~B which was indistinguishable in its. cultural charac-
teristics from aertrycke and suipestifer, but which could be
differentiated by means of absorption tests; (3) aertrycke and
suipestifer which were regarded as strains of the same organism
indistinguishable from one another; and (4) enteritidis (Gaertner)
sub-group easily differentiated from the preceding by means of
absorption tests. TLater DBainbridge (1911) and Bainbridge and
O’Brien (1912) divided paratyphoid bacteria into two groups of
separate organisms; the first group they regarded as ideuntical with
B. -uipestifer, and the second similar to Paratyphosus-B. These
wo eors used agglutination and absorption tests for their identifica-
tion. The source of Paratyphosus-BB was considered to be from cases
of paratyphoeid fever and carriers, while swipestifer was apparently
obtained from contaminated food and cases of food-poisoning. Savage
(1912) on the other hand, like Bainbridge (1808), considered that
food-poisoning bacilli of the aertrycie Jrvpe were indistinguishable
from suipestifer.

Dammann and Stedefeder (1910) succeeded in infecting healthy
pigs either by feeding or by inoculating cultures of B. suipestifer
and transmitted swine-fever by means of filtered material. Glisser
(1909) found a type of 3. swpestzfer as the cause of disease in young
pigs and called the orgamism Bac. paratyphi-suis.

Dammann and Stedefeder described B. sutpestifer (Volde~sen)
as the cause of a disease in young pigs, resembling swine :ver
clinically, =2nd known as Ierkel-typhus (suckling pig disease).
Although € isser’s bacillus was frequently regarded as identical with
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paratyphoid (Walhynian strain). Weil studied another type from
Alt  ia, while Dienes and Wagner (1918), on investigating an out-
bre  of disease among a group of Russian prisoners, encour*~red
several strains which were agglutinated by Voldagsen serum. hey
regarded their organism as identical with Weil’s stv~in, Neukirk’s
erzindjan strain and Uhlenhuth’s paratyphosus-C baci 1s. Hirschfeld
(1919) also investigated an enteric-like disease in the Serbian army
and called the causal organisin Bacillus paratyphosus-C, in flagrant
disregard of the original usage of this term by Uhlenhuth and
Hiibener (1909). Mackie and Bowen (1919) and Macadam (1919)
observed a <imilar type of organism in Mesopotamia, while Garrow
(19 ) foun it in Kast Afri~~. Schutze (1920, 1921) identified an
organism isotated in India in )14 as paratyphosus-C and divide the
Salmonella group of organisms into two sub-groups:—(1) Enteritidas
(Gaertner) and (2) Paratyphosus-B. e further divided the latter
into four serological types, viz. Schottmuller, mutton, Hirschfeld and
hog-cholera bacilli. In his mutton type he included the bacillus of
swine typhus or animal paratyphosus-B (typhi-murium).

By means of agglutination and absorption tests ruce White
(1926) showed that the Hirschfeld strain and Weil’s A anian strain
were 1dentical diphasic 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 tr : ITirs feld
bacillus.

Tenbroeck (1920 a and b) regarded HHirschfeld’s bacillus as
ser gically identical with the American 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 hacillus Hirschfeld’s organism did not
prove to be very pathogenic Hr rabbits. When these animals were
first injected with live Hirschfeld bacilli they were resista=% to
subsequent inoculations of virulent chilerae-surs. Tenbroeck | iced
far more reliance on serological tests than on biochemical reacrions,
and on account of its serum reactions he placed the Hirs feld
bacillus in the hog-cholera group.

Andrewes and Neave (1921) noticed that the Gliasser and Vol-
da; n strains resembled each other culturally but not serologically;
Voraagsen serum was completely exhausted of all agglutinins by
Glisser, while the specific agglutinins present in (lisser serum were
almost entirely unaffected by saturation with Voldagsen. Gliisser
and Voldagsen did not produce much hydrogen sulphide, whereas
this gas was readily formed by (liuropean) suipestifer and paraty-
phosus-C of Huirschfeld. Andrewes and Neave divided the hog-

cholera group of organisms into two sub-groups :—

Group 1 comprising American suipestifer, Glisser’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 of any member of group 2, while group 2 strains could not
materially reduce the titre of the sera of group 1 strains for members
of  oup 1, although the sera were completely exhausted for the
members of group 2.
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The wvarious porcine st=ins of Sulmonella of the hog-cholera
type and those closely relate  human strains to which, regavdless of
its original usage, the term Bacillus paratyphosus-C is frequently
applied, form a group of -ganisms with very close serological
affi='ties.  Although different workers have contributed towards the
stu - of the composition of this group it wuas Bruce White (1926)
who finally divided the members into four well-defined types:—

1. Bastern or Hirschfeld baeillus.

2. Awmerican hog-cholera bacillus.

5. liuropean hog-cholera bacillus.
4. Glisser-Voldagsen (Ferkeltyphus) bacillus.

