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STUDIZS O DACILLAXY VWHITE DIARIEIEA

0F THEZ DCLISTIC RCGIL.
Introduetion.

Domestie fowls of all types have up to the present
received but compaeratively scant notice from the scientifiec
world. The embryologist, it is true, has had recourse to
the eég for olass-room work, for which purpose it is, indeed,
by its abundance and cheapness well adapted. But these very
gqualities that recoruiend it to the embryoloéist have been
largely responsible for the meagre attention bestowed by men
in other branches of science on the egg and the hen thet pro-
duces ite. An individuel fowl, except in rare cases, is worth
but 1ittie, and the average faruer pays smell attention to its
loss. Hence, until the advent of the com:ierecial poultry plant,
the domestic fowl occupied a position in the economie world in
no wey comparable in iﬁportance with that occupied by such
animels as the horse, cow, or pige. ILacking thus in striect
noney value, the domestic fowl haé been studied more or less in
a purely scientifio spirit. Treatises on its anatomy and
physiology are rare, and tﬁe treatment of its diseases is largely
erpirical. Of late yeers, however, the great expansion of the
poultry iﬁdustry nes drawn attention rather foreibly to poultry
diseaces, and stimuleted investigation in veterinary and bacteri-
oclogical circles.

VWhile 61& diseaces such g&s tuberculosis and roup must
be fought by {the poultrymen, others of later origin rmust be con-

tended with &s well. One of the most recent and cestruetive






of these is becillery white diarrhea, It is not too much to
say thet this disease is appreciably'crippling the poultry in-
dustry in not a few parts of the Unitec States. ot only is
the yearly money loss in young chicks greeat, bﬁt the destruction
of so meny well-bred birds hinders the development of strains
desirable for utility or show purposes.,

Considerable investigations ﬂave been carried on con-
cerning bacillary white diarrhea, but there is room not only for
work on some hitherto untouched phases of the disease, but salso
on corroboration of results aslready published. It has, there-
fore, been deemed wise to cover some ground mdre or less thorough-
1y gone over already, and to conduct newer experiments as oppor-

tunity offered.
Historical Resumé,

In 1900, as & result of high mortality from an unknown
diseese among very young chicks in certein Eestern sections,
Rettger (1) started investigations and isolated an organism with
which heywas able to produce the dicecse by artificial inocula-
tion. Studies on further outbresks in succeeding years con-
firméd his earlier observations, viz.--- that the septicemia is
due to a specifie bacterium, usually affects chicks under four
days o0ld, causing drooping, a whitish discharge from the vent,
loss of eppetite, failure to grow, with death as & rule quickly \
supervening; sutopsy showing the liver with congested patches or

congested throughout; erop, lungs, kidney, and spleen apperently

normal, unabsorbed yolk usually presenting sbnormsl color or






- consistency. Irom chicks dying of the disecese it is usually
eesy to isoiate the casual orgenism, nered by Rettger (2), in
1907, Bactérium pullorums. A valusble contribution to the sub-
jeet wes nmede shortly aféer by 2ettger and Stoneburn (3) who es-
tablished the fact that mature hens harbor the orgsnism and lay
infected eggs, the chiceks from wnich, if they survive, in turn
become.carriers oI the diseaqe.

Working 1nuependently of these two investigetors,

Jones (4).corroborated some of their work. IZesults arrived at
by Gage (5) about the scme time were 2l1so corroborative in nature.

In 1912, Rettger (6) secured some encouraging results
in the use of sour rilk in lesrenin; the mortelity among young
chicks exposed to infection.

With the knowledgé that the nuoleus of tlie diseese lies
in the ovaries of infected hiens thet =re to all ajpecrance nornal,
investizetors neturally sought to perfect & metinod of detecting
such cerriers. ettgcer (6) experimentcd with the egg test, as
elso did Gage‘(7), but the results were not sratifying.  Neither
was the agglutinetion test, first tried by Rettger (8), immediate-
1y successful. It was, however, later perfected by Jones (9).
The value of the test has been well demonstrated, large numbers
of hens reacting to the tests of various investigators having
been found to exhibit typicel ovarian symptoms of the disease on
post-mortenm examination.

It is unfortuﬁate, but understandable enough, that
prectical poultrymen have failed to distinguish between bacillary
white diarrlea, and more or less fatel ailments sirulating, it is

true, bacillery white diarrhea, but usually originatirg in im-



proper feeding. Serious losses among young chicks through
errors in feeding heve ceused riany poultrymen to ascribe bacillary
white diarrhea &as the cause, &nd to suspect Lealthy birds as
caronic cerriers of the disease. Such nmistskes l.ave hindered
the gathering of reliable data dn the extent of the disease.
lloreover, suoh misconceptions are not confined to the ordinéry
poultryman alone. For exanple, when Lorse (10) ascribed Coccidium
tenellum as the éause of a diarrhetic outbreak which he investi-
geted, it was sssumed by Herzog (11) that this outbreak was ident-
ical with those epidemics studied by lettger. Since liorse af-
firmed thet the disease he investigated attacks chicks from two
to five weeks in age, the two outbresks clearly must have been
different in character. The term "bacillery white diarrhea"”
which has come to be régarded by bacteriologists and veterinarians
as the result of Bact. pullorum infection and nothing else, 1is
accepted by others as‘covering a wide range of intestinal troubles,
and its simplicity is more than counterbslenced by its lack of
specifie meaning.

The diéease in the course of sone fifteen years has
made itself felt in probably every State (12), and has been ob-
served in irported birds as well (13).

Liorphology and Cultural Cheracteristices
of Bacte, pullorum.

Six different streins were =ztudied. The following
eprlies to all:-
Size: 1/2 microm by 2 1/2 microns on averege.

’

lLiotility: o true motility, but Brownisn movement pronounced.






Air Requirements: IXecultative anaerobe,

Stains: Recdily stesined by usuel methods. Gram negsative.
ot acid facst,

Spores: llo spores have ever been observed,

Growth: Agar Slent,- most vicorous at 37°-"38°C. Delicate,
shining, never spreading fer from peth of inoculatidn; will grow
atout equally well on ordinery liver or glycerin egar; sgar be-
inning to dry out favored. On eggasr pletes colonles very deli-
cate, round, trenslucent, sometines difficult to detect,

Gelatin Stab: Io liquefection; slight granuler
srowth elong inoculstion line.
Broth: IEven turbidity in 24 hours. Sediment on
longer incubetion.
Egg mediun (Lubenan's -14-) Rather scent to mediun
growth.,
| Indol procduction: Ilone in Dunhem's peptone solution,

IHtrates: liot re.uced in nitrate peptone solution.

Fermentineg power in suger broths: The streins showed some
P o)

slight differences, as indicated in the tebles.

Dextrose Broth.

Strain. Gas in closed arm. Retio of coz to other gases.

Al Trace. Iot tested,
i ] : i :
C Trace. ot tested,
W1sY 105 | 1:2.3
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llsltose Broth.

Strein. Gas in closed arm. Ratio of COp, to other gases.

Al - -
A3 - -
C - -
W1bY - -
R5Y - -

Ssccharose Broth.

Strain. Gas in closed arm, Ratlo of COp to other gases.,

Al Trace. Ibt testecd.
A3 . -
c - -
W15Y - -
R15Y - -

Lactose Broth.

Strein. Gas in closed arm. Ratio of COp to other gases.

