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affects more than one species of animal. Thus, Kauffmann and
Silbertstein isolated a strain from the stool of a patient suffering m
gastro-enteritis and intermittent fever, and another strain (anatum
var. Muenster) from a pevson that had developed meat-poisoning
after eating raw horse meat; they also described a third strain of
human origin obtained from Kristensen. Edwards (1935 «a)
incriminated anatum as the etiological agent of an eplzootic in
chickens, and 1 (vide infra) isolated it from adult fowls.

Subsequently several diff nt workers have recorded epizootics
in ducks due to Salmonellas . yle (1927) recorded a severe outbreak
among chicks and young ducks due to typhi-murium; the source of
the infection remained obscure, but the food was suspected. In 1929
Gaiger and Davies (1930) investigated the first known outbreak of
““ keel 7’ disease in Great Britain. There was a mortality of over 80
per cent. and the recovered birds remained ailing for several weeks.
Anatum was obtained from a number of the birds examined. All
the deaths occurred on a farm to which the young ducks were moved
after hatching, while those that remained behind on the breeding
farm remained healthy. It was apparent, therefore, that the infec-
tion took place after hatching and that the eggs and incubators were
clean. Fermentation of the food was regarded as an important con-
{ributory factor in the genesis of the disease in this outbreak.

Pallaske (1930) described a disease in ducks associated with
pathologic: changes in the ovaries of hens and the testes of drakes;
the cause wee found to be S. enteritidis Gaertner. Hole (1932)
encountered ree epizootics in young ducklings, one due to enteritidis
and the other two to typhi-murium; infection was thought to have
occurred through the egg. Acute and sub-acute enzootics in young
ducks and geese with a mortality of 96 per cent. were described by
Strozze (1931). Amnother virulent epizootic in ducklings with a death-
rate of over 90 per cent. was recorded by Schaaf (1933). Typhe-
murium was found to be the ~ause. Infected birds discharged the
organisms with their faeces an  gave positive agglutination reactions
with these bacteria. Natural infection was thought to have resulted
from the ingestion of food or water contaminated with infected
excreta. Moreover, the vitality and resistance of the birds were con-
siderably reduced by transportation over long distances by rail.

In England Dalling and Warrack (1932), cGaughey (1932),
and Warrack and Dalling (1933) have shown that adult ducks may
sometimes harbour S. typhi-murivm or S. enteritidis, and that breed-
ing birds with diseased ovaries are liable to lay infected eggs, which
often fail to hatch; should the infected eggs hatch an epizootic of
paratvph~id will probably occur among the newly-hatched birds.
In 1 s sease, therefore, as in Bacillary White Diarrhoea, the
infecung agent is transmitted from the adult bird through the egg
to its progeny. The presence of Salmonellas in the eggs laid by
infected birds was demonstrated by these workers. Moreover, those
ducks which laid eggs infected with either typhi-murium or enteri-
tidis produced the corresponding agglutinins in their sera, and, as
with wllorum infected hens, they could usually be detected by means
of a serological test. Warrack and Dalling noticed that the eggs
laid were infected only when the titre of the affected bird was high,
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and the agglutination titre of the sera obtained from reactors -opped
considerably during the course of the laying scason. In the outbreak
mvestigated by McGaughey, several deaths occurred among adult
ducks during the course ot months. The liver and ovary of one bird,
which showed lesions resembling those of pulloruwm disease, vielded
enteritidis on culture.

But healthy ducklings may acquire the infection from outside
sou s, e.g. infected eggs may introduce the infection into the
me  ator and so produce the  sease in subsequent hatchings. More-
over, the infection may also be picked up from contaminated soil,
food or water.

Scott (1930) considered that eges may be responsible for many
mysterious cases of Salmonella tood-poisoning in which none of the
conron articles could he incriminated.  Ile mentioned seven out-
brer s where duck egos were suspected, bui not prove?d, to be the
cause of the disease, and he alluded to a monograph of  ecoq (1906)
in v ich several outhreaks of bacterial food-poisoning due to whipped
cream were described; both duck and hen eggs were used as ingre-
dients of the whipped cream. By dipping fresh eges into a culture
of typhi-muriuvm, Scott showed that infection might pass through
the shell, provided the cggs were kept in the room for at least two
weeks: both volk and albumen became infected. But he found that
part of ihe shell must remain moist for the penetration of the
bacteria- if the culture was allowed to dry on the shell, 11 ction
failed. he bactericidal action of fresh albumen prevented growth,
but, as ¢ eggs became stale, the muliiplication of the Salmonella
was marked and the eggs became badly infected. The infected egas
showed no outward sign of infection and might have been mistaken
for normal eggs.

iakal

ater Scott (1932) deseribed three widely-separated outbreaks of
acute gastro-enteritis in mun due to eogs infected with typhi-murium;
there was one death. The organisms were recovered from the stools
of a number of patients and from the orcuans of one. Duck eggs, fried
and raw, were 1mputed and the suspicion was confirmed by the dis-
covery of Lyphi-murivm infected eggs {1om the corresponding flocks.
The infected birds were recognised by means of serological tests and
typlii-marivm was isolated from the spleen, ovary, oviduet and intes-
tines of some of the reactors.

nee the discovery by Scott and Dalling and Warrack of the
transmission of Salmonella infection by means of duck eggs several
cases have been revealed where foods containing infected duch eggs
as ingredients have been incriminated as responsible for ou  reaks
of food-poisoning 1 man.  Thus, Fromme (1933) and Witltihr,
Fromme and Bruns (1933) described 25 outbreaks of gustro-enteritis
i (fermany, traced to duck eggs infected either with typhi-murium
or enteritidis; there were 143 cases and 2 deaths. In three of the
outbreaks Salmonellas were discovered in the food, and in one it was
possible to 1solate typhi-murivm from the faeces of two ducks and
from the egg-shells of another. TFurth and Klein (1933) recorded two
epizootics of food-poisoning in large homes caused by vanilla pudding
and potato salad containing duck eggs as ingredients; altogether 140
cases were 1nvolved. TIn one outbreak typhi-murium, and in the
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other ‘aertner bacilli, were isolated from the stools of the patients.
The faeces of some of the ducks, from which the eggs for oue of the
establishments originated, yielded aertrycke on cultivation, but the
examination of the contents of over a hundred eggs from a suspected
flock failed to yield Salmonellas. These organisms were, however,
obtained from the shells of three of the eggs examined. It was,
therefore, thought that the infection was produced by the bacteria
presert on the shells. Miiller and Rondenkircken (1933), on the
other and, obtained Gaertner bacilli in pure culture from the con-
tents ot the remainder of a consignment of duck eggs, some of which
had been used in the raw state for a potato salad and were respc  1ible
for an outbr * of food-poisoning.

On investigating the cause of an epizootic of gastro-enteritis
among a number of guests at a wedding party on a farm in Ger mny,
Mieszner and Késer found that all the patients had partaken of a
pudding made from duck eggs. From the ovaries of two ducks owned
by the host, from an egg laid by one and from the faeces of ar~ther,
typhi-murtum was isolated. During the period 1931 to 1934  uns
and Fromme (1934) studied 50 outbreaks of food-poisoning in We-vern
Germany caused by foods containing duck eggs, prepared mos - In
the form of mayonnaise. There were 253 cases and 6 deaths, and
either typhi-murium or enteritidis was incriminated. Zeug (1935)
also d=~w attention to the increasing prevalence of food-poisoning in
the in strial areas of Western Germany due to foods prepared from
duck eggs; mayonnaise, potato salads, puddings and Hackfleisch were
most frequently responsible. Typhi-murium was regarded -3 the
chief cause. Zeug has pointed out that, although no definite - nical
symptoms may be observed in the birds that lay infected eggs, egg-
laying generally decreases, and pathological changes develop in the
ovaries and oviducts. Salmonellas are usually present in these
lesions, from which they find their way into the interior of the egg.
But infection sometimes occurs by contamination of the egg-shell
with infected faeces. As shown by Scott (1930—wvide supra), Salmo-
nellas  ay penetrate through the shell into the interior of the egg,
under certa'n conditions. If th~ shell-contaminated eggs are soon
cooked, no arm is likely to rest ; but should they be kept for some
time, serious infection may follow their use. The heating to which
eggs are generally subjected is not enow;  to destroy the organisms
present in an infected egg. After 53 minutes boiling infecte eggs
may still contain live organisms, but 6 minuies boiling is usually
sufficient to kill all the bacteria. )

C. enburg and Pot (1935) also described a severe outbreak of
gastro-enteritis in 4 families, involving 9 persons. Symptoms of
diarrhoea, vomiting and fever appeared soon after the people had
eaten cream puffs supplied by the same baker. Typhi-murium was
isolated from the cream puffs, and from the stools and urine of some
of the patients. Duck eggs were used as ingredients of the puffs,
but all the eggs examined from the suspected ducks gave negative
results for Salmonella. Six of the ducks, however, gave positive
serological tests for typhi-muri»~, and this organism was isolated
from the faeces of one. When & reacting ducks were killed, they
showed lesions of chronic cophoritis, and from the ovaries of two of
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As the cultures made from the organisms isolated from both
outbreaks were discarded, serological tests could not be performed.