The differentiad features of these organisms were deser ¢ by
Bruce White (1926) and by Nabarre, White, Dyke and Scott (1329).
The specific phases of the diphasic members of the group, viz.
Hirschfeld bacillus, American hog-cholera bacillus, and the Ferkel-
tyr v bacillus  (Glisser strain) are indistinguishable; the non-
specttic phases of the last fvwo are 1dentical, while the Furopean
hog-cholera bacillus and the oldagsen strain differ from them only
i so far as they lack any trace of specific phase antigen. The
Hirschfeld bacillus differs from all these by the deficiency of its »on-
spectfic phase in some of the antigenic components. They all  frer
from each other biochemically. The Tlirschtfeld bacillus ferments
ma:  ite, dulcite, arabinose, but mnot rhammose; the hog-cholera
bac us (both Furopean and American) ferments mann  and
rhamnose, but not duleite and arabinose; while the Fevkel-typhus
strains (Glisser-Voldagsen) ferment only arabinose and rhamnose.
All straims, exceptir~ the Amevican hog-cholera bacillus, produce
hydrogen sulphide.  ecently Bruner and Ldwards (1939h) have
shown that a specific phase may be obtained from monophasic Kuro-
pean cholerae-suis.

Tenbroeck (1920 a and b) expressed his surprise at the com-
pari ve infrequency of paratyphoid in man caused by the hog-
chotera bactllug, while Savage and Bruce White (1925) also remarked
upon the rarity of swipestifer food-poisoning in man. ‘They con-
sidered that the shight virulence of the organism for man : 1 the
massive doses required for setting up an infection are responsible
for the low incidence of the discase.  According to Kriger (1932b),
it was declared by Uhlenhuth (1926), at a meeting of the German
Society  of  Microbiology, that suipestifer bacillt  could it be
regarded as very pathogenie for man: and 1t was stated by OUstertag
that, although thousands of swine-fever pigs were slauglitered for
human consumption, mass intection of man did not occur. Kruger
considered lhat swipestijer frequently lives as a saprophyle in the
human body, setting up an infection only when the resistar<s has
been lowered by conditions  like appendicitis. Never less,
Nalmonella infection of porcine origin has been Lknown to cause
serious disease in man. Indeed, the number of human cases of
infection with clolerac-suis recorded during recent years cannot be
treated as Insignificant. Apart from the number of outbreaks of
paratvphoid fever in man in kastern Kurope, due to the Ilirschfeld
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baci 1s, several cases are reported from time to time where the hog-
cholera bacillus has been ineriminated 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
pudding. One of the patients died and S. cholerae-suis was isolated
from the liver. It was thought that the source of the infection was
pork that contaminated the pudding. Seott (1926) deseribed #our
outbreaks of infection due to the Kuropean hog-cholera baci s,
mvolving over a hundred persons. In all the cases the source of
the infection was traced to prepared meats. A fatal case of
septicaemia 1n man caused b~ *° Bacillus (Salmonella) suipestifer
(America) and resembli  ty »Hid fever was studied by Bauer and
Meclintock (1929), whiie two cases of human infection with the
America hog-cholera bacillus were reported by Nabarro, Bruce
White, Dyke and Scott (1929). Another case of American
suipestifer causing disease in man in England was deseribed by
Boycott and McNee (1936); the organisms were obtained from blood
cult  :, but although they were diphasic they resembled the Kuro-
pean type culturally.

Clayton, Milne and Menton (1930) recorded an outbreak of
acute gastro-enteritis in eight persons following the ingestion of
pork pie. Three of the cases ended fatally; from the intestines of
these patients as well as from the stools of the other five, American
surpestrfer was 1solated. Another case of cholerae-suis infection
of man was described by Branham, Motyca and Devine (1930).
Kuttner and Zepp (1932, 1933) reported eleven cases of suipestifer
infection, mostly in children. Of these ten were due to the Furo-
pean varlety, and only one was caused by the American type;
Dact  cuipestifer was obtained by blood culture from all the patients
All 3 cases recovered excepting one which ended fatally.

In Germany Kiobe (1930) described two strains of suipestifer
obtained from cases of meat-poisoning following the ingestion of
pork. The patients showed symptoms of septicaemia with gastro-
enteritis, as in typhoid fever. Kriiger (1932a) reviewed several
outbreaks of paratyphoid fever in which Dact. swipestifer was
ineriminated as the causal agent.

glioli (1930) studied a number of cases of quinine resistant
fever in British Guiana and found Hirschfeld bacillus 1 72 out
the 77 patients examined. 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 paratyphoid fever in the Belgian Congo where they
incriminated Hirschfeld’s bacillus as the cause, while Tenbroeck,
Ia and Yii (1931) recorded five cases of infection in man caused
by the samne organism in Peiping (China). Materna and Januschke
(192! incriminated cholera-suis as the cause of purulent meningitis
in a man, while Ravitch and Washington (1937) described several
cases of swipestifer septicaemia in Negro children.