N 15% : 1:2.7
i ) K
c 10% 1:3.0
W15Y - -

5Y Trace. Iot tested.






Deternination of Thermsl Death Point

of Bact. pullorum.

To determine the thermal deeth point of Bact. pulloruu,
pleces of gless tubing were drewn out into cepilleries about
10 in. to 12 in, in length. Bach cepillery was flemed in the
middlé until it'separated,‘and tien flered where it merged into
the tube from which it wes drewn. Thus, two cepillery tubes
were secured from one drewing, each about six inches long, with
& bulging end end both ends sealed.‘ The organisms to be tested
were in 24 hour broth culture. The method of filling the cap-
illaries wes to brealr oif the'tip with a heated file, flame two
or three ftimes, znd insert the tip in the broth culture after
heatin. the bulging end slightly. The ejr contrecting as it
cooled in thc thick end resulted'in sorze of the broth culture
being forced into the capillary. Zvery effort vies 1ade to
secure ccpilleries of the came size end to drew the same volume
of broth culture into each -- viz, 1 1/2 in., Each tube was
taken from the broth culture befofe the heafed air in the thick
end heald rceched its limit of contraction, so tiat the lower end
of the colunn of br;?i culture eventuslly stood at lesst 1/2 in.
from the end oi the tube, The tip wes then seeled by flaming |
ané the tube laid in a wéter bath at the desired temperature,
the flame having been cerefully rcgulated to maintain thet
tewperature, it tie end of ten rimutes the tube was gquickly
withdrewn aﬁd immersed in cold 1:1000 HgClp for three uinutes.
Handling with flemed forceps, it was then washed in sterile dis-
tilled weter and inmersed in 955 alcohol for sbout ten seconds.,

On withdérewel from the alcohol it dried cuickly. The tip was






-8

then broken witi: & fleiied file on sterilized filter paper and
the contents forccd into a tube of broti by heating the bulging
end., The broth was then incubated at 37°C. and resd at the
end‘of 48 hourse.

The first tube wes heeted at 40°C, for 10 mns., the
second at 42°C. for the seme time, and the remeining tubes
were heated in like :.anner, each one tvo degrees &cbove the
rreceding. There were 16 tubes in 2l1l, the hishest terperature
employed ﬁeing 70°C.,  See table.

Two thermémeters viere ﬁsed in {he woter both end the
t

teuperature wce not allowcd to very norc than a fraction of

one degrece Jenti_ rede, while a tube wes bein: nhected.
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Therrial Seath roints of IZect. pulloruw,

Streins W15 end C.

Growth in plain bouillon.

Tenpe Tinie.

' Wlb C
40° G, 10 uns. + +
42°"‘ no + +
a4°m " + +
46° " " + +
48" " " + +
50° ™ " + +
Eg°m " + +
54° ™ " + +
56° " n + +
5g8° " " - +
60°" " - -
62" " " - -
64" " " - -
66" ™ " - +*
68° ™ " _

7 0° " n - -

*The charecteristics of the growth in this tube in-
dicated contaminetion, whieh was iroved by r.icroscopic exam-

ination and the sgglutination test,.
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The slignt Gifference in the resistance of the two
strains cennot satisfactorily be expleined. Ager slants were
mede from the lest tubes of the two strainé showing growth
and the g;glutination test run to meke sure thet the "end point"
hed not been obscured by some contamineting orgenism, Both
growtiis proved to be pure cultures of Bect. pullorum. It is
possible that the findings would have been reversed had another
test been run, or thet the inherent resistance of the C strain

to heat is sli htly greater then thaet of the W15 strain.

itesistence of Bact. pullorum to Some

Commion vPisinfectants,

In view of the fact that the guestion es to what con-
stitutes the best disinfectant for use in incubators and coops
harboring Bzct. pullorum freguently is esked, and also because
no comparative tests of verious disinfectants appear to have
been made it was considerec well worth while to run the follow-
ing experiment:

1/10 CeCe 0Ff & vigorous broth culture of Beet, pullorum
24 hrs. old wes ﬁuf into 5 c.c. of disinfectant and nixed well.,
At thevend of 30 seconds a looﬁful wes removed and rut into
b c¢ece of plain broth. At the end of one mimute another loopful
was.rémoved and placed in & second tube of broth. This wes re-
peated at 1/2 minute intervals for six minutes. The tubes of
broth were then incubatcd at 57 C. for 48 hours cnd examined
for growth. |

The contents of @ll tubes were evenly mixed by gentle

sheking &nd the usual precautions were taken to avoid contamine-
tion. See table for results.






| Time in minutes.

Disinfectant
1/2;111 1/2{2l2 1/2[3 3 1/2]4 |k 1/ 656 1/d 6
|
1:1000 Bgllp. |- I=| - l=| =l-| || <-|-] -I-
5% Fhenol. - ;- I R I R I I
1% Fhenol. + . * |+ + + |+ +| - - -
2% Liquorlcresolis - |- S - = -] - -] - -l -

conpositos. .

’

The experiment indicates that Bact. pullorum yields
readily enough to some cormon disinfectants ﬁhen used in the
dilutions generally recommended, and the disinfection of coops
and incubators, as far as Bsct. pullorum is concerned, should

not rrove & serious undertaking.

The Iongevity of Bact. pullorum
on Iitter. -

Three flasks of 250 c.c. capecity were filled about
one quarter full with a mixture,of equel parts of clover hey and
wheat straw. The rzeterial wss cut inte lengths of approximetely
1 em. to fecilitete removal of seamples. The flasks were heated
in fiowing steam for one hour on four consecutive deys, at the
end of which time sawrples were cercfully removed end added to
tubes of plain broth. b growth resulf‘égat the cnd of 72 hours
incubation at 37°C.;’the raterial was considered sterile.

Two 48 hr. asgar slant cultures of Bact. pullorum were
washed off with sterile physiologicel salt solution, the suspen-

sion -- gbout 8 c.cs in amount -- divided ecually vetween two

flasks and thoroughly mixed with the litter. The third flask,






or control, received 4 c.c. of sterile physiological salt solution.
The flesks were kept in fhe leboratory end received diffused light
during; the day, but no direct sunli ht. Seriples were removed
once & week and placed in bouillon, thé resulting growths being
exemined in henging drop and furnishing materisl for inoculation
of g.ar slants. Growth on g_&ar was cerefully exsmined, and from
time to time suspensions in yphysiological sslt solution were rnade
end goglutination tests run with positive sersa.

At the time of teking sesrples, ebout 2 s.c., of sterile
distilled water were added to each flask. |

See table for resultse.






Broth Culture, end Azer Streck TI

rerefrom.

Date Hlesk 1. Flesk 2. rlask 3,
: : (Control)
Oct., 14, 1916 Characteristie of | Charecteristic of | Ib growth
- Bact. pullorum Bact. pullorum

1" 21 " ' " ‘ " n

n 9g m n " "
ove 4 7 " " "

n ' 11 n" " " n

n 19 m " n n

n 96 o n n n
Dec., 2 " " " g?ngi%%?ig

n o g n n No qnowH

n 1 M " " n

n oz m n n n
Jan. 4, "17 " " "

" ' 11 " " " "

n 1 ® n n n

n o5 M " n n
Febe 1 " " " "

" ' 8 n n n L

" 1% " o growth " "

mn po m " " "
liere 1 " " o growth "

" g " " Contaninated "
Apr. 10 " " b growth "

T " " "

o1 " Conteninated Conteminated "




Agglutinaetion Test.

