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S1UULIES O Z42UWiRIULl PULIORULL

IRTRCDTIINICH

Althoash considerable work has hecn carried out on

Baztarium pullorum, btoth culturally and serolorically, still
it was believed that work carried out on 2 larse numbher of
cultures obtained from different sources would either bring
out any variations theat had not besn ohserved or it would be
an excellent check and confirmation of previous work,

Dr., Stafsoth of this Station has had considerable
difficulty in diagnostiz ser6losgicael work and it was decired
to determine definitely whether the organisms used for antigen
were ziving eatisfactory results. It is quite gouierally known
that strains of sonc organisms vary consideradly in their
arzlutinating vower. Very little work concorninz this property
of Bacterium pullorum has becen carried out,

It was further hored that cultaral and formeniation
studies might shed some 1i~-ht on the zauses o varietion which

ara narticnlarly fresazent with pectorim r»alloruas,







FIZESTICLL RECULL .
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Tle gtudy of chicken diceuses dotes buck reay years,
a&lthou~h, as in other diceuses, the work wus lurcely obcervationul,
It is of interest, however, to lnow ol these ecrly investicutors
wd their vwork,

Fudley (1) cives u very interesting ristoriccl resumé
of thece ecrly vorkerse .5 I do not hLuve tleze ewrly wrticles at
hand, I tuke tive liberty of ruotiny T..dley,.

"3.ronco, & celcbrated Lomburdy (Itzlyr) phreicicn,
crpeurs to Luve been wumoags tue firct to serioucly concider the
nuture und the cwuse ol serious typhroid-liize epidemics which
rzd veen noted by poullry r.oisers even before tlhis time, Torbther
with Lilocehl «nd 3ru mw e exumined wWitl considerible cure the
exvencive enidemics which occurred wmony poultry in Lombardy
between the yeurs 1729-1708 wtnd vhich were commonly referred to

1
£

0y the poultryuecn ol the Turin district under the nume

-

'ciuleinuccio' urnd by the Iicouteze us Tcuucinerw's Zomevhul
leter similer cpidemics in Tiemonte wore studied by JBrusmone and
Torgive In vicw of the luck of b.cteriolo~ictl fnowledre and

techrnioue in these curly yeurs, iy 1S

-
o]
3
(@)

—~ e~ P 7. 4. Y-
ourse, clcur thul tlcere

ere Teu data, cuve the desczription of thie clinical Teotures of

e

the melody to serve us w beagis of coznncetvion with choleru-like
iisecases of voultry we we knowi them wt the vresent doey; wcnd it is

tiiecrefore iupocsivle definitely to scy vwhetheor thicoy represented true

-

fowl cholerz or some otner diseuse, 3ubt in view of tlie circumcstances



that when advances in bacteriolo:ical Imowledze and technique
finally did permit a sertain degree of differentiation

(about 1875) ths non-cholera tyne of infection appsared %o

be prevaeiling poultry melady of the Italian nrévinoes, it

can perhaps justifiably be assumed that, even in earlier
years, it was a wall established poul try scourge in these
sections of southern Zurope whence much of our roultry Las
been derived.

"In the early days of the scionce, bacteriologists
were laboring with the problem of anthrax and it is rnot sur-
rrising thiet Ercolani, who in 18661 made & study of many epi-
demics, described some of the then prevailing types of
poultry infection under the name of epidemic enthrax (carbon-
chis), Others who contributed to the early kiowladze of
these diseascs were Lemaistre (1869) Delufond, Reynal and
Benion."

from 1877, considerablo work on chicken diseases was
carried on, All of this work centared around fowl tynhoid
and fowl cholera, o worlzer, apparsntily, isolated or studied
the organism causing white diarrhea of chicks,

It was not until 1899 that the organism causing thris
disease was discovered. At this time, Rettger (2) renorted
a case of fatel septicemia in younsg chicks, It is interesting
to know that many bacteriologists wers working on this problem

a% this time and were unable to make any progress. rRettger






examined a number of chicks sufferinsg from what he describes
as @ peculiar ailment. A bacteriological examination was made
and an organism was isolated from the liver and the splesn.
This organism was injected into normal younz chicks with fatal
results, “he organism was reisolated.

In 1900, another epidemic was studied by Rettzer (3)
and azain he was able to isolate the same organism, Inocula-
tion experiments were again successful,

In the same year, Pernot (4) at the Uregon Agricultural
dollege published a renort on chicken diseases in which under
the heading indigestion, he mentions a heavy loss of incubator
echicks through lack of understanding of their requirements
when young. He states "Some of the chicks dissected were found
to have their craws filled with food and a fair quantity of
unabsorbed yolk in their abdomens., All the conditions gave
evidense that they had died of an acute indigestion, Particles
of food were found in all parts of the intestinal trsact.”
dithout doubt, Fernot was describing white diarrhea of chicxks,
tut he anparently knew nothing of its cause.

In 1¢08, liilks (5) working in Louisiana isoiated an
organism from the liver of a chick dying from the so-called
white diarrhea, He gives a description of the uorganism that
che:xs very closely with the one isolated by Rettger in 16¢¢
and 1900, His inoculation experdments on young chicks were

Suggessful,






Rettrer and Stoneburn (6) in 1¢0¢ in further studies =zive
a complete descoription of the organism, which Rettger at this
time named Bacteriun pullorum. In commentiny on the properties
of the organism he states "Some of the strains do not produce gsas
in any of the sugar media, thourh agid nroduction is quite
apparent,” I quote this statement because of its beering on work
presented in this pa-er, Their conclusions show that the .other
hen is the original source of the disease and that a certain vercet-
aze of the chicks oninfected farms have the disease when hatched,

A 1little earlier, 1908, liorse (7) published a paner in
which he stated that much of the so-called trouble in chickens
was due to coccidiosis, identifying the narasite as Joccidium

tenellum, In 1¢09, Hadley (8) claimed that the etiolozical factor

in white diarrheas was Coccidium cuniculi which was found in the

ceca, He believed the organism to be similar to that causing
blacithead in turkeys.
In 1909, Rettger (¢) investigated the sisnificance of

Joccidium tenellum, He states that he found Bacterium pullorum

in cases Wwhere Joccidium tenellum was nresent and cmacludes

that Baoterium nullorum is the etiolozical factor and not

Socoidium tenellum, At this time, he again states that considerable

variation was found in sas »roduction by the strains, He states
"The behavior of the orgaiism on agar is quite constant, The same
thing is true with refsrence to the develomment %n 79latin, milk
and notato, The different strains vary, however, in their gas
producing vower in dextrose bouillon. oome of the organisms which

I have isolated have failed nnd still fail to produce gas in this






medium., On the other hand, two particular strains fer ented the
sugar with 5 »nercent and 25 varcent respectively, in this

nedium, ‘he more active ferments lost this property within a
veriod of seven to eight months so that for a wnile, it was
strictly anerogenic, At the vresent time, the fermenting nower is
gradually being restored., Work on this particular denortment is
beinz carried on from this standpoint of variatiorn, and some

vary interesting results have already been obtained. ‘hese will
be reserved for a later wublication,”

'411 of the strains of organisns studied produced acid
in dextrose bouillon. Lactose is apmarently not affested, lannite
is fermented by some strains but not by others."

Jones (10) in 1910 confirmed the work of Rettrer and
Stoneburn and further found that the disocase mizht be induced
through intravenous injection,

In 1€11, Gage (11) asain donfirmed the work of Rettger
and Hadley in their contention that the disease is transmitted
to the chick fran the hen throush the ess,

In 1613, Jones (12) renorts an en~idemic where adult birds
were infected by fee:ding infeeted incubated ezzs, In the same
year, in another paper (13) he azain susgests the use of the
atzluatination test Ior detectins birds infected with white
diarrhea, 1'his test was first suggested for use by Jones in
1911 (18)., He reco:amends that in using the test the antigen
should be made up of several strains of the orgsnism and that
dilutions of 1-50, 1-100, 1-200 for routine should be used. An

efflciency of one hundred percent is claimed for the test. The
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latter claim is rather a little premature as the number uvf tests
is not sufficient for such conclusions.

Rettger, Kirkpatrick and Stoneburn (15) in 1912 state
that the period of greatest danger from bacillary white diarrhes
of young ohilcks lies within the first 24 hours after hatching,
lhey further state that hens may become carriers of the disease
after they have reached maturity. +‘hey believe that the ovaries
nay be become infected by contact of the hens with infected hens
and that the infection is likely acquired throuch the mouth, In
1214, a second rewort (16) considers the relationship between
infestion as chicizs and the carrier state when mature, They state
"0f 138 chicks which zrow to maturity and lived until the terminsa-
tion of the experiment, 886 wero infected with bouillon cultures

of Bacterium nullorwa when quite young, while the remaining 57

were not subjected to this treatment, but served throushout the
investigation as checks., Of the &8 that wera infected as chicks,
21 gave nositive azzrlutination tests when about a year 0ld and
at the Bame time,they were Iilled all of the nositive ajglutina-
tion tested nullets showed unmistakable evidence of ovarian

infestion with Bactsrium »ullorum, In many instances, the ovaries

were in advanced stages of infection. liore than 25 percent that
were artifficially infected as chicks hecame permanent carriers.”
This also confirms Jones' masrosconic ag~lutination test and shows
that all birds showing positive reactions had infested ovaries,
Gage (17) in the same year also confirms the value of the agzluti-
nation test as a means of detectins carriers. le a8lso agrees with
Jones in the use of polyvalent antisgens. e confirmed Jones' method

of infecting the ovaries throuszh intravenous injection,






In the followinz year (1¢15) rRettger, lirkpatrick and
Jones (1l&) presented an extensive checlk on the use of the
azrluatination test, They state that they examined 14,617 birds.
0f this number, 1440 were rcactors, or ¢,85 percent. The number
of hens tested was 13,831, of which 1417 were reactors, or
10,24 percent, <he number of males tested was 786, of which 23,
or 2,9 percent,wers reastors. The following year some of these
flocks were retested with the following results. four flocks
out of 13 failed to show any reactors and in the other 9 the
nercentage of infecticn vuiried from 0,6 to 25,7 psrcent, the
nunber in eacn instance beiny decidedly less than before,

smith and TenBroecx (1€) in the sane year published a

vaver showing differsncas between 3actorium nullorun and

3o2terium sanquinaram, The following differences are gzgiven:

Action on maltose

sdacterium sanquinarun proliaces acid

3acterium pvullorum does not produce acid

+as production on dextrose and mannite

Bacterium sanquinarun - lio zaso

Bacterium pullorum - Gac nroduzed

HMilk

Bacteriunm sanguinarum - alkaline

Bactaerium nullorum - no alkaline

Rettger and Xoser (20) in 1916 workinz independently from Smith
and fTenBroeck made & similar study in which they found a few

additional differences, liorpholozically, they state that
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Bacterium sanquinarum is a shorter and thicker rod than Bacterium

vullorum,. They found that Bacterium sanquinarum produced appre-

ciable acidity in maltose, dextrin and dulcite, while Bacterium
pallorum had a tendency to alkali production in these sugars, They
also found, which is nartially confirmatory, that gas nroduction

by Bacterium pullorum is quite variable in mamnite and galactose,

In immunizing experiments carried out at the samne time
they found that whers birds wers i:munized with the fowl cholera
organism, they were not protected against fatal doses of

3aotariun pullorum, “hereas when the birds were imnunized with

Bacterium nullorum they were imnmune to the fowl cholera organism,

These experiments werc carried out on a swall scale and so 6o not
justify any conclusions,
Jard and sallasher (21) in 1¢17 suzgest the use of an

intradermal test for »acterium nullorum in place of the acgzlutina-

tion test which they cunsider sscunber.some and impractical as
comrarod with the above test. Althou:sh they do not claim one hundred
percent efficiency Ior the test, they do ursge its use in the
field in comnarison with the ag3lutination test.

One of the most connlete studies of the fermenting proper-

ties of Bacterium pullorum was carried out by Goldberg (22) in

1€17, e studied 5 strains of Bacterium pullorum and determined

the fermentative properties on 20 sugars and alcohols, as shown

in table 1I,
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TaBLE I

Gas Production by Jarious strains of racterium

pallorun on Various Jarbohydrates,

Strai
0. Dextrosa Lactose bucrose llamite Dextrin Inulin salactose

1 3 - - B - - +
2 + - - 3 - - +
3 3 - - ] - - +
4 + - - + - - +
5 - - - - - - -

S*trein Ievaloge Qaffinousz irny delin arsbhinoce adonite bulcite

o,

1 3 - S + - -
32 B - - + - -
3 B - - + - -
4 3 - - + - -
5 - - - + - -

r

strein Xylose starch Isodulcite Ualacin llarnose zlycerin Lrythol
h
0.

1 - - - + : - + - -

2 - - + - + - -

a » Q&
!
1
+
]
+
L}
1




1LInlsow (23) in 1919 reported a study of various strains

of Bezteriuwni rullorin, Ystle II rives tne rosults tinet he obtained,

An examination of Ua®las I and II shows e narked irregularity in
ges=-forming chiaracteristics, BDoth Goldherz ( Teble 1) end

linlsow (7able II) show & ctrain that ic a non-zas-producser.

3averal orjzanisms in Jable II show a decided variation on arsbinose,
rharmose, sorbite and xylose, liulsow statss that two strains of

Jacterium »nullorum produced acid and gas in maltose and a few

strains produaced ¢ .t azidity after several dayc,

Berry (24) found tliree-.strains of lasteriuan rullorun

tuat fermentad lactose with gas. Lhese three strains were other-
vlc9 norual,

Hadley (25) in 1917 confirmed Goldberg's work on
fermentation, lie &lso confirmed .xettger’s fermentative studies

and suggoests that the gas-producing tyre of Bacturfiam pullorum

X

be called 3Bacteriun rulloram Alpha,and th 3 non-gas-producing

tyne va called Lactariam pallorum Beta, lladley states that tho

Alvua type 1s ratihozenic to younz chiclks only, while the Beta
t7re i3 able to produce a2 genecralized infection in adult fowls,
o1t ohly to & slisht dssres, if at all, in youn; cehicks,

In 1€19, Hadley, <aldwell and leath (26) again

obgarved the two tymes of Bacteriw: pullorum end state tnat

anazrozenis (Beta) tyre is uncomnon., uwney belisve the dilfsrence
batwaon the two tyres derends wron cnvrionmental factors and is

independent of the specific fernertells sugars,
Ps @]
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Pa3l3 11
Acid and Gas Procdustion of Tarious Strains of Dacterium

pullorum on Various SuTers,

Strein Dextrose lialtose Arabinose hamnose sorbite Zlylose Duleite
A G A G A G A G A G A G A G

4 + + + - + + + + + + + o+ - -

5 + + + - + + + + + + + o+ - -

6 + + - - + - + + + - + = - -

7 + + - - + + + + + - + - - -

8 + - - - + - + - + - + - - -

9 + + - - + + + + + - + o+ - -
10 + + + - + - + + + - + = - -
16 + + - - + + + - + - + - - -
17 + + + - + + + + + - + + - -
1¢ + + + - + + + - + + + o+ - -
20 + + + + + + + + + + + 4+ - -
21 + + - - + + + + + - + - - -
23 + + + -~ + - + + + + + + - -
23 + + - - + - + + + - + - - -
24 + + - - + + + + + + + + - -
25 + + - - + - + + + - + - - -
26 + + - - + - + + + - + o+ - -
27 + + - - + + + + + - + + - -
28 + + - - + + + + + + + - - -
29 + + + - + + + + + - + - - -
30 + + - - + + + + + - + - - -
31 + + - - + + + + + + + o+ - -
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‘‘hey report that the kind of broth medium used has an
effect upon gas production. lhey found that when the anaerogenioc
types from ohicks were grown in dextrose extract broth no zas was
produced while gas was produced in dextrose infusion broth. fihe
anaerogenic strains isolated from adults gave negative gas produc-
tion on bhth kinds of media,

In rezard to occurrance of the two tynes of organisms
(Aloha and Beta) they ask (1) Are both types »res:nt in the
intestinal tract of fowls and does the 3eta tyne produce generalized
infection vecause of a difierence in aggressivity; or (2) may ihe
Aloha type give rise to the keta type durinzy the progress of
ovarian or intestinal infection as a result of adaptation or as a

rasult of a selectiuvn of anaerogenic mutants? Is Bacterium pullorum

an instance of Bacterium eallinarum in the naking?"

Ina very extensive revort (1918) liadley, Zlkins and

Jaldwell draw the followinzy canclusions:

"Phe present methods for and results of the diagiiosis of

3agterium pullorum infections by aizslutination reactions are not

satisfactory because they fail to differentiate (1) between
ovarian and non-ovarian infections, (2) between culminated and

carrent infections (3) between Bacterium pullorum and infections

with thz fowl cholera bacillus which is widely disceminated among
adult stock; and (4) betwesn infections ocsused by Bscterium

pullorum Alvha and 3acterium pullorum 3eta,"

A new view on the transmission of the disease in the
adult fowl is ziven by Rettwer, Kirknatrick end Jard (26) in 1¢1¢9,

‘hey d¢ate that prosressive infection in a floock is not confined to
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young chickens but may also be spread through the adult fowls,
particularly the females, 1he introduction of the organism into
the sloaca and oviduet of layinz hens may reasdily lead to perma-
nent ovarian infestion. ‘he r6le of the male has not been
demonstrated but it undoubtedly plays a nart as a passive carrier,
Jery few males, they state, show infection of the tssticles

althoush they did find a few cases,



HISTOXRL O WIZ) JULTDJRES SWUDILED.

sultures 4 and 5.

these two ;ultures were isolated liay 5, 1922, from a
fode Island cockerel sent in for exaninatiun from Lawrence,
l‘ichizan., +he sross examination showed epicarditis, heavy injeco-
tion of the intestinal vessels and also of the vessels of the
testicles, Yhe bird had shown signs of white diasrrhea and leg
weakmess for a considerable weriod previous to death, ‘he disease
was a generalized septicemia as evidenced by the isolation of the
organism from the liver, kidneys ahd the blood. The two cultures
were nicked from the same plate, two beinz fished because of a
differsnce in the size of the colonies. vulture 4 was a small
colony while Culture 5 produced a somewhat larger colony,

Julture 6.

This culture was isolated april <2, 1¢22, from en adult
bird (hen) from DbLearborn, liichizan, The bird was autopsied in the
field and was diagnosed without hesitation as wiiite diarrhea. (mnly
the liver was submitted for examination, from which the organism
was isolated,

sultare 7.

This culture was isolated from a baby chick from Biz

Rapids, lLichigan, April 14, 1¢<<, Yhe liver wias studded with

8mall necrotic foci. The culture was isolated from the liver,



Jultures 8 and ¢.
lThese two oultufes were isolated August 1, 1¢22, from
chicks shipred to the laboratory from Vicksburg, liichigan. lio
gross patholozical descrintion was tarxen. “he chicks all showed
nositive agzlutination tests. Yhe two culturss represent two
colonies showinz slight ocultural differences,
sulture 10.
tnis culture was obtained from Jr. Hadley of the University
of lLiicnizan in 1¢21., +he gulture was carried to Michizan by Dr,
Hadley when he becamc con.iected with the University. “h® culture
was one he originally isolated while at the thode Islend BExperiment

Station. "“he culture wes oriszinally an aerogenic type, Lacterium

pullorum Advha.

culture 11,

+his culture was isolated liay7 &, 1¢22, from baby chicks
shinped from 3t. Johns, !ichigan, 4Whe liversof those chicks were
ochre color and showed tywical white diarrhea lesiouns,

sulture 12,

this calture was iso ated from baby chicks from Hillsdale,

llichigan, lilay 9, 1¢.2, Typical ochre colored livars were fomnd.
sulture 13,

Y.:is culture was isolated f-om baby chicks Ifrom ann Arbor,
ldenizen, llay 19, 1¢22, Typical ochre colored livers were found, The
cultare was isolated from the liver,

calture 14.