In South Africa Greenfield and Judd (1936) and Henning and
Greenfield (1937) have described an outbreak of food-poisoning
following the ingestion of pork infected with S. bowis-morbificans
(Basenau).
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Tanre 9.—(After Henning and Greenfi

UNOBSERVED SERA.
| |
Afri Bowis-
Antigen. ,1{;& H e‘idelbery K n“nz.endmj’ Neiisport morbi-
3 Serum Serum St Muenchen | ficans
Serum U U Kotthus Qop dor
Tn. n- n- | Sorum Serum, Serum,
Absorbed. | Absorbed. | Absorbed. ’ Un-
Absorhed. absorbed.
Afric Aust, O i 800 0 0 1,600 800 1,600
AL ARG TGP vvvisns e SHTI S isi 6,400 6,400 0 - — 6,400
Afric Aust. Group. ..o 6,400 3,200 3,200 == — 25,600
HeidelbBiy O™ ssusmiss v53 55950 1riotie e sy | 0 300 -— — — s
Heidelberg Type......oooo i i, 6,400 6,400 — — — =
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Bovis-morbificans Type............................. 3,200 - == — — 6,400
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Muenchen “ 0> .. ooiiiliiii it — — 0 — 800 — [
B |
0 = less than 1 : 50.
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Henning and Greenfield.)
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1ese results clearly show that S. suipestifer var. Afri. Aust.
of Greenfield and Judd has the same type antigen as heidelberg and
bovie-morbificans (factor r) and a group antigen that corresponds
larg 7 with that of Kunzendorf and entirely with that of bovis-
morvificans (factors 1, 3, 4, 5), while its somatic *“ O’ antigen
resembles that of bovis-morbificans (factors VI, VIII). Moreover,
since Afri. Aust. removes all agglutinins, type, group and ““ O 77,
from bovis-morbificans serum, and bovis-morbificans exlausts all
agglutinins from Ajri. Aust. serum there can be no doubt that the
two ganisms are identical.

Tasre 10.
Typhi ‘ : Typh@-
mUrLum Typhi- i 19% 192 | murium | 192 s,
Antigen. s.a.b. murium | 8.a.b. s.a.b. U
T s.a.b. | Typhi- ) T
yphi- 192 mayium. 192 Lnab- sorped.
" MAUTTUM. g ’ ’ sorbed.
- T T T
Typhi-murium “ 07 ... ... 0 \ 0 0! 0 800 | 1400
Typhi-murium “H” type...... 100 100 0, 0 100,000 l € 0
Typhi-murium “H” group..... ’ 0 0 \ 0 ! 25,000 b 3,200
i ( \ \
1920 . \ 0 0 0 0] 800 1%
192—“H?” type ............... 100 100 0 0 |100,000 € 0
192—“H > group............. ‘ 0! 0 0 \ 0 | 25,000 € 0

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

The only other record of a Salmonella obtained from a ig is
that of Robinson and Martinaglia (1932) when they descrived an
organism lisolated from a pig at Onderstepoort. A description of
the itigenic structure of this organism, strain 192, was not
atter ted by them, but its antigenic analysis was subseq ntly
perfc-aed kv me (Table 10). It was noticed that strain 1Y%< was
aggl' mnate far better by typhi-murium than by cholerae-s»s
serurr  The agglutination obtained with the latter serum was pur
floce:  r, while with the former the agglutination was both granular
and ccular, suggesting the existence of a closer relationship
betw 1 strain 192 and typhi-murium than between it and cholerae-
suts. Moreover, strain 192 was found to be diphasic; its type pheo=
colonies were amrlutlnated by typhi-murium type serum, while =
group phase colonies were flocculated by both typhz-mumum and
chole e-suts group sera. Accordingly agglutination and absorption
tests were performed as shown in Table 10 mixed “0O " and “H "
type 1d group sera being used for the tests. The results show that
typho-murmum removed all agglutinins (““0O 7, ““H ” type and
““H 77 group) from 192 serum as well as from the homologous serum ;
culture 192 also completely exhausted both typhz-mumum gerum and
its own serum. Accordingly it was evident that culture 192 and
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typhi-murium were composed of the same antigenic structure, and

that they both contained the following antigenic factors of the
g : T 3 : - X3 R

Kauffmann-White schema:— 0 IV, V, “H ” specific 7, ** H

non-specific 1, 2, 3.

