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A BACTRRIOLOGICAL STUDY, WITH SPECIAL REFERENCE TO BACTERIUM
PULLORUM, OF CHICKS DEAD IN SHELL AND OHICKS DYING WITHIN
PHEER WEEKS AFTER HATCHING

JAETRODUCTION

The poultr&uia has many obstasles with which to oontends In
addition to the problems of feeding, breeding and marketing of the
products, many ofhoru present themselves, The most important ones
are those bearing on the health of the birds, The gquestion of pre-
venting this or that disease from ontorlns the flook and how to oonw-
trol and eradicate these diseases when once they have oocurred among
the poultry are questions of egonomic importance.

4mong the several diseases of chicks bacillary white dlarrhes
probably ocauses greater losses than any other infection.

The term “white diarrhea® has unfortunately been used to de-

- signate almost any type of :lnteséiml trouble in which the fecal dis-
charges are of a more or less ‘wh:lytizh nature., 4s & matter of faet
anything that interfers with the normal metabolism of the chick may
cause the symptom of "white diarrhea®, However bacillary white
diarrhea infection 1a‘ca.md. by & known specific agent, Bacterimm
pullorums This mieroorganiam is nsponaiﬁlo for the death of thousands
of baby chicks each yeare. It has also been shown to be a cause of
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infertile eggs, chicks dying in the shell amd of chicks maturing
in a stizntod condition. Some infected chioks grow rapidly, reash
maturity and are apparently free from the disease, but neverthe-
less harbor the microorganism within their bodies,

The economig importance of this disease is very great
and needs further investigation. This thesis. which is entitled,
") Basteriological Study, With Special Reference to Bacterium
Pullorum, of Chioks Dead in Shell and Ghicks Dying Within Three
Weeks After Hatching®, is a part of a& larger problem in which all
the effects of bacillary white diarrhea are being studied,

~ Bettger (1) (2) (1900 lnd 1901) was the firsf to make ex-
tensive studles of bacillary white diarrhea, He isolated & beolllus
from the livers and aplqon of affected baby chicks, injected living
cultures of it into other chicks and recovered the microorganism
from them.
The bacillus No. 9 isolated in 1908 by Pernot (3) from un-
absorbed yolk and heart blood of chigkens that did not hatch or

that died a few days after hatching was probably Bagcterium pullorum,
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In 1909, Rettger and Stonsburn (4) reported the finding of

the org@im in (1) the ova in the ovaries of hens, (3) yolk of
fresh eggs, (3) eges incubated for varying lengths of time. and (4)
yolk sacs of fully develépoa chicks still within the shell, which
they considered as evidence that the hen was the original source of
infection to the chioi:o They pointed out that the disease may be
transmitted through an infected food supply. An experiment was run
on 80 chicks whereby they received a few drops of a watery suspen-
sion of Ba.otorimi\ pullorum when taken from the incubatore. %he
microorganisms iero also added to their food and drinking water. As
a result of this 34 of the 50 died, Of 180 ohicks treated in a
~similar way at 2 to 3 days of age, 13 per cent succumbed, Of 396
chicks infected in & similar way when 24 hours old about 24 per cent
died as compared to 17 per cent in the control lot. REleven strong
- chieks were injected subgcutansously with a pure culture of the micre-
organism and all died and Bacterium pullorum was recovered from the
intermal organs of each dead cixick.

In their second report Rettger and Stomeburm (5) (1911) deal
much with the source of infection and recorded finding Bacterium
pullorum in the ovary of s; number of henss The disease was produced
at will by 3 strains of the mioroorganiasm isolated from infected

ovaries, eggs and chicks respectivelys The orgeanism was isolated from
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the liver and unabsorbed yolki of the chickse They state that in-
fectionrfrom ohick to chick ocannot apparently take place after they
are 5 or 4 days old, The female chicks which aurv‘:lvo} often harbor
the infection and may become bacillus carriers.

Bettger, Kirkpatrick, and Stoneburn (6) (1912) in their
third report state that the greatest mortality oéourred. among the
chicks that were infected within 8 days after hatohings The most
critical period of infection being the first 48 hours after hatsching.
They further state that with few exceptions, the deaths trom typical
baoillé.ry white diarrhea occur while the chicks are under one menth
of agee The most aa.tiatactdry method of diagnosing bacillary white
diarrhea of qhioka is by a bacteriological examination, - |

In 1913 Jones (7) reports experiments which show that 1nfoc/-
tion takes placo.in 3 ﬁa&s, (1) through egz, (2) direct contact 1n‘
the incubator from those acquiring infection through the eg;(n d(‘a) by
day old chicks placed in contaminated surroundings. Bagcillary white
disrrhea usually develops in chicks from the third to £ifth day and
lasts about 1 ﬁonth. Four days after hatching the shicks are apparently
immune to the infection.

Hadley et al (8) (i91s) report that Bacterium pullorum is
daxtrin,' d.nlcit:in (}naltoao negative, Bacterium pullorum A ocausing
bacterial white diarrhea in chicks is aerogenic and produces aeid and

gas on dextrose, while Bacterium pullorum B causes infections in adult
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fowls and is anserogenic and on;l.y produces acid in dextrose.

Ward and @Gallagher (\9) (1920) .contribute the follwins
information in regard to bacillary white diarrheas It 1s an acute.
highly fatal septicemia of young chicks caused by B»,o‘.:er;l'cmj pullorume
The infection may ocscur in several ways. The mat' common source be-
ing localized usually in @ha ovary of the hem, Should one or more
infected eggs hatch then others in the brood are oxpoaod aﬁd nearly
all become infected, Ghicks are most susceptible during the first 48
hours of life, but are practically insuseeptible after the third daye.
The inorta.lity rate among broods affected runs from 40 to 90 per cent.
The incubation period of the disease in chicks is from 4 to 10 days.
Deaths hégin to ocour soon after hatohing'and continue until the third
or fourth weeke Ehe:'}.;::ata that artificial cultural mtho& are the
more precise for a correct diagnosis., The causative agent may be
readily isolated from the heart blood, »livor, spleen, kidneys or wn-
absorbed yolke It may be differentiated from other microorganisms by
its owltural and biochemic characteristics and by its agglutinating
properties against a homologous serum, |

Canfield (10) (1925) states that the greatest loéus from this
disease ocour among young chicks from 4 to 16 daysrold. Some infected
chicks survive and become carriers of the disease for life. The infec-

tion also spreads through contaminated food and drinking water,
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RExperiments upon the livability 6f chicks from infected and non-
infected stock showed only 22.4 per cent from reacting hens while
the non-reactors showed 94.02 per cent living chioks. (He did not
state whether the dead chioks were examined baetoriologicallyof

| | Gwatkin (11) (1926) pointed out that 55 cultures obtaimd
- £rom outbreaks of bacillary white diarrhea were shown to be
Salmonella pulloras Four strains were anasrogeniee Three out of four
cul tures from 1nfectic;ns in adult fowls were momgon:lé.

Thme cases of lung infection were observed in 65 chicks
and ziot in the heart and liver. Ihm’ cases were observed in the
heart and liver, when not in the lungs. Ee concludes that this
necessitates the culturing of all three tissues.

Brunett ani Bradley (1926) reports that the infected hen
treanamitts the m:lnroérganinﬁ mm'ﬁer ovary to the egg and thensce to
the chicke The mortality is highe The microorganism may be found in
the blood, 1iver, lungs and the persistent yolk sace

Many other pieces of literatﬁre were reviewedy however, most

of them confirm the results obtained by the early investigators.