+his culture 'vas isolated from white ZTesghorn baby chicks

obtained from Plainville, Lichin, liny L&, 1¢.ll, lio patholorical

descrintion was taken,
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sulture 15,
This culture was obtained from haby chicks from lLarion,
ichizan, June 6, 1¢:22, Typical lesions were »resent on the liver.
Julturs 1o,

Inis culture was isolated June 20, 1¢iZ, from baby chicks
shipvned from 3eunzonia, liichizan, ILyvnical lesions were nresent on
the liver,

Julture 17,

1his organism, isolated June 11, 1¢22, was obtained from
babty chicks shipped from 3ately, l.ichizan, 'Tynical lesions were
presant on the liver.

Sulture 18,

Inis culture was isolated June 21, 1¢ .22, from baby chicks

from Paw Paw, lichigan. Ty ical lesions weres found on the liver,
Jalturs 1€,

his culture was isolated June 21, 1¢..2, from baby chicks

from Grass Zaxe, lii:higan, Yy»nical lesions were nresant on the liver,
Julture 20,

*his culture was isolated June 23, 1¢22, and was obtained
from babdby chicks from Allegan, liichizan, UYynical lesions were
present on the liver,

Juliure 21,

This culture was isolated June 24, 1¢42, and wes obtained

from baby chicks from Zmet, l.ichizxan, Wynwical lecions were prasent

on the liver,
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Julture 22,

ihis culture was isolated June 28, 1922, from baby chicks
sent in from Oekley, liichigan, Ty-ical lesions wsre nresent on
the liver,

sulture 23,

This culture was isolated June 28, 1¢22, from beby chicks
obtained from Zawrence, liichikun. 'yoical lesions were present
on the liver,

sulture 24.

ihis culture, isolated July 1, 1922, was obtained from
baby chicits from Royal OCak, l.ichizsn., “he liver showed only one
s1li3zhtly colored svot,

Julture 25,

Ihis culture was isolated July 8, 1¢z22, from baby chicks
from Williamston, Lii:hizsn, A retained yollk the size of a pea was
found, +he adjoininy tissue had & slight ochre color. lio out-
standiny lesions were vresent.

Jultures 26 to 41,

thesa cultures wer: obtained from the iansas Agricultural
Jollege in 1922, lo history of the orga:niismns was =iven, 1he names
of the organisms wero:

Julture 26 was marked 2205-40

“alture 27 " 2142-29
Julture 28 " " PR7
sulture 29 " " 2248-30
Sulture 30 " " PPl

culture 31 " " 3848-39

Julture 332 " " PPS



in 1¢22, Lo history of thes» cultures is gziven.

Julture
sulture
vulture
sulture
Julturs
Julturs
Jaltars
Julturse

Jultars

-1
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33 was marked hick

34

35

41

" "

" "

Jultures 42

ware labeled as follows:

Infortunately strains 42,

Julture

42

Julture 453

Sulture

Julturs

44
45

to

2353-32
2248=39
2648=3"7
1€0-3
2517-40
2535-Ad

¥p5

Ractarium nullorun

45

Thase cultures rere obtained from Chio State University

ithe cultures

was marked Sacterium nullorum

Rettger

lettger

816

y

117

Jottger iR

43 and 45 were lost, in fact we were

unable to grow strains 43 and 45 from the slants sent us.

Sulturs

46,

Dr. 3iltner,diamosad Yy kim asieving

wore brount in to the laboratory.

thasa.

this culture wac isolated July 20, 1¢22, from a hen talmging to

white disrrhea, Orly the ovaries

The or

Julture 47.to b3

oY

et

1isn was isolated from

these cultures were obtained from Perdue University in

1922, lo history of the cultures was given. “hey were labeled as

follows:



Jultare
culture
Julture
Jul ture
valture
sulture

Jualture
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47 was merked Meld Strain 5

48
49
50
51
53

53

"

"

"

Feld Strain 7
Meld Strain
Meld Strain

Meld Strain

o o »

7ield Strain

W

Field Strain

A map of the lower peninsula of liichisan is given

in Migzure I, showinz the sources of the various cultures that

wera isolated in liichizan, “his map shows that the cultures

wora obtained from a wide area renresenting practically the

whole of the lower peninsuls,

Thuas the cultures studied would

represent many strains, as the disease would very likely be

introduced from various sources, from outside states as well

as the state of liichigan.
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PRIPARALION OF LIDIA USHED

Jonsidersble variation occurred in the preparation of
the media used and this should be known as it may plsy some part
in the reaction obtained as has been demonstrated by .tettger and
others.

Livar agar,

his medium was selscted for growing Bactorium pullorum

as Dr, Stafseth had hizhly successful results using it for
carrsing stock cultures, At first the medium was made acuording
to the direction of :tafseth and luddleson, Briefly, this method
consisted in coouxing the liver with tap water, added et the rate
of 500 c.c. per pouni of finely ground lean Iiver. 1he cooixing was
done i:n an Arnold steamer for about 1 hour. Yhe liquid was pressed
out and filtered throuzh -lass wool., “he liver sgar medium was
now vorenared, usinzy the following ingredients:

500 c,c, liver infusion,

500 c,c. tap water,

15 gu, agar,

10 gm. peptone,

5 gm. salt,

-
o
W

riixtares was steamed until the azar melted, after which it

was cooled to 60° C. and 10 gm. of e 3y albumin added, The mixture
was now cooked another hour to coacgulate the egx albumin and
vrecipitate any other albuminous substances tnat would te »reoci-
pitated by heat. After heating, the hot nixture was filtered until

clear throuszh glass wool,



Jue to the fact that the above nethod was quite
iifficult, modifications were introduced.™ I nisht state here
that the glass wool was used as it was believed (Yorrey) that
paper or cotton removed certain srowth-producinz substances,
1his has recently been -~roved by Hasley in a very striking manner

with freshly isolated 3actarkum abortus., However, the writer

discarded the use of glass wool and substituted cotton and also
dropped clarifying the medium with eg3y albumin, '‘his made the

preparation of the medium as simple as makins ordinary agar,

lio change in the amount of growth of the Bacterium pullorum

resulted, as was the case with Bacterium abortus,

Xtract Broth,
ihe axtract broth was made azcordinz to the method
recommended by the American Public Health Association for water

analysis, 1he broth was fermented with lLacillus coli to r-move

any fermentable agar present and then adjusted to a titre of
P 648, The last run of fermentation tests (1¢24) was made on
extract broth with a titre of pH 7,

ihe suzars wers used at the rate of 1 nercent in the
case of the cheaper suzars, as lactose, sucrose, mannite, dextrose,
starch, inulin, maltose, glycerine and dextrin, and one tenth
vercent in the case of the nore exvensive sugars as adonite,

duleite, mannose, levulose, rhamnose, galactose, arabinose and

ra’liaoce.

* Juddleson, Hasley and utafseth now have a procedure

wnereby the avove process of nrevarastion is relatively simple.



Infasicn Broth,
nis broth was =2repvared from zround lean beef in the

asual manner, ‘he resulting broth was formented with Bacillus coli

and the titre adjusted to a »H 6,8.
Prevparation of the Sugar Sroths.
All suzar broth used, with the exception of lactose,
naeltose and sucrose were onrenared as usuaal and sterilized
at 15 pounds pressure for 20 minutes, <Yhe three sugars
nentioned, due to the fact that they are very sensitive to

heat were v»repared as follows:
the required amount of broth

needed was moeasured into a suitable
flask and sterilized by heat. A 20
p:rcent solution of the sugars to bq
unsed was »orepared, using sterile distilled
water, his solution was now passed
throuszh a storile Berkefeld filter to
romove any organisms present, Lhe sterile
suzar filtrate was added, aseptically
in the raquired amounts, to the sterile
broth, Usinz the fillin: apparatus
fizare 11 rictured in iigure II, the broth was
tubed aseptically. (ihis ap .aratus was not original vith the
writer. ) Yhe broth was incubated to detect contemination and any

tubes showing growth or even a suswicion of rowth wera discarded.

However, 1t was necessary to discard bpt few tubes.



- 25

Indicator for acidity.

i{he indicator used to dstermine acidity was Andrsasde's
indicator, which was added at the rate of 1 c.cs per 10C of

broth,
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liicrosconic Studies of Bactariunm pul’orum.

'ransfers of all the cultures tuv be studied were mads
on liver azar slants., lhese were incubated at 37° 3, for
24 hours, and then ordinsry stains were made to study the
norphology and staining properties and to make sure that gll
strains wers »ure cultures, Jontrary to expectations, the
nicroscope showed large heavy stained organisms inclined to
fom long chains, and occasional apiculated forms, instead of

observing tynical Bbectariam —~ullorum cells., Jsw c2lls epmeared

nornal. “he strains anmeared to e contaninated with an entirely
different type of organismn,

vevarnl strains showing pronounced differcnces, namely,
cultures 10, 23, and 24 were plated out on liver acar, in order
t0o det=armine whether they were contaminat:d or whether they
were passing through come stage of pleomorphism. Jolonies vhich
were fished f-om these nlates were planted on liver agar slants,
stains were made and the followin<z observations noted:

Julture 10 - w»tain showed fairly large rods wuich were
mostly in singles, but still a few chains were observed.

Jalture 23 - +he stain showed smaller rods than Julture
10 and very few chains, the aniculated forns observed before
were still in evidencs.

Julture 24 - This strain showed celle souewnat the sane
ag otroin 23, 2mzapt thet many nore of the apniculated forms

wer:2 »resoent, which in thic case werg «luways in peirs,






oonae 0 thn colonies fished apeared nornal (aicro-

s2onically) Zor 2ectirium nullorum. avyuarenitly the forns obsarved

wore involution forms or marized pleomornhiz ty-es. "he colon-
tyohoid agroup i3 cheractarized by their decided pleomorphisn

and 1t would appear that tactariun pullorunm was no excoption,.