In 1933 Dr. Robinson and myself isolated another strain of
Salmonella (culture 168) from the blood of pigs suffering ™ a
septicaemic disease in the Cape Province. This organism was rec ly
aggl inated by cholerae-suis serum and was found to occur entirely
in the group phase. Accordingly, absorption tests were conducted as
shown in Table 11.

e results show that culture 168 removed all agglutinins from
choterea-suis (European) serum as well as from the homologous serum,
and that cholerae-suis (Kuropean) exhausted both 168 serum and its
serum. Absorption tests were also carried out with the diphasic
American hog-cholera bacillus and its serum. It was found that
culture 168, while completely removing all the ““ O’ and group
agglutining from cholerae-suis serum, left the “ H '’ specific titre
almost unaltered. On the other hand cholerae-suts (Ame a)
comnletely exhausted all the agglutinins (07’ and ““H’’ non-
spec c) from 168 serum. The results, therefore, showed that
culture 168 was devoid of an ‘“ H '’ specific antigen an that
it contained the same antigenic components as cholerae-suis
(KEuropean), viz. the following factors of the Kauffmann-White
schema:— 0 "' VI, VII. “ H” non-spectfic 1, 3, 4, 5. “H?”

spec > mil.

Six other strains, cultures 365, 380, 381, 382, 383, 384, isolated
from the blood of pigs during an outbreak of swine fever 1 the
Transvaal were also studied serologically. With strain 365 complete
mirror absorption tests were carried out as in the case of culture 168
(Table 11) and exactly similar results were obtained. With the other
five strains one-sided absorption tests were performed, using both
Eur can and American hog-cholera sera. Whereas all the
aggl iuins (““O 7 and ‘““ H " non-specific) were removed from
lluropean hog-cholera serum, the ¢ H ' specific agglutinins of the
American suipestifer serum were unabsorbed. All six strains were
four to be monophasic.

1ese resulis, therefore, clearly show that strains 365, 3¢ 1,
382, 383, 384 resemble cholerae-surs (European) antigenically,
containing the same antigenic factors assigned to strain 168.

For fermentation tests see Table 25.

urray (1934) cites several different workers who have isolated
chol»ae-suis from the faeces of a small percentage of app-rently
heal y pigs. He states, however, that he has been un: le to
demonstrate the presence of suipestifer in normal pigs.

SALMONELLA {FECT! OF ! INES.

In horses infection with S. abortus-equi is undoubtedly the most
common disease caused by the genus Salmonella. More than forty

years ago Kilborne (1893) and Smith (1893) studied an outh ak of
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abortions in mares and isolated a non-lactose fermenting organism
of the hog-cholera group from the vaginal discharges of the affected
animals. This organism was Hund to be pathogemc for rabbits and
was regarded as the cause of tne abortions; on cultivation it formed
a membranous growth with w 1kled edges on the agar.

Subsequently several different workers investigated outbreaks of
infectious absortion in mares caused ostensibly by the same bacterium
stuc «d by Kllborne and Smlth Good and Corbett (1913) studied
a very serious epizootic in Kentucky due to organisms of the
enteritidis hog-cholera group, which produced nearly 100 per cent.
abortions. Intravenous inoculations of cultures of this organism
caused abortions in mares within 10 days. About the sar-~ time
Meyer and Boerner (1913), de Jong (1913), Dassonville and iviere
(1913), van Heelsbergen (1914) and Schofield (1914) also desecribed
epizootics of abortion in mares due to Bact. abor -equi.
Later MacFadyean and Edwards (1917) discussed the rele Hmship
of infectious abortion in mares and joint-ill in foals, while . essner
and Berge (1917) and Murray (1919) also incriminated abortus-equi
as the etiological agent of outbreaks of abortion in mares.

sart from causing abortions In equines this organism has zen
found responsible for pyaemic arthritis, joint-ill, abscessation and
tendo-vaginitis. While studying the etiology of infectious arthritis
in colts in America, Good and Smith (1914) isolated from the pus
of the joints a bacterium whic resembled the causal agent of
infectious abortion in mares; but from the affected synovia of one
foal they obtained streptococci only. In 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 culture ylelded a mixed growth of
(Gre—-negative bacteria and streptococci. The former were regarded
as sely related to the bacterium of contagious abortion in mares.
In vermany Miessner and Berge (1917) ascribed the cause of a severe
epizootic of abortion in a stud to a par atyphoid organism, which
was isolated from the stomach and intestines of dead foetuses they
pointed out that the majority of the foals which were born alive on
the affected farm developed joint-ill, but streptococci were regarded
as the most important etiological agent, paratyphoid organisms being
obtained from only one case. In a comprehenswe studv of contaglous
abortion in mares and joint-ill in foals, MacFadyean and Edwards
(191" found Bact. abortus-e~ui the most common cause of the
two seases. They isolated is organism from the heart-blood and
internal organs of several of the aborted foetuses, and also from the
joir 1 of a number of foals affected with joint-ill.  Some of the
horses  at were immunised with abortus-equi for the pu ose of
serum_production developed arthritis. Magnusson (1919) ovn the
other hand, considered an organism, which he called Bact. viscosum
equi, as the most common cause of ]omt -111 in foals.

In South Africa Martinaglia (1929) described several cases of
tendo-vaginitis in adult horses due to abortus-equi following horse-
sickmness lmmunlsatlon Out of twelve cases studied in 1922, nine
yielded pure cultures of abortus- -equi, while in the remaining three
a mixed infection of this organism and a streptococcus was “found.
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One animal, a stallion, was affected with orchitis due to abortus-equi.
In 1925 a similar condition appeared in mules, also after im inisa-
tion against horsesickness.