() TrrkeYs.

£ oout 49 years ago Mackadyean (1893) described a disease n
turkeys v ich he called ° epizootic pneumo-pericarditis . 7 »
organism obtained by MacFadyean from the heart-blood, spleen and
pericardium is plobably a_Salmonella, and the outbreak of ¢ pneumo-
pericarditis 7’ caused by it is the first record of paratyphoid among
turke The etlology of the disease *“ pneumo-enteritis *, described
Ly Doad (1905), is less appar . The organism incriminated was a
non-motile bacterium of the * fowl-cholera 7 type, oblained in
pure culture from the heart-blood and lungs. In South Africa,
Jowett (1903) investigated a highly fatal disease in turkeys, which
he also  called  *° pneumo-pericarditis * after the condition
desceribed by MackFadyean. Cultures of the organism isolated from
the heart-blood and pericardial fluid proved to be pathogenic for
turker~ and guinea-pigs, but not for fowls. It is highly probable
that  wett was also dealing with an outbreak ot paratyphoid.
Hlowever, the first authentic vecord of an epizootic in turkeys, in
which a Salmonelle was recognised as the causal agent, is that of
Ptaff (1921). A pure culture of a puratyphoid—like organism was
1solated from the heart-blood and pericardial fluid of diseased birds.
Cultures of this bacterium proved to be pathogenic for turkeys and
several small laboratory animals.

Later, several other iunvestigators studied outbreaks of para-
tvphoid in  turkeys. Rettger, DPlastridge and Cameron (1933)
imvestigated outbreaks of recurrent deaths among young poults on
two different fairms; the greatest losses occurred among birds that
were less than 10 days old, but deaths were also observed as late
as G weeks after hatching., A pure culture of typhi-murium was
obtair~d from the heart-blood and internal organs and it was thought
that > unhygienic conditrons under which the birds were kept
on the one farm accounted for the ease with which the disease
became established.

According to Lee, IHolm and Muwrray (1936) no serious losses
were known to oceur in turkeys in the State of Towa prior to 1934.
In May of that vear a very virulent disease, with a mortality of
over 90 per cent., ‘L])pva,ed in voung poults under 5 weeks old.
A pure culture of Lyphi-murivm was ()bhum d from the heart-blood
and internal organs of affected birds. More recently Cherrington
Gildow and Moore (1937) investigated four outbreaks of typhi-
muriiom infection among poults in widely separated areas. In three
of the outbreaks the discase appeared before the birds were a weok
old. suggesting that the infection was probably transmitted, 1 >
7)7/110111/71, (h~ea\(* from infecied hens through the eggs to the poults.
A large I)(‘I(Plltdf’f‘ of the hens that p]odu(ed (hseased poults gave
pmltne agglutination reactions with typhi-murium. There was a
wmorta v of over 80 per cent. among the poults unider 10 de-a of
age. 1 one outbreak typhi-murium was isolated from some 1.
in-the-shells poults, and In another from the ovaries and v <
of some of the reacting hens; in scme cases, however, no organisms
could be cultivated from the abnormal ovaries of reacting hens.

141












M. W, HENNING.

Pathogenicity —S. amersfoort 1s pathogenic for chickens and
mice; U-25 c.c. of a 24-hour-old broth culture, given intraperitoneally,
kills a G-week-old chicken in 4 days and 0-09 c.c. kills an adult mouse
in 36 hours. S. amersfoort was recovered frow the heart blood ~nd
spleewy in each case. But chickens dosed with 1 c¢.c. of the virt :nt
bro  culture remained upparently healthy.

While making an autigenic analysis of Salmonella amersfoort
1 noticed well-marked flocculation occurring between this organismn
and the sera of organisms that ave generally vegurded as not even
remotely related antigenically.

Bruce White (1929) described three forms of antigenic variation
occurring in the genus Salmonella: (1) the ** IT 7" form—" Q" form

variation of Weil and Felix (1920), (2) the Smooth form—Rough
form vartation of Arkwright (1921), aud (3) the specific ase—
non—mecific phase vartation of Andrewes (1922). Tater Kautrmann
and itsui (1930) deseribed a new type of phase variation, involving
the  oeific phases of brandenburg, dar-es-salaam and Potsdam : and

they called this o - B—variation. A similar variation has been
observed in a number of other types of Salmonella, viz. abortus-bovis
(Bernard, 1935), lheittingfoss and  oslo (Tesdal, 1936, 1937),
Disp. erg  and  byphi  (Kauffmann, 1936a, 1936b), chester and
sclhilerssheim (Kauffmann and Tesdal, 1937).  The antigenic structure
of these ~rganisms, according to Kauffmann and Tesdal (1937), is
given in  1ble 208. The 1nagglutinable (containing Vi antigen) and
agglutinabte forms of S. typhi deseribed by Felix and his co-workers
(1934, 1935, 1936) may be regurded as another iype of variation.
Kaul ann (1935) introduced the terms ¢ V-form ' and ° W-form
to denote, respectively, the variant containing Vi-antigen and that
devo  of it; while Craigie and Brandon (1936), Brown (1936),
Schottens and others showed the effect of bacteriophage on the V- W
degradation.

Nerology.~—For the study of the antigenic structure of
S, amersfoort, 077 sera, ©“ H " specific and non-specific sera, and
S e 3 (¥ 3 > (+
mixed O and ‘“ I[ 77 sera, prepared against a number of repre-
sentative strains of Salmonella, were used. Sera prepared against
N.amersfoort were also used.  The sera and agglutinating suspensions
were prepared according to the methods described above.

Preliminary tests showed that amersfoort gave a well-imarked
fine granular agglutination with ** O’ sera containing tactors VI and
VIT of the Kaulfmann-White schema (cholerae-suis, newport,
potsdam and others), while a distinetly coarse floccular agglutination
was produced not only with ““ 77 sera containing factors cn or e
(tbortus equi, brandenburg, potsdam, dar-es-salaam, onderstepoort,
newport, reading or anatwm), but also with those containing factor d
(stanley, muenchen and typhi). However, a much stron, -
agglutination was produced by sera containing factors en than witn
those containing factor e but not »n.

The culture was again plated on Mason tubes to obtain a number
of separate colonies for independent study. After 5 hours’ incubation
at 379 (. broth cultures of these colonies were tested acainst
Kunzendorf and Binns group sera as well as against the type sera of
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onderstepoort, newport, potsdam and typhi. The results are given in
Table 15. It will be noticed that the majority of the cultures
agglutinated with typhi serum (factor d), a number agglutinated
with potsdam (factors enlv), and newport (factors eh) or
onderstepoort (factors eh) sera, a few agglutinated incompletely with
all four sera, being apparently intermediate forms, but mno

agglutination whatsoever was effected with Kunzendorf and Dinns
sera.

Tapre 15.

Thirty colonies grown in broth for b hours and tested — wunst
5 different sera.

4 \ ‘

‘ Newport or :
No. of Typhi Onderste- Potsdam | Kunzendorf Binns
Colony. ‘ S. poort s. ' 8. 8.

: 8.

1-16. 0o ‘ RSN 0 0 1 0 0
17-25. 0. | 0 NI RN 0 0
2630 ... ... ‘ + - 1 0 ; 0

++ -+ = complete flocculation within 30 minutes.
-+ = partial flocculation after 1 hour.
0 = no flocculation after 18 hours.

In headings to table s. = serum.