The Experimental Fowls

Breeds.

S8ixty-six fowls of the Barred Rook, Bhode Island Red and
White Leghorn breeds were chosen for this experiment. Four of the
birds died during the course of the project leaving 62 to complete
the problems

They were olassed as reactors and non-reactors to the
mro-crbpic agglutination test for bacillary white diarrhea,
Agglutination in the 1-50 serum-antigen dilution was used as a basis
for this classification. ﬁhoy were tested at monthly intervals.

The numbers of the reastors a.ré as follows:

White Leghorn hens.

11 : 1666
763 1731
136 4284
232 4296
966 4282

1508 : - 4287

Bhode Island Red hens.

15 17741
(- 17753
95 . 17769

K262 17772

Barred Rock hens.

17701 17717
17707 17718
17708 17723
17711 17728
17712 17733

17714
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Three of the reactors d;ed during the experiment, two Barred
Rook hens mumbered 17708 and 17717 and 1 White Leghorn numbered 1556.
The ovary of 17708 maoroscropically appeared normal and an attempt to
isolate the Bacterium pullorum was fruitleas. The ovary of hen 17717
appeared pnthologieal and upon oulturing for Basterium pullorum, the
microorganism was isolated. They both died Pebruary 23, 1927, Powl
1556 died April 4, 1927, Her ovary presented marked slterations and
Bacterium pullorum was isolated from ite

The numbers of the nbn-raaotorl are as follows:

White Leghorn hens.

18 352

- 28 357
116 880
142 585
185 724
298 5 727
347 729
348 | 766

- 785

Rhode Island Red hens.

12 ' 22
13 152
66 262
76 278
86 . 299
88

Fowl numbered 116 died March 29, Her ovaries appeared normal
and when cultured, Basterium pullorum was hot isolated.
Four non-reagting White Leghorn roosters were kept with the

White Leghorn hens. There numbers are as follows:
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283 0
369 774

The numbers of the non-reacting Rhode Island Red roosters
are as follows:

286 9
16l

The fowls that ceased to be non-reactors are as follows:
numbers 352, 76, 161 and 96 The serum of the White lLeghorn hen
numbered 352 agglutinated pullorum antigen at & 1-50 dilution dur-
ing fhe March and April tests. At the time of the March and April
tests the serum of a Ehode Island Red hen numbered 76 was positive
to pullorum antigen in & 1-50 dilution, The serum of & Rhode Island
Red rooster numbered 161 contained aéglutinins for Bagterium pullorum
antigen sufficient to cause & positive reaction in & 1-50 dilution at
the time of the March and April tests. The serum of a Rhode Island
rooster numbered 96 was positive for pullorum antigen in a 1-50
dilution at the February and Lprii tests,

The Barred Rock hens, Rhode Island Red reacting hens, Rhode
Island Red non-reacting hens and the 3 Rhode Island Red non-reacting
i'oostera were kept togethere The White lLeghorn reacting hens and non-
reactors and 4 non-reacting roosters were kept togetﬁer, but separa.to-
from the other breeds. Each of the two groups of fowls had a poultry

house of suitable construction for its quarters.
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Poeding.

The birds were fed a hying mash mixed with wator about ten
o*clock in the morninge The evening feeding consisted of two-thirds
cracked yellow corn and one-third whole wheate Dry laying mash was
before the fowls in self-feeders at all times. They also had grit
and fresh water.

Handling of the Egga.

All of the 1ayihg birds were trapnested. When a fowl was
removed from the nest her number and the date of laying were recorded
on the egge The eggs were stored in an egg orate, placed in a base-
ment room where the temperature and humidity were uniform., The egg
orate was placed in a slanting position which was changed 2 or 3 tiﬁu
daily. No eggs for hatching were kept longer than 10 days. Double
yolked or very small eggs ivere not set, otherwise no eggs were discarded.

When the eggs were sorted for incubation an equal number of eggs
laid by non-reacting White Leghorn hens were set with those laid by
reacting \flhite Leghorn hens; For the heavy breeds an equal number of
eggs from Rhode Island Red hens were set with those of the reacting
Rhode Island Red and reacting Barred Rock hens combined.

Ingubation.
Two incubators of a standard make were used and the directions

were followed as accurately as possible, The chicks from 4 hatches are
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ineluded in this experiment. - So_ttings were made February 16; February
24, March 13 and March 20,

The eggs from each hen were placed in wire baskets or gausze
sacks on the eighteenth day of incubation. The eggs from the reactors
wére kept in baskets or sacks on one side of the incubator and from the
non-reactors on the other side,

| Handling of Ghicks.

The chicks were removed from fhe incubator 24 hours after the
date due to hatche The identity of the non-reaectors was maintained with
numbered leg bands. After banding they were placed in a box by them-
selves. The reactors were then taken care of in the same way., Both
groups of chicks were kept under the same conditions at all times, but
these conditions changed as the broods were moved during the three
weeks after hatchinge ‘

The first brood was kept in & coop in the veterinary hospital
for on@ week. This coop had a Ke rosene burning brooder stove in the
center of it and was divided into 2 equal parts by a tight partition. |
They were then removed to 2 brooder houses for the other two weeks,
The reactors were put in one brooder house and non-reastors in the
other. A coal burning brooder stove was used in each house.

The second brood was housed the emtire 3 weeks in the coop in

the veterinary hospital.
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The thimd brood was housed the entire time in the 2 brooder
houses, B |

The fourth brood was shipped to Rishmond, Virginia on the
afternoon of April 1l. They were received there the morning of lpril
12 and reshipped to Blacksburg, Virginia that afternoon, They were
received here the mo‘ming of April 13 and no mortality had resulted.
They were brooded in the ooop in the veterinary hospital for 3 weeks.

The coop in the veterinary hospital and the brooder houses were
cleaned "choroughly and disinfected each time before placing a new brood
‘in theme The brooders were kept at & temperature varying from 95°F te
100°F during the 3 weeks after each hatoh.

| Peeding.

The chicks were fed four times per day with a standard brand
of chick‘msh. 48 a aafegﬁard. ‘a.gainst so-called "leg weakness*™ about
1 per cent of cod liver oil was added to the mash, Presh water and
grit were kept before the chicks all the time.

Technic of Chick Examination.

The yolk of each chick that had "pipped" the shell was oul-
tured for Bacteriwm pullorum¢ The egg was well flamed and the shell
picked off the chick with flamed forceps, The area of the ,abdoﬁnn
onr’ the yolk sac was well flamed and then seared with a red hot knife,

The abdomen was picked up with a flamed forceps and & red hot kmife



Omission

When the fourth hatch was shipped to Richmond, Virginia
the chicks from non-reacting and reacting hens were shipped in
geparate shipping boxes,.

The following chicks were too weak to ship, so they wero\
killed>a.nd autopsieds

White Leghorn non-reactors
694 696
695 697

Rhode Island Red non;-reactors

698 - 693

White Leghorn reactors

720 | | 722
721 | 718
‘ 719
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used to open the yolk sas with one quick insert. The contents of the
yolk sac were aspirated into a.k sterile pipette and put' into a test
tube containing nutrient brothe The tube was labeled with the hen
_ number and date laid, and allowed to inocubate from 36 to 48 yonrs at
37°C. 411 nutrient broth and agar used in this problem was adjusted
to & PH of 7.4 t0 746 by the Medalia Method (13).

