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AN INVESTIGATION OF THE MORTALITY OF
INCUBATOR CHICKS.

By E. F. PERNOT.
The artificial incubation of chicks has induced many individuals

to launch into the poultry business on a scale governed largely by
their means. Many who have ventured into ths business have done
so under the impression that all that is necessary is to procure an
incubator and produce chicks for the market by machinery, without
taking into consideration that they are dealing with the development
of the earliest stages of life.

With all the improvements that have been made in modern in-
cubators there still remains a missing factor when comparing their
efficiency with that of the hen. The heavy mortality of chicks in the
shell and those shortly after they are hatched, is a serious matter.
In Bulletin No. 100, recently published by this Station, Professor
Dryden states that the incub2tors gave a result of 16.6 per cent of
chicks dead in the shell, while under the hen only 2.8 per cent."
Ordinarily, with less careful handling of the incubator, the loss is
still greater. The specific cause of this high mortality of incubator
chicks is the problem that we have undertaken to solve, and the
following are the results of the investigation as far as we have golie
UI) to the present time.

We first undertook to make a systematic study of the dead embryos
and chicks that had died several days after hatching; a comparative
check was kept by killing chicks of the same age.

It was soon found to be impracticable to gain any definite infor-
mation from the blood of the embryo, owing to the heart being col-
lapsed, and nearly all of the blood cellected around the unabsorbed
yolk enclosed in the abdomen. Constantly finding this condition to
prevail both in the chicks dead after hatching and in those dead in
the shell, at all stages of development, it would indicate that the
unabsorbed yolk is the seat of disease, and a bacteriological and his-
tological study of these conditions seemed the proper course to pursue.
Accordingly all the pipped eggs that failed to hatch and a large
number that were not pipped were taken from the many incubators
and brought to the laboratory.

As each egg was received the shell was disinfected with corrosive
sublimate at the point where it was to be opened. After removing
a sufficient amount of the shell and membrane with sterile forceps,
to disclose Ihe posterior end of the embryo and expose the unabsorbed
yolk, a sterile platinum loop was thrust into the center of the yolk,
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from which a plate culture was immediately made to determine the
number and varieties of micro-organisms present. The number of
colonies developed in many instances was so great that a straight
platinum needle had to be substituted for the loop in order to reduce
the number of colonies so that they could be transplanted into pure
cultures of the different varieties. The total number of varieties
found was fifteen, each being tested for its pathogenesis by inoculating
chicks of different ages with bouillon cultures. Only one of the
fifteen was fata. For convenience saks, the ninth one, being patho-
genic, will be known hereafter as bacillus, or B, No. 9, a description
of which is as follows:

BACILLUS No. 9.
Found in the unabsorbed yolk and heart's blood of chicks that

failed to hatch, and in chicks that died within a few days after hatching.
MorphologyShort bac'lli w:th rounded ends, occuring singly and

in pairs.
Biological charactersAn aerobic, faculative anaerobic, actively

motile bacillus, spore formation not observed. Grows in the usual
culture media, preferring a high temperature.

Upon agar plates at the room temperature no visible growth appears
In twenty-four hours. In an egg incubator at a temperature of 103
degrees F., after twenty-four hours, small round colonies become
barely apparent, while under a low power they appear as homogeneous
white specks with irregular outlines, the colonies never becoming
large with age.

In gelatine stick cultures, growth occurs along the entire line of
inoculation, spreading out into a round, flat, white, growth with an
irregular margin, at the point of puncture. Growth takes place very
slowly at a temperature below the melting point of gelatine, and
liquefaction does not occur.

Upon the surface of an agar slant, after twenty-four hours at the
room temperature, growth is barely visible, while in an egg incubator
at 103 degrees F., a rapid growth takes place covering the entire sur-
face of the slant with a shining yellowish white layer.

Upon potato, at a temperature of 103 degrees F. a rapid growth
occurs, covering the entire urface with a shining yellow growth, which
later becomes brown, the potato turning brown with age.