Seymour (1936) also incriminated abortus-eque as the cause of
an outbreak of pyos ticaemia in foals, while Fujimura and Hoshi
(1936) described outb.caks of contagious abortion and cases of absces-
sati  In equines due to this organism. Moreover, they reported a
case of abortus-equi infection in man.

Although the antigenic structure of the organism incriminated
in these outbreaks is not clearly given, there seems to be very little
doubt that abortus-ennui, or a very closely related bacterium, was
responsible for most « the cases. The strains isolated by Martin: ha
were described as actively motile; but only one of these, culture .19,
was kept. When this strain was finally received by me 1t was found
to have lost all its properties of motility. After preparing antisera,
agglutination and absorption tests were performed with this organism
and abortus-equi WHR. The results of these tests showed conclusively
that culture 219 and abortus-equi W/H2 had the same somatic
antigen; culture 219 removed all the “ 07 agglutinins from
abortus-equi WH2 serum as well as from the homologous serum, v ile
antigen; culture 219 removed all the 07 agglutinins nm
both sera. As culture 219 was non-motile its serum was devoi of
“H 7 agglutinins ar< it left the ““ H *’ agglutinins of abortus-equi
WH2 serum unaltere

Apart from abortus-equi infection, other types of Salmonella are
som~+mes responsible for outhreaks of disease in solipeds. Thus,
Mot n and Amichau (1918), Combes (1918) and Urbain, Stocanne
and haillot (1929) described epizootics in horses due to paratyphoid
bacitli.  Graham, Reynolds and Hill (1919) studied a virulent out-
break in a shipment of horses and mules due to enteritidis. Melssner
incriminated typhi-murium. as the cause of a disease in foals and
obtained this organism as well as abortus-equi from mares that had
aborted. = Hreover, Lutje (1930) isolated both enteritidis and typhi-
murium from equines affected with abortion, and he obtained enter:-
tidis from foals exposed to infection with calves. Standfuss (1925)
and Lehr (1928) isolated paratyphoid organisms from horses that
were slaugP+ered in emergency. Other workers like Baume: 1 and
Gratzl (19: and £ 1berger (1931) described outbreaks of astro-
enteritis in horses due to typhi-murium, while Kdwards (1934) inves-
tigated an epizootic of infectious colitis in 3 to 7 months old foals
caused by the same organism.  Cernozubov, Pilipovie and Stavel
(19¢  claim to have isolated five strains of typhi-murium and Hur of
paratyphi-B from diseases in horses.

But apart from causing diseases in equines Salmonella infection
of horses may lead to serious outbreaks of food-poisoning in countries
where horse flesh is used for human food. Thus, during the Great
War and the years immediately following more than 25 per cent. of
all outbre~¥s of meat-poisoning in Germany were traced to horse
meat, on e other »~nd, the incidence of gastro-enteritis 1 this
source has been very w during recent years (Meyer 1934, 1 ). In
1923, Meyer recorded 19 outbreaks and in 1932 only one that could
be ascribed to this cause. Kuppelmayr )24) described 47 outbreaks
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Strains of Salmonella typhi-inurivie devoid of ¢ O factor V
were first described by Landsteiner and Levine (1932) whe» they
studied the ABinns strain of Schutze. Later Kauffmann )3ba)
recorded 16 variants of ¢yphi-murivm which contained * O 7 actor
IV, but not factor V, and he called these variants typhi-murium var.
Copenhagen.  About the same time Jungherr and Wilcox (1934)
obtained from pigeons a strain of typhi-murivie which reacted
atypleally with maltose: an antigenic analvsis of this organism made
by Edwards (1935) showed that 1t 1s lacking in O 7 factor V.
Edwards called the variant typli-murium var. Storrs.  Tlohn and
Hermann (1937) also recorded an outbreak of disease in pigeons due
to t  IV-variant of typhi-murivm, while Hoffmann and Bdw: s
(195¢) studied an infection in rabbits caused by the same tvre of
organism. Moreover, several cases of infection in man due to  -alns
of typhi-murium devoid of ** 07" factor V have been deseribed by
Zahn (1935).

Both EKEdwards and Kauffmann found {that the IV-variants
exhibited biochemical reactions that are not typical for typhi-murium
and that strains from different localities did not alwayvs react in the
salie way.

Edwards (1938) points out that all the recorded outbreaks of
disease due to IV-variants of typh/-murium have occurred in mau,
pigeons and rabbits; no I'V-variants were found among il/p]u MAUTTU N,
cultures obtained from hma(\\, slhieep, guinea-pigs, rals, mice, turkeyvs,
chickens, ducks and canaries. The strain of typho-maurnom var.
Copenhagen (Storrs) (lesel'i})ed by me 1s, therefore, the first record of
this organism obtained from a horse.