" ®he dead chicks we re examined by the following methodz' The
leg band was removed and number recorded on a petri dish cover along
with the date. The petri dish cover and bottom wem marked off in 3
parts and labeled liver, heart anmd yolk, respectively. The chici was
then flamed until the featﬁerl were burned off. It was then placed,
ventral side nppo’most, on a dissecting board which had been previously
washed with & 2 per cent trikresol solution, The skin was picked wp
with a flamed forceps and a median incision was made frod above the
anus through the breast bons with a pair of flamed scissors. The
thoracic and abdominal organs were then exposed. L lobe of the liver
was then secured with a flamed forceps and cut off with a pair of
flamed scissors. The tissue was then flamed and a small piece was cut
off, leaving fresh tissue qxpoud. The exposed end was gently rubbed
over the surface of agar in the petri dish., The same progedurs na
followed for the heart. The technic used with the yolk sas varied with
the consistensy of its contents. If the yolk was unabsorbed, the sac

was seared with a red hot knife, pickod up with a pair of flamed forceps,
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punctured and about 1 cce of the contents aspirated into a sterile
pipette.‘ It was then transferred to nutrient brothe If the yolk
was inspissated it was removed from the chick, flamed, severed in two
and streaked on agare The bone marrow was cultured by cutting the
femur from the body with hot scissors, flaming the end of the bone,
and making & transfei- with & sterile straight platinwm needle from
the marrow to nutrient broth,

The agar plate and tubes of nutrient broth were placed in
the inoubator at a temperaturs of 379g,

The inoculated agar plates and tubes of nutrient broth were
allowed to incubate for 36 to 48 hours. The inoculated agar plates
were then examined and any colonies resembling Bacterium pullorum
were fished and transferred to agar slants for further studye. The
tubes of nutrient broth which had been inoculated from bone marrow
were exsmined for cloudiness of the medium. Any that remained clear
after 48 hours inoubation were considered to be free of Bacterium
pullorum. Those that were cloudy or the least suspicious were plated
on agar by the loop dilﬁtion method using two plates for each broth |
oﬁltum. Tubes of nutrient broth containing yolk were plated out in
a way similar to tha.tlemplo;.red with the tubes inoculated from the bone
marrowe. These plates were allowed to inoubate for 48 hoﬁrs at a
temperature of 3796, The plates were then removed from the imgubator

~and examined macroscopically and microscopically for colonies of
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Bacterium pullorums Any suspicious colonies were marked. The marked
colonies were then transferred to agar slants, incubated for 72 hours
at a temperature of 37°C, and then placed in a dark chamber at room
temperature where all cultures were held until ready for a differential

diagnosis by fermentation and agglutination tests.



Permentation Tests

The cultures were transferred from the agar slants to nut-
rient broth and inoubated for 24 hours at a temperature of 37%,

The cultures were then transferred to the following carbo-‘
hydrate media: dextrose, dextrine, dulcite and maltose. They were
then incubated for 72 hours at 37°C after which readings were taken
and recorded. The carbohydrate media were prepared as follows:
matrient broth was made which consisted of the following ingredients;-
3 pe.r cent Meat BExtract "Difco™ standardized, .5 per ceht sodium
chloride (C. P), 1 per cent peptone "Diféo" standardized, and suffi-
cient distilled water to make the desired amount required. This was
autoolaved for 2 hours at 15 pounds pressure, The medium was then
removed and titrated to a pH of 7.2 by the "Medalias Method™ (13).
The carbohydrates were added in an amount to make a 5 per gent
solution. Andrade‘’s indicator was added in an amount to make a 1
per cent aolution.‘ RBach carbohydrate medium was put inﬁo sterile
test tubes which contaif:xod Dunham fermentation tubes inverted. The
media were then autoclaved for 30 minutes at a pressure ot & pounds.
When the autoclaving process was about over the pressure was momen-
tarily increased to 10 pounds and then released quickly. This

procedure as & rule was successful in filling the fermentation tubes.
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Regardless of the femmentative &amteristic- of the various eultures,
agglutination tests were run on eache
Agglutination tests,.

Agglutination tests were run on every culture isolated during
this experiment. The culture was washed from the agar slant with
sterile..2 per cent pb.anoloited physiological saline solutions The
bacterial suspension was then passed through a sterile glass-wool
filter into a sterile test tube. The antigen was then standardized
to a turbidity corresponding with MoFarland®s nephelometer tube o75.
The antigen was then put into Wassermann vials as follows: In one
row gonsisting of‘ﬂve vials, 1 cc. 0f antigen was put into the first
vial and «5 ¢ce into each of the other four. The last vial was used
as a control. In another réw of four vials, 1 cc. Of antigen was put
into the t;rst vial and +5 c6. into the other three. This row of
‘four vials was used to test the antigen with known negative serum.

Into the first vial of the row of five tubes was put 4 cc.
of known positive serum making a dilution of 1-285. The contents were
then mixed with a sterile pipette and .5 cec. removed and put into.
tube number 2, making a serum-antigen dilution of 1-50. This same
progedure v}as repeated in the other two tubes, which made serum-
antigen dilutions of 1—160 and 1-200 respectively. The same technic

was repeated with the row of four vials using negative serum. The
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serum-antigen dilutiomand control were then incubated at 37°C for

24 hours, removed and placed at room temperature for 24 hours then

readings were taken and recorded.

TS OF

T

ION

The results of this problem are such that they can be pre=-

sented very well by tables.

The tabulated results are given by

breeds, with the breeds divided into groups according as to whether

the serum agglutination reaction of the birds in each group was

positive or negative.-

This data includes the numberb of settings,

number of eggs set, number eggs pipped, number of pipped eggs from

which Bacterium pullorum was isolated, total number hatched, total

number of chicks dying within 3 weeks after hatching, percentage of

the same, number of dead chicks from which Bacterium pullorum was

isolated and percentage of the same.

Tables number 1 through 5 show the results as just described.

Table I. Tabulated data of the 4 settings of White Leghorn

non-reactors,
Set-| Noseggs| No.Pi-| Pipped |Hatched|Died} Per Cent|Died of] Per cent dead
|_pped | B.P.* Bwis| died | B.P.* | B,P,*]Isolated
- 28 2 - - 1 D.8 - - : :
- 48 i - 36 171 48,5 18 48.8 1
3 20 = p= 23 10 1 203 K Taf.. g
m - S T = 3219 | 281 3 —Oa%
370 | 3 1 97 $*30.3 &l 2rrlTaR
*B. Po Bacterium pullorum

**Average percentage of total dead in 3 weeks
**+Average percentage of dead in which Bacterium pullorum was isolated
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Table I1I. Tabulated data of the 4 aattings of White Loghom

reactors,

Set-| No.eggs |No.Pi~| Pipped| Hatched | Died P’er‘oent Died of|Per cent dead

i _pped | BePo* dwks| died BePe* |B.P.*Is0lated
s 28 1 1 - 1l 3| 2t2 ] 3 2742
& 48 1 1} 23 10 ! 43,4 | 7 30,4
3.1 50 1 = 36 112 34,2 1 9 25,7
4 4 L 2 1 1 a ju} 423} & 19,2
To 70 ] & 96 156 1 **37,8 24 2e02402.

Table III. Tabulated data of the 4 settings of Rhode Island
~ Bed non-reactors.