These results indicated (1) that the organism occurred only in
the type phase and (2) that the culture used was eithe a rix  one
or that it exhibited properties that have hitherto not zen scribed
in a ember of the Salmonella group. In order to setile the matter
of the purity of the strain, Dr. J. H. Mason kindly single-celled fresh
cultures derived from a colony of each of the two types—i.e. from
one colony agglutinating only with sera made against specific factor d
and from another that flocculated solely with the anti-sera of : cific
factors en ¢ | eh. After plating the primary cultures obta 3d from

TABLE 16A.

Twenty-two colonies picked from. the plate seeded with growth from
the single cell obtained from colony 1, Table 15.

Onderstepoort
No. of Colony. Typhi Serum. or Potsdam
Ser
1to 2l e ++++ 0
23 0 et
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the single cells a number of well-isolated colonies were again picked
into broth tubes and incubated at 37° C. for 5 hours—in order to
reduce ¢ lag phase in the growth the broth tubes were place in
a water-bath at 40° C. for 10 minutes before transferring them to the
incubator.

Four single cells (a b ¢ and d) obtained from colony 1, Table 163,
were now cultivated separately in broth and plated. A number of
colonies from each plate were picked inte broth, incubated and tested
against both d and en sera. The results are given in Table 17.

Tasre 168.

Thurty colonves picked from the plate seeded with the broth culture
from single cell of colony 17, Table 15.

Onderstepoort \
No. of Colony. i Typhi Serum. or Potsdam ’ Saline Control.
l Serum. |
— - | ,; [ - _ _
1 to 28 ! 0 NN ‘ 0
29and 30....... ... ' +++ T J 0 ‘ 0
TapLE 17.
S —— i ‘ =
! \ Onderstepoort
Single Cell. No. of Colony. ‘ Typhi Serum. | or Potsdam
i Serum.
‘ _
7 2T ltod........ + : 0
Bee oo e 5t012....... 0 4o
/2 ltold....... G + -
b W5 | ree 0
Gttt e e ltol4....... | ++ 4+ ‘ 0
e e |1 U 0 NENTNIEE
A 1to10....... NIRRT ‘ 0
-t 44+ = complete flocculation after 30 minutes.
0 = no flocculation after 18 hours.
herefore, these results « arly show that S. amersfoor com-
posc  of two distinct “ H ' antigenic complexes, both vhich
oceur in the specified phase; the second (d-) antigen, a] ently

corresponding to the o« phase of Kauffmann and Mitsui (193V), 1is
agglutinated with the “ H ”’ serum of typhi and, as will be shown
below, also with gpecific sera of other Salmonellas, stanley and
muenchen, contalning specific factor d, while the other component,
the first (en-) antigen, apparently corresponding to the S phase of
Kav nann and Mitsui (1930), is agglutinated solely with potsdam,
onderstepoort, and other sera containing aglutinins for the type
factors en and eh (vide infra). Sera containing agglutinins for
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factors en always give a much stronger flocculation than the anti-sera
of factors eh. It has also been shown that single cells composed of
either the one or other complex constantly give rise to daughter ~~lls
some of which resemble the parent cell antigenically, while o rs
have adopted a new antigenic structure entirely different from  at
present in the parent. The latter daughter cells again give rise to
offs; ng some of which resemble themselves, while others are like
the parent. These mutations constantly proceed and cells contair 1g
either the one or other antigenic complex continually produce cells
of both types, and neither the one nor the other type of cell has been
found to breed entirely true.

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

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

07 agglutination.—Cross-agglutination tests were carried out
with the heat-stable “ O >’ antigens and ““ O’ sera of the different
Salmonella type of the Kauffmann-White schema; also with S.
aberdeen (Smith, 1934), S. poonae (Bridges and Scott, 1935) and S.

onderstepoort (Henning, 1936). The reactions are given in T: le 18.

Tasre 18.—° O’ Agglutination.

0 ”—-AXTICGEN.
Amers- Potsdam. | Muenchen . Onderste- | Branden-
foort. poort. burg.
\
J’ [

UNABSORBED SERA— i
Amersfoort s.............. 800 800 200 100 | 0
Potsdam s................ 800 800 — — i —
Muenchen s............... 200 — 1,600 — —
Brandenburg s............. 0 — — — 1,600
Onderstepoort 8............ 50 — — 800 —

ABSORBED SERA—

Amersfoort s.a.b. Amersfoort - 0 0 — — —
Amersfoort s.a.b. Potsdam. . l 0 0 — — —
Amersfoort s.a.b. Muenchen. | 200 — 0 — —
Amersfoort s.a.b. Branden-
burg.....o oo 800 — — — 0
Potsdam s.a.b. Potsdam. ... 0 0 — —
Potsdam s.a.b. Amersfoort. . 0 0 — : — —
Muenchen s.a.b. Amersfoort. 0 — 800 | — —
| |
0 = less than 1:50. — = not tested.
In this table s. = serum; g.a.b. = serum absorbed by.
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The results show that amersfoort ©“ O’ as well as potsdam < O
sera are completely exhausted for the homologous “ O >’ antigen by
amersfoort. In the same way both sera are exhausted by potsdam.
The somatic ““ O’ antigen of amersfoort must, therefore, be rega1ad
as 1dentical with that of potsdam, 1.e., it is composed of factors I,

VIL.

“H agglutination.—Flocculation, approximately equivalent
i titre to that produced with the homologous antigen, was obtained
with the specific sera of abortus equi, potsdam, brandenburg, dar-es-
salaam, muenchon and typhs, but a much weaker agglutination
resulted when e type of serum of onderstepoort, newport, reading
or anatum was used for the test. In the same way amersfoort << 7
serum agglutinated the specific antigens of abortus equi, potsdam,
brandenburg, dar-es-salaam, stanley, muenchen and typhe almost up
to full titre, while its titre for type antigens containing factors eh
was much lower.

On absorbing amersfoort © H >’ serum with the specific phase of
either potsdam (factors enlv), brandenburg (factors enlv) ov dar-es-
salaam. (factors enlw) the titre of the serum for one of the homologous
speci : antigens (en-), 8 phase, was reduced from 6,400 to approxi-
matery 800, while the titre for the other homologous specific antigen
(d-), « phase, as well as for stanley, muenchen and typhi (factor d)
remained unaltered. When abortus equi (factors enz) was used for
the absorption, the reduction in titre for the homologous en antigen
(B phase) was almost complete, but still no noticeable decrease in
aggl nins for the homologous d antigen (o phase) was effected; a
small residue, however, remained which caused an incomplete agglu-
tination with the en-variant (8 phase) of amersfoort. The cause of
this floceulation is discussed below.

On the other hand, when amersfoort < II > serum was absorbed
with either stanley, muenchen or typhi (factor d) most of the agglu-
tinins for the one variant (d-) « phase, of amersfoort were removed,
while the titre for the other homologous antigen (en-) B phase,
rema ed unaltered (Table 19).

hen either potsdam or brandenburg serum was absorbed with
amerstoort, all agglutinins for amersfoort were removed, but the titre
of the serum for panama (factors lv) and london (factors lv) was not
affected.  Moreover, the treated serum still agglutinated the
homologous antigen although the flocculation was incomplete and the
fluid remained turbid, due, no doubt, to the persistence of v
agglt nins in the serum.  Dar-es-salaam serum behaved in
practically the same way, but amersfoort is apparenily capable of
removing all the agglutinins for the homologous antigen from
abortus-equi serum.

On absorbing either stanley, muenchen or typhi serum with
amer ort, most of the agglutinins for the homologous ““H
specine antigen were exhausted, muenchen serum being exh~+sted
much more completely than either stanley or typhi serum, wh : all
the agglutinins for the second variant of amersfoort (factor d-) were
renioved.
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Discusston.

These results show that Salmonella amersfoort contains two
distinct antigenic complexes, the one, S phase, corresponding to
factors en of abortus-equi, potsdam, brandenburg and dar-es-caloam
plus an additional factor, part of which apparently corresy to
factor @ of abortus-equi; the other complex, « phase, coincides ely
with factor d of stanley, muenchen and typhi. The additional factor
is probably responsible for the residue of agglutinins left for the first
(en-) antigen, B phase, after absorbing amersfoort serum with
potsdam, brandenburg ovr dar-es-salaam; but, although factor « of
abortus-equi apparently forms a part of this additional factor, re
may be another component which is not present in abortus-equz. Lhe
fact that amersfoort exhausts all agglutinins from abortus-equi serum
for itself as well as for the homologous specific antigen indicates that
amersfoort contains all the specific antigenic components of
abortus-equi, 1.e. factors ena - but since abortus-equi fails to exhaust
amersfoort serum completely v the homologous first (en-) antigen it
18 possible that this antigen ot amersfoort contains a minor factor in
addition to the enz of abortus-equi.