In order to b~ able to make microscopical studiss to
detarmiine whether all of the strains were the same it was naescasussary
to find some nedium u»on which the orsanisms would anrear normal.
As ~ravious observations wers nade from nlain agar, this wedium
was solected,

411 of Uhs strains wera invigorated on liver agar and
then liver agar and »lain agar slanis ware nade, "'hcse viere
incubated at 37° for 24 hours when plsin and Gram's stains
were made, ''ne results of these studies ars tabllated in
Teble III.

A close study of Yable III shows that a distinct dif-
ference exists in the ap-earance of the cells o¢n rlein egar
and on liver agar, It will be noticed that on plain sgar, the
size and shape of the cells is similer to earlier obgervations,
the cell teinzy s8l1i:htly lonzer than vwide with slithtly rounded
ends and with a size of sbout 1.25 by 0,75 nmicrons, +he organisms
appear 7enerally as sin-los with an occacional pair. Lo chains
were observed in any of the strains,

On liver azar, the calls ars totally diZferent, the cells
being larger, staining more easily and more deeply and having a
tendency to chain formetion. Jells are seldom in singles es

connared to the Gells annearing on plain aizar,.
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Teble IIT,.

sommarison of tre liecrpholomicul ppecronce of

Bucteriuwn Zullormwm on 24 Four “lain gar axd Liver Lgar Slunts,

(02}

10

11

Liver ‘gur Slintse

[

Plcin Lger Clintse.

JJo cneins=-or~unisms Theins freauent-nostly sinsles-

sinzle-csize 1-2 X 0.5 wlze 244-3.,6 x 0.75 nmicrons

do cheins, orzunisns Long chains frervent, L 72 nicron

single- le.2-1.8 X 0e5 chain observed-rcnerally sincle
peirs Ireruent with ends slichtly
pointed=-l.2-3 x 0,75

10 chwins=-orgunisns Long cheins-sin~legs cnd puirs
sin~le-short rods Tize 346-2 X Ca75 U

newrly coccoid
Size Q.?E) - 1.8 X @.5

Jdo chuins=-cells sinele o chuine=-cells cincle, slicnhtly
short rods-uneven stcin- lercer-even steining, 1-1.5 X.5

ins= 0.75-1.25 X
0025’005

7o chwins=-cells zener- chiins frecuent- puirs corrmon
«1lly sin~le, even even stuininz-1-1l.5 x 0,5 u
stuininz-l.25-2.5 X

Oed U,

1o chuins-cells sinsle- Thain infrecuent- paifrs occu-
even steininy, chort cionul=even stuining=1-2.5 x
coccoid rods- 1-1.5 X 0.5 u.

0025 - 005 We

L.,o chuains=cozcoid to Chuins very freauent- pairs
clender rods- common- lonz rods- stuin deeply
1-205 pie 005 Ne 105 -3 X 005 We

10 choins=very cshort ilo chizins=hrenvy thiciz rod -
rods~-newxly round- short- stiine deevnly

clweys sincle- le2 =2 X 0.75 e

CeTl =le2D X 0eb5=0e75 e

JJo chuins-uneven stiin- Thiins precent-2 tyoes of cells
inzg=alweys sincle in regurd to etiining- one
1-2 X 0.5 u. deen tnd one li-ht

leD =2e0 X Cef =075 U

0 chuins=renerally Sheins vrecent-cinecles vreaon-
sinle=-very chort to incte-steines evenly
rnoderste rods- le5 =265 = 0e5 U

Ce75 =1e25 X OeflUe



.
- ~
. - ~ -
.
. e
- ~ ° .
> - »
. . -
. . —_ .
< 2
. .
N . - -~
. - -
. - n 4 ’
- N - .
un .
~ . a -



- 28u -

Tuble

Strein Pluin per Slen

14

15

16

17

18

19

20

21

23

24

fav]
ol

7o chuins=cenerslly
ginzle short rods-neurly
coccoid in some c:ses
stein evenly=0,75 X 045

o chains=-cenerally single
short rods-uniform size,
even stuining ,75-1.5 x
Oe5

Zlo ch;ins-:ener;llv g
-very uneven stoining
0078-1.5 X 005

ITo chiine=cenerslly sincle
weven stcining-short rods
1.25 - 0075

o chuins=-sinsles=-stedin
fiirly even= 1=1.25 X
Oe25 =047

170 chuins-cinxles=-stuin
feirly even altho voriu=-
tion is noticeudle -

1 x 065

iJo chuins=-sincles-decided
vuriction in stuining-
1-1.25 x 045

ilo crniins~sin~les-decided
veriction in stiining-
1—1025 e 05

o chains=-sinsles=-stuins
well A fuirly even=1 = 0605

T

SLbout the same as =D
ver;: 11 ntly stuined

lio chaing=cin~les B.coll
snoped=-twice a® lonz s
wide 1-1.235 x 0.5

o chwine-singsles Bo.coli
shieped=1-1.25 X Cob

ITT continued.

ocer Slonts,

<

Liver &

Chzins present-comraonly in
short chuins of 2 and 3, Stein
Leavily «nd evenly 245 X 0l.5=
cize uvniform

Chiins precent-poirs freruent-
stuins deenrly ™ evenly 1l.2-3 X
05

Jhuins vresent-ctiins deevly &
evenly-uniform size-nuirs
frecuent- le5-2.Z2 x 065

P.irs common-ctiins more even-
l7=-sli~htly larger

Pew chiins-poirs frequent-
l.25=1,5 X 0,75 = steined
deenly & evenlye.

Chains frecuent- 2 7 3's
comaon-even stuining= 1,2&8-
005‘0075

v}

X

Z's wnd 4's common-sincles
fuirly so = 1.5=2 Oe75
Shains frecvent-stuin hewvier

but v;ri;ble-?eﬁe
1.~5 1 R -‘: O.

: r.1ly sincle-

5=0.75
ruent=-cinales

oV llv - 1.&9-? X

'“wlnwwwxy Fr
_Le‘-‘]—w
0.75

poorly stained

70 chuins=-p.irs occasioncl

rode slenderver & £li-htly long-
er.

Prires Treruernt-stiine well-
ler e & lonser rods =
1.25"‘2 pie 005

“hort chwins-neirs ~omon-
vericble but heovy Btoinine-
size sime ws 2%
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Zlein Lowr Zlante.

I'o cniins=-sincles=-stuin
evenlr=-cells <11 tly
rmore sleander tuw“ ”%-
1=1.25 X 0.5

Do chuins-cirgles=-stuin
viell-reurly coccoid in
gome cuses=-1l x 0.5

o cneins-sinples=-stuins

evenly=senerelly twice
&s lonw os wide-
0.70-1 005

ilo chiins=gin~les=-stuin

v
-

~
[®

evenly- l—l.ud x 0e8

o celles visible

1.0 chuins=gin~les-stuein
evenly= Co75=1e25 X 0.7F

20 chuins=-cinrles=-ctain
li~ntly out evenly-
Oe77=1e25 X 0ol

llo chaince=-sinrlea-cize
L~ =
sune as 83

Jo chiirs=gin~les=-cst.in
well & evenly - uniiorm
gize= 1=-1.25 X 0,5

llo chuins=-singsles=-stein
well % evenly=-uniform
size nearly coccoid=
O0e75=1e25 X 060D

Lo chuins=-sinzles=-ctuin
vell-uniform size,nore

"
ird

Slender trhan ;E6

IJo chuins=-cin~les=-stuin
well but lichtly-uniform
cize=very chort rods

1l x 0.5

i d
Liver 'cur Lluntse
Cheins frecuent-stoins hewvily=-

p.-irs common- le.5=2 X 0.5

Tew chiwins=staeins very irregsuler-
cive of cells irresular-conevnat
ler ~er,

rxtremely lon-~ onulns 2 very

frectent=-ctoin newvir= 1e25-=1.75

X 0,75

Io cheincs~stiin deenly=" evenly-
oncsideruble débris=-conevhet

lwrger

20 cells visible

-

Tew ¢creins precent-stuins deevly
concideruble débris- somevhet
lerger

Zore chiing-romerally pairs or
3's wnd 4&'e-.toinins extremely
vireven=ctoirs 1ihtly=-
10‘«&-‘—105 X Co75

Shiins frervent-stiin deerly &
.,alr o1tho come crlls stuin
very 00rTly= 1le.8-1,75 X 0,75

Chein freruwent-ctuinin-s even
within the cells but decided
veriction in stainine of
different cells. Cells long &
‘Yll"ld.ilvu—l 1.5- O X O 7u

Shaedine ireruent-come cells stuin
deenly=-others no stuin ¢t all=-
cells 10n~ tnd slenders

1.0‘&-'.(. O 7.-

Shuins but chort-similar to 26
in steinins end chape=
1l.5-2¢5 x Cu75

Pronowiced choine=-most cells
poorly stuined(decenercted
umevrwnoe)-ctwlmnn and cherpe
sune s in 36



Struin

42

[N
63}

48

82

53

T.ble IITI continued,

Tlein Lcur Slunts,

Very

7 voorly
us

7 ctained-cppe.rs

L
-58

1

20 crhiins=sirTles=co01e
extrenm=zly lonc=-cbout tvice
ag long us wide,muy be
peirs w1tho no evidence
shows= 1=-2 x 0.5

o chwine=-gin~les-stain
well-sli~ntl; lon~er the
Fo8= 1=2 X 0.5

170 criving=gin~les-stliin
vell-cize uniforn-
0075-1.25 X O.5

Very poorly stiined-prooub-
1y lize ;38

o chiins=very chort rods-
neuwrly coccoid-stiin evenly
0.75-1 x 0.5

Ilo chiins=short rods-necrly
coccoid=-stein evenly-
1-0.5 % 0.5

Too poorly stiined

-0 ch.ins-cells cshort-

poorly ctiined
Poor stiain=-cells coccoid

I'lo cheins=cells evenly
stuined=-co0.5e very chort
0075-1 X 005

Ilo chuins=~cells evenly
stuined-very short rods-
0.75-1 x 0.5

Liver ‘gar 3lentse.