Set-| HNoseggs |No.Pi-| Pipped|Hatohed|Died |[Per cent|Died of [Per cent dead
set pped | Bo.P.* Suks) died BoPo* B,P,*;solatog
'y £1 1 = 27 3.1 11,1 3 11X
2 39 = - 18} 172 94.4 17 944
r._..ﬁ_.___i'l £ = 17 3 8 ¢ 47.0 1 4l.l.
-4 358 & 1 &7 1 20 1 74.0 14 Sl.8
Totall 190 | O 1 89 1 48 |**53.9 41 245 4640

Table IV. Tabulated data of the 4 settings of Ehode Island
BRed reactorse

Set-|Noe.eggs |No.Pi-|Pipped |Hatched |Died |Per cent|Died of [Per cent dead
| tingl set ! pped ! B.P.* Swks| died | B,P,* *
r__a_.___u 1 1 .- 3 8.8 " 888}
3 19 - = 10 10 100.0 5 50,0 ‘
4 20 1 1 15 15 100.0. 13 B6.6
Zotal} 72 ol 2 43 40 1** 93,0 | | 224787
Table V. Tabulated data of the 4 settings of Barred Roeck
reactors,
Set-|No.eges [No.Pi-|Pipped |Hatched Pioqrer cent |Died of |[Per cent dead
 ting| set | pped | B.P.* | _died | B.P.* |B;P.*Isolated
1 32 1 2l 12 ﬁ Je.ﬁ_& 8 Y 9V —
£ 25 = = 2 2. 1 6.6 2 L6a5
Eﬁl 28 = = -] £ 1 _GGe6 S BBaB.
33 4 1 7 d 100,0 & 85.7 1
118 ) 1 31 23 1*% _T4.1 21 *kxpy 7

*B, P. Bacterium pullorum
**Average percentage of total dead in 3 weeks
***Average percentage of dead in which Bacterium pullorum was isola.ted
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The results of the fermentative and agglutinative studies of
microorganisms isolated from tissues of baby chicks are tabulated in
the following tables, 6 through 23: ‘.’ :

| legend for tables 6 thiough 23 ‘

ER following “chick" signifies that tﬁo egg from which the
chick was hatched waalla.id, i:y a non-reacting hens R by & reacting
hen. The number after either of the above is the leg band number which
identifies the chicke The letters BR, RIR or WL after the word “hen®
designate the breeds, Barred Hock, Riods Island Red or White leghora
respeotively. The number after the above mentioned letters indioitoc

the hen that laid the egg from whigh the chick was hatched.

Tissue exam Tisaues examined

L Liver

H . ‘Heart

Y ‘ Yolk

B Bone marrow

D'ose Dextrose

Dfine Dextrine

Dule Duleite

Malt Maltose

Agge. Beaction Agglutination Reaction
25 serum-antigen dilution 1-25

50 serum-antigen dilution 1-50

100 serum-antigen dilution 1-100

200 , serum-antigen dilution 1-200

Positive serum - Identifying number of reacting fowl whose

serum was used to test the agglutination
affinity of the culture.
A blank space after any one of the letters L. H, ¥. or Bi
indicates that Bacterium pullorum was not isolated.

N. S. ‘ Indicates that chicks were not shipped to
Righmond, Virginia,
D. B. A Indicates chick died in a basket in the

incubator,



Carbohydrates not fermented
4¢id production
Acid and gas production
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Table VI. A Permentative and Agglutinative Study of
Microorganisms Isolated from Tissues of Baby Chicks.

ositive

C* Contaminated

First iTissue |Carbohydrate Reaction| jAgsg.Reaction
Hatoh exam {D'ese,;D'ine|DulciMalt| }25f50{1001200} serum
Chick NR 541|__L ] i ‘ :
Hen WL 348 H
Date died Y
| 3/14/27 BM
Chick R 407 L .
Hen WL 7563 ! e
Date died Y L.t .
3/19/27 BM | 4= | o= |wwlo=| 144! 41 - | 4284
Chick R 414| 1, t = o= |wwl=wl 1414} 41| 232
Een WL 966 H
Date died Y ]
3/28/2% Bl
Chick R431| L |4+ | == |==l==| | 4! 4| 4/ 4 | 252
Hen WL 1508 H W
Date died 7 c
3/11/27 BM |+ + | == | ==| == |4 4] 4| 4| 17753
Chick NR 532| 1. $ = == ew .- 4. .40 4 % 232
Hen H
“Date died Y
3/30/27 BM {4 = f == |wwiowl |4l 4l -l - 15
Chick NR 5638 L | ¢+ |= = | == == |4/ 4} 4! 4 966
Hen RIR 13 H ¢t f= = | e ==l 4 4] 4 4 966
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Hen E —— - - . :
Date died Y lee |- _— T4l 4
_ LRI E 4| 17723
|_3/14/27 BM (44 | == ioalad Q,_J__‘_J%4 753
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%able VII.A Pormentative and Agglutinative Study of
Microorganisms Isolated from Tiasues of Baby Chieks.

Pirst iTissue |Carbohydrate Reaction| jAgg.Reaction. Positive

| _Hatoh _ { exam |D*ese!Dline |Dulc|Malt| |25$50}§100}200! serum
Chick R 422 N

Hen RIR 95

-‘\P.

Nate died
3/15/27

P 4 - w w !l e - _L_A_A_‘

=

:
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Date died tt == (=== 73
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=

NESASEE

.
1}
H

Chick R411

-+
]
1
]
]
1
]
]

™~

Hen BR 1770

e i

Date died

Q
*

3/37/27

td
B S

!
AR

!l ]
LT
(Y
IERE

4§

Chick R 412

[nal

[ R

Hen BR 17708

[
!

- 0 n— o -

Date died

3/16/2%
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=
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=
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i
i
1
I
l
i
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3
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'
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=
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tie
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F
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fable VIII.A Permentative and Agglutinative Study of
Microorganisms Isolated from Tissues of Baby Chicks,

Carbohydrate Reaction

Second i ssue .Reaction {Positive
| _Hatoh exam {Dlese|D'ine|DulciMalt]| 125$50¢#10012004 serum
Chick NR 557| L + + e I I 14 41 4] 17788
| HenWL 18 H je¢ f ==]=-~ , 4! 4+ -1 233
‘Date died Y [ EXICESLE] 41 41 -4 17718
..3/81/21 M ; O A
Chick FRB660| I 1+ % ! == lw=iw=| {414! 4} 4} 9066
HenWL 26 _H 14+ el N 45 414 966
Date died Y |+ + = ml==l==1 14{4] 4! 4! 4388
ChickNR 561 L +t = =lm el t4l4t 41 «! 1086
HenWL 26 H |++ ! «o-]--l--t 1414l 4| -] 21856
Date died Y . ot _
3/23/27 | B | ¥ % | ==]|==l=<]| l&l=f -l | 17M12
ChickNR 668 L ' 1 ’ : . ]
. HenWL 26 q N
Date died .Y b v - I
3/24/2% B |+ = | ==|<~=|~=] |4]4] &| & | 17718 |
Chick NR 564 L {a& - oo |w | - 41 4] 41 4 1 4896
Hen WI 28 H i . 4 1 o
Date died Y | 1 }
/80/LT BY los | =ol=-l--1 1414l 4lal 2703 |
gthk NR 659 II-|I P - w | - :_J_‘- - AJ._ ‘ _i w
e & o -~ ] e - - - & ﬁﬁ
Date died Y 2 ”" T ““"‘4" g o B
BIVI . - w ! - w- - - . ) ‘ A Izz‘zl i
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D e s o e e e L
Date died Y T 14l T e
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gh ckhr 681 __L | . ' o
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Chick] ‘ ‘ 41 4 | 4302
GOICKNR 582 L Ley Ssrmoleel 1414l 4141 17714
Date died Y + + R B RS Y N e 5“ :
——wlz? BM * * .- | W - - - - ‘- - 17723




Table IX, A Fementative and Agglutinative Study of

Microorganisms Isolated from Tissues of Baby Chickss

Second
Hatgh

ITissue
eXam

Carbohydrate Reaction] |

«Reaction ?osi‘hive

Dtase

serum

Chick NR 583

* +

238

Hen WL 293

Date died

¢

3/28/27

=

Chick NR 5866

+ ¢+
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e S 4
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=
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&fﬂ:b’§.<

ChickNR 579
_Hen WL 766

e
=

4

3 1]
|

Date died

__4/3/27

:

o |-
S

ChickR 441
Hen WL 232

Date died
__3/25/21
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=
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=
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Table X, A Fermentative and Agglutinative Study of
Mioroorganisms Isolated from Tissues of Baby Chicks,

Seoond

'"Tissue
eXam

Carbohydrate Reaction

.Reaction-

Positive

Dlase

Dline

Dulce

Malt

100 {200

sexrym

|_Hatoh :
Chick R 453

+-

177231

4

Hen WL 4284 !