After absorbing amersfoort serum with either stanley, muenchen
or tuphi, a small residue is left which still agglutinates the homo-
legr s second (d-) antigen, o« phase, but not the specific ant” en
(factor d) of either stanley, muenchen or typhi. It is not quite = ar
to what this residue can be ascribed; whether it should be regarded
as i extra factor in the second (d-) antigen, « phase, in addition to
factor d of stanley, muenchen and typhi, or whether it can be
attributed to a trace of the first (en-) antigen, B phase, present in
the emulsion of the second (d-) antigen, « phase, of amersfoort need
for 1e test, is not certain. TIf the latter explanation holds is
likety that the agglutination occurring in amersfoort serum absorbed
with abortus-equr is likewise due to an overflow of the second (d-)
antigen, o phase, in the emulsion of the first (en-) antigen, S phase,
of amersfoort.

Neither abortus-equi, potsdam, brandenburg, nor dar-es-salaam
effected any reduction in the titre of amersfoort serum for the homo-
logous second (d-) antigenic complex, o phase, or for the type phases
of stanley, muenchen and typhi. In the same way neither stanley,
muenchen nor typhi absorbed an appreciable amount of agglutinins
from amersfoort serum for the homologous first (en-) antigen, 8 phase,
or for abortus-equi, potsdam, brandenburg and dar-es-salaam.

When potsdam serum was absorbed by amersfoort all
agglutinins for both amersfoort and abortus-equi were completely
exhausted, but flocculation to nearly full titre was still effected with
the specific phases of potsdam, brandenburg, panama and london.
On absorbing the partly absorbed potsdam, serum with panama
(factors [v) no appreciable agglutination resulted when specific
antigens of potsdam, brandenburg, panama and london were used.
Amersfoort, therefore, removed only the agglutinins of factors em
from the potsdam serum, leaving the agglutinins of factors Iv to the
absorbed by panama.
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The fact that amersfoort almost completely exhausted muenclen
serum for the homologous specific antigen suggests that the second
{d-) factor, « phuse, 1s similar to the specific phase (factor d) ot
muenchen; the small residues of agglutinins left in stanley and
typhz sera for their homologous specific antigens after absorption with
amersfoort cannot be explained at present. -

Summary and Conclusions.

A new type of pathogenic Salmonella tor the fowl has heen
described. Its somatic ““ O 7 antigen corresponds with factors VI,
VII of potsdam. It occurs only in the specific phase, but its
flagellar ““ H *’ antigen contains at least two distinet and separate
antlgemv complexes, which commonly occur in organisms that are
not even remotely related. The one (omplex (the first, en-, antigen,
B phase of Kauffmann -and Mitsui) contains factors enz, which
represent also the factors of the specific phase of abortus-equi. The
other complex (the second, d-, antigen, o phase of Kauffmann and
Mitsui) contains factor , whie i comprises the tvpe phase of stanley,
muenchen and typhi.

#, on multiplying, constantly
yield variants containing factor d as well as offspring that retain
antigenic complex enr. In the same way single cells containing
apparently only specific factor d will bring forth new cells, most
of which retain the parental antigenic structare, but a small
pmpoxtwn of the progeny will acquire specific factors ens instead

of d

Single cells containing factors e

When a broth culture of amersfoort in either the ena or d phase
and in an apparently pure form, is used for the preparation of sera,
agglutinins of approximately the same titre for both variants are
produced in the sera. The purity of the phase culture must be
judged by the agglutination test, using heterologous sera which
contain aO‘tﬂuhmub either against fa(tor:, ena or d.

As a result of the information given above the following antigenic
structure 1s proposed for Salmonella amersfoort :

Somatic O 77 antigen— VI, VII.

Flagellar ** H ' antigen—
(1) o phase of Kauftmann and Mitsui—d-
(2) B phasse of Kauffimann and Mitsul-—enas.

II. During the course of 1937 an outbreak of a fatal disease
occurred among a group of adult fowls on a farm near Onderstepoort.
The symptoms and lesions 'ne@entofl were indistinguishable from
those of an ordinary virulent ouilrenk of fowl typhoid. The disease
was investigated by my colleague, dr. J. 1. W, A, Coles, who made
spleen cultules on agar hom three birds; the cultures were handed
to me for identification and I spread seed matorial from each culture
on to MacConkey’s hile-salt agar in Mason tubes. After 24 hours’
incubation both small and large von-lactose fermenting colonies
appeared in two of the Mason tubes. Some of these colonies were
picked and mixed separvately with dvops of a gallinarum serumn
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dilution on glass slides. All the small colonies tested were readily
agglutinated by the gallinarum serum, but all the large colonies
failed to react with this serum. A pure “culture of the small colonies
was obtained and labelled culture 360. Several of the large colonies
were now tested against various ‘“ O 77, {ype and group sera. No
agglutination, whatsoever occurred with any group serum, but some
of the colonies flocculated when mixed with typhi and stanley type
sera, while others were agglutinated by type sera containing
factors enr, enlv, enlw and eh (abortus-equi, potsdam, dar-es- aalaam,
onderstepoort). All the colonies tested were agglutinated by 0
sera containing factors VI, VII (cholerae-suis, potsdam) Mareover,
all the colonies tested were flocculated by amersfoort © 0 ar “H”
mixed sera (factors VI, VIT and d-—enz). It appeared, therefore
from these prehmmal\' tests that the organisms from the Lntre
colonies, labelled culture 359, were related to amersfoort, and a
vabbit was immunised for the pIodU(,tlon of antiserum.

When culture 359 was plated so as to give several well separated
single colonles, like wmersfoort, some ‘of these were found to
dgglutlnate onlv with a type serum containing factors ena, enlv,
enlw or eh (abmfus -eque, potsdam, dar-es- -salaam or reading), while
others were Hocculated only by {ype sera containing factor d (typhi,
stanley and muenchen). 1In ovider to make sure that the culture used
was unquestionably pure it was single-celled. 1t was found that the
single-cell obtained from the colony that was agglutinated by type
sera containing factors enz ete, produced daughter organisms which,
on sub-cultivation, gave rise to colonies some of which agglutinated
with ena sera, while others (about 12 per cent.) were agglutinated
by tvpe sera containing factor d. Moreover, the single-cell procured
from the colony that was floceulated by type sera containing factor
d yielded bacilli, which on sub-cultivation produced colonies
occurring in both the phases (d and enz). Some of the colonies
(about 90 per cent.) were agglutinated only by sera containing
factor d, while a smaller number were agglutinated by fvpe sera
containing factors ena, enle, enlw or eh. The bacilli of culture
359, therefore, also occurred in two specific phases, the « and S
phases of Kauffmann and Mitsui (1930), the organisms which
occurred in the one phase constantly dissociating into bacilli which
were present in both phases. As the organism occurred only in the
specific phase the dissociation was confined to that phase; non-
specific variants were not encountered at any tume.

In order to settle the identity of culture 359, agglufination and
ahsorption fests werve carvied out as shown in Table 204,  After
absorption tests had been performed with amersfoort the identity
of the strain was determined, and no further tests were performed.

The vesults of Table 204 show that amersfoort absorled all {he
agglutinins (‘O 7, ““ H 7 d-type and ““ H " enx type) from the
homologous serum as well as from 359 serum; on the other hand,
359 completely exhausted both its own serum and amersfoort serum.
Amersfoort (culture 336) and culture 359 should, therefore, Dbe
regarded as 1dent1(~ al. But the original amersfoort (culture 336)
was obtained in pure culture from dead chickens during a virulent
outbreak of a septicaemic disease 1n very yo chickens  at
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Amerstoort, while the present styvain. culture 359, was isoluted 1n
conjunction with gallinaram (ride Jnfray from adult fowls sulfering
from a fowl (yphotd-like disease.  ITu the epizootic discussed above
(1) and i my previous paper (Henning. 19370 amersfoort 336 was
apparently the sole cause of the mortality i the chicks; but in the
present outhreak 1t is not quite clear whether wmersfoort 5549 or
gallinarion 360 was the primary cause of the <disease.  The probubi-
lity 1s that gallinerum 360 was the move huportant etiological agent.
and that wmersfoort 359 guined admission into the body after 1ts
resistance had been lowered by fowl typhoid.