{ LMONELLA INFECTION OF BIF 8.

Infection of birds with different types of Salmonella is »uch
more varied and widespread than in mammals, and the isses
sustained through this group of organisms are probably far greater
than 10se rvesulling from any other cause. Epizootics in fowls
due to S. gallinarum are extremely common in sonie countries; in
South Africa, fowl typhoid is without doubt the most serious
infections disease of fowls, while in Europe and America Pullorum
disease seems to be more important. Kpizootics due to Salmonellas
other *han gallinarum and pullorum, although less common, may
never eless be responsible for serious losses in all species of domestie
birds. It is with a discussion of these diseases that this part of my
paper 1s chiefly concerned. Although relatively few outbreaks of para-
typhiod 1n pigeons, ducks and geese have been recorded in S
Africa, my discussion will not be complete unless the literature
relating to disease in these birds 1s duly reviewed. = Hreover,
Salmonella infection, other than that due to gallinarum and
pullorum occurs apparently more frequently in them than in
gallinaceous birds. The extensive literature relating to fowl tynhaid
and pulloruin disease 1s not discussed in this paper: it has been 1 -
reviewed by a number of different workers.
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ABSORBED SERA.

| Aberdeen
Storrs Serim Copenhagen 659 Serum | Typhi-murinm Serum | Abortus-equi Serum Serumi
Absorbed by :— Absorbed by :— Absorbed by :— Absorbed by :— A.:::urE\d
.| Soms. | 418 Gober | azs | VRME | gz | Al | s,
0 — 0 0 0 0 0 ] i 0
0 e 0 0 0 0 — — ! 0
0 — [ 0 0 0 | 0 — — 0
o o | = - — - — — -~
! |
J 0 T - . - — - —
N I
— — ] 0 0 — — — — -
= — | 1] 0 — S — — —
— — 0 0 - — - —- —
i 2 — = 200-400 0 = — =
— i— — e 100 100 -— — —
— . — —- — 100 100 - — —
—_ — — == = a 1] 0 s
— - — = — - = = 100
— — - == — — - — 100
— — — —- - — — — 0
00 = Legs than 1 : 100. — = No test carried out.

e [27-128a 127-128b 127-128c¢



M. W. HENNING.

) UNABSORBED SERA.
R00 1,606 1.600 SO0 800 0
12,800 6,400 12,800 25,600 — 50,000
3,200 25,600 6,400 25,600 — 6.400
300 1.600 i — — == —
12,800 6,400 — — = -
3,200 25,600 — = s -
] - 1,600 — — —
12,800 -— 12,800 — — =
3.200 — 6,400 — - -
800 — — 800 — -
12,800 e - 25,600 - =
3.200 - — 25,600 — —
1,600 = = — 1,600 s
0 — —_ — — 408
12,800 s —- — — 50,008
3.200 — - — — 6,400

— [27-128Db

127-128¢






ANTIGENIC STRUCTURE OF SALMONELLAN.

infected with  typhi-maerium  (Breslau).  Young birds  commonly
sufter from an acute form of the disease, but 1n older birds the
condition is generally chronic and the symptoms may last for several
weeks; the joints ave swollen and there is paralysis of the muscles
of locomotion and flight.  Emwmel (1929) also found Schottmuller
(typhi-murium ?) in practically  are culture in the exudates obtained
from the swollen joints of pigeons examined by bim.

By examining a flock of over 8,000 pigeons suffering from
weakness of the wings and swelling of the joints Brunett (197
found a straw coloured exudate 1n the joint swellings and abnorm: -
ties 1n the ovaries, resembling those of pullorum disease. Typhi-
murtum was isolated from the joints as well as from the ovaries.

Recently Jungherr and Wileox (1934) investigated the cause
of a disease in a flock of about 1,500 pigeons in which there was
an annual loss of about 20 per cent. They funeriminated an atypical
non- dtose fermenting variunt of typhi~murivne as the etiological
agent.  In some cases fyphi-nocrnnn coldd not be obtained from
reacting squabs, while at other tinies the organisms were isolated
from birds that failed to react serologically.  Jdwards (1935h)
studied the same vaviant from three widely separated areas wund
found the < O ' antigen, like thal of abortus equi, lacking in factor
V of the Kauffmann-White schema.  The variant was noticed to be
non-maltose fermenting and negative to the Bitter test; 1t appeared
to be similar to typhi-murin var. Copenhagen of Kuauffmann

(19352).  EKdwards labelled e organism N. typhi-murivm  car.
Ntorrs. A similar organism, obtained from a case of purulent

arth 1s 1n a foal, 13 described by me above.