41 4.

Date died

4.

3/28/27

+ +
4+
+~

- -

- e

3338
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4! 41 4
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Hen
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e e 1 e ek
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3/24/27

Chick NR 596
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=
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+ H--H+ W

4287

-
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Table XI. A Fermentative and Agglutinative Study of
Microorganisms Isolated from Tissues of Baby Chickse

Second 74 gsue Carbohydrate‘aeabti'on‘ 1Aeg.Reaction "POSitive :

Hatch exam Dulc 25§50410032001 serum
Chick ¥R 57 L _

Hen RIR76 .1 H ‘
Date died Y - - 4141 41 41 17714

3/24/27 BM ‘

Chick NR673 1 | = =
Hen RIR76 | H '
Date died Y ¥ - = <+ 414] 4} 4} 4282

3/23/27 BM_| + ¢ - == 4t 41 4} 4296
Chick NR 5678 L | 4 = - 14t 4 -1 15586
Hen RIR 76 H |+ + i 414! 41 4 1556
Date died Y : -

3/23/21 B+ + -l 4141 4 4] 4282

| Chick Nr 5784 __L ¥ 3 - 44| 4] 4| 966
Hen RIR 76 H | + 4 - - - 4141 4} 4| 966 4
Date died Y v E — s 8
s[gg. /27 BM + + - = 441 4. 4| K262 |
Chick NR 547._ L + == t4:4 4| 41 4396
Hen RIR 88 H + * -- 4141 4! 41 4296
Date died ‘

3/28/27 | _ j »
Chick NR 596 t+ ! - 4141 4% 4) 17707
Hen RIR 88 + 4 - ==l 4 4, & 4| 17707
Date died : e s ,

7 DM | .4 - ! - 41 4 17713
Chick NR 674 L _ - i B
Heztl'd"" H b p ] | v ww - 4141 41 4, 966

3/28/27 B | + 4| ==] =al==1 184 i 41 4287 |
gg;clmn 575 g ;i ==l ==l==1 14141 4 -1 17707 |
Date died TR R N - ’"’i:::'“ 5" ' 4‘ ‘}z‘ ::197: "
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Date died Y + + - = 44 4| & 1TI3T |
|__3/26/27 BM | + + -~ 4 4 44 | 17751
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Table XII. A Foementative and Agglutinative Study of
Microorganisms Isolated from Tissues of Baby Chicks.

Second

T ssue
exXam

Carbohydrate Reaction]

go.Reaction

ositive

Dtage

1D 'ine

Dulc

Malt

50 {100 §200

serum

| Hatoh
Chick R 437

(+3

{ Hen RIR 73

R 2]
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j {rd 1o [
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Table XIII.A Fermentative and Agglutinative Study of
Microorganisms Isolated from Tissues of Baby Chickse.

Thirg

Tissue
exam

Carbohydrate Regction

A&

-Reaction

Diese

25

Positive
serum

Hatch

Chick NR 599}

'D’ineiDulc

Malt

50109 1200

Hen WL 26

Date died

.

Chick ¥R 63

Hen

+ +
I

4 4 4

18

Date died

e S Y
R

+ +

4/21/27

jirl

ChickiR 614

(e l{vs)
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Date died

1

=
Fia
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Date died
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&
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b
=
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=
e
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¥
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a
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=
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Table XIV.A Fermentative and Agglutinative Study of
Microorganisms Isolated from Tissues of Baby Chickse

Third
Hatgh

'Tissue

8
B

Carbohydrate Reaction

Ag

.Reaction

Dlese

Dline

Dulc

Malt

25

50

10034200

Positive
sefrum

Chick R 500

§ -

Hen WL 966
Date died

4/13/27

=

Chick R 473
Hen WL 1731

Date died
4/10427

=

Chick R 713
Hen WL

R e d

Date died

&/117f27

b=
(2N

Chick R 70}
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Date died
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=
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Hen 4287

Date died
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Table XV. A Fermentative and Agglutinative Study of

Microorganisms Isolated from Tissues of Baby Chickse.

Third ITissue | Carbohydrate Reaction .Reaction {Positive
Hatoh exem {D'eseiD'ine{Dulc]Malt| }25f50{1001200} serum
Chick NR 647, L |+ = t== |=<=l4 -} {4/ 4} )= 1217735
Hen RIR 13 H ‘ . :
Date died Y YN EEEE 41 4 4}~ . !ég? .
4/12/27 BM i
Chick NR 636 L
Hen RIR 66 H
Date died Y
4/10/27 B FEER
Chick NR 640} 1 b | e |- =- 41 4% 41 - | 17728
Hen RIR 88 H
Date died Y
. BY
Chick NR 642 L L
HenRIR92 | H | = {~= | ==/ =~] 41 4} 4} 4 | 17728
Date died Y : » 1
4/11/27 Bl | ++ l== | == == | &4 4] 4| & | 4284
Chick NR 643 I ] ww | w ]| e 4. 4| 4l 4| 17701
Hen H .
Date died Y St == | - - = 4! 41 4! 4] 17738
~ 1 BU |4 [ == |==l=-i |4 4 4/ 4] 1778
Chick NR 652 L | , _»
Hen H J4=-t-T=--[¢-1 | 4l4* 4] 4*| K262
Date died Y .
Bl T
Chick KR 653 __L + 4| o= | ==i=-=-l |4 4] 4] 4 4284
Hen RIR 262 H " e
Date died Y -
|—oheEs, B e oo ooloo] (44 4| 4| 17788
1 41 $ b | o | o] w o Y G
_Hen RIR 298| F ~ A4 T8
| Date died Y
sl =
.’ - + + - - - - - - ‘
Hen RIR 15 H & 4 4 413
Date died Y ‘

7 BM tt | mm | - -] o= T LTS
Chick R 482 1 7 i.__ﬁ. ] 44 17701
Hen B%E ](F B —- ‘ v

¥ 16,‘ ;fM"+‘* O e RCECY RCNCT I Y N R Y S . S
fenmiB PeBe—E—
Date died - Y
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Pable XVI.A Permentative and Agglutinative Study of
‘Microorganisms Isolated from Tlssues of‘Baby Chicks.

i
Tnird ”’Tissu.e ‘ onl "{Ag Raaction Positive |
| _Hatoh: exam Diese ll)’lne iDuic Malt| 2% 50 100 200 serum -
Chick g 483 |. k ' : . e
Hen RIR 15 -
Date dled
4/12/2%
Chick R 477
Hen RIR 73
Date died ]|
4[13[27
Chick R 478
Hen RIR 73
Date died
4/18/21
Chick R 479
Hen RIR 73
Date died |
_4&/13/2n
Chick R 480
Hen RIR 73
Date died
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Table XVII.A Permentative and Agglutinative 8tudy of
Microorganisms Isolated from Tissues of Baby Chicks.