Tasre 204,

Amierse Amers- 359 :
Joort foort R ‘ Nerung 359
336 336 foert Absor- Serum 350
Antigen. Serunt o Serunt 336 bed Absor- | Nerum
Absor- Absor. Serum by bed Unab-
bed by hedd Unab- L dwers- by [ sorbed.
Auiers- by sorbed. foort 339,
Joort. 354 3306,
, I
Amersfoort <O oo 0 1l SO ¢! 0 [.600
Awiersfoort ©H T d () oo U 0 12,800 i) ( | 12,800
Amersfoort H ™ en (3.0 0 0 6,400 0 () 12,800
339- O 0 0" 000 0 1,600
39— H T a)y oo 3l 0 12.800 0 i) 12,300
: e (3 0 1l 6.400 0 0 12,800

= lexs than 1 Jon,

Whereas the organisms comprising amcrsfoort culture 359 were
motile, those of culture 36U, obtained from the smiall colonles, were
non-motile.  Culture 360 was tested, therefore, hoth serologieally
and by means of Fermentation reactions.  The Totter are given below
(Teble 29) and arve tyvpieal tor gallinerwns,  Agglutination  and
absorption tests were carried out with culture 560 and yaliiworiom
3, obtained from the Nationai Collection of Type Cultures, and the
serum of the Tatter. Ao antizerum for culture 360 was ot prepared,
but a one-sided absorption was carvied out and 1t was found that,
Like gallivarmn 43, culture 3600 completely vemoved all the aegluti-
nins from the sevam of gallinariom 43,0 Moreover. the latter sernni
cgel nated the 07 antigen of cultare 360 up to full fitre
(1:1600). Both serologically and By means of fermentation reactions
(vide infrad, thevefore, culture 360 vesewbled gallinaram 43, and it
should be regarded as a strain of gallinarum.

The fermentation reactious of amersfoort cullure 359 are also
egiven helow (Table 23).

For purpozes of compurizon Talle 208 is ncluded im0 crder to
show the antigenic structure of different organisms that occur in
the « and 3 phases of Kauffmann and Mirsui,
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IT1I. During spring of 1936 a very virulent epizootic occurred in
a few day-old chicks at the School of Agriculture near Potchefstroom.
Some of these chickens were forwarded to Onderstepoort for investi-
gation and were examined by Mr. Coles, Chief of the Section of
Poultry Diseases. Heart-blood and spleen cultures made by him
yielded a pure growth of a gram-negative hacterium that was handed
to me for identification. The organism was found to be very actively
mol 3, and it did not ferment lactose. When it was tested against
varwous ‘“ O 77, type and group, sera by means of slide agglutination,
it was readily agglutinated by ** O 7" sera containing factors IV and
V, by typhi-murtvm {ype serum and by group sera. The organism
was also found to be di-phasic, and the culture was labelled 357. A
rabbit was immunised with a killed saline suspension of a fresh agar
culture, and a good serum was obtained. As the preliminary test
indicated that culture 357 is probably related to typhi-murium, cross-
agolutination and absorption tests were first performed with this
crganism (Table 20¢).

TasLE 20c.

| |
Typhi- | Typhi- |
murium | murivm | Typhi- 357 357
(Glasgow)|(Glasgow)| murium | Serum | Scrum 357
Antigen. Serum | Serum |(Glasgow)| Absor- | Absor-  Serum
Absor- | Absor- - Serum | bed by bed Unab-
bed by bed Cnab- | Typhi- by ‘ sorbed.
Typhi- by sorbed. ' muriwm.'  357. |
TN, ‘ 357. ‘ [
' ) | I
\ ‘ [ |
Typhi-murium <O ... ..., 0 0 ‘ 800 0 0 800
Typhi-murivm type.......... ‘ 100 100 | 100,000 ‘ 0 0 ‘ 25,600
Typhi-murium group......... 100 100 | 50,000 0 0 6,400
\ -
35T 0. 0 0 800 0 0 800
B5T—tyPo.vee s i 100 100 | 100,000 0 0 25,600
35T—group. .. vveiiiia 100 100 | 50,000 ‘ 0 ‘ 0 ‘ 6,400
0 = 1:100. On account of the high titre of the typhi-murium type and group

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

The results of Table 20¢ clearly show that the antigenic structures
of culture 357 and typhi-murium (Glasgow) are identical ; culture 357
removed all the agglutinins (*° O °’, type and group) frowm tyrhi-
ma~um (Glasgow) serum, as well as from the homologous serum,
wh  typht-murium (Glasgow) completely exhausted both its own
ser..a and 357 serum.

The agglutination (titre 1:100) which is recorded in the absorbed
sera In columus 2 and 3 of Table 20c¢ is attributed to the high titre of
the unabsorbed serum; as stated above, sera of very high agglutina-
tion titres are very unwieldy for absorption tests, because 1t 1s
extremely difficult to remove the last trace of agglutinin, even when
the homologous antigen is used for the absorption.
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After several strains of pure culture of typlii-murizwm (3H7) were
obt ned from a numler of the chickens, this organism was considered
to be the etiological agent of the epizootic, and an attempt was made
to determine the source of the Iufection. As the first deaths took
place only a few days after hatehing, 1t was thought that the infec-
tion was probably obtained from the breeding hens through the eges.
Two successive shide agglutination tests were performed with the
blood of the breeding stock: but both tests were negative and no
carriers could be found among the hens. In the case of ducks Warrack
and Dalling (1933) observed that mnfected eges were laid only when
the titre of the affected bhirds was high and that the agelutination
titre of the sera oblained from reactors dropped considerably during
the course of the laving season. Whether the same condition holds
for fowls cannot be stated at present, and 11 1s notl certain whether the
existence of carriers escaped notice on account of the lateness of the
tests— serclogical tests were performed only some weeks after typhi-
wwrium had been proved to be the cause-of the epizootic. No eggs
were avallable for examimation for (yphi-mwrivm Infection, and
Nalbmonellas could not be detected n the ovaries of any of the hens
examined. The source of the 1infection, therefore, still remains
obscure.

LV, During the course of an investigation of another fowl
tvphoid-like epizootic among adult birds, Mr. Coles again made agar
cultvres from the heart-bloed and spleen of the affected bhirds, and
han  d these to me for further study. The cultures (three in number)
did not appear to be pure, and some seed material from each one was
thinly spread on MacConkey's bile-salt agar in Mason (ubes. One
of the cultures yielded only lactose-fern  ting colonies and was
discarded; but from both the others severa:r large and small non-
Lactose fermenting colonies were cbiained, suggesting the existence
of a mixed infection. The small colonies were readily agglutinated
by gallinarum serum; a iew of these were picked, cultured and
labelled culture 415, The large colonles were tested against various
07, Aype and group serum dilutions on glass slides. A distinct
fine granular agglutination was obtained with the 077 sera of
senftenlberyg and anatum : coarse floceules were produced by group sera
(e.g. cholerae-suis var. " razendorf sevum) and by wcwport, reading,
onderste poort and anat {ype sera. Some of {he large colonies were
sub-  Ttured and labelled carlt 414, and a rabbit was immunized
with t. The preliminary test  owed that culture 414 was related
partiy to senftenbery and anation on account of 1its “© O 77 antigen and
partly 1«) newport, reading, onderstepoort and anatwie on account of
s AT 7 specific antigen, and that 1t was di-phasic. Cross aggluti-
nation and .11»011)11011 temt» were, {herefore, performed, first with
culture 414, ancatum and senflenbery (Table 20n).

The results of Table 20p show that culture 414 has the e
antigenic structure as anatwm. Culture 414 completely absorbed all
the agelulinins *° O 7, type and group) from anatwm serum, as well
as from the homologous serum, while anatim ecompletely exhausted
the sera of culture 414 and of itself. dnatwm var. muenster com-
pletely exhausted both the ** O 77 and specific agglutinins from 414
serum, but it merely reduced the non-specific titre from 6,400 to 1,600.
Culture 114 should, therefore, be regarded as a strain af anatwm.
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homologous serum and 208 serum. Culture 208, therefore, has the
same an renic structure as S. typhi, and should be regarded as a
strain of this organism. S. typhi is not regarded as a pathogen for
poultry, and it is not known to be carried by fowls. It i1s true that
Emmel (1936) claims to have isolated S. typhi, S. paratyphi-A,
S. paratyphi-B and other salmonellas from the intestinal contents of
fowls suffering from enteritis due to coccidiosis or verminosis, but
he gives no information on what basis the organisms were recognised,
and his conclusions require confirmation before they can be accepted.
Jfor comparison see biochemical tests in Table 25.