Very roorly stoined=-cnpears
s 38

Cheins=much débris or: desenerute
erneLrine cells-normal arreoring
cells ure 1,5-2 x 0.75

Jhiins few-much débris-cells
s1i-Ttly ler-er thun on pluin
arer

I'o ¢ch.ings observed=-cells stuin
deely=-lone end slender-
l.5-245 x 0.75

Very voorly steined-seem to be
long rods

Lo chedins=-niire common=-staining
¢t cells irreruler-iicnded or
polur=- 1.5-2 xX 0,75

'0 chuins=puirs=-stuining some-
vhoet irreoulaer 1-2 x 0,75

Jriine-stuining poor-avpeLrs
to be long rods

Zlide dirty=-cells clwumped-
appecr longer

Chein & long rods

o chein=-cells €li~htly
lorzer,

Ilo chzin-cells longer ond
wider-clender cpreuring=-
ome nirs,
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411 strains do not behave the same on the same wnediun,
otrains 10 and 11 and to a lesser extent Ltrain 47 show a
narked coccoid shape, sStraims 1P and 11 were particularly
prominent and stand out from the rest, lowever, the strains
vary considerahly ‘n this cnaracteristic and it is very doubtful
whethor the shape is constant and even if it wes it is too
mreliable to try to base & senaration of streins on,

On ths liver agar, the production of chains varied
considerably, but hero again it is too inconstant to have any

differential value,

Uhis table shows that Sactorium nullorum is decidecly

pleomorphic end hence too much stress should not be placed
upon a nicrosconic examination in diacuosis,

‘he effect of the medium used on the iram's Stain was
also studied, “hes2 stains were mnade at the same time that the
plain stains weres premared (<able III) Yhe results of the
Gram's stains are shown in %able IV,

ine me .ium does not apparently influence the 4ranm's stein
to any extent although the results in Yable IV show slisntly
better results where »nlsin agar was used., ‘he stains were mada
on the ssame slide in every case to avoid any variations in
techunic, “he results show that occasio ally (~trains 5 and 12)
a »ositive stain will appear., his is not a constant
characteristic and mizht occur on eny stain., Its occurreince
is not constant. HYowever, in making Gran's stains, plain agar

should he used where r~ossible as the rasults obtained on liver

agar are too variable,



(a4




The Nffect of the (edia on the Gran's Stain.

Strain Flain Acar Liver Assr ,Strain Tlain Agar Iiver Acsr

slant Slant . Slant Slant
4 - -? rooan - lio ~ood
)
!
6 - - ' 2(.: - -
1
7 Lio good No good ' 30 - -
T
8 - hd ! (31 - -
!
S - - 'ro32 - -
1
10 - - ! 33 - -
|}
11 - - ! 54: - -
!
2 -2 + '35 - -
1
13 o good - '36 - -
1
14 - - v37 - -
]
15 - - 38 lio good -
1
16 - - ! 59 - -
1
17 -? -2 ' 40 - -
T
18 - - ! 41 - -
!
1
20 - - ' 46 + +
T
21 - - ! 47 - -
|
23 - - ' 48 - -9
1
23 - lio zood ' 4¢ - -
! lons rods =~
24 - lio good ' 50 +% short coccoids +
1
25 -? -? ' 51 - -
1
26 - - ' b2 - -
8
T 5§ - -

~ indicates a negative iram's stain, and + indicstes a
positivs,
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SUZWUmL STUDIES

Biochemical Changes Produced in Dunham's Solution.

these tests were made in series of two years, using
tuplicate tubes in each year, xaminations, on the Dunham's
solution were made for hydrozen sulphide, amnonia, nitrites
and indol. All tests were made after incubation of the broth
at 37° for 7 days. The results obtained are given in the
accommanying tables,

Hydrozen Sulphide Production, ZProvious work by others

(iiadley) has shown Bactarium pullorum quites & constant pro-

ducer of hydrozen sulphide, Yhe determinstions (iable V) fail

to show any confirnation of such work, in fact, it is just the
opposite. Hydrozen sulphide production appears to be extremely
variable, It Wil be noticed that the last determinations

gshowed very few positives (4 strains) while the 1¢22 detormina-
tions show 15 strains positive, ‘‘he same strains in 1923 do not
show necessarily the same as in 1¢22, Julture 10 showed negative
in 1¢22 and sli:zhtly positive in 1923, end only cultures 7, 8 and
¢ show nositive in both series of tests, Jonsiderable variation
is shown but has no apnarent significance,

Araonia éroduction. 'he »roduaction of ammonia by all
strains is a»marently constant. (%able VI) 4ll strains with the
exception of one tube showed aprroxiniately the same amount of
armonia. 'his one tube showed en increased amount, Amnuonia pro-

duetion is then a constant property of &8ll Bactorium pullorum

strains.
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TASLS

Fornation of iydrozen

v

vulphide in Dunhan's wolution

by bactorium nullorun,

dtrain Determinations ' Strain veteminations

19022 1¢23 ! 1¢22 1¢ 23
!

4 - - - - : 28 - - - -

5 - +++ - - : 2 - - - -

6 [ - - - ! 30 - - - -
1

7 +++ ++ + - ! 31 - - - -
- 1

8 +4+ - - + ! 32 - - - -
- ]

9 ++4+ +4+4 + + ! 33 - - - -
- - 1

10 - - + + ! 34 - - - -
- - 1

11 ++ + - - ! 35 - - - -
1

2 - - - - ' 36 - - - -
]

13 +++ +++ - - ! 37 - - - -
1

14 + ++ hd - ' 58 - - - -
1

15 - ++ - - ! o9 - - - -
1

16 + ++ - - ! 40 - - - -
1

17 ++ ++ - - ! 41 - - - -
]

18 - - - - ' 44 - - - -
1

19 - - - - ' 46 - - - -
!

20 + - - - ! 47 + + - -
1

21 - ++ - - ! 48 - - - -
1

22 + - - - ! 4¢ - - - -
T
-
1

25 - - - - ' 52 - - - -
1

26 - - - - ( 55 - - - -
1

-~ 1indicates negative + indicates questionable or very slizht
+ indicates slizht, ++ indicates fair, +++ indicates

fairly stronq,






Formation of Ammohia in Dunhan's solution by Bact, puallorum.

Strain Determinations ' Strain Ueterninetions
1¢22 €23 . 1¢22 1¢23
4 + + + + : 28 + + + +
5 + + + + : 2¢ + + + +
6 + + + + : 30 + + + +
7 + + + + : 31 + + + +
8 - + + + : 575 + + + +
o + + + + : 33 + + + i
10 + + + + : &4 + + + +
11 + + + + : 35 + + + +
12 + + + o+ : 36 + + + +
13 + + + + : 37 + + + +
14 + + + + : 38 + + + +
15 + + +++ o+ : 3¢ + + + +
16 + + + + : 40 + + + +
17 + + + + : 41 + + + +
18 + + + + : 46 + + + +
1¢ + + + + : 47 + + + +
20 + + + + : 46 + + + +
21 + + + + : 4< + + + +
22 + + + o+ : 50 + + + +
23 + + + + : 51 + + + +
24 + + + + : 52 + + + +
25 + + + + " H3 + 0 + +
26 + + + + '
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lkitrate Froduction, lione of the strains studied
wara able to nroduce nitrites in Dunhan's Solution, +his

checizts with previous work,

Indol Production, Bacterium pullorunm is not supposed

to produce indol and the strains studied did uot show any
evidence of it in 1¢22, except strain 23 which showed vositive
in both tubes, In the 1923 determinations, strains 20 and 22
vshowed nositive in one tube only and strains 14, 15 and 1¢

showed very slizht in one tube (Table VII).
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Tants VIl

formation of Indol from Durnkam's 30lution by Bact. pnllorum

P

Strains veterminations
1¢22 1¢23

Strain vetarminations
1¢22 1¢23

9 - - - - 33 - - - -
10 - - - - 34 - - - -
11 - - - - 35 - - - -
12 - - - - 36 - - - -
12 - - - - 37 - - - -

36 - - - -

40 - - - -
41 - - - -
44 - - - -

46 - - - -

1
1
T
1
1
]
1
]
]
1
1
]
1
1
1
1
1
]
1
!
1
1
1
1
!
T
1
!
1
1
1
1
1
!
1
1
!
1
1
]
1
1
1
1
1
1
1
1
T
1
)
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3iochemical Jhanzyes Produced in llitrate-peptone

solution by Bactarium mullorumn,

Only one set of daterminations was made for the
oxidation of nitrites in [iitrate-Peptone Lolution. Lhess
deteruinations were made December 20, 1¢23, *“he results of
thes2 tests are ziven in 71able VIII.

itadley (29) states that 3acterium pullorum does not

reduce nitrites, however, the results obtained show that this
property of lack of wroperty is variable, A nunber of tubes
showed what 1izht be designated as a slicht nitrite test. LYhis
was confined, with one exception, to only one tube of the two
tubes ueed of each orsanism, +he results obtained should be
duplicated before any conclusions can be drawn, llo ammonia

was shown in any of the tubes tested,



- )/ =
Talla TIII
3iochenical Chenges rroduced in Liitrate-Feptone solution

b7y 3act, pulloram.

Strain lilla I'itrites strain Annonis litrites

4 - - - - 28 - - - -
5 - - - + oG - - - -

8 - - - - 32 - - - -
¢ - - - - B! - - - -
10 - - - - o4 - - + +
11 - - + - 35 - - - -
12 - - + - 305 - - - -
13 - - + - 37 - - - +

38 - - - -

44 - - i -

47 - - - -

- w w0 (JD e e M m w W m e e m w 4 e = m e = = wm m @ = w4 @ w4 @ = = e w = e e = e w = w w == = e e s

21 - - + - 48 - - - -
22 - - - - 46 - - - -
23 - - - - 50 - - + -
24 - - - - 51 - - - -
25 - - - - 52 - - - -
26 - - + - 53 - - + +
27 - - - -
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Affect Produced on 1:ilk b bactarium Pullorun

ihe milk used was adjusted to a titre of 1,5 vercent
normal acid, using phenolphthalein as an indisator, 41-. 0 percent
azolitmin was added and the medium was sterilized by autocleving,
Two series of tests wers made, one in 1922 and the other in 1¢23.