Flask 1. Flask 2.

50 1:100 1:2C0 1:50 1:100 1:200

+ + + + + +
Ibot nmun.
1" "

+ + + + + +
ot nun.

¢ + + + + +
Ilot nun.
" n ‘

¢ + + + + +
ot run.

¢ + + + + +
Ibt nun.

b + + + + +
ot mun.

k <+ + + + +
ot nyun.

3 + + + + +
lot run.

+ + +
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In the l:st inoculsation, sterile btroth vas poured
into the flesks in suificient quantity to cover the litter.

48 the detes show, the e:reriment wecs interrupted
for fully a ronth et the eand, but the revults probebly were
not eflected, since Bect. pullorwm hed not been isolated in
the weeks inmmedistely préceding. Period of uniform isola-
tion » 16 weeks. |

The résults indicete that Bect, pullorum would per-
sist for a considerable time on contaminéted litter end em-
phesize the importence of thorough cleaning end disinfecting
of coops &nd incubetors that heve lLerbored chiickens suffering
from white diarriec. Low the lon_evity of the organism would
be effected by 1essbartificial conGitions -- e.g. by the
presence of ler_e runbers of other icroorgenisrs -- is problen-
eticel. Iuperimente to detcrmine this point would be valuable,
but tlie obescuring ol tie delicete _rowth of Eact. pullorum by
other orgenisms on g er would inecke ite cetection daifficult,

'
The 4. lutination Test &c a lieans of Letection

of Cerriers of Bect. pullorun.

Securing blood sarmple: The follewin  rethod hes been
found convenient for dreawing a sarple of chicken blood.-- Tie
the legs cf the bird together end ley the fowl on a box or table
of convenient hei_ht, on the right side, the head being next the
operetor, Lift the left wing end strip the feetihiers from the
under side. licisten the skin with 5 phencl end locete the

vene ulneris neer the joint of the wing tip. vWith a very sierp
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knife, at one cut il wossible, slit tle vena ulnaeris longitudinal-
1y for sbout 1/8 inch. This will ordinarily .ive a suitable
arncunt of tlood -- viz. ebout 4 o.c. The wound is then moistened
with phenol and the blrd given 1ts freedom. If the flow is voor,
lay the bird on the other side and tep the right wing vein.
Occesionel e:icecsive bleeding should be checxed with a pledget

of absorbent cotton. - The blood should be collected in a sterile
centrifuge tube cleérly rnarked with the number of the bird, the
clot broken with a sterile plaetinum needle esnd the tube set
overnight in the ice-box to allow the cerum to separate out.
Centrifuging is not ebsolutely necessary unless it is desired to
test inmediately.

Sampleé drawn in this manner cause the bird no perna-
nent harm, whatsoever. The wound heals very rapidly end the
feethers are cuickly rcstored.

Preperation of test'fluid: Acer slants were heavily
inoculuted with strains of Bect. pullorum suiteble for the test.
The slants were incubated for 24 - 48 hours at 37" - 38 C, and
the growths weshed off in sterile £5% salt solution. The fluid
was then filtered through sterile cotton to reizove clumps, and
sterile .85% salt solution was added until a distinct but not
excessive turbidity resulted. (A turbidaity corresponding to
that in tube 2 of LcFerlane's (15) nephelometer is suiteble.)
Enough phenol wes then sdded to mzke 5%, snd the fluid well
shaken. It wes then stored in brown bottles in the ice-box
and woﬁld remein usable for a considereble length of tine,

The Test: The serum wes diluted with the test fluid

to 1:50, 1:100 and 1:200. A dilution of 1:20 wes at first used
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as a base, but this wes leter sbendoned end a suitaeble amount of
serum added with a capillary pipette directly to the test fluid,
Three tubes of about 5 c.c. capacity, conteininz 2 c,c, 0f the
test fluid eeach, and correétly nurbered, were placed hérizontally
in a step rack. To the firet tube was added 4 c.c. of cerum,

to the second.2 CeCe, and to the third.,d c.c. The tubes were
then sheken end incubated at 37°for 24 hours. A positive test
is markcc by the orgenisms fleking together énd gettling down
towerds the bottom so thet the supernatent licuid looks more or
lecs clear. The recction is often observeble in 4 hours. It

is well to run & contrecl of 2 c.ce 0f test fluid rinus serum

end another of tubes to which known positive cerum has been

™

.C.ded.

Comparison of Strains for Agglutinebility.

(5

This experiment wes concucted with a view to deterwine
the best strein, or conbination of streins, for the agglutination
teste. The test {luids viere prepare. es glready outlined, the
polyfalent fluid bein_ a vixture of ecuel portions of the others,

assembled before shaking.
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Teble I.
Dilution.
Test rluid. Serum. S | 1 :
. . i i i i
o/ 88 .8 8/8 8 g ¢
R D N R ¥ @ 9 @
Al A A A A A A ]
i
Al Positive WeAeCeB5 | % | + | + | + | + | +| + | + | =+
A3 " * | +*  + ! + | +| | P} -] =
W15 " |+ 4| F |+ +| |+
5 " * |+ |+ |+ | +| *+| P} =] =
c " N T T B I TR I R B
Polyvalent " L REE SRR N BT SRR N N R
Table 2.
Dilution.,
R i
Test Fluid, Serum. . i
: 4 ol 2181818 8 8 8
Q| Ol A 9| 0| ¥ ©; ©
S e B I B B B R B .
Hl A A | A A+ ri! —
B
Al Positive 55 + |+ |+ |+ +] P] -1 =
Vlls '-' P - - - - - - -
Rl5 " - Lad - - - - - -
C w + |+ |+ | P| =] =] = =
Polyvalent " LN B I B B SR I P

P = Partial ezglutination.

’



i




In tebles & end 4 the same anti_ en wee used as in tzbles

1l cnd 2, the positive serum bein from cnother bird,

Teble 3.
; Dilution,
Test Fluide | Serume i x T
;o . | ' o &) ol o 8! 8 o
» ol o o: O! O ol o
5 L B I Y S L - 2 B S
' I o~ ~ —~ f ~ —~ — ~
; .‘r |
Al f Positive 356 !+ [ &« | # | *+ | 4 . *+ |+ | +| +
A3 , " PO O R O I T U AP B
W15 § " ST 2 A S A I T A N
b " A N S N R
c " A R
Polyvelent " LR S N A
I
Table 4.
i
| Dilution.
g T
Test Fluid. ; Serum. ololol ol ol o] ol o
Co , (@] Q o o (@] o [&] (@] o
i o o — N 9] < Q 0O B~
- S5 v e v o o B v Lo B
{ e e e R e e e
I
A ' Positive 35 |+ |+ | P | = | -] - | =] =] =
Az l; n - - - - -— - - - -
|
W15 | " PR O O U R R R
L5 | n S T U A I R N B
|
|
C " |+ |+ | ¥+ |+ *+ $| P| =
- |
Polyvalent " + i + | + |+ |+ |+ |+ 2| P




.