In bouillon, an even turbidity is produced, later forming a delicate
white scum which adheres to the walls of the test tube.

When grown in fresh yolk of egg, the material soon breaks down
as if curdled and a very offensive odor arises from the culture.

Behavior Toward Saccharine Matter.
In 1 per cent saccharose bouillon, after twenty-four hours incu-

bation, one-fourth inch of gas is formed in the perpendicular arm of
the fermentation tube.

In 1 per cent lactose bouillon, after twenty-four hours incubation,
one-half inch of as i formcj in the perpendicular arm of the fer-
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mentation tube.
In 1 per cent maltose bouillon, after twenty-four hours incubation,

seven-sixteenths inch of gas is formed in the perpendicular arm of
the fermentation tube.

In 1 per cent dextrose bouillon, after twenty-four hours incubation,
one and one-eighth inches of gas are formed in the perpendcular arm of
fermentation tube.

In 1 per cent mannite bouillon, after twenty-four hours incubation,
one and five-eighths inches of gas are formed in the perpendicular
arm of fermentation tube.

This organism was constantly found in all of the chicks dead In
the shell, and in all of those that hatched and died before the yolk
was fully absorbed.

In testing its disease-producing power, it was found that by injecting
one-tenth cubic centimeter of a bouillon culture into the tissue or
abdominal cavity of chicks of any age, it had no fatal effect, but when
injected into the unabsorhed yolk enclosed in the abdomen, it always
proved fatal.

These results indicated that the germ possessed no disease-producing
power in the body of the chick, but when it gained access to the
unabsorbed yolk, or yolk of the incubating egg, it always proved fatal,
in all probability due to the elaboration of toxins, or toxalbumens,
while growing in the yolk at such favorable temperatureS.

This was verified by taking from incubators several sets of six
eggs each, at different stages of incubation, and puncturing the shells
by drilling a hole through with a hypodermic needle, then injecting one-
tenth cubic centimeter of bouillon culture of B. No. 9, into the contents
of the egg. After withdrawing the needle the aperture was immediately
sealed with three coats of collodion, and egg replaced in the incubator.
All of the eggs thus treated failed to hatch, and upon dissecting them,
the same conditions were found as in chicks that had died in the shell
itninoculated. In mcst cases the embryo was well developed, the only
evidence of disease being in the remaining yolk, which was identical
in its pathological appearance with other chicks dead in the shell from
the same disease. The yolk is physiologically changed, sometimes re-
sembling curdled milk, but generally thin and watery; the color varies
from normal yellow to a dark greenish yellow, and is always found
literally loaded with B. No. 9. No other part of the anatomy gives
evidence of disease.

In order to justify ourselves that the embryo did not die from the
shock caused by injection, puncturing the shell, or from any other
cause save that of the growth of the germs introduced, sets of check
eggs in each case were injected in the same manner with an equal
amount of warm sterile water; these all hatched, removing any doubt
of B. No. 9 being the siecific cause of death of the embryo in the
inoculated eggs.

To make it conclusive, other sets of eggs were similarly injected
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with bouillon cultures of non-pathogenic germs with negative results.
Everything seems to indicate that the chicks die in the shell from

toxemia. Those that die a short time after hatching, or before the
yolk in the abdomen is all absorbed, succumb to toxemia or from the
absorption of toxins, elaborated by the germs while growing in the
yolk.

In many instances we note several chicks in a flock that fail to
develop as rapidly as do the others. This stunting of the chck is
probably due to its having had this disease of the yolk, and, after
slowly recovering from its effect, growth is impaired.

A diarrhoea, or frequent discharge of a light calored fecal matter
generally accompanies this trouble, and quite a number of chicks die
from the vent becoming stopped by this matter accumulating and drying
over ii.

Of all the chicks dissected or examined, we have never found any
coccidia. Coccidiosis, therefore, cannot be the specific cause of diar-
rhoea in these chicks.

It seems unnecessary to tabulate our post-mortem notes on every
dssection of dad chicks, or embryos, as they simulate each other so
closely that one will suffice.