Dunlicate tubes were used in both cases,

In all »revious work reviewed, 3acterium pullorum was

described as wroducinz a slisht acidity in litnus milk in a
week or ten days, In no nlace was an slkaline reaction ottained,

One of the woints of diifferentiation between Bacterium oullorum

and isctarium sanquinarum is tae reaction produced in litmus

milk, Bacterium vullorum producing a slizht acidity and

3acterium sanquinarum an allkaline condition,.

In this work, the reaction of the milk (Yable IX-1T22)
on the 12 dey reading shows but very little variation, the
only wariation beins the dogree of acidity produced., Some of the
tubes showed no change from normal, while the sreater share

showed a very slizht acidity.

"he tubes run in 1923 showed a nuach srester variation.
However, it should ne remembered that the final readings in
this case were made in 25 days instead of 12 days as in the
case of the 1¢22 results. Due to the fact that some of the
cultures showed decidedly alkaline and in 5 cultures, one of
the tubes was contaminated, these cultures were re-inoculated

into litmus milk and a second observation was made, as shown

in the followinz table (7able ).
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Showing ’hanges Produced

in 1iilk by Becterullorum.

1622
Strain 12 day
readinz
4 £+
5 + ot
6 +
7 LA
8 + %
o £+
10 + +
11 + +
12 + +
13 + +
14 + +
15 LI
19 + ot
17 + o+
18 0t
19 ot
=0 ot
=1 LA
22 A
23 ot
24 -
25 - -
=6 ot

1¢23
25 day
readinz
r t*
-t Telo
+ t*
*r %
r

glk.alk,

y *
.
sl hal
hal l
r
+ cont.
-t
l +
r hat
-
sl l
+ cont,
pul hl
r x
sl sl

- e o e

W@ ® @ @ e W e @ W 6 W W @ W . W M N M 8 @ W "W s e 4 @ = = = e =4 ® et = = = e N e ww w - . -

Strain 12 dsay

o¢

1¢22

reading
+r *
r x
+r *
£ x
s
bl hal
r

1¢23
25 day
reading
hat hl
+r 3
l hal
b hal
- cont,
al hl
r *
b hd
+ sl
hal +
* l
+ oont.
bl l
hl l
elk. alk.

- Oor + indicate sliznt acicity.

r.c, indicates rennet curd.

camt. indicates contamination.
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Table ¥ .

leactions Produced in ILitmus liilk by 3Bactorium pullorum.

Strain teastion Produced.
4 No chanze in 14 days. Later - slight acidity.
5 1lo change in 14 days, Later - slicht acidity.
10 Alkaline in 14 days
17 51lizhtly acid in 14 days
23 vlizhtly acid in 14 days
27 Alkaline in 14 days. Iater - reduction and curd.
3¢ Alkxaline in 14 days
29 ©lizhtly alkxaline in 14 days. later - decidedly slkaline,
with rennet curd.
36 Blizhtly alkaline in 14 days.
50 lisutral
53 neutral

these confirmatory tests show that strains 10 and 27
still persist in alkali production while strain 53 which showed
decidedly alkaline has changed and shows neutral. Strains 29,
35 and 39 in which oune tube was conteminated before and where
the ssecond tuhe was neutral or slizhtly acid (strain 39) now
show slizht alkalinity. In fact after 25 days incubation thesse
tubes showinsg alkali production in 14 days, now show decided
remmet curd.

"he reaction of milk, then, is not always a reliable

characteristic of Bacteriunm nullorum,







special Mochemical Yests.

Dextrose éinotassium phosphate broth was inoculsted
with all strains and incubated at 37° 3, Zor 5 days. Lt this
tine all tubes were tested by the methyl red test for acidity
and by the 7Joges-Prosikauer reaction to deternine the vnresence
of acetyl-methyl carbinol, a substance produced by Eacterium
aerozeanes in this broth,

All tuabes showed »ositive to methyl red, that is,all
strains oroduced apnroxinately the same amount of acid.

all of the tubes showed negative to the FKoges-

Proszauer reaction.
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SOILLTAYTIA SUUDILS

Jextroce

the farmentation of this suger appears to be fairly
constant, A strong acid reaction was observed in all tubes,
‘both in the 1¢22 series and the 1¢24 series, Only one organism
was slow in the formation of acid. Julture 44 in the 1924 series
did not show acid until after 48 hours incubation,(iable XII)
3as formation did not aprear until after 7 days so the orgenisms
in question aspparently at the time of the test was undergoing
ong of its typical variations, which will be discussed later,

sultures 11 and 47 failed to show any gas formation on
dextrose in either of the series of tests. (lable XI)

In the 1¢24 series, culture 41 failed to show gas
formation and’'culture 10 showed gas wroduction, which is Just
the oowosite of the 1€22 series.

In zeneral, the quantity of gas Hroduced wac much less
in the 1924 series than in the 1¢22 series. Very freouently,
only a bubhle of gas was “‘roduced., In these sane tubes acid
production was delayed. In cultures, 50, 51 and 52 where only
a slizht amount of gas was produoed; the acid produced was slisht
and disappeared in 7 days.,

lianunite.

the fermentation of mamnite, like dextrose, eppesars

to be funirly constant. llo variatiuons were observed in the acid

production in either series, Acid produstion was strong in






51

24 hours and remainec constant throush the 21 days of
observation,

“he 3zas production did vary. In both series of tests
culturss 11 and 47 feiled to nroduce gas, In the 19¢24 series
calture 41 in addition to 11 and 47 failed to produce gas,
wnigh is similar to the results obtained on dextrose,

the amount of gas produced in tho 1924 series, as in
dextrose, was limited in amount and frequently confined to
only one of the two tubes used, and this tube showing nerhaps
only a bubile of gas, the time of anpearance of the gas varied,
Inst2ad of appearing in 24 hours, as occurred in the 1¢22 serises,
it frequently would not apnear until aftqr 48 hours incubation.

Lavalose,

'he fermentation of levulose was aquite variable as
conmared with dextrose and mamite. In the 1¢22 series, gas
production was variable as to quantity produced any time of
nroduction, However, in suwaning uv, all culture showed gas
production with the exception ol 11, 41 end 47. In the 1624
series, a decided varistion was noted, cultures 4, &, 9,10,

11, 13, 14, 22, 23, 26, 27, 29, 32, 35, 37, 47, 50, 51 and 52
not showinz any <as in 21 days insuvation. In those cultures
showinz gas, the amount was generally confined to a bubtle,

“he formation of acid was especially constant in the
1¢22 series, In ths 1¢24 series, althouzh the cultures showed
acid, thes amount of acid produced weried somevhat, vultures
4, 8, ¢, 10, 11, 12, 13, 14, 19, 40, 41, 44, 46, 47, 48, 49,

50 and 51 showed less acid production at first than the others,

but in 7 days all tubes showed about the same reaction.



lianmose,.

Due to the cost of this sugar, only 0,1 percent was used
instead of the regular one nercent as used with the cheaver
suzars, 48 the amount of sugar was limited, the fermentation
was less merked, particualarly the a:id fermentation. 7he
variability of this sugar was similar to levulose in that
sone strains wroduced no zas while others produced considersbls,

vultures 28 and 47 were the only strains showing absence
of zas in the 1922 series. Strain 11, which has been negative
on all sugars discussed, showed a hubble in one tube, iLis
i zht be an error as the 1924 series showed no =as,

In the 144 series, an extremnely largo number failed to
produce gas, <ultures 6, 7, 8, 9, 10, 11, 13, 16, 17, 20, 21,
22, 23, 27, 28, 29, 30, 1, 34, 35, 40, 41, 44, 47, 49, 50 and
51 fsiled to »roduce gas, ihers zas was produced, it was con-
fined j;zenerally to a small bubhle. irequently no ges was pro-
duced until after 3 days incubation haa elapsed,

Acid production was desidedly variable in both series.
In 1¢22, cultures 16, 27, 28, 30, 31, 32, 34, 35, 36 and 3¢
feiled to show acid. It is interestinzy to notice that the
cultures tiat failed to produce acid in 1¢22 with the excention
of 2 orgénisms produced gas in 1¢24, Yhis is Jjust one example
of how these organisms wvary.

Acid produaction, when resent, was generally slight, so
the absence of acid has no diagnostic value, even though it

were a constant wroperty of the organism affected. ‘he fact that



zas was mroduced in a number of cases where acid was not pro-
duced indicates that the sugar was attacked and thet the acid
production was masied or neutralized by ammonia or slkxalil
production from other sources,

Galactose,

1his sugar was also used in smounts of 0,1 percent
instead of the usuel 1 »ercent,

The fermentation of galactose in the 1922 series compares
very favorably with mannose., All strains wroduced gas exgept
cultures 11, 47 and 52, In 1¢24 the gas production like the
rest of the 1¢24 series, showed nuch less gas where gas was
proiuced and a large nunmber of gases where no zas was produced.
Jultures 4, 6, 11, 2¢, 40, 41, 44, 47, 50 and 52 produced no
gas.,

icid production was quite regular on this sugar in hoth
series. In 1922, cultures 8, and 16 did not show gas& production,
while in 1¢24 a1l streins produced acid,

Arabinose,

Aravinoss was used in 0,1 »ercent amounts. 1his sugar
was used in only the 1¢24 determinations, lere the 7as pro-
ductiun was decidedly variable. Streins 6, 8, 11, ¢, 14, 15,
16, 17, 18, 47 and 52 failed to produce gas, Ii this sugar
had been run in the 1¢22 series, it would probably have scted
a8 nmannose, galactose and the others, producing gas in all of

the strains,



-




4cid production was quite constant, as all strains

produced acid in awnroxinately equal amounts.
Rhamnose,

Ahamose or iso-dulcite was uased in 0.1 vercent amounts
and was used in only the 1¢{24 determminations, Yhis carbohydrate,
according to oldbers and ladley, is always fermsnted with gss
end acid. strains 5, 12, 135, 1¢-33, 37, 46 and 53 produced gzas;
however, only one set of determinations was made and these
were made in the 1924 series, at which time practically all
of the cultures were very slow in producing gas and as pre-
viougly stated, many organisms refused to produce gas at all,
althourh this prowerty was not constant,

Unly 3 strains, cultures 36, 41 and 51 showed ahsence
of acid formation. However, nonc of the strains nroduced very
rmuch acid. In every casae the acid disapreared after the third
or fourth day.