The test indiczted thet any one of the strains was suit-

able Ior diegnostic work, since all peve sctisfsctory egglutine-
tions beyond the 1:200 dilution. It is interesting to note thet
the polyvalent fluid was agglutinated in dilutions higher than
those in which the individual strains of which it was composed
were agglutinated. The seening greeter petency of one serum
over another for é perticular test fluid is also noteworthy.
This 1is well brought out by & comparison of the agglutinatidns
of test fluids W15 and Al. W15, with serum 35 in 1:1300 dilu-
tion, geave & positive aggiutination; with serum 55, a positive
result in a serum dilution of 1:900 only. Al, with serum 35
in 1:1000 dilution, gave a positive resuit; with serum 55
agglutination took place in as high & dilution as 1:1200,

In the routine work of testing the College floék, a

polyvalent test fluid was invariably errloyed.

Specificity of the Resction.

Since Bect. pullorum has been placed in the colon-
typhi group, it was éonsiderea wvorth while to determine whether
test fluids of the colon or typhoid bacilli would exhibit agglu-
tination with known positive serum -- i.e, serum containing
antibodies for Bect. pullorum. The diiufions used and results

cttained are shown in the tables.
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Table I.

(Serum = positive 55)

T Test Fluid,

Dilution. | :
| ; Bact. pullorum. B typhosus. ; B, coli.
1160 + - -
1:100 + : - | -
1:200 + : - -
1:3C0 + - -
1:4CC + - -
1:50C + - -
Table 2.

(Serum = positive 35)

| Test Fluid.
Dilution. , -

' i Bact. pullorum. ; B, typhosus., i B. coli,

1:50 i + - , _
1:100 + ; - I -
1:200 | + g - | -
1:3CC | + g - | -
1:400 N | - -
1:500 + é - -

In zddition, a test was run in the sace ailutions with a
serum containing no antibodies for Bact. pullorum by the & glutins
tion test. In 211 dilutions, the resdings were negative for both

B, typhosus e&nd B. coli.
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The tests incdicate thiet there is no "group" agglutina-

tion &nd that the e;glutination test, ac used for the detection

I
[
<

of cerriers of Bect., pullorum, is specific.

The Application of the Agglutination Test,

Some 300 riature birds of the College flock and of
verious breeds were tested. It wes cesired to find out as fer
s possible how clocely poft-mortem exerinations of tested
birds checled with the findinge cf the sgzlutination test, to

get some idea of the yercentage of rcacting birds on a well-

]

kept plent in this 7

articular section, and to Zetermine the

f.

convenience of the tecst when run on & somevhat lerge scale with
all leboratory facilities.

From 6 to 18 pefcent of the birds tested gave positive
reactions. The percentage of reactors was lowect among the
heavier bfeeds, such as Wyandotts and Orphingtons, and highest
erions the Leghorns. vhether these rcsults indicate that the
Leghorn breed, by feason of its actively functioning ovaries,
is more prone to carry Bect. pullorum than breeds that are less
percistent leyers, or Whethér the disparity is explainable on
other grounds, is not known. It is worth stating trat of 55
birds of the Leghorn breed éomprising a well-kept privste flock,
7 birds only, or ebout 12%, reccted to the test.  Some male
birds gave partisl reections, thus raising the Question whether
male birds cen becorie carriers and, in turn, infect fencles.

It is a neatter for regret thet reccting birds were not
segregated, wintered over and their ergs incubated. Sorie inter-

estin: end valuable deata could thus hove been cecured. The



College flock, whilc not kept for commercial curposes, neverthe-
lesg could not be utilized even in greater pert for experimenta-
tion on becillary white diarrhea alone. The majority of the
reccting birds were sold for the teble and it was impossible to
et complete Geta on the percentege of infected ovaries,

Cne hetch of some 200 ey s from infectcd hens‘yielded
only 207 of chicks thet grew to maturity, many chicks dying in
the chell towards the cloce of the incubation period, This ex-
periment wes neither run nor supervised by the writef.

This yeer, 1917, the mortelity emong; young &hicks from
bacillery white dierrhea has never assuned serious proportions,
The menegerent of the young chicits Las been on e par with that
of previous yeers =znd in all probebility the weeding out of
cerriers in the rell of 1916 hes neterially lecsened the loss

erong newly hatci:ed birds from baeillary white diarrhes,

The Complement Xixetion Test in Disgnosis

of Bacte. pullorum infection,

The epplicebility of the complement fixation test to
the detection of carriers of Bect., pullorum is considered not
only of scientific interecst, but it wes realized that the test,
if relieble, wi it prove vecry useful in cleering up doubtful

reactions by the & ;lutination test.

’

Ireperation of the meagents:-

Antigen (1st wethod):  igar slants were inoculated
end the growths wached off exactly as described in the prepeara-

tion of test fluid for the e glutinetion test, except that the



turbidity of the suspencsion was adjustecd to thet of tube 4 in
MacFarlaﬁe's (15) nephelometer.

* Hemélysin: 2 c.c. of weched sheep's blood corpuscles
were injected into the rcrilnal ear-vein of a healthy rabbit
four times on ealternete deys A week gfter the last injection
the animal was fastened back down on an &nimel boerd, the fur
over the heart clippec short, the skin moistened with 5% phenol,
the heart located, =2nd a medium-sized needle thet hed been im-
nersed in +55% phenol end flushed with sterile physiological salt
solution jést vreviously, inserted between the ribs, through the
cerdiac noteh snd into the left ventricle, About 30 e, c. of
blood were drawn off, the needle withdrawﬁ, the visible punctule
phenolized and the e&nimel given its freedom. The blood clot
wes then broken up end allowed to stend for 24 hrs, in the ice-
box. At the end of this time the serum was poured off, heated
to 56°C. for 1/2 hr., to destroy complenent, enovzh phenol added
to make'.5%, and thé hemolysin stored on ice until needed. In
the test, 1/2 cece of the norral hemolysin wee sdled to 49 1/2
c.o. of physiologlcal salt solution, thus ;iving a 1% dilution.

Blood cells (sheep). These were secured by tapping
the Jjuguler vein of e healthy‘sheep with & rmedium-sized needle,
after c¢lipping the wool close, end moistening the skin with
phenol. About 60 c.c. of blood were drswn &t & time, The

blood wes collected in a8 stout flask conteining sterlle beads

and sheken until deflbrlnateu. It was then poured into centri
fuge tubes end centriiuged U;artly ior 1D uns. ine serum vias
then drewn off, physiologicel selt solution added to about the

height occupied by the serum end the tubes, =fter sheking egcin



centrifuged for 15 mns. The selt solution was then pipetted

off and & fresh quantiéy added. This process wes repeated three
times, the salt solution being'pipetted off the last time end the
cells stored in the ice-box in & securely stoppered bottle. The
addition of a preservative was found to be unnecessary if éhe
cells were gll to be usec within 10 deys. In tkhe test, 2 c.c.
of blood cells were added to 98 c.cs 0f prhysiological salt sdlu-
tion, thus ~iving & 25 dilution, which rede the test somewhat
mnore eesily reed then when a 1% dilution wes used, end introduced
no undesirable factors.,

Complement, | The guinea pig wes used as the source of
complerient and yielded so uniform a product thet no experiments
were tried with other aninels. The method of drawing blood was
identical with that described for the rebbit, except that e
srialler needle was tcsed, The blood =- agbout 10 c,c. in quentity -
was collected in a centfifuge tube, the clot looseﬁed with a
sterile platinum needle and the tube centrifrged for about 10
mnse The servm was then pipetted off, diluted to 20% with
phyéiological salt solution end used at once. Complement kept
over night wes found to Lave lost riuch of ité potency.