Post-mortem examination of a vigorous cross-bred chick two days
old, inoculated interabdominably at a point covering the yolk sac,
with one-tenth c. c. bouillon culture of B. No. 9; dead twenty-four
hours after inoculation.

External appearance normal, with exception of whiteish discharge
at vent, and absence of rigor mortis; adhesion of skin to abdominal
wall at point of inoculation; a yellowish red discoloration of abdominal
wall extending quite a distance in all directions from point of puncture;
Lver, normal size, color and structure; gall bladder somewhat dis-
tended with dark green bile; heart, normal but collapsed; lungs, normal
in every respect; gizzard normal; intestines normal. A good quantity
of yolk enclosed in the abdomen, the blood vessels surrounding pos-
terior portion of yolk sac gorged with blood, and surrounding tissues
highly inflamed; contents of yolk sac watery and apparently curdled.

Plate cultures made from heart's blood and yolk, both showed an
abundance of the organisms which were used for inoculation.

In chicks that had died two or three days after hatching without
being inoculated, the only material difference in post-mortem appear-
ance was generally a thickening of the wall of the lower intestines,
and a catarrhal inflammation of the mucous membrane, possibly due
to irritation caused by the toxins discharged into them from the yolk
sac.

Summarizing the results we find that:
B. No. 9 is constantly found in the yolk of chicks dead in the shell.
Inoculating with cultures of B. No. 9 in young chicks that have

unabsorbed yolk in the abdomen, is fatal.
B. No. 9 is not pathogenic to chicks after the yolk has been absorbed.
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B. Nor' 9 produces a toxin when growing in the unabsorbed yolk
in chicks. -

B. No. 9 grows more rekdily at a temperature of 103 degrees to
104 degrees F. than at any other temperature.

Eggs injeèted with cultures of B. No. 9 fail to hatch and the
embryo presents the same appearance as those 'dead in the shell."

Hen-hatèhed chicks and incubator chicks inoculated with cultures
of B. No. 9, before the yolk is absorbed, are alike susceptible.

That wheilbver B. No. 9 gains access to the yolk, growth takes
place under favorable temperatures and the result of this growth is
injurious to the vitality Of the chick.

It must be Oiiderstood that the chicks used for dissection were
in many cases alive in the shell when they were received, and the
organisms found were not saprophytic. This explanation is given be-
cause the statement is frequently made that chicks die at the time of
hatching because they are incapable of breaking the shell or membrane,
to liberate themselves. If the chick has no disease to reduce its
vitality it is usually able to extricate itself from the shell, but if in a
diseased condition it seldom lives, even if the shell is removed from

it by huñian aid.
The questions naturally arise, where does this germ come from?

how does it gain access to the yolk? and, what can be done to pre-
vent it?

We must first ascertain what the bacterial contents of eggs are,
and if this particular organism normally inhabits them. Following
are the results of hacteriolog.cal analyses of fresh eggs.

Specimens for analyses were brought to the laboratory from trap
nests, as soon as possible after they were laid, and while still warm,
care being taken to touch them only with sterile cotton, or sterile
rubber gloves. The shells were immediately washed with a weak
solution of corrosive sublimate.. After removing a portion of the
shell and membrane about eighteen m. m. in diameter at the small
end of the egg, under aseptic precautions, agar plate cultures were made,
using one platinum loopful, two loopfuls, and one cubic centimeter of
albumen, respectively. The albumen then being poured off, similar
plates were made from the center of the yolk; these plates were
incubated for twenty-four hours at a temperature of 103 degrees F.,
then left at the room temperature for twenty-four hours longer, to

develop all varieties of organisms possible. During the making of
the plates the strictest aseptic precautions were observed in order to
avoid accidental contamination.