Tasre 21,

‘ Typhi | Typhi | Typhi | 208 208 | 208
Anticen Serum Serum | Serum Serum Serum i Serum

gon. Absorbed | Absorbed Un- Absorbed | Absorbed |  Un-

by Typhi. | by 208. absorbed. | by Typhi. | by 208. | absorbed.
N - ” [ — - ! \

Typhi “07...... ‘ o | o0 3,200 l o0 l 1,600
Typhi “H> ... ... | 0 0 25,600 | 0 0 12,800
20807, ... .. : 0 0 3,200 0 0 1,600
208—H”....... | 0 0 25,600 | 0 0 25,600

0 = less than 1: 100.

As culture 207 was readily agglutinated by ‘“ O 7 sera containine
factor IX, and as pullorum infection was suspected, absorption te
were performed with S. pullorum, which like culture 207 1s
non-mot; The results, which are given in Table 22, show that
culture U absorbs all the ° O’ agglutinins from pullorum serm
and that pullorum completely exhausts the serum of culture 207.  ut
pullorum and  gallinarum have the same somatic antigenic
components, so that it is not possible to determine by means of a
serological te alone to which of these two types culture 207 belongs;
a final differentiation can be made only by means of fermentation
tests (Table 25). According to these tests culture 207 corresponds to
Salmonella pullorum.

TasLe 22.

Pulloruwm | Pullorum | Pull 207 l 207 207
Serum Serum ‘~ grourglm Serum | Serum S“ !
Antigen. Absorbed | Absorbed % Absorbed | Absorbed %mm
o, by Y absorbed. |, bY by bsorbed
- Pullorum. 207. i abs | Pullorum. 207. absorbed.
| L | T
Pullorum oo 0 0 3,200 0 0 3,200
TS Q7. | 0 o | 320 | 0 ’ 0 3,200
i

0 = less than 1 : 50.
Pullorum = Pullorum Bb of the N.C. of type cultures.
Discussion.

Of the 139 outbreaks of fowl typhoid 137 cultures were obtained
from fowls and two from turkeys. Against four of these, antisera
were prepared for the purpose of performing absorption tests with
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strains of gallinarumm and pullorum obtained from +he National
Collection of Type Cultures of the Lister Institute. In able 23 e
results are given which were obtained with c¢v7ture 29; e
results obtained with the other three cultures (249, : t and 340) are
similar, but are not given. Table 23 shows that culture 29 absorbs
all the ““ O’ agglutinins from gallinarum serum, as well © from
the homologous serum, while gallznarum exhausts both its own serum
and 29 serum. Similar results were obtained when pullorum s 1m
was substituted for gallinarum serum, and pullorum cultures used
for the absorption tests instead of gallinarum. Cultures 29 249,
514 and 340, therefore, resemble both gallinarum and pi  orum
serolc  ally, but their fermentation reactions (Table 25) corres mded
to those of gallinarum, so that they should be regarded as st ns of
gallinarum. The other 135 cultures were used for un teral
absorption tests of gallinarum serum, and were found to remove all
the ““ O agglutinins from *the serum; the fermentation reactions
of all these cultures also reser led those of gallinarum.

TasLe 23.
| Galli-
narum | Galli- Galli- 29 s. E 50 «
Antigen Serum | narum | narum a.b. ‘)fbs' I%?) ;
gen. a.b. | s.ab. s Unab) Galli- | 50" X I?d-
Galli- 29. sorbed. | narum. ’ sorbed.
narwm.
Gallinarum 0> . ............. 0 0 1,600 | 0 0 1,600
20— 0 0 0 1,600 0 0 1,600
]

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

a.b.

s.

absorbed by.
serum.

[

studyv was also made of 55 cultures obtained from a 1 mber
of few day old chicks suffering from an acute disease, ana from
the ovaries of hens that gave a positive agglutination test Hr
pullorum. Against three of these, cultures 317, 322, and 436,
antisera were prepared for absorption tests. The results, which are
given in Table 24, show that culture 317 removes all the < O 7
agglutinins from pullorum serum and from the homologous sermm,
while pullorum also completely exhausts both these sera. { n .r
results were also obtained with cultures 322 and 436 and putorum.
When gallinarum was substituted for pullorum identical results were
obtained, so that identification of the cultures could not be made
entirely on the basis of  : serological test—fermentation tests were
necessary for the complete differentiation between gallinarum and
pullorum; these are given in Table 25. TUnilateral absorption tests
were eorformed with the other 52 cultures and pullorum or gallinarum
seruur, resulting in the complete absorption of the sera. But when
fermentation tests were carried out, it was found that the reactions
of 42 of the cultures resembled those of pullorum, while the other
10 corresponded to gallinarum.
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For comparison five stock strains of dublin were studied.
these Pesch 256, (fambridge 1 and Topley were positive with Stern s
glveerin-tuschin-broth, while dublin (Knox) and Paracoli (Savage)
200 gave a negative reaction. 1 five reacted mnegatively with
Bitter’s rhamnose and positively with Jordan and Harmon’s
d-tartrate. On comparing the auntigenic structure of Cambridge 1
and Topley with that of dublin (Knox) by means of agglutination
and absorption tests the three cultures were found to be identical;
both Ca: ridge 1 and Topley completely exhausted dublin (Knox)
serun.

Of the three strains which corresponded antigenically to 5.
enteritidis all gave a positive rveaction to Bitter's rhamnose, two
(cultures 290 and 418) reacted positively with Stern’s fuchsin-br 1
andd one (culture 216) failed to change it.  All three cultures were

posttive with Jordan anid ITarmon’s medium. The three stock
strains, 7. and D.5, and Weybridge gave a positive reaction with

Bitter’s rhamnose, Stern’s fuchsin-broth and Jordan and Harmon's
d-tartrate.

Of e 13 strains which were antigenically identical with typhi-
murium (Glasgow) all were Stern and d-tartrate positive, twelve
were Bitter positive and one (culture 357) was Bitter negative.
Eight of the cultures were inosite positive and two (strains 357 : d
502) were mnegative; nine were positive and one (strain 357) was
negative with rhamnose. while all the ten tested fermented
arnhinose.  Culture 357 was both rhamnose and 1nosite negative.
Moreover, a complete mirror absorption test performed with cultvre
307 (Table 20¢) showed without doubt {hat 1t is a strain of #y, -
murium.  Of the typli-murium stock strains tesied all five were
Bitter and d-tartrate positive, iree (Mutton 74, Glasgow and
Wevbridge) were Stern positive, while two (Binns and Breslau) were
Stern negative.

The one strain ol typhi-muwrivm  var. Copenhagen-Storrs-
(culture 478) studied gave positive Bitter, Stern and d-tartrate
reactions. It fermented both inosite and maltese, but not arabinose:
while the stock strain Storrs 19500 fermented arabinose and ino
but not maltose; 1t was also Bitter and d-tartrate positive,
Stern negative.  The two strains of Copenliagen (659 and 1147
termented maltose and arabinose hut not inosite; both were itter,
Stern and d-tartrate positive.  Antigenically, however, Copenhagen
(Storrs® 478, Storrs 19500 and the two strains of Copenhagen were
identic: (Table 12).

Ifor comparison 5 stoek strains of paratyphi-B were included in
the test. Of these three (1., Grey and Odense) were Stern positive
and two (Schottmuller and Lowestoft) were negative; only one
(UGrey) was Bitter pesitive, the other four were negative. All five
reacted negatively with Jordan and Huarmon's d-tartrate.