Positive serum. The method of dréwing blodd and
preparing cerum for thre éomplement fixation test was the same as
for the azglutination test already deccribed,

Suspect and negetive serum, vien uéed, were prepcred

in the scre nenner os positive serum,






Corplement Titration.

Tubes,
feagentse. ‘ .
1 2 3 4 5 .6 |7
P [CeCel CiCe [ Ce0s  GaC. C.C. Tc.c.?*c.c.
+857% IBCl solution 1e5 1 165 {145 1.5 1145 ,145 | 1,5
2075 Complement 02 LG4 | W06 .08 ! 1.0 0.0 | 1.0
lfé Hem()lySin «1C .10 «1C (5 .10 .10 | «10 ! 0.0
2,5 Blood cells «50! 50| .50 | 450 50 ' 501 ,50
Readings after 1/2 hr.| - " N + + - -
in 37°water bath.
+ 3 hemolysis. - 2 no hemolysis.,

The titre of the complement was therefore .04, and this
reagent was diluted so that .1 c.c. contained 1 1/2 times the titre -

i.e. 4 c.c. of physiologicel salt solution were added to every

6 CeCo of corplement.

Yenolysin Titration.

i Tubes.
reagents. i
1 2 3 4 5 6 7 | 8
. ?C.C. CeCe CeCo CeCo CeCo C.Co C,Ce Ce.C
.657% IbCl solution D51 1eb |1¢5- |16 | 165 {15 [ 1.5 | 1.5
v ’ N ' N . .
207 Conplement .10 10 «10 10 .10 10 J01 C.C
1,5 Hemolysin 01| 021 4C4 | 4C6] 08 |1.0 | CeO | 1.0
2,5 Blood cells 50| W50 | 450 | 450! .50 ! .50| .50| .G
ReaGince olfter 1/2 hre | - * + + + + - -
in 37° water betih.

+ = hewolysis,. - = no hemolysis,






The titre ¢f the henolysin wves

ree_ent vie

s diluted so that

’

tlherefore .C2,

end this

el CeCe cOonteined 3 times tle titre.

Thus, 4 c. c. of physiological calt bolutlon were saced to every

6 c.0. OFf neLolJ81n.

Antigen Titretion. No. I.
Tubes.,

Heegents. .

1 |2 l 5 |4 |5 |6 |7 |8 |9 |10]11

C.OO CeCe|{CeCo COCO 0000 CeCe{CeCe|CeBelCeCe|CeBy|/CeCe
Selt solu- ' : S - S B
tion. 1. 5 1.5 :105 1.5 |1. 5 1eb [1eb [1eD 1165 [14D5 |18
Positive E
Serunle. 002 «02 002 «02 .02 002 «02 0.0 0.C 0.0 002
Antigen. .02 <05 .08 «10 15 «20 «25 15 20 «251 0,0
Adjusted
complement. 0.1 C.1 0.l Oel 0.1 Oel 0.1 {C.l 0.1 [0.1 C.l

Incubeatec 1 1/2 brs, in 37°C, water bath, then Hemolytic
Systen sdded --

Tubes.
Resgents, :
, [ i

1 2 3 4 5 6 7 8 9 10 | 11

CeCe|CeCe[BeCo [0eCo |0eCo|CeCo|CeCoe|0eCe|[CeC0 |CeB,|0,Cs¢
Adjusted A P A I R D S R R o
hemOIySino 010 010 010 010 010 010 .10 .10 010 .10 .10
2% Blood | !
cells. i }50 «50| «50 «50 «50 «50| 50 «50 «50 «D0 «DC
Readings & ;
efter 1/2 + + + + + - - - - - +
hr. in 37° i
water bath. 1

= hemolysis.

no hemolysis.
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These results were cuplicated in a titration run immed-

iately efterwards and indiccted thet the antigen possessed anti-

complementary progerties, since control tubes 8, 9, and 10 failed

to show hemolysis.

Antigen so thet the controls might show hewolysis.

It vies, therefore, decided to dilute the

Accordingly,

the Antigen was diluted to correspond with tube 3 of liacrFarlane's

nephelometer, end titrated, using the same amounts.

Antigen Titretion. Ib. 2.

Tubes.,

Reegents. .

1 2 3 4 5 6 7 8 9 10 | 11

CeCo|BeCe[CeCe|BeCo|[CeCe|0eCe|CeCe|CBeBe|CeCo|[CelCs]|BeCo
Salt solu- S I I IR Y IR AR IR BN 1
tion. 1e5 [ 165 |1e5 |15 |15 [1eb 1.5 |1.5 |1.5 |1,56 |1.5
Positive
serum. «02 «02 «02 «02 «02 «02 «02 0.0 0.0 (0.0 .02
intigen. .02| .05 .08 .10| .15| .20| .25| .15| .20| .25[0.0
Ad justed
complement. 041 | 001 |0O.1 (0.1 |[0O,1 (0.1 (O, |01 |04 |OL1 0.1

Incubated 1 1/2 hrs. in 37°C. water beth, then Hemolytic

System sdded --






TubeSo

Reagents. '

1 |2 |3 |4 |5 |6 |7 |8 |9 |10]12

0600 | CeCe |CeCo [CeC6¢ |[CeCo|CeCoe|CeCe|BeBe[CeCe|CBeCe|CeCoe
Ad justed : : S
hemolysin. «10| 10| 10| 10| 410| .10i 10} .,10{ .10 .10{ .10
2% Blood
cells. ¢B0| eBO| ¢D50| «50| «50| «50] 50| «50| 50| «50( .50
Readings
after 1/2
hrs.' incu-| « + + + + + - + - - +
bation in
37°C, water
bath&

As will be seen from the table, this diluted intigen gave

as unsatisfactory recults ez before.

It woe decided to determine

the anticompleunentary dose of this JAntigen and not to use an amount

greater than one-half of this figure in titration.

Accordingly,

.ntigen and complerient were asserbled as shown in the table, incu-

bated for the usual period end tiie hernolytic system added and incu-

bated as formerly =-

Antigen Titretion. 10. S

Tubes.

Reagents. '

1 2 3 4 5 6 | 7 8 9 10 11 12

CeCe|CeCe|CeCoe|CoCoe [CeB0|CeCe|0eCe|[0eBe|{CeCe|CeCe|C.Co|CeCos
Salt so-| -
lutione. 1e5 1165 [ 16D [|1e5 16D |1ed |1e5 |1.D 1.5 1,5 1.5 1.5
Adjusted ?
Oomple- 002‘ «02 .02 002 « 02 «02 « 02 002 « 02 .02 .02 «Ca
ment . oy ' : ' ' ' ' - - : -
Antigen‘ 10} <11 «12 «13 «l4 «15 o1l6 .17 18 19 «cC 21
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Incubeted 1 1/2 hrs. in 37°C., woter bath and Hemolytic

~

oysten added, as in Tables 1 end 2.

rfeadings
efter
1/2 hrs.| + ¥ + + + + + | - - - - -
incuba- -
tion.

The anticomplementary dose vias thus determined.to be
¢l6 C.Ce Since one-helf of this amount had previously failed to
ﬁrevent'hemolysis in actual titration -- see Tables 1 and 2 --
there wes no object in re-titrating, since hemolysis obviously
would L.eve telren place in all tubes.