Third Tissue |Carbonydrate Reaction| jAgg.Reaction [Positive
_Hagch exem |D'ese,D'ine|Dulc|ialt| [20§50¢1003200 sez;nn
Chick pa72|_L f4= j == -=l-=! {44} 4! 4] 17701
HenBR %7753 - H dp = § w w [ w |- - ‘ ﬁhj_‘i’_i‘ ]zzsz: '
Date died Y |+ 4+ - = |- wf- - 4] 4] 4 1708

4/11/21 B+ ¢+ | =—-l--]--11a4lal 4} 4 ;z_;gg
Chick R DeB¢ L ‘
HenBR 177 H
Date died Y ,
4/4/21 BM 144 | ==-lo-]- = 4| 4l 4] 17701
Chick I '

Hen H
Date died b4

: Bl _
Chick L
Hen "

Date died Y
- BM
Chick L
Hen - H v
Date died Y
BM
Chick L
Hen T H ~
Date died Y
Bl ~-
Chick L v
Hen o
Date died Y
R -
Hen "
Date died Y
TTRYEE <5
Hen v
Date died v
BM
Chick I, M
Hen B
Date died v
BM
Chick CRE i
Hen E
Date died Y
BM




!ablo XVIII.A- Femontative and Agglutinativo Study of
llioroorgaaisma Isolated from !1asuas of Baby chicks.

'Tlssue Carbohydrate Reaction] |ae -Reacti,On ositive
'rmouggh .| exam |DeseDiine|Dulc Maltl— 25}50¢100 4200 serum
Chick-NR. 681 T + DS I 4__5,..4_.‘_4_..__17141_.4
1HenWL 26 L H 4 4. ] {
Date- died Y - < . . .
4/20/2% SBM_ Y . ‘
{ChickXR682] %L |+ ¢ !== jo=l=«| 140414 ' 4 | 17723
Hen WL 26 B ’ b ’
Date died Y t
_4/20/27 BN i
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| Hen WL 26 H
1 Date died v -
| _4/23/27 T BM '
ChickKR 691 L
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jj;e [dled Y S _
20/27 BM : ' ~
Chick MR 685| 1T, IR 41 41 4 | & 17728
Hen WL 362 H | - S
| Date died Y. .
1/g7 . | BM | — —t
Chick NR 694 L L -
] Hen H " 5__,_ _,m..:.;..._,h....
Date died Y .
; BN | _
Chick NR 695 L i '
Hen H fﬁ
Date died Y s S E
Chick NR 696} L. i T i
{_Hen 8 H
Date died Y -;
—H32/2T WSl B BN -
| DIICT R 697 L R
Hen - E S R O
Date died v A R
27 B | ' *‘f‘ =1
W ~ St B b e & :
e e e o e o o
Date daied . v = " <
e T L
Clellllck T Q &
Date died Y
| -4/12/27 N.d. BM
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Pable XIX.A Femmentative and Agglutinative Study of
of Baby Chicks.

Microorganisms Isolated from Tissues

Pourth
| _Hatoh

TTissue

eXam

Carbohydrate Reaction

Agg.Reaction

Positive

Diese;D'inejDulcjialt
1 1 :

25

S 1um

Chick R 721
Hen WL 1508
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e
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=

Chick R 722
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4/12/27 ¥.3
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Date died
4/19/2%
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Table XX, 4 Fermentative and Agglutinative Study of
Microorganisms Isolated from Tissues of Baby Chicks.

Positive

Pourth Cai‘hohydrat\e"ABeéction -Reaction
|_Hateh Dulc 25§50¢$1001200} serum
Chick HR 674 : —
HenRIR12 | &
Date died . Y
16/27 BM 3 N
Chick ¥R 676]__L | » - - talal-t-1 17700 |
Hen R B ¥ - = A 4 4 1 4] 136
Date died Y ) ! » - RN S
T BM :
Chick NR 676 L _ , 1
Hen RIR 12 H | ¢+ - - 4} 4 4 | - | TB3
Date died v , ' g
—4A8/zr | B {43 f-=1--] sl ala e[ q77es |
Chick KR 656] L + e | == |- 41 4 1 4 | 17723
Hen RIR 13 H 4+ |==]=-= 4l 41 4 18| 4296
“Date died Y 4= fee]-- 41 414 | 4 15 |
20/87 B | b | wom | oo 4i 4t 4 1 &1 17TT28 |
Chick NRr 657 L : B ~
Hen H 1
Date died Y IR
4 7 _BM _
Chick KR 688 L - 4! 41 4§ 4 174 |
Hen RIF B -=i_= 4. 4. 41 4! 18
Date al:d gr - = 4 4. 4141 18 |
, A , : -
Chick NR 698 _ L
Hen RIR 66 " H ,
Date died Y T
Bl S
Chick NR 700| L
Hen H - - y
- 4 EM ‘ A i ; 1
ol ‘ “RR 667 ol ." - e _O. - 3 - - ‘ - .
Date died Y ) g =T
7 BB.'I - - - - - H - - 1% a .
o o R g00—H— B N I B I IS B S VR
—DateRhier Y — i 4 4 4] ]
BM - - : ' Y
Chick ¥R 670 T 4 41 41 4 15
Date died Y QJL.Q 135
4/19/27 B = - 3] 4] 44 11
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Pable XXI. A Permentative and Agglutinative Study of
Mioroorgenisms Isolated from Tissues of Baby Chicks,

C* Contaminated

 Pourth 1Tissue | Carbohydrate Reaction <Reaction fPositive
| Batoh exam |D'ese Diine|Dulc]Malt]| }25§50¢100§200} serum
ChicknNR 671 L :
Hen H
Date died Y
|_4/19/27 BM
ChickNR 804 | L
Hen RIR 92 H t == === 14 4 4! 4] 15
Date died Y t tl == ==t 14 4 753
4/20/27 BM_ 14 4| == ==l==] 14 ﬂ 41 4] 17711
ChickMR 692 1, ' )
Hen RIR 152 H : -
Date died Y 4! o] =wl=- N -1 17701 |
7 Bl '
ChickNR 693 L
| Hen RIR H
Date died Y
4/12/27 Ne8e 1M :
ChickNR 664 | 1, +t | - o mel=-t 14 4 4] 41 11
Hen ‘ B . + - - “ ol - - 4 ! 1
Date died Y- - - - -l - - J:L :l :_—‘_ \
7 BM | A R —1a8.
ChickNR 666 L : _ |
Fen —5 T J,_‘,_...._v.?._..._. ot
Date died Yy i - ,....,-.;...,.% - T"“
7 M | | N
Chick NR L
Hen B
Date died v g \‘
7 R I L R '
I?IhiCkR7“ L + - - —-—-.vi a::i_‘ 'ﬂ
en_ RIR 18 H - - - - ) - -] ow y
Date died Y + ' S : 770},
I e B B e B N N B Y A
ate e 4 :
..__4/].6/27 B + - -1 J. 4 ﬂ._i_pﬁ____um_
Chick R 746 L ) '
%e%e ied I% 2 ) o
a - '
"‘51%'-[&1:/27 BY B e e 4 4 | 17701
R T e B RS L1 N T
Date died Y | PR T i 414 |
| 4/19/27 BY [ w4l == =ol-=1 14 4 i"-ﬁﬂ*——-
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Pable XXII.A Fementative and Agglutinative Study of
Microorganiams Isolated from Tissues of Baby Chicks,