The six strains which resembled cholerae-suis unzendorf)
antigenically  were all Bitter and d-fartrate positive but Stern
negati

There was only one culture (strain 391) which had the < me
antigenic structure as bovis-morbificans. Like the original cu e
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ANTIGENIC STRUCTURE OF SALMONELLAS.

|
No. of | d. Tartrate  No. of
Type of Organism. Cultures | Bitter. Stern. | (Jordan & - Cultures
Tested. | Harmon).  Tested.
. | B | |
Enteritidis var. dublin, .. .coveeiiiniiiiiiiaiaiinnns 50 50 ‘ 50— 36+ 97
| 14+++
THAE R TBE cvs v s e el s s m SEes B i 1 — - -+ 1
R VT sronismponen cemissmmn S seon s S 1 - — +4+ 1
DUblit. 17D v uin wivie sinienie sim psosis wie simsinie spov e on ois 04 813004 1 i - — +4 1 |
T I e e | 1 — — 4 1
FNghllm DG o s s S B L A SR B 1 — — 4+ 4 1
IR BUB v crum wvoresins wmim i s b s BT G 1 — — e ]
Dublinn 329, . e | 1 — - " 1
IRBIEn, G2 o v s s e il SR BN B I — — A 1
bl e s mre e BEER SRR SRR R | 1 — — + 1
BUBIER BB v sramvenmisess vt SR AR R R M 1 C- -— + 1
Db, PEsth: 208w nsmn cemmiin v s e v i — ++ ++ 1
Dublin. Knox (2206A). 00000 1 —- — st 1
Dublin, Cambridge 1.ccavie.iovsaivae viamian v 1 — + - 44 1
Dublin Topleyecovovvvin sonn vosmiaes soias s oes ¢ 1 — 4+ + O
Prracell fovage 285:xwon sanmn s wais e o 1 — — ++ _
Enteritidis 216, . .00 i e et 1 4+ i ik ]
Enteritidis 290. . ..o oviiieinniienae it 1 - SRR e T M 1
Finteritudie IR . . .o cie FORRG SRS WERET DRBEARG - 1 ++++ + 1
Enterifidis M. T oo v v seee Ve o 1 -k ‘ e + 1
EbeFIdes T B wwm s peviss sy Seews sasim s o i - e 1= 0
Enteritidis Wegbridge......oovooiaiiiiiriniennean. 1 4 hifeefaal o 1
Enterditdis Jen@. .o cuvrveeneiromeasavysnsaiaias 1 + B (SO ++ 0
Interitidis var, Rosteck 3T47.......cooviviiiviian, 1 - - + 0
Enteritidis var. Moscow. ccvvvvviveviviioisvains s 1 4 = i 0
Enteritulis war: BlEgaamis. covuns vos omwvnas s s e 1 + - | S 0
Enteritidis var. Fssen..........oooiiiiiiiiiiiia _ 3 -+ Fttt | Gt 0
DUBRL, v v ove simmmimiign smsmmnns o SOTHTERE TR R | 2 - — 4L 2
Typht 208 v iFaryies e wead iaaeiin m 1 — — i ]
Lypht Ti2vivwvenom prvrmpe s ssmis sssmisg s 1 — = + 4 1
T DA I vesrsransses S50 spses saissh Eianis. Liosiinion: SERGURSINBECTS SR 20N 13 | 124 5 - 10
1= 844+
Pyphicmmrernm 190 0 cis s Sraisiumuns Jiomoaie Jiw 1 + 4+ +++ 1
Pyphi-murgum 192 o0 vievivviowruis svonis cbiaie i 1 - b4+ 1
Tarphimviirianm 1 T0% cowsoen wmserims s saniss someammns s 1 -4~ L= 1
Doy ler T T s s oepesnsims st msmtnns Siseaimimsngess sesmie 1 - S B T 1
Typhi-murivm 35T, ..ot 1 — 44 | | 1
Typhi-murivm BOZ.. .. .. ovmiivadniate cvciniini 1 . bl Ll 1
Tblsemurisin 234y g o womam s oo s 1 1 | P e o = | 1
Typhi-muriwm var. Storrs 478, Copenhagen. ... ... ... 1 -+ ++++ S 1
Typhi-murinm V. Storrs 19500, .. oevvvn L., | i -t — + ‘ 1
Typhi-murium V. Copenhagen 659.... ..o, | 1 - o s i e = 1
Typhi-murivm V. Copenhagen 1147, L. ! 1 + Lttt 4 1
Typhi-murium ((lasgow)...ooovvvoviien i, ! 1 + e o T -+ 1
Typhi muriwm (Breslau)....ocvviiiiiaie i | 1 -+ — -1 1
Pyphi-murium (Muffon) T4, .. ooieiiai e iin, ‘ 1 + Sl L 1
169-170a 169-170p "=

19



TapLe 25.

Fermentation reactions of the different types of Salmonella studied.

Glucose, | Lactose. = Dulcite, Saccha- Mannite. | Maltose. Arabi- Rhism, Inulin. Inosite.
rose, nose. nose.
+ 7 + — 4 4+ 21+ 79+ — —
A 18—
+ — + — + + — + = —
+ == + — + =+ = + — =
+ — ks — + + — + — -
+ | — + - + + — + - —
+ | = + — ¥ + + - =
. — + — + + — + — —
+ — + — + + + + - —
+ — =l — + + + -+ = s
+ — + — + + o - — -
+ - + = + + = - =
0 U] 0 0 0 0 0 0 0
+ — -+ — - + + = —
+ — + - + i - + - -
0 0 0 0 0 0 0 0 0 0
| i} 0 0 0 0 0 0 0 0 0
\ + — - A + -+ = + — e
-+ — ol == == + + + e =
+ = + = + + + + = =
+ s i+ — + + + + — —
0 0 0 0 0 0 0 0 v [}
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 G 1] 0 0 0
0 0 0 0 0 Q0 0 0 ( [}
0 0 (1} 0 ( 0 1] | 0 1] 0
0 0 1} 0 0 0 1] ’ 0] 0 0
0 0 O 0 0 0 0 ‘ 0 0 0
[ L | = - - i L - | = | = —
| L | o 1% — fiE 1 = \ = ! == T
4. — o o 1 1 — o | * o
+ — - - + + + a4+ 1—- — § -+ 2—
|
+ - + = - + T +
=L — + — + + + + 0 0
+ — + — + + - + | = +
e - + — + + + o+ | = +
- — 1 — - - + | - | = —
+ — 4 — + + + + | = =
+ - + - + + + | o+ — -
+ = + -+ -+ + - | + | - +
+ — + Sl + L + | o+ | = +
4+ — i - + + + + | = -
+ 4. o + + + + — —
+ — 4 = + 3 + + - +
4 4 = + + 4 + = S+
+ — 4 - + + + + — +
A— 00 1702 169-170c

169-170 b

—
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M. W, HENNING.

= Species of Animal
i N1, = QT Laevu- H, 8. itmus | .. o or Source [rom
Salicin. | Galactose. | Sorbite, lose. |Production. Indol. ATk, Motility. wlhich Cultire
was obtained.
o I + + - Alk 941 | Calves 96,
3 — Human 1.
. 4 4 - g = Alk -+ Calf,
— =i + + 4 — Alk + Calf.
1 i e i =, - Alk - Calf.
— -+ — 4 = — Alk — CH]f.
T = + + + — Alk + Calf.
o + 1 L + i Alk -+ Calf.
o e ok L + p Alk -+ Calf.
o g R + & - Alk + Calf.
o + + + ol — Alk + Calf,
o + - -+ 4 — Alk -+ Calf.
0 0 0 ( 0 0 0 0 0
o + 5. 2 4 . Alk + 0
o + 4. L et e Alk -+ Calf.
0 0 0 0 0 0 0 0 0
0 0 0 [ 0 0 0 0 ‘ 0
_ o 4= o i PR Alk -} Calf.
. = it als feL = Alk + Clalt,
o + LN 4 + s Alk -+ Call,
. -+ € 4 N sy Alk - 0
o | 0 0 0 0 0 0 0 0
0 | 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
] 0 0 0 0 0 0 0 (}
0 0 0 0 0 0 0 0 n
0 0 0 0 0 0 0 0 1]
1] 0 ] 0 - 0 0 - 0
_— n 1 1 o e Neut, - 0
o 1 N n e e Neut. - Chicken.
n 1 i 1 -t — Neut, + )
ww it + + - — Alk + 0
o 4 e oo e - Alk S Calf,
. - + + - — Al 4 Pig.
o & 4 + L — Alk -+ Canary.
i + a- <4 =i = Alle - Grain for canary.
i + + 4+ Ay s Alk -+ Chickens.
. + | 1. e L, — Alk -} Clalf.
= 1 | + + L = Alk | Bheep,
= et i s <l - -— Alk + Foal (arthritis).
o 4 | =+ o %= Alk £ 0
. + | + - L —_ Alk - ]
— + ‘ + + ES = Alle + 0
_ Lt | =+ H : - Alk 5 0
o . 4 e L — Alle + 0
- | <+ ‘ + + | 4+ =y Alk - 0
I
169-170b