Lesbouyries and Verge (1932) described pigeon paratyphoid in
France and Cernaianu and Popoviei (1933) in Rumania, while Ismail
Abu Balkr Khalifa (1935) studied an epizootic in Egypt due to
{yphi-muriwm. Morve recently Shirlaw and Ganapathy Iver (1937)
have recorded an outbreak of pigeon septicaemia in India caused by
what they called a ‘* Gaertner infection . Soon after a number
of b Is had been inoculated with fowl-pox vaccine they developed
symptoms of acute enteritix and fever from which they died. 1t is
not possible to recognise the type of Salmonella incriminated from
the description given.

wat infection of pigeons with Selmonella may lead to serious
outbreak of food-poisoning in man is llustrated by the description
of Clarenburg and Dornicks (1932) of an epizootic which involved
20 persons in the military hospital at the Hague. The source of the
mfe on was {raced {o pudding made lar=-ly from pigeons’ cges.
Soot d~marrien was isolated from tlhe pud  ng, and from the hlood,
faeces and urine of some of the patients: the sera of the : eceted
persons also agglutinated cultures of the Salmonella found. On
nvestigations, it was ascertained that the flock of pigeons from which
the eggs originated were suffering from paratyphoid.  Moreover,
typhi-murium was recovered from eggs laid by these birds.

Although several outhreaks of a Septicaemic disense in pigeons
have been reported in South Africa from time to time the cause has
rem 1ed obscure until recently when Henning and Haig (1938)
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studied an epizootic of squebs in which a Salmonella was found to
be the cause. (The outbre. was studied after the completion of

this paper.)

The affected birds suffered from loss of appetite, acute diarrhoea
wi  green evacuations and rapid loss of condition. » Iost
important lesions observed were enlargement of the spleen  d liver
and acute catarrhal enteritis. The affected flock was comp sed of
over 200 birds, of which 24 have died from the disease. Hear:-blood,
spleen and liver cultures yielded a pure growth of a non-lactose
fermenting, (Gram-negative wmotile bacterium (culture 548). On
testing this bacterium against various *“ O 7, type and gronp sera
of fterent groups of Salmonella, it was agglutinated by *“ 7’ sera
containing factor V of the Kauffmann-White Schema, by type sera
containing factor z and by group sera. This suggested that the
organism 1s related to typhi-murium. Agglutination and absorption
tests were, therefore, performed with different varieties of typhi-
murtum, The results are given in Table 13.

The results of able 13 show that typli-murium abso ed all
the agglutinins, “ U 7’ type and group, from 548 serum as well as
tfro.  1its own serum, but that culture 548 merely reduced the ““ O
titre of typhi-murium serum from 3,200 to 1,600, Culture 548
removed all the ““ O agglutinins from its own serum but f-iled

to « 1aust a small portion of type and group agglutinins fr 1+ »Hth
its own and typhi-murium ser n. This 1s attributed to the reduction
of its motility which occurs = subcultivation on solid agar.

When 548 serum was absorbed with either typhi-murium var.
Ntorrs or typhi-murium var. Copenhagen all the *“ O 7’ agglutinins
were removed for typhi-murium, typhi-murium var. Storrs, t  hi-
murium vav., Copenhagen and for itself.

According to these vesults, therefore, culture 548 contains the
same type and group antigens as typhi-murium and the same << O
antigen as typhi-murium var. Copenhagen (Storrs). Its antigenic
formula should be ““ O =1V, type ¢, group i, 2, 3.

An outbreak of pyo-arthritis in foals caused by the TV-variant of
typhi-murivm is described on page 124.

(2) CANARIES.

fanaries seem to be particularly susceptible to Salmanella
infer on. They usually contract a very virulent form of the sease
which may account for very severe losses in both young anc adult
birds. Joest (1906) was probably the first to draw attention 1 the
occurrence of a disease in canaries caused by the enteric group of
bacteria. Another early recor? of an epizootic apparently due to a
Salmonella 1s that of Gilruth  )10). A bacterium isolated from the
heartblood was found to be pathogenic for mice, rabbits, guinea-pigs
and canaries. About the same time Pfeiler (1911) incriminated an
organism of the Paratyphi-B oroup, obtained from blood culture,
as the cause of a virulent ou reak of diarrhoea among a group of
well-bred canaries. A somewhat similar outbreak was recorded by

Lutje (1924).
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Later Beaudette (1926 -), Beaudette and Kdwards (1926), and
Harkins (1926) also describe virulent epizootics in canaries 1 which
o nisms of the Paratypnoid-B group were Incriminate as the
e ogical agent. Beaudette and Edwards (1926) studied two
outbreaks in which birds of all ages were affected with severe
diarrhoea associated with »n increase in the amount ~f urates
excreted; an organism whi  resembled typhi-murium ser Hgically
w  obtalned from the heart-blood and internal organs. The premises
into which the birds studied by Harkins were introduced were well-
keot and clean, and none of the local birds became affected: but the
ir orted canaries arrived in soiled wooden cages, which robably
played a predisposing part in setting up the infection.