This antigen clearly wac ﬁorthless for complement fixa-
tion work. It wes, however, prepered from 8 single strein of
Bact. puliorum, end the possibility of securin: better results by
usiné a polyvalent antigen wes recognized. (The necessity for
polyvalent antizens in dealing with typhoid fever, glanders, etc.,
is errhacized by Kolmer -16-=). The monovelent preparation was |
therefore discerded and an antigen conposed of five different
strains of Bocete pullorum prepared. This entigen was adjusted

to correspond to tube 4 in lizcTFarlsne's nepheloneter,






=350=-

Antigen Titrationo . 4.,

Tubes.,

Reegents. . : i

1 {2 |3 |4 |56 |7 |8 |9 10|12

CeBe|CeCe|CeC:|/C.Ce|B.8./C.04/0.C.|C.C6|C.Ce(C.C,|C.0.
Salt solu- _ : ,
tion. 1.5 !1.6 |1.56 1.5 {1.5|1.5 |1.5 [1.5 (1.5 1.5 {1.5
Fositive
sSerun, 021 .02 .0z .02 .02 .02| .02|/0.C |O.,C |O.C .02
Antigeno 002 005 .08 .10 .15 .20 .25 .15 .20 .2561C.0
Adjustec . )
conplement.| 0.1 {0.1 {0O.1 {0.1 {0.1 |01 {0.1 {O.1 |0.1 |0.1 |0O.1

Hewolytic Syster edded in ususl euounts after 1 1/2

hrs. incubaetion at 37°C. in water bath.

Readings 1/2
hr, aiter
addition of | + + * + + + + + + + +
Lemolytic
System.

This titration wes run in duplicate,

A prelininery titretion, similer to thet shown in Table
3, was run with the object of determining the anticomplementary

-
i

dose. Thie foctor, however, did not e:xist with the amounts used,
nor did it eppesr in the ectuel titretion. The first betch of
antigen wes prepered Ifrom growths grown oﬁ agcer of very poor con-
sistency and it is possible thet minute vertieles of the redium

were present in the antigen to an extent sufficient to give this

reagent anticomplenentary properties (17).



Though enticomplementery recction wos thus got rid of,
the antigen apparently was of no velue for the complerent fixa-
tion test, Hevins been tried with two other sera that were
strongly ﬁositive by the ezglutinetion test with no better re-
sults, it was decided to experiment with entigens of different
prepareation.

Piasmolyzed antigen. A polyvalent entigen wes pre-
pared as before, except tlhat distilled water was used instead of
physiologzicel salt solution end the suspension heated for 1 hr,
et 60°C, It was then shaken by mechine for an hour more, aftér
the adaition of sterile beads, This heating and sheking were
repeated on three consecutiveldays, at the end of which time the
bacterial cells, as proved by microscopical examination, were
efficiently ruptured. It was hoped that~the bacteriel ambocep-
tors would be anchorédvby sone substznce in the bacterial cell
that had diffused into the suspending fluid, or had become aveil-
able by simple lysis of the cells.

This antigen was given é thorou;h trial, being run in
duplicate with one positive serum, once with another positive
serum, and once with & negative serum. The emounts used ran
from .02 ce.cs to «25 c.c., &8 usual, '

| | in'all fubes; ﬁith all sefa, hernolysis took place.
before the antigen wes discarded, enough 20% salt.so-
lution wos added to give .85%.  The presence of electrolytes
bein;; necessarj for agglutinafion, it wes tiou,ht that, possibly,
the absence of salts in the entigen wae responsible for the feail-
ure of the reagent. On titreting, however, no better results

were secured than before.

The uniform failurc of all antigens conteinin; suspen-






sions of the organisms pointed to the necessity of trying other
types.
| Filtrate from broth culture: rive bottles, esech hold-

ing approxiretely 50 c.c. of plain broth, were inoculated with
five different strains of Boct. pullorum and incubated at 37 °C.
for 72 hrs. The broth vies thén filtered through a Berkefeld
filter by éuction, the clear filtrate carbolized to ,5%, shaken
and put on ice, |

This'antigen war then titrated, the usual amounts of
reagents being employed, The antigen thus ranged in cmount fronm
.02 e.c. to .25 c.c. ﬁemolysis occurred in all tubes except
thet contaeining .25‘0.0. The set was put on ice over night and
the blced cells settléd’out, therc being no indicetion of hemolysis.

A titration with the same serum was now run, using large |
emounts oi the antigen, other reagents bein; added as usual, as
shown in the teble.

Antigen Titration. Ib. 5,

Tubes,

Reagents, :

1 2 3 4 5] 6 7 8 9 10 | 11

6.0./0.0. |C.C.|C.C.|0.0. |[C.C.[CsC, |C.0,|[C.0.|C.0.]C.C.
Salt solu- ' co
tion. 1.5 ;1.5 (1.5 (1.5 |1.56 (1.5 (1.5 (1.6 |1.6 |1.6 |1.5
Positive
serum, .02{ .02| .02( .02 .02| .02| .02| .0C| .00| .00| .02
Antigen. 1 15| .20! .25| .30| .35 .40| .30| .35| .40| .00
Adjusted |
complement. 0.1 | 0.1 | 0.1 |0.1 (0.1 |0O.1 {0.1 |O.1 |O.1 |[0.1 |0.1

Inoubated in 37°C. water bath for 1 1/2 hrs. and Hemo-
lytic System added as usual,



Keadings
efter 1/2
hrs. incu- | + + + P - - - + * + +
bation with
Eemolytie
System.

The titretion wez run a second time, results belng
duplicated.

éo fer, this antigen had yielded souewhat encouraging
results. It was, however, realized that the entigen would have

to meet severgl conditions before it ecould be pronounced successiuvl

l, Yield negative results in an extended series of
+ titrations with sere from normel birds,

2+ Yield positive results in a similer ceries with sera
+ from infected birds.
(Normality or infection of birds to be deteriined
by autopsy as well es by egglutination test).

5. Be capable of concentration so that handier amounts
could be used. (Iot absolutely necessary).

As 8 prelininary step, & titretion was run using plein
broth in plszce of contigen. The emounts employed were the same
as in Teble 5, thus rangiﬁg from .10 c.e¢. to .40 c.c. Other
reagents, incubation period, znd incubétion temperature were as
usual,.

, Complete hemolysis occurred in all tubes in 1/2 hr,,
proving thet the fixetion of the complement in the previous fests
was not due to any substence originally present in the bouillon.

At this stege, complement fixation work was interruptéd

for the greater part of a week. Serum was tlen prepared from o

blood semple from a vigorous fowl which hed not wcected to the



egglutination test, As & precauvtionary zecsure, the test of
this serum was run‘with that from the fowl whose serum had reacted
positively in the previous tests. The amounts of reagents used
were identicel with those before'employed, as shown in Table 5.
Both titrations showed hemolysis in all tubes,
liemolysis in the tubes which had received positive serun
was altogether unlooked for and it wes thousht that some error of
technique hed crept into the test. There was, also, & bare pos-
sibility of the serum no longer p&s sessing antibodies (18). The
titration wes, tlherefore, re-run and an cgzlutination test,set UPe
The titretion showvel the sane recults cc before and the arglutine-
tion test chioved distinet ¢ ;lutination in all tiirce dilutioms at

the end of 3 1/2 hours. An additionel titrztion run vith a

'.!J
)

Terent yositive servm gave negetive reclin s in 211 tubes.