Glycerinse,
1lycerine, according to Nadley, soldberg and others,

is not attacized by Bacterium »nullorum. In hoth the 1922 and

124 series, glycerine wass fermented with acid production, Lhe
acid production nevor occurred until after the 7 days incuba-
tion, and cccesionally not until the 14th day,

In the 1922 series, all streins »Hrodused acid while 1in the

1024 gseries, strains 7, 14, 15, 17, 24, 25, 286, 20, 31, 32, 30, .4,

36, 37, 40, 41, 44 and 46 Zailed to show scid in #1 d:ys, inis

’
nizt be exnlained by the fact that the broth used in the cudar
fermentations in 1924 had & titre of »II 7, while in 1¢ 22 the

,

titre was »l 6.8.






ime glycerine broth wage sterilized in ioth cases in

the aatoclave at 15 pounds

'3
H
(¢
(¢}
o
s
]
®
()

or =C niauntes. It mcy be
possible that tha slycerine was brolen down into compounds,

-

that Sacterium pullorun is able to ferment with acid production,

-

4 study of the eilfesct of heat on jlycerine is plamied for
future studies in order to check these results., Lhe glycerine
was not distilled btefore using,

Adoni te,

Adomite was used in 0.1 mercent amounts. Lhe results
obtuined on this carbohydrate confirm previous work. o scid
or zus was nroduced in any strains,

Raflfinose.

xaffinose was also used in C.1 percent anounts. Yhis
trisaccharide was constant on all strains, producing neither
zas nor acid in 21 days incubation,

Julcite.,

u1lcite wes used i» 0.1 npercent amnounts, In the 1¢22
series, strain 33 caused slicht acid »roduction, bhut in the
1624 seriass, all strains showad negative aczid and ~ss.

Inulin.

ihis molysaccharide was used in 1 percent apounts. It
was sterilized by autoclaving at 15 pounds pressure for 20
ninutes, due %o the fsct that inulin sometiies carries re-
sistant spore formers. aAll tubes were kent at room temmersasture
for a woex to eliminate any contamination that nmi:ht develov.
In the 1¢22 series, strains 11, 13, 14, 15, 16, 17, 16, 20, 25

26, 27, 28, 20, 30, 31, 32, 33, 35, 38, 46, 47, 49, 51, 52 and

’

53 showed slizht emounts of acid. In many cases only one of the



two tubes inoculated showed acid »roduction.,

In the 1924 series no strains showed acid production,
perhaps because the titre of the broth was »I 7,0 instead of
DI 6,8 as in the 1¢22 series,

starch,

the starch broth was Hrecared in the sane manner as the
zlycerine and the inulin, using the same amount of the carbo-
hydrate.

In the 1¢(:2 series, strains 5, 24, 27, 2630,

33, 34, 35, 36, 37, 38, 40 and 41 showed slisht acid produc-
tion, In most cases, the tubes showed a slight acidity on thev
second day which disapreared in a day or so,

In the 1¢24 series, all of the strains showed negative

¢id production, which shows that this »roperty of attaciiing
starch, if such is the case, is transitory.
I:altose,

Due to the fact that lactose sacdharose and maltose are
very susceptible to heat, these broths wers rrenared by filtering
the suzar through a Berizefeld filter and adding aseptically to
stoerile broth,

fhe susceptidbility of maltose was denonstrated quite
early in thesce studies. laltose broth fermentation tubes were
orepared by sterilizing in the autoclave, These tuhes unon
inoculation showed slixtht acid and 738 production. Using the
samn3 sazar, the broth was nprepared without heating and none

of thess tuhbes showed gas or acid formation.
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Lactosa,
With lactoss, acid was »roduced in strains
6, 8 and 11 in the 1Y<2 series, In the 1¢24 series, strains 15,
51, 36, 41 and 5C showed acid, with the exception of strain 36,
only one of the tubes in each set showed acid.
saccharose,
In saccharose, strains 6, ¢, 10, 11, 12, 15, 16 and 2¢
showed acid rroduction in 1¢22, while in 1¢24 strains 6 and 36
showed acid. btrein 36 showed pronounced acid production.
Lextrin.
thes dextrin broth was prepared by sutoclaving for 20
ninutes at 15 pounds pressure. A one rercent solution was used,
In the 1¢22 series, acid vroduction was shown in strains

13, 14, 15, 15, 27, 29

, 31, 32, 35, 34

’ *

37, &8, 3¢ snd 41,

’ L]

31
’ 09,

In the 1924 series only sirain 36 showed acid,
Zylose,

Xylose was used in 0,1 percent amount and was sterilized
by autoclaving at 15 nounds prossure for 20 minutes, This
carbohydrate was used in only the 1¢24 series, l.ost of the
strains »Hroduced no change, bat strains 4, 5, 6, 12, 13, 14, 17
and 18 showed slizht acid production., Hadley, Goldberg and
others state that Xylose is always fermented with acid forma-

tion,
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D TRBFTLAR FAS PROLTSITTQ PROPEITINS OF BA3ITIRIUL PULLORULL

“he Inconsistencies of Gas Production of Zactorium
nullorum unon Fernentable Suzars,

3acteriam pullorum, as a careful study of Tables XI and

XI1I snows, does vary considerably in its fermentative properties,
‘'ne aczonmanyging table (Tabdle XIIX) is a list of the 1¢24 de-
terminations showingy those strsins trat feiled to »roduce gas,
A caraful study of this table will show that althouzh all of
thesa sutars were inoculetad at the came time, incubated at the
sarg time and all, still a strain will attack dextrose
vigorously and then refuse to attack mannose, or it will

attack ma mnose end not levalose, If an organism would at onse
staze of devaelowment attack all suzars of similar molecular
stracture and thon at another stage not attack any of these
sarie suzars the complexity of the problem would not te as great
ard an explanation mirht be advanced, On the six fermentable
suzars studied, only a few struains were constant, Strains 11
and 47 are anaerogenic types winile streins 5, 46 and 53 are
gerozenic tymwes, All of tho renainder of the 47 strains shoved
gsome variation,

Zrveriment 1, <o Leternine Wiether the liediun

For Invigoration Has any Influence on as Oriduction.
ihree media were selected for investigation, nanely,
vlain azar, liver agar and infusion agar, The cultures wers

transferred evsry day for a weak, when they were transferred
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to dextrose and nannite extract broth,

ihe fdata in Tavle XIV show that uith dextrose, the
three different invigorating media checlk in zas production,
but on mannite considersble variation is evident, althouzh
a variation occurs, still the data do not point to any one
mediun as ziving constant results. It anvmeers that invigoration,
as far as the mediun is concerned, plays no part,

onariment 2, Yo Determine the Influence of

Invizoration on as Production,

dxneriment 1 shows that inviyoration apnarently plays
no wart in deternining gas production., 7o determine the sifect
of lack of invigorstion, transplants wers mede directly to
dextrose and mannite extract broth from the stock melatin
cultures which had not veon transferred for saveral months,
The resualts obtasined (7wable V) where no invigoration was used
wers also variable; the doxtrose showed gas whers the organism
was aeroﬁenic, but in tke mannite no gas was nroduced. Further
study here would be of interest, althouazh the results ohbtained
on nmannite aftar invigoration showed variation,and the Ifact thet
variations also occurred hefore i:ivisoration wonld tTend to show
that invigoration plays no w»art in deciding gas produstion,.

Toherinent 3, Influence of Zind of Zroth on as

rroduction,

:iadley states that fronuently when an aerozenic strain
refuases to »nroduce gas in extrect broth it will nroduc2 it in
infasion broth,

At the tine of the 1¢(22 series of tests with extract
broth two s=ts of infusion brotn contai.iing dextrose and mannite

rasvectively were also run,
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DAl X1V

ihe 2elation of Gas Yroduction to the Iuvigorating lisdium

llaimite xtract Broth
strain rlsin Asar Liver Amar Infasion Agar
xas acid Gas acid 188 acid
47 - - + + - - o+ o+ - = o+ o+
41 B -« + 4 - - o+ o+ - =~ o+ o+
11 - - + o+ - - + % - - + 4
1C - - o+ B - + + B - o+ o+

vetrose zitract H3roth

47 - - o+ o+ - - 4+ o+ - = + +
41 1C 10 + + 5 10 + + 10 15 + +
11 -~ -+ o+ - -+ o+ - -+ o+
20 5 0 + + L 10 + + 15 B + +

s -

LYalli TV

L‘u

Ti:e &ffaect of lack of Invisoration ou ss Precduction

Dextrose mtract 2rcth lanaite xtract Zroth
strain zas acid Gas soid
47 - - + + - = + o+
41 5 C + C - +
11 - - + o+ - - + +

10 5 10 + o+ -~ - + 4+




ihe variatioms obtained are shown in %“eble Y 7I, Invigora-
tion used for thes: tubes was sinilar to that used for the ex-
tract broth. Lhe time between rumning the two sets of tests was
avproxinately two wesls,

the results, as shown in 71able X7I do not show any
marxed difference, It will be noted that on de:x:trose, the amount
of gas »mroduced was slichtly greater on infusion broth than o
the extrsct broth, Althouzrh strain 41 showed gas on infusion
broth and not in extract broth, still strain 52 was exactly the
on20site,

on n1a:nite, gas »roduction wag very freauently negative
oi1 infusion broth,while on extract, it was —ositive, 'ron sll
ouatward an: earances the extract broth was the better, his micht
not oe borne out in repeated studies, which should be carried
ouat,

In sumnariziny all the results obtained, it an» ears

that zas mroduction in sactorium oullorum is a variable

enaractaristic

’

and , further, it aspears that it is some inhersnt

fasctor that we know nothinz about at >rosont,



Teble XVI
Relation of Infusion 3roth znd TExtrcet Rroth in

Determining Gas Production.