4* Cloudy

Pourth  |'Tissue|Carbonydrate Reaction| lAsg.Reaction Positive
exam {Diese;D'ine{DulciMalt| }2H§50¢100§2007 serum
""chﬁi'cf S 7Es| 1 ] -
Hen RIR 78 Hq
Date died | Y ‘
7 | B . -
Chick R 73 L ¢ ¢ low |ow]wa 414 4% 4 11 .
Hen RIR 73 H $ 4 {m= o] w= (41 4 4] 11
Date died Y | . e p g
" BY 144 o= |==l=-= 4L &) 41 17707 4
Chick R 761| L i 3 ' '
Hen RIR 73 b
Date died Y . -
4/11/27 Bl — -
Chick R 752 1 1S " o
Hen RIR 78 H P [ww | w--- 4=l = = 1 17181 ]
Date died Y . ’ - ' .
v 4 : BM &b - - N - Lu.-&.b—‘-—-—-—‘—--——-—m
Chick R780] L | & = | == | = ol == 414 L 4 1
Hen prpgh | H laeo fo- |owloel (414]4 4) 21
Date died Y - . —
7 BM |+ o= |ow| ==t 141414 14t 17768
Chick R 757|_ _L *d == | =ml=-] (4414141 11
Hen . H b | w= | o] ==l (44 4 14 1)
Date died Y | , R IS £
4/20, BN LR I ) -l oW ,_,ﬁ...i..._i..,u.. 17701 |
A N A P W I 37701
Hen H {44 |oa o)== ijf%’ 4284 |
Date died Y | _
o/11/21 B 1 '
Chick g 7,?5 i ' % i e
|_Hen H l+¢fe=l==l=<"14"41 4|4 1770]
Date died Y ' o 4 -
6/21 B
|, NIcK R 756 T $ b -_- - - w - e - 172&
gZﬁe died ' i : P S A S Y Y O 17Lm1’
A -l - .. - -y - - - -
Pty o e . —
Chick - . w | - o ] 4 »
o R 758 i + + - 49414 | 4 17783
Date %H%& Y ”
orerr 7 BM | ' ' .
TR UL A T L e A [ L7 W
Date died Y lo4 |ww |owleai |4 = l-w 783
4/18/27 BY (4 ¢ |ow [wwieal |4 ﬂ; - 17728
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Table XXIII.AFementative and‘Agglntinative Study of
e Hicroorganisms Isolated frougﬁ&ggues ef Baby chinks.

o *Beact:on tPositive
1251508 OO 2004 serum

ﬂéuﬁh "Tissge o
|_Hatoh exa !
Chick R 748

¢ | HenBR 17701
Date died

| _4f20/27
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F_ A §
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Date died | ¥ tjiw) o= | wwle il ¥4 b4 ] 11
8/87 . BM BE "'9 - - - wmiwsow ‘J MM & tﬁi *
Chick R726| L | o= | == w=l=w «d:/4°14| 41 &1 135
HemBR 17712 | H = | #.= | = = ["'=w =im={ 1414} ¢} 4 1358
Date died Y R Mtiads Wi P D LN SR HIR 17701
9/19/27 BM | b wm sl sl 444l 4] 4206 |
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= .

3
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Date dled Y VR NS N O I e
Hen _ E
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: BM i
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Tables 24 through 28 show by breeds the settings, the number
of pippéd eggs from which Bacterium pulloi*m was isolatéd, hens
which laid them and fermentative and agglutinative studies of the
microorganisms isolated.

Pable XXIV, Showing the number of eggs pipped, hens whish laid them
and fermentative and agglutinative studies of the microorganisms

isolated.
:
~
o N
" '§ 28 White Leghorn non-reactors
5 8|88t
o»| A |AS
£ 18 s 83 rbohydrate tion 1 Aegeds
a )R |8 = Hen| D'ose [D'ine ﬁo ua1y 25150
Tlza 12 1= | A ,
& 1 11 17241 & = 2= l--1--14 1414
-3 - |-
5 o -
. 7ol s [1

Table XXV. Showing the number of eggs pipped, hens which laid them
and fermentative and agglutinative studies of the mieroorganisms

i1solated.

] '

b .

-4

v;

Il

g % w P White Leghorn reactors
s |[°% ™ |™3 , ~ -
® ué "le e 3 Carbohydrate Reaction [ege.Affinities [Positive

g Hen| D'ose |D'ine [Dule (Malt 85{50 {100 |200 {serum
1 1 -1 . . '
Ez.._sg._Ll 1 PRSI SIS P U PY 78 I S T
(4 J4al2 T 3 e Yoo looV--Halale | 4] 17728 |
Toe 11701 5 g ]

See legend on page 20,
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Table XXVI. Showing the number of eggs pipped, hens which laid them
and fermentative and agglutinative studies of the microorganisms

isolated.
g.
T I8 g
a |2
3 % 2 |12+ Rhode Island Red non-reactors
s 1°%] * 1*3 : ‘
® P:. é o"‘g Carbohydrate Reaction finities |Positive
2 {* ?| Hen [ D*ose | D' ine [Dule|ualt | 25150100200 [serws |
1 1 - f. . _ ‘ i ) ;
b-é ﬁ e —
— T el s 151 4 |
| PAFI ISR S Y Y P
(To.la90l s 1 | 1

Table XXVII. Showing the number of eggs pipped, hens which laid them
and fermentative and agglutinastive studies of the microorganisms
isolated.

Bacterium jgzllom

g |
» 2 18

3 § I L Rhode Island Red reactors

A |de| B [a .

§ é” ﬁ. hé | carbohydrate Reaction |4& £ini ties [Positive

Hen] D'ose |D'ine |Dulc|Malt | 25150 |100/200 |serum

111911 = . ' »

2 14 1 ad 3l ee oo loolo-dalada ] 4 | 4282
[ Tos] 721 3 | 2 i

See legend on page 20,
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Table XXVIII., Showing the number of eggs pipped, hens which laid them
and fermentative and agglutinative studies of the microorganisms

See legend on page 20,
*One not cultured.

isolateds
)
~4
r~4
L- I - ]
g |2 |38 ..
g 3’: B '&ﬁ Barred Rock reactors L
» ¢ 0 ) . - :
a R | R iﬁz | Carbohydrate Reaction m,%'f tieg Positive
' Hen| D®ose | D'ine {Dulc Elt 25 1501100 1200 {se rum -
1 az 1 L B . . - o
,._a_..zi = = : ;
(3 laal- I :
[ 4 faslvq fadao78 ey fo- lo-1--1alelal-1 17909 |
Lo, 1118} 5 1
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Tables 29 and 30 summarize the data of the problem from

the standpoint of the non-reacting and reacting groups irrespec-

tive of breeds.

Table 29 shows that of the 211 chickens hatched from 360

eggs laid by non-reacting hens, 402 per cent died during the 3

weeks following hatching. From 29.3 per cent Bacterium pullorum

was isolated.

‘Table 30 presents data to the effect that of 169 chieks

hatched from 360 eggs laid by reacting hens, 6845 per cent died

within 3 weeks after hatchinges The per cent of the total dead,

found to be infected with Bacterium pullorum was 46e.le

Table XXIX, A sumary of tabulated data for the non-reacting groupe

Por oent dead |

Set=|No.eggs NosPi=| Pipped| Hatohed [Died Per cent|Died of
 tingl set | pped | B.P,* died | B,P.* |B.P,*Isclated |
' 170 2 -1 122 37 30,3 21 17.2
190 D 1 89 148 1 53,9 1 41 1 46,0
{Total 860 8 a | 211 [ 2%40,2, A2 32020,8 ‘

Table XXX« 4 summary of the data for the reacting group of fowls.