There seeiied to be but one intervretation to put on
retters -= nanely, thet the antijen niad lost the power of fizing
erboceptor end complenent which it had foxmrerly, to a rather feeble
extent, possessed. Aanother cuentity wos therefore prepered in a
similar renner and at once tested out.

This antigen proved to be eéen feebler than the first,
though the reactions when lerge guantities were used with positive
serunm were specific enoughe A test with two negetive sera geve
ne_etive readings, but the’worth of the antigen disepgeared at the
end of three days, despite the feet that it wes kept on ice in a
securely stoprered brown bottle.

Polloviing these experiments, various tatchies of antigens
were preperet and tried with erratic results. Sore were worthless,
others acted in very lerge cuantities only, uﬁlly soine pave clear-

cut recctions in smaller smounts. depeated tecting beore out the



fact thet no antigen would iteep longer than four deys. vmether
such en entigen would lend itself to concentretion or precipita-
tion of the active principle (19) which would keep for some
length of tine could not be determined.

The reswlts of some other exﬁeriments on complement
fixzetion worlk in the detectvion of Bact, pullorum infection in
fovils came to hand after the experimenfs before detailed had been
conpleted. A limited number of tests, the antigen used being,
presumablﬁ, a nonth-o0ld broth culture of Bact, pullorum, was con-
ducted at the U.S. Dept. of Agriculture (20) ﬁith uncertein re-

. ’

sults. The findings of Gege (21) are no more satisfactory.

The Intrsdermal Test.

The possibility of developing a test similar to the
tuberculin test in cattle Tfor the detection of cerriers of Bact.,
Pullorunm easily su:ogested itself, From time to time, sbout 1/4
¢.6. of boulllon cultures of Dacf. sullorum of 24 hours' to
1l week's incubetion, killed by heétin; to 60°C. for 1 hour, were
injected into the wettles and combs of birds pasitive to the eg-
glutinetion test. Tegetive reccting birds were similerly in-
jected as oontrois. o satisfectory reactions bein; secured
from these tects, it wes Gecided to lengtlhen the reriod of incu-
bation to &t least one month and prepare a tect fluid by the sanme
method used for the produetion of tuberculin,

At this tire a publicetion dealing'with the subject wes
received from the Dureau of Animal Industry. The euthors had

securel good results from & bouillon culture incubated for one

month, killed by Leatin; to 60°C., phenolyzed, and kept on ice






for six months vihen it wes used without fuvrther preparation.
Filtration or concentration, aocording'to thelr findings, did not
seeri to enkhance the veluwe of the fluid for diagnostic purpoces.

The bouvillon culture beiny incubeted by the writer Wés
accordingly kept Ffor one month at 37°C., killed end phenolyzed
as before rentioned, &nd sct in the ice bo:. After 2 weeks!?
storeze, chbout 1/4 c.0. were injected into fhe wattles and comb
of a strongly positive chicken with negative results. The in-
jections Lhave been repeated at intervals of about twd weeks to
the date of writing. The test fluid is now two ronths old.

Three moré cultures, all polyvelent like the firsf, but
differing slijhtly es to strains involved, have also been em-
ployed without success.

The negative'results secured may be due to lack of
"egeing" of the test fluid. Just wiet effect this could heave
is not clear. There is aiso the possibility of the strains em-
rloyed being‘unsatisfactory.

The intradernal tést for the deteoction of Bact. pullorun
cerriers may be regarded as a new and interesting study for the
pathogenic bacteriologist. The reel worth of the test can only
be geuged after a considefable period of time when any difficul-
ties incidental to the preparction of the test fluid as now mede
rnay be Justly eprreciated, or obviated by the adoption of qther
nethods, and a correct estimate of the convenience and reliability

of the test in field work errived ct.



The Infection of llature rowls.

An important consideretion in the Bact. pullorum carrier
problem is whether healthy, mature fowls cen became infected and,
if so, in what manner infection occurs. The researches of
Rettger (22) indicate thet infection f&llows rrolonged contact
with diseescsed birds, as well ac contect with contamineted litter,
and the eating of contamineted food. The quection seemed to the
writer importent enouvgh to warrent éxperimentation. Chenges in
the College flock mcde since tecting rendered the éupply of
reactors very low anc it was decided to postpone & "contact" ex-
perirent for thie time beinge Twelve fowls of mized Dbrecds were,
howéver, rut in a roony pen'for a feed ena litter infection ex-
perirent. These wvere tcsted imediately by the agzlutination
test and‘found negotive, Ten deys later they were agoin tested,
with the scre recult, 'Beginning in the niddle of Janvary 1917,
ebout 50 c.c. of a 45 hour bouillon culture of Bect. pullorum
vere daily’scattered over the litter and into the féeding trough
and drinking water. The birds were tested weeldy, the pen
cleaned out Whenevér it beceare dirty enougn Egr@o§§fﬁf? injure
the health oI the birds, and the attendent exercised the precau-
tions, sueh as changin;; voots, ete., usual in a tect of this kind,

The resulls of the experiment ere erbodied in the ap- |

pendec table.

’



Finel Jrclutination Test on June 1, 1917.

i B Agglutination Test,
Bird MNo. | Breed. -
| 1:50 1:100 1:200
D 22 Leghorn - - -
D 617 Brd. Rock - - -
C 835 n " - - -
C 364 mooow N P -
D 607 " " - - -
D 936 " " - - -
D 641 Re Ie Red - - -
D 658 om - - -
D 663 " + + >
D 651 " * +

Of the 12 birds, one died; another wes used as a control
in the intradermal test.

f'owls D 663 aﬁd D 651 first gave a positive reaction in
the beginning of Liay. C 364 reccted pocitively towerds the end
of Liaye. |

| The experiment wes interrupted durin; the month of lLiarch.

A noteworthy feature is the epperently répid formation |
of antibodies after infection. A1l three recctors were clearly
negative the week before theif serum geve a positive reection,
wvhich in the case of two tlhen showed in &ll three dilutions.

On post-mortem exeninetion, all three fowls showed

typicel ovarien infection with Bact. pullorum.
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During the first three months of the experiment the
weather was unusuelly cold, the temperature of the pen frequently
approeching Zero Feh, While the health of the birds did not
suffer, owing to the pen beiny well ventileted and dry, quicker
results would, perhaps, have been secured had it been »nossible
to delsy the emmeriment until wermer weatlwer,

The experinment corrobqrates the fiﬁdings of Rettger (23)--
nenely, thet grown Towls ncy becorme infected with Bact, pullorum

’

throush the ecting of conterinzted foode Too much cere cannot,
therefore, be teken to lecp down the spfead of bacillary white
diarrhea in this wey. The custom prevclent amon: some poultry-
men of feedin;  eggs fhat have feiled to hatch to their fowls is
specially to be condenned. Even the smell pieces of egg shells
thet cover the iancubator frays after hatching should be disposed
of in & fashion to preclude the possibility of their being eaten
by fowlse. Viith dead erbryos, they should eitiier be burnt or
buried déep with quickline. The prectice of darkening the in-
cubator ac a hatch comncs off, to vrevent the young chicks from
pecking at shell frggments, ete., is undoubtedly sound.