The following record of some of the plates will show how results
vary:
Egg No. 1

Plate No. 1Inoculated with one loopful albumen, number of

colonies, 0.
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Plate No. 2Two loopfuls albumen, number of colonies, 4.
Plate No. 3One c. c. albumen, number of colonies, 0.
Plate No. 4One loopful yolk, number of colonies, 0.
Plate No. 5Two loopfuls of yolk, number of colonies, 0.
Plate No. 6One c. c. of yolk, too opaque to examine.

Egg No. 2
Plate No 1One loopful albumen, number of colonies, 2.
Plate No. 2Two loopfuls albumen, number of colonies, 3.
Plate No. 3One c. c. albumen, number of colonies, 0.
Plate No. 4One loopful yolk, number of colonies, 0.
Plate No. 5Two loopfuls yolk, number of colonies, 2.
Plate No. 6One c. c. yolk, too opaque to examine.

Egg No. 3
Plate No. 1One loopful albumen, number of colonies, 146.
Plate No. 2Two loopfuls albumen, number of colonies, 463.
Plate No. 3One c. c. albumen, number of colonies, 37.
Plate No. 4One loopful yolk, number of colonies, 244.
Plate No. 5Two loopfuls yolk, number of colonies, 210.
Plate No. 6One c. c. yolk, too opaque to count.
After making the analyses of several eggs, we found that one c. c.,

especially of the yolk, was too much material with which to inoculate
the plates, so the amount was reduced to three loopfuls.
Egg No. 4

Plate No. 1'One loopful albumen, number of colonies, 22.
Plate No. 2Two loopfuls albumen, number of colonies, 26.
Plate No. 3Three loopfuls albumen, number of colonies, 17.
Plate No. 4One loopful yolk, number of colonies, 84.
Plate No. 5Two loopfuls yolk, number of colonies, 267.
Plate No. 6Three loopfuls yolk, number of coloules, 73.

Egg No. 5
Plate No. 1One loopful albumen, number of colonies, 19.
Plate No. 2 Two loopfuls albumen, number of colonies, 21.
Plate No. 3Three loopfuls albumen, number of colonies, 9.
Plate No. 4 One loopful yolk, number of colonies, 151.
Plate No. 5 Two loopfuls yolk, number of cOlonies, 171.
I late No. 6Three loopfuls yolk, number of colonies, 87.
As an egg is expelled from the hen it is warm and moist, and in

order to avert the possibility of contaminating the contents by organ-
isms entering through the pores of the shell by capillarity, the anus
and surrounding feathers of the hen about to lay were thoroughly
disinfected with a solution of corrosive sublimate. When the egg was
expelled it was caught in a pad of sterilized cotton covering the oper-
ator's hand, immediately wrapped and brought to the laboratory for
analysis. The fol]owing two eggs were thus secured:
Egg No. 6

Plate No. 1One loopful albumen, number of colonies, 11.
Plate No. 2Two loopfuls albumen, number of colonies, 5.
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Plate No. 3Three loopfuls albumen, number of colonies, 5.
Plate No. 4One loopful yolk, number of colonies, 540.
Plate No. 5Two loopfuls yolk, number of colonies, 648.
Plate No. 6Three loopfiils yolk, number of colonies, 708.

Egg No. 7
Plate No. 1One loopful albumen, number of colonies, 5.

Plate No. 2Two loopfuls albumen, number of colonies, 6.
Plate No. 3Three loopfuls albumen, number of colonies, 6.
Plate No 4One loopful yolk, number of colonies, 56.

Plate No. 5Two loopfuls yolk, number of colonies, 93.
Plate No 6Three loopfuls yolk, number of colonies, 135.

In order to determne if the aging of eggs would have any effect
upon the number of organisms contained in them, the following eggs
were kept for fifteen days:
Egg No. 8 (Fifteen days old)

Plate No. 1One ldopful albumen, number of colonies, 8.

Plate No. 2Two loopfuls albumen, number of colonies, 10.

Plate No. 3Three loopfuls albumen, number of colonies, 1,520.
Plate No. 4One loopful yolk, number of colonies, 1,320.
Plate No. 5Two loopfuls yolk, number of colonies, 2,448.
Plate No. 6Three loopfuls yolk. Plate lost.