Set=| Nos.eggs No.Pi~| Pipped{ Hatched {Died Per cent|Died ofiPer cent dead
ting] set pped | BeP.* Swk. died BoPo* |B,P,*Isolated |
170 5 2 95 12 3748 24 24,2 |
7 3 2 43 40 93.0 33 1647 '
118 B 1 31 23 T4a1 21 677
M"ﬁg— 13 5 169 99 l**5g.8 1 78 ko

*B.P, Bacterium pullorum
**Average percentage of total dead in 3 weeks
***Average percentage of dead in which Bacterium pullorum was isolated.
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Graph I summarizes the mortality of chicks from non-

reactors and the number dead from which Bacterium pullorum was

isolated.
Graph II surmarizes the mortality of chicks that were

hatched from reactors and the number of dead from which Bacterium

pullorum was isolated.



Graph I, Shows the mortality by days of chicks
from non~reactors and the number dead from which
Bacterium pullorum was isolated.

(] Bagterium pullorum not isolated
B Bacterium pullorum isolated

86

1 2 3 45 6 7 8 91011 121314 15 16 17 18 19 20 21
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Greph II. Shows the mortality by days of chicks
from reactors and the number dead from whigh
Bacterium pullorum was isoclated.

{1 Bagterium pullorum not isolated
E Bacterium pullorum isolated

l1 2 3 45 6 7 8 9 10111213 1415 1617 18 19 20 21
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Some of the résults of this experiment may seem erratie
to the casual observer, but a knowledge of two factors whieh
entered into the problem may help to explain why the results ob-
tained with the chicks from the reacting and non-reacting hens
are not more marked.

In the first place, the reactors and non-reactors of
each breed were pul:posély kept together so that the conditions
under which they were kept would be identicale The danger of
keeping reactors and non-i'eactors together was realized, but by
monthly testing it was thought that the elassification of re-
actors and non-reactors could be maintained. The basis for
declaring a bird a reactor has been complete agglutination in a
serummantigen dilution of at least 1-50. Hens reacting below
this point have not been considered dangerous by some of the fore-
most investigators.

In this experiment, however, 11 that were negative at the
first test, later reacted at dilutions of 1-25. Since pipped
eggs from 2 of these contained Bacterium pullorum, these hens may
have been the sour;e of the infection that caused heavy losses
among chicks from the non-reactors.

In the second place, eggs from the reactors and non-

reactors were set in the same incubator., This was not considered
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a dangérous procedures There is experimental evidence to show
that there is danger of transmission of bacillary white diarrhea
infection in forced draft incubators, but none which shows a
gimilar danger in the type employed in this experiment. Although
the eggs from the reactors and non-reactors were separated ﬁy
being placed in wire baskets or gauze sacks prior to hatching
there is & possibility that infection of chicks from reactors may
have taken place in the incubator,

In this problem 21 eggs had been pipped but had not
hatched. The yolk sacs of 20 of the unhatched chicks were cultur-
ed and 7 were found to contain Bé.oterium pullorm, As stated
previously, from 2 eggs laid by non-reacting hens, number 724 and
number 299, Bacterium pullorum was isolated.

Of the 184 chicks examinéd bacteriologiocally 309 cultures
were isolatede The tissues from which they were isolated varied
as follows: 87 were from the liver, 72 from the heart, 71 from the
yolk and 79 from the bone marrow.

Seventy-three of the 309 cultures were anaerogenie, that
is they produced no gas in dextrose broth.

Thirteen of the 309 cultures produced acid in maltose
brothe

The study of the antigenic affinities revealed that 235

ocultures were agglutinated by serum from reacting hens at dilutions
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of 1-200, PForty-five of the cultures were only agglutinated in

dilutions of 1=100. 'L'hev' serum from reacting hens agglutinated
16 in dilutions of 1-50 while 13 were only antigenic enough to
be agglutinated in dilutions of 1-25, ‘

In the first hateh a very small percentage (Ge8) of the
chicks fr;m the non-reagtors died of Bacterimi pullormm infection
while 5642 peroentage died of baslllary white diarrhea in the
reacting groupe The percentage of mortality from this cause in
the non-reactors increased markedly in the next three hatches which
is as follows: pomenté.ge of the groups of non-reacting ehicks
from which Bacterium pullorws was isolated, second hatch 60,3, third
hatch 1‘8101.' and the fourth hatch 28+8. The percentage of the broods
of reacting chicks from which Bacterium pullorum was isolated, second
hatch 4845, third hatoh 35.1, fourth hatch 50,0, This may indicate
that the non-reacting hens previously referred to were gontracting
the infection from contact with the reactors and were transmitting

it to the chicks.
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SONQLUSIONS

le Bacillary white diarrhea is an acute infection
disease of baby chicks whieh in this experiment caused the great-
est number of deaths between the fourth and twelfth days after
hatching,

2. The mortality rate was exceedingly high in the chicks
both from the rescting and non-reacting hens. Ordin#rily it
would be expected that no deaths due to Basterium pullorum should
ocour among the chicks from the non-reacting hens provided they
are ke_pt under conditions that preveqt infections In this pro-‘
blem it may be concluded that the chicks may have become infected
from the egg yolks of the reacting or infected mother hens anmi
also from the yolks of low reacting hens in the so-called non=-
reacting group and from infectioh transmitted in the inoubatore
Since the mortality rate among the chicks from the reacting groups
of hens was 1648 per cent more than among the chicks from the
non-reacting hens it may be concluded that the infected mother hen
is the greatest source of dangers

3e Bacteri“um pullorun was isolated from one-third of the
eggs that were pipped but which did not hatche It appears that
the infection may be responsible for the inability of many chicks

to emerge from the shell.
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4, Both aerogenic and anaserogenic strains of Bacterium
pullorum were responsible for chick mortalitys

5 4 small per cent of cultures of Bacterium pullorum
isolated from baby chicks are likely to be more or iass non=-
antigenice

6 41l four tissues, liver, heart, yolk and bone marrow
should be cultured in order to make certain that Bacterium
pullorum is detected.

7. Bacterium pullorum is dextrose positive and dextrine,
dulcite?ndmaltosp negative, however, thirteen strains fomed
acid in maltose.

9- in view of the fact that the rate of mortality from
Bacterium pullorum infection was very low among the non-reacting
chicks of the first hatoh as compared to chicks of the sams group
in the three subsequent hatches and also in view of the fact that
the serum-agglutination reaotion changed from negative to & weak
positive reaction in some of the non-reacting birds it may indicate
that these hens were gradually contraocting the infection from

contact with the réactors and were transmitting it to the chicks,
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An interesting fact noted in comnection with this experi-
ment was that the percentage of eggs hatching from the non-re-
acting group was 5846 while from the reacting flock it was 46.9,
in spite of the fact that some of the eggs laid by the non-
reacting group were infected.

From data presented in this investigation it may be further
concl;zded that hens negative to the agglutination test cannot
safely be kept with hens positive to the test without danger of
transmission of Bacterium pullorum from the infected birdg to the
others, and until an investigation of the possibility of transmission ”
of Bacterium puliorum in the non~foreed draft typé of ineubator is
conducted, one should be rather cautious about setting eggs from k

\

reacting and non-reacting hens together in this type of machines
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