Pathogenicity of Bact, pullorum

for Experimental Animels,

This phase of the study of Bact. pullorum, owing to
rather cserious losses amonz the laboratorj animals and the ined-
visability of introducing fresh stock until the trouble had been
checkzed, did not receive the emphasis originally intenced,

Four guinea pigs were fed about 30 g,c. of a 48vhour

’

broth culture of Baect. pullorum four or FTive tines s vieel, The
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culture wes nmixed with their drinking water and food. The ex-
perinent extended without interruption from Avril 19 to June 6,
the csera being tested from time to tiume for agglutinins, At
period was a positive recection secured by the agglutinafion test
in dilutions of 1:50, 1:100 end 1:200. On June 6, the guinea
pigs were killed. A1 orgens of alllanimals eppeared normal on
post-mortem examination.

The test was ﬁot fer-reaching enough to werrant the
drewingy of amnmy positive conclusions. It is realized that a
larger rumber of animels should havé been fed over a concider-
ably longer period. lLiore recently isoloted strains than those
empleyed might vé proved more desirsble,

The researches of Gege (24), whd found thet Bact, pul-
lorunm is tozzie for [uinea piys, rebbits, and rats, are e: trerelj
interesting. This investigetor reises the cuestion ec to whetlier
e.gs 1n*ected with Bact. Pullorum are dangerous for human con-

aption. )

The Resistence of Bact. pullorum in

Infected Ecgs to Coobln:

Frech eggs were irmersed¢ for three minutes in 1:10C0
HgCly and 50% alconol.  The blunt ends were then flemed and each
egg inoculated with sbout 1/10 o. e, of Bact. pullorum in physioloz-
ical salt solution. Precautions werec tgken to keep syringe and
needles sterile. "The punctures were filled with collodion and
the eggs incubafed for periods ranzing from 24 to 72 hours. They

were then immersed for verying periods in boiling water at 99°C,,



being placed in & dish containinz cold 5055 alcohol immediately
after removal. The yolk wes then emptied into a Iovy jar con-
taining about 40 o.o. of sterile bouillon and incubated for

48 hours. At the end of this period agar streaks were made,
the OLOWtﬂS thereon examined microscopically, and agglutination
tests run.

'Contmﬁinations were not infrequently encountered, but
the results of the experiments nay be briefly swmmerized as
follows:

In no case was & culture of Bact. pullorum recovered,
directly or indirectly, from any egg that ﬁad been boiled for
more than 1 1/2 mns. Idittle difficulty wes experienced in re-
covering the organiém from eggs that had been boiled 1 minute.

The condition of the eggs after 1 1/2 mns. boiling is
whet would be described as "soft boiled". |

Eperiments with eggs differenély cooked were not con-
pleted.

' In view of the facct that egygs naturally infected with
Bact, pullorum contain but few organisms, and since the organ-
isms’appear to be killed in the process of cooking eggs to a
"soft boiled" condition, the writer is inclined to the view
thet, even essuming the toxicity of Bact., pullorum for ran, the
naturally infected eggs undoubtedly on tﬁe market do not con-
stitute an appreciable danger to public heealth.

’

Additional itemarks,

Some interecsting and importent phases of the ctudy of

Bact. pullorum intended to be touched upon hed, Tor lack of tine,






to be left alone. The writer refers particulerly to the role of
the 1cle bird in'the spread of Bect, pullorum infection, Partiel
acglutinations in low dilutions havé been observecl from'two mele
birds of the College flock. wWnether infection becomes localized
in the reproduective organs’of the male bird which, in turn, can
infect females is & auestion which, to the best of the writer's
Inowledge, haB never been investigated end offers scope for inter-
esting experirentation,

The resistanée of Bact. pullorum in infected eggs to
cooking was intended as & preliminary ctep in & feeding experiment
involving several of the staff of this Dept.

The problem of rreperins en antigén suitable for use in
the Complement Fixation Test could perhaps be solved by meking
an extract of infected ovaries, or even of normel fowl tissue,
such as the liver or heart. The feilure of cll antigens employed
up to this time is rsather étriking end stirmulates further research,

wWhile infection with Bect. pullorum must impair the egg-‘
laying quelities of a fowl, an infeéted bird ney, to all appear-
ances, oppear perfectly healthy. The writer head two recetors under
elmost daily observation for oné yeer and never could detect any
sizns in the behevior of the birds thet would indicate infeetion,

In the College flock, &slso, where sickly birds zre et once segreéa-
ted, 125 gcove positive recctions,

The writer estinmates tiﬁt the tot2l tine necessary to
trew a sarnple of bdblood from & fowl under oxdinery conditions is
under 5 rins. Thus, ot lceszt 12 birds cen be bled per hour. The

’

ectual tine to set up en s;glutinetion test, everything being reciy

is very smell, but the treparation of gloeceswere, cerum, test=-fluid,



etc., consuiiecs ftine more dillicult to uweccoure, “Ath blood
saaﬁles sent into *he lcboratory, zrobebly 1CO scsles could be
run ¢cily; if the operctor had to collect iis own serples, the
nuiber would, of course, be ruch sualler,

Summ.cry and Conclusioxns.

le Beeillery wiitc dierrhea hes obteined a foothold
n:eny of :ue corriercicl poultry plents in et least the Couthern
pert of thulLan. The extent to whieh the disecse hes invaded
ordincry ferm flocks in uncertain, but is not, on the whole,
seriouse.
| 2e 3Bocetse pullorum will probably percist for & consider-
'

able time on litter, but yields rcadily enough to the cormon dis-

infectants.

’
Fond

Se 10 setisfectory Corplement Fization Test iiac been
devised to éetect caerriers ol Bacte pullorunm,

4, The Iptraderusl Test,has not béen used sufficiently
for its valﬁe to be determined,

5. The 4o glutinetion Test is undoubtedly of value in
the detection of Beecte. pullorum cerriers and much bood & been
accomplished through its employment. (See Zeport 6, 1917, of
Storrs Exp. Stn., to ncnd at this wfiting.)

é. Eéture fowls 2y become dengerous ce ers o DBuct,
pullorun from eating food centeminated with this orgenisn.

7« There is no evidence to show thct & carrier ceases

to becone suvch except, possibly, in extremely rare ceses, old-
J_'!

ing over infected birds in the hope thet they moy free themselves

from infection is, therefore, ’“tlle.
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8e That any breed of fowl is more susceptible then
another to gacillary white diarrhea has never been proved.

9. There is no rreperation thet will safeguard young
chiclks from'white diarrnea if they ere exposed to infection, ITf
a chick has Bact. pullorun in the unabsorbed yolk, notl:ing it mey
be given can poséibly reach the orgenisms; if the chick hes eaten
food ccntamineted with 3act. pullorum, rothing that could xill the
orgenisms in the alimentary.canal will lecve the chick alive, The
weeding out of ell meture cerriers, tue proper disposel of déad
erbryos, and thorough disinfection of coops and incubators is the
only wey to combet the disease,

10. There is evidencé thet 2act. pullorum, fed in liberal
guantities aver a considereble yeriod of tinme, is ectually toxie
Tor laboratory animels.

11. The toziéity of Bact. pullorum for man is uncertain,

In any cese, the thorough cooking of eggs probably would prove zn

efficient safesuverd,

’
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PI.ATES SHOWING TYPICAL MISSHAPEN EGGS
IN CHICKEN OVARIES INFECTED
WITH EACT.PULLORUM.

Infected eggs ere usually greenish in
color, are relatively hard, snd lack
the elasticity of normsl dewtopleem,