In South Africa, Martinaglia (1929) recorded two outbreaks of
paratyphoid in canaries in which typhi-murium was the c¢: se, and
mm 1933 1 investigated a very virulent epilzootic in an aviary
cc prising about 200 well-bred canaries. The most important
symptoms were drowsiness and  diarrhoea, and the course of the
disease was always very rapid, with a mortality of over 95 per cent.
The most important lesions observed were hydro-pericardium,
enteritis, tumor splenis and swelling of the liver. A gram- gative,
non-lactose fermenting organism was obtained in pure culture from
the heart-blood and bpleen of all the birds examined. Cultures of
th  organism were readily agglutinated by typhi-murium s 1m and
the organism was found to be di-phasic. A mixed serum was prepared
by injecting a rabbit five tir-~s with a suspension of the canary strain
(culture 176) in saline. Ag; 1itination and absorption tests were then
performed as shown in Tanle 14.

TaprLe 14.

Typhi- . .
murium | L YPhE- Typhi- 176 176 |
. MUrTUm . S. a.b. 176
Antigen. S. a.b. mAUTIUM, . S. a.b.
; a.b. Typha- : S. unab.
typhi- S. unab. | ; 176.
. 176. i murium.
murium. f ‘ i
Ty -murium “0O ..., 0 ‘ 0 1,600 0 0 800
Typne-murium *“ H ' type 0 i 0 50,000 0 0 12,800
Typhi-murium “H” group 0 0 25,000 0 0 6,400
176 “O0” .o, 0 0 | 1,600 0 0 800
176 type.....oooi i 0 | 0 . 50,000 0 0 12,800
176 Group...vennnnnn... 0 | 0 [ 25,000 | 0 0 6,400
S = serum; a.b. = absorbed by; unab. = unabsorbed :
0 = no agglutination at 1 in 100.

The results of Table 14 show that culture 176 removed all
ag~lutinins (*° O 7', type and group) from typhi-murium serum as
w as from 176 serum; while {yphit-murium completely  hausted
bhoth 176 serum and the homqlogous gserum. Culture 176, therefore,
resembles typhi-murium ser: Hgically and contains the same antigenic
factors; it should be regarded as typhi-murium.
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On investigating the sour~~ of the infection, 1 found that losses
commenced to occur soon after e owner had changed the food snnply.
Several samples of grain used by the owner for feeding were o uned
and inoculated into enrichment media, e.g. tetrathionate roth.
After 24 hours’ incubation a loopful from each tube was spread
on to a Muason tube of MacConkey's bile-salt agar. A few translucent,
non-lactose fermenting colonies were observed on one of the tubes;
some of these were picked and tosted against drops of a tyrhi-murium
serum dilution on a glass sli ; the result was a coarse fleccular
agelutination and typlii-murivm was suspected. The remair v of
two of the positive colonies was subcultivated until a pure culture
tewlture 177) was obtained.  Culture 177 was found to be diphasie,
and, Like culture 176, it exha  ted all agelutinins from the serum
of cultre 176, as well as from the serum of fyphi-muriwn Glergow.
Accordingly, culture 177, like culture 176, should be regarde as a
strain ol typhi-oowricoe. A one-sided  absorption was consudered
sufficient in the case of this test.

Although the presence of fyphi-maurium in the grain may explain
the origin of the infection, the possibility of the grain becoming
contaminated by attendants handling 1t after the outbreak among
the « nartes cannot be excluded. Tt may be of interest to mention
that Jones and Wright (1938) described an outbreak of typhi-murium
food-poisoning m man due to contumination of food with the excreta
of mice,

Culture 153, obtained from one of a number of finches that were
dying from a septicaemic disease 1n an aviary, was also studied.
By testing it with the same method used for culture 176 it was found
to be diphasic and to exhibit the same antigenic characters as cultures
176 & U177, It was, therefore, also labelled typhi-mauriwm.

(3 GreEsE.

¢ side Germany there is very little information available
regarding the meidence of paraivphoid infection in geese. According
to the classteal monograph of Hubener (1910) seventeen outbreaks of
food-porsoning traced to hirds” meat have been vecorded in Germany
during the pertod 1903 to 1908 of these 14 outbreaks were due to
coose meat, one to duck, one to fowl, and, in the cage of one, the
species of bird was not mentioned.  Nine of the outbreaks were
ascribed to pr-ityphoid organisms; of these, eight were caused by
goose meat ar one was due to the meat of a sick Len.

One of the first records of paratyphotd in geese is that of Pfeiler
(1919) when he deseribed o virulent epizootic among 9-week old birds
with «rmptoms of septicaemia and swelling of the head and eves,
Heart  lood and organ cultures yielded a pure growth of an organism
of the Parvatyphi-I¥ group (typhi-murivim?).  Earlier in the vear
cultures of typhi-murivm were used for the eradication of mice and
there was a suspicion that geese obtained the infection from the
mice.  Later Weissgerber and Miller (1922),  utje (1924) and
Bnrghoffel" (1927) described similar epizootics among voung geese.
An organism which resembled both Paratyphus-B and suipe fer
was obtained by Weissgerber and Miiller from the heart-blood and

134