169-170c



ANTIGENIC STRUCTURE OF SALMONELLAS,

|
|
No. of d. Tartrate No. of
Type of Organism. Cultures Bitter. Stern. | (Jordan & | Cultures
Tested. | Harmon). | Tested.
yphi-murivm (Weybridge). ..ot 1 -+ 0
DY PR TR (BIHE) iy o oomivomse s mios smsminimiminmimonnin minie: sio 2 1 - 0
Paratyphi B. (Schotmuller). ... iiiinns 1 — 0
Paratyphi B: DQuisevin s s siassie s S v e 1 — 0
Paratyphi B. (Lowestoft). .. vooviivi v suinnnan somas 1 — 0
Peavatyphl B (GFey) s swsmen sovwovss s 6 1 + | 0
Paratyphi B. var. Odense 8085...................... [ 1 - | 0
Cholerae-suis 168 (Kunzendorf). ... .ooooi i . 1 - | 1
Cholerae-suis 365 (Kunzendorf)...................... 1 + 1
Choleraiafins B8 v un vrmimn 5 v paaoe R R R e E 1 + | 1
Ol - BITT A BRD cusmi:savmn v moaiise s SRS, + R ST T8 1 4 1
Cholerae-suis 383 ... i 1 + 1
Cholerae-suis 384. ... ... it Ve | 1 + 1
Cholerde-suis BB Buameum iaiumiss s s ammass 1 4 1
|
Clivleriié-gilis [KUMAZERAOIT s ccimon somm sinmsim mwsimmmpmmnins ' 1 R 0 [
Cholerae-suis (America), ......ooooioiiiiii .. 1 -+ 0
Bowvis-morbificans 39L......c000iieiniiiiiiaaas . 1 -+ 1
Bovis-morbificans (Bosenaw)........oooooiooin a5 1 + 0
Bovis-morbificans (Sladden-Scoll). ... 0, : 1 — 0
Amersfoort 336, .. vt v s s 1 ~- 1
Amersfoort 359, ... oo 1 4 1
Orniderstepoort 282, o vivis ovn Pemies e Seeing o ; 1 4 1
Amadmt  ALE; S s s e re T B v RERR S S 1 4 ]
Aatbaern BT winnss anibamesiy vt 4o mummes £ o . 1 -+ 1
Anatum BTOZ. oo e e 1 -} 0
Abortus-equi 219, .. i z 1 - 1
Abortuszequs WHs Zosvssi svame g saaniaarnesses | 1 -+ {)
GalliBariim s vive s, e SHEOEDEE bS8k s ¢ | 40 0 0 4 149
EABHEEEE 2 s smmasnsam Sommh e SN oy 1 e —- |- 1
Gallinarume 360 ... o e 1 - - - 1
Clallinarey I8 s iiesn ivee S el S SEReEs dva 1 - —_ + 4+ 1
Galbmarumm P8P v, s s Wi Fae D HOE T i 1 — — 4 1
Cudlinarint B24. oo vovs i v s s e s o . 1 4 1
Clallinariam 340 . e | 1 e _— = 1
PullOrim. oo ot e I 15 - — -~ 45
Podlorwme 20T svans pewss 55080 S0saus suemis, iy 1 - — — 1
Pallorumt BT nraomarren sxnosminn sommanises ssivmtie & ! 1 ‘ — — — | 1
DAL TIB s oo s wpomcmmsins sscmsnont ST s 1 WU e |1
Pullorwm B3, o0 s sh S5 600 Saiys s #hvisaan & 1 | —_ = 1
Pullorunt 880 svs conwn cowsmes s row e srs s 8 = = 1

Stern: 1, -+ a
d-tartrate : -+, +
=+ Positive ;
1% = acid, but n

171-172a 171=172b yRE=sr=



Tasre 25 (conlinued).

| |
- Glucose.  Lactose. = Duleite. b:g:im Mannite. | Maltose. ?:0&:,?!- 1?:::;’:?‘ ! Inulin. Inosite.
[
| |
) | |
0 0 0 0 0 [} 0 0 0 0
0 0 0 0 0 8] O 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
1] 0 0 U] 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
U] 0 0 0 ] 0 0 0 0 0
+ — — — =+ a5 — = = —
+ - - — + + = [ — s
'y e = — F “+ — + { — =
,|> — —_— s + + — + — —
=k = = = 3 = + ' == —
,i, L o — }, LEL — ,‘, — —_—
+ — — — T T = 4 o —
0 0 L 0 0 0 0 0 | 0 0
O 0 0 0 0 0 0 0 0
+ — G | — + =+ + Iy 4
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 ] 0 0
3= =+ e + =+ + = — —
= = e — . + s < =+ — =
+ — + =3 = =+ ~+ =} s
. — | -+ — + + + + = =
T et | + S +- + + + — ==
0 0 | 0 0 0 0 0 0 0 0
L N - e . i i L 1 — —
0 0 0 0 0 i i 0 0 0
i — 1 — oL i 1293 1325 —_ -
20— 173d
iy —= < L = i 1 £ i — -
1 - | 1 — i 1 L ] i S
1 | — | & - \ L L 1 L == | =
1 | - 1 &k o 4 1 1 i = ==
ik s } i | o A 1. o 4 - o
1 = i & = J- i L . — -
1 — — — 1 — 377 351 — —
i 8§ — 101d
L _ T | - ¥ | = 1 == =l
L = f = — i | — = 14 — —
i - | - = i - | = id — —
4 — - = L - AL Mo = ==
L = ! — - L - 3 i ! — Iy
Stern: -, + 4 and 4+ + indicate different degrees of discoloration, + -+ heing the most deeply dark lilac cclour,
d-tartrate : 4, 4 and +-++4+ indicate that 1, 1 and 3 respectively of the medium has heen changed yellow,
- Positive ;  § = acid, but no gas is formed ; jd = delayed fermentation.
1% = acid, but no gas formed 4 years ago, negative now.

171-172c —
= (71-172a

171-172p



M. W, HENNING.

& W Species of Animal
e » . 5 Laevu- . 5. Litmus o or Source from
Salicin. | Galactose. | Sorbite. lose.  |Production. Indol. Milk. Motility. whioh Calines
was obtained.
; i o e ) B
0 | 0 0 0 0 U] 0 0 0
0 0 0 0 0 U] 0 0 0
0 0 0 0 0 0 0 0 0
i] 0 0 0 0 1] 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 o 0
0 0 0 0 0o |0 0 o 0
o ot 9 1 + — Alk + Pig (Septicaemie).
o + 4. + + - All + Pig (swine fever).
-~ 1 4 + + - Alk 4 . .
= + + -t a o Alk A= A .
— + + + + — Alk 1 . »
- 1] T T B = Alk + " g
. I + . il s Alk - Nat. Coll. of Type
Cultures.
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
. + 1 + L — Alk + Pork.
0 0 0 0 0 0 0 0 (1]
0 0 0 0 0| 0 0 0 0
== + + + + — Alk + Chickens,
s + + el + — Alk + Fowls.
- -+ + 4 + - Alk + Sheep.
— 4 + - + - Alk + Fowl.
o 1 i + + — Alk 4= 0
0 0 0 0 ( 0 0 0 0
- 1 1 ih + — Alk = Horse.
o | 0 0 0 0 0 0 0 0
- il ad L +4 — Alk - Fowls 137, Turkeys 2,
Chickens 10.
Lo i 1 i -4 — Alk — | Fowl,
— 1 1 gz - -— Alk — | Fowl.
— I n 1 + — Alk -— | Fowl,
- q 1 i - - Alk — | 5 day old chickens,
= i 1 t + Alk == Hen,
— 1 n L + — Alk — Fowl.
— 1 1d 1 + — Neut. — Chickens and ovaries
of hens,
— ik 1 1 + —_ Neut, — Chicken,
S I 1 1d + . Neut. Hes Chickens and ovary
of hen.
— 1 1 1d + — Neut. — Chicken (7 day).
- il 1 1d + — Neut. — Chick.
-- i 1 1d + - - Neut. - ! Chicks.
- dark lilac eolour.
- vellow,
171-172c

| 71-172b
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