Extract 3roth Infusion Broth
dextrose mannite dextrose mannite -
1 B B - - B - - -
2 5 5 B B 20 10 - -
7 50 10 - -
1 B B - - - - - -
2 5 3 10 10 5 B B B
7 20 15 5 3
1l B B - - - - - -
2 5 5 - - B - - -
7 10 10 10 -
1 B B - - - - = -
2 5 5 - - B 5 = B
7 8 10 10 - 15 15 = 15
1 3 3 B 5 - - - -
2 5 5 20 40 B B B -
7 10 15 40 50 15 15 10 5
1 B B 5 5 B - - -
2 10 5 0 <0 10 5 B B
7 30 10 20 0 25 25 10 10
1 B B - - - - - -
2 5 5 - - B B - -
7 10 10 5 5 10 15 = -




Toble VI continuede.

Extract 2roth Infusion Broth
dextrose munnite dextroce mannite
11 1 - - - - - -
2 - - - - B -
7 3 3 - - B -
1= 1 3 B B B B -
2 5 10 60 3 10 -
7 10 15 60 15 20 -
13 1 B 3 - - - -
2 3 3 3 3 B -
7 10 3 10 10 10 -
14 1 3 3 - - - -
2 5 5 10 3 5 -
7 10 10 30 20 2 -
15 1 3 B 3 - - -
2 3 3 10 10 B B -
7 10 10 20 20 10 15 -
1 3 3 - - - - -
2 10 5 15 20 3 5 -
7 286 10 20 30 15 20 -
1 3 3 - - B B -
2 10 25 3 - 10 10 -
7 20 20 10 10 30 40 -
1 B 3 - 3 - B -
2 1S 15 20 &0 5 20 -




o7b

Toble XVI continued.
Extrocet Broth Infusion 2roth
dexitrose munnite dextroce miinite
19 1 B - - - - - -
2 10 5 25 25 B 5 -
7 15 7158 20 50 20 20 -
20 1 3 B - B - - -
2 10 5 15 10 5 5 -
7 15 15 20 15 20 20 -
Z1 1 3 B - - - - -
2 3 15 3 B - 3 -
7 10 70 5 5 10 15 -
22 1 3 B - - - - -
2 3 3 - 3 3 B -
7 5 5 5 5 15 20 -
23 1 3 3 - - - - -
2 10 5 3 3 3 3 -
7 20 10 20 10 15 15 -
AR 1 - - - - - - -
2 10 3 - - 3 - -
7 10 15 5 15 20 20 -
25 1 B 3 - - - 3 -
2 3 3 - - 5 5 -
7 5 15} 5 5 20 15 -
26 1 B B - - -- - -
2 20 10 B 3 3 3 -
7 20 10 15 3 20 20 -
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T.ole VI continued,

Pxisr.ct Broth Infusion 2roth
dextroce nonnite dexitroce nmunnite

q

1
2 10 10 33 3 3 -
7 10 10 20 15 10 15 -
1 303 - - 3 - -
2 B 3 3 3 10 3 -
7 5 3 20 "0 30 15 -
1 3 3 - - - - -
2 3 3B - 2 3 3 -
7 5 5 - 3 5 5 -
1 3 - - - - - -
2 10 10 33 3 3 3
7 10 10 3 3 20 25 3
1 - - - - - - -
2 3 3 - - 3 - -
7 5 5 20 10 515 -
2 1 3 3 - - - - -
2 5 5 - - 303 -
7 10 10 E 3 18 10 -
1 3 3 - - - - -
2 3 3 3 3 - - -
7 2 3 10 15 3 3 -
1 B 3 B - - - -
2 20 10 3 5 - 3 -

50 10 30 10 15 15 -
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T.ble VI continuede.

Zxztruet 3roth Infusion 3Zroth
dextrose mnmaimite dextrose mannite
35 1 3 3 - - - - -
2 3 3 3 10 3 3 -
7 3 5 5 10 10 15 -
36 1 - - - - - - -
2 5 5 3 - 10 3 -
7 5 5 15 15 40 20 -
37 1l 3 3 - - - - -
2 3 5 3 3 3 3 -
7 5 10 20 20 30 30 -
28 1 B 3 - - - - -
2 3 5 10 B - - -
7 b 10 <0 10 10 15 -
3 1 3 3 - - - - -
2 3 5 - - 3 B -
7 3 10 30 30 10 15 ol
40 1 B 3 - - 3 - -
2 10 10 3 3 10 5 -
7 15 10 10 10 40 40 -
41 1 - - - - - - -
2 - - - - 3 3 -
7 - - - - 50 20 -
42 1 - - - - - - -
2 - - - - 10 15 -
7 20 3 40 40 350 20 -
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Teble Y¥FI continuecde.

Zxtreet Broth Infucion Zroth

dextrose mnmonnite dextroce mnmonnite
46 1 3 3 - 3 3 - -
2 3 3 15 40 3 - -
7 5 5 20 60 B - -
48 1 3 B 3 B - - -
2 15 15 30 20 10 5 -
7 25 25 50 30 20 20 -
49 1 3 3 - - - - -
2 10 10 3 B B B -
7 10 15 20 20 10 1C -
50 1 3 B - - - - -
2 5 3 15 .5 B 3 -
7 15 10 20 10 15 10 -
51 1 - 3 - - - - --
2 3 B - - B B 3
7 10 5 10 15 15 15 3
b2 1 3 - - - - - -
2 B 3 - - - - -
7 3 3 3 - - - -
53 1 3 3 - - B - -
2 15 10 - - 10 3 =
7 15 10 3 3 30 20 =
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In 1€22 at the time of the first susmsr formentation
stadies, antizens of the 47 strains stndied wers nreparcd.
Yhese w:re »nrevarcd by washing the growth from a 48 hour livar

D)

slant 2nltuars with ~hysiolo tical salt solution wrkich had

«

23ar
C.5 nercent ~henol added as a ~reservative, Lhesa antizenc
ware then standardized to a nephelonster reading of 1. A

strong agslutinating Xactarin »ullorun serun was sslected

and run egainst the 47 antigens separstely, using dilutions
of 1-H0, 1-1C0 and 1-200., Readin;s werc nede in 24 hours.

The rasalts obtained are :iven in Ysbhle ZLTII.
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inesa tests zv 3hown by *the tahlz indicate a
variation in the azzlutinating mower. Both strains 11 and 47
settled out in the control tubes snd nade it nearly im-ossible
to deternine whether any as=zolatination occurred. Jongcidersbvle
variation was also evidoent in those cultures showing azzglati-
nation, Yhe variation was o pronounced that crocs-a~rxylutination
stadies ware made.

“'he antizens were »nremnered ac belfore and birds were
imnanized to cultures 4, 5, 5, 7, &, ¢, 10, 12, 135, 41 and 50
resmectivaly, two bpirds beinzy used for each culture. Cnly one
injection wes nade, usiny 1 c.c, O0f o 24 hour suspension in
nhsiolorical salt solution.

‘e method of settiny u» the tect was g3 followc:

o dilutions wers used. Linety-7Tive hundredths of a cubic

centineter was nipetted into the first tube and five-tenths

of a cubic centineter into the other nire tubes, Tive hundredtns

3eCe O0Ff undiluted serum was added to the first tube, maxing

the total one c.c, and siving 1-20 cilution, ,ifter chaking,

0.5 c.c, 0Of this 1-20 dilution was transferred to tube 2, sivinzg

a 1-40 dilution, Usinz the gcamne pipette, 0.5 c.ce was trens-

forred from tube 2 to tube 3 and so on, rtiving cilutions of

1-80, 1-160, 1-320, 1-640, 1-1280, 1-256C, 1-5120 snd 1-1Cz40.
he 0,5 c,c. amounts ner tube were used,as the quantity

of sarum available pgs 1inited. “his amount of antizen allowed

a naxinun nanmber of dilutions to ©e used. 3Beforec adopting this

amount, exmeriments were carried on to deternine the mzcurscy






as compared with 1 c,c, and 2 c.0, portions, lio difference
existed provided small diameter wassernan tubes were used,

'he tubes were incubated at 37° ., for 48 hours hefore
readi.nz,

‘he cata obtained are 7iven in the accompanying
graphs, (s, )

42 also shown in the accoupanying graphs, all the
antizens were active against all the sera except cultures

11 and 47. “hese two cultures are, ac:ordingy to Yadley and

Rettger, 3acteriam nullorum 3Beta., xlthoush these wers the

only two Eeta tyne orzanisms used, and althousth their antigenic
Dower is aprarently low, still the data are insuZficient to
state that the 3eta type will not agzlutinate Alpha type saun.
Tre gravh of culture 1l serum shows very poor agglu-
tination promerties on all antigens., It was hishest against

its own antisen, and hers it was wmositive in only the high

dilutions,
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SULZL. Y.

Cf the 47 strucins studied, two distinet types were Jound
winich differ in their gas producing nowers. One cstrain
attoclis dextrose nd munmnite with gas end scid formution, while
the 6ther produces wcid «nd no guse Thece results confirm
tie work of Retiper wrd Hudleyve

Crosc agclutinztion of strains fuiled to show any narked
differences with the excepltion of strcias ilfose 11 wnd 47, which
vere anucrogenic strains, Becuuce of the fact thut only two
struins ol the urnuero~enic trpe were studied, the above results
obtuined in the cross-zo~lutinution tests are insafficient for
drawing wiy conclucsionse.

Tr.e morphology of tre Bucte. pullorum chuncged considerably

vien grown on liver eoor medium,

Geg production on trhe fermentuble suturs veried concider-
ublye Iimmeriments curried out to dete-mine the ccuse of this
verietion fuiled to show eny results,.

Letion on the non-feraentuble sugers with few exceptions
vies quite constuinte

Biochemical tesis were also cuite constont with the
exception of the Lydrogen sulpride test.

Pezetion on litmus milk varied considerweble with some
stazinse liost struins, however, were cuitc constinte

ITo perticwlar strein avpecred to be varicble at &1l times.
Practicully all of the struins seemed to vaery &t one time or

another,
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