Egg No. 9 (Fifteen days old)
Plate No. 1One loopful albumen, number of colonies, 39.
Plate No. 2Two loopfuls albumen, number of colonies, 13.
Plate No. 3Three loopfuls albumen, number of colonies, 17.

Plate No. 4One loopful yolk, number of colonies. 10.
Plate No, 5Two loopfuls yolk, number of colonies, 15.
Plate No. 6Three loopfuls yolk, number of colonies, 21.

Egg No. 10
Plate No. 1One loopful albumen, number of colonies, 24.

Plate No. 2Two loopfuls albumen, number of colonies, 53.

Plate No. 3Three loopfuls albumen, number of colonies, 63.

Plate No. 4One loopful yolk, number of colonies, 21.

Plate No. 5Two loopfuls yolk, number of colonies, 6.
Plate No. 6Three loopfuls yolk, number of colonies, 46.
To further determine the bacterial content of eggs before external

contamination of the shell could occur, a hen that was about to lay
was selected, killed and dissected under aseptic precautions. Plate
cultures were immediately made from all of the ova, using from the
smallest ovule that could be handled, up to the egg ready for expulsion.

Each ovum was sterilized by scorching it with a red hot spatula
at a point from which the specimen was to be taken, then by the use

of sterile forceps, the scorched surface was torn apart and a platinum
loop thrust into the aperture to secure material for inoculating the
plates without possible external contamination.

The following number of colonies were found to develop in the
respective plates according to size of ovum:



10

Plate No. i-Large ovum, 1 loopfui yolk, No. colonies, 49.
Plate No. 2-Same ovum, 2 loopfuls yolk, No. colonies, 155.
Plate No. .3-Slightly smaller ovum, 1 loopfuiyolk, No. colonies, 182
Plate no. 4-Same ovum, 2 loopfuls yolk, No. :o.lonies, 338.
Plate No. 5-Smaller ovum, 1 loopful yolk, No. colories, 4.
Plate No. 6-Same ovum, 2 loopfuls yolk, No. colonies, 20.
Plate No. 7-Smaller ovum, 1 loopful yolk, No. colonies, 11.
Plate No. S-Same ovum, 2 loopfuls yolk, No. colonies, 31.
Plate No. 9-Smaller ovum, 1 loopfui yolk, No. colonies, 13.
Plate No. 10-Same ovum, 2 loopfuls yolk, No; colonies, 7.
Plate No. li-Smaller ovum, 1 loopful yolk, No. colonies, 7.
Plate No. 12-Same ovum, 2 loopfuls yolk, No. colonies, 10.
Plate No. 13-Smaller ovum, 1 loopful. yolk, No. colonies, 1.
Plate No. l4-Same ovum, 2 loopfuls yolk, No. colonies, 1.
Plate No. 15-Ovum size of pea, 1 loopful, No. colonies, 14.
Plate No. 16-Ovum size of small pea, 1 loopful, No. colonies, 6:
Plate No. l7-Ovum size of vetch seed, 1 loopful, No. colonies, 8.
Plate No. 18-Fluid from oviduct, 1 loopful, No. colonies, 3.
Plate No. 19-Fluid from oviduct, 2 loopfuls, No. colonies, 0.
Plate No. 20-Fluid from oviduct, 3 loopfuls, No. colonies, 117.

Egg With Shell in Oviduet-
Plate No. 21-One loopful albumen, No. of colonies, 23.
Plate No. 2k-Two loopfuls albumen, No. of colonies, 31.
Plate No. 23-Three loopfuls albumen, No. of colonies, 525.
Plate No. 4-- One ioopful yolk, No. of colonies, 1.
Plate No. 25-Two loopfuls yolk, No. of colonies, 5.
Plate No. 26-Three loopfuls yolk, No. of colonies, 3.
Bacillus subtillis, bacillus mycoides and bacillus mesentericus fuscus

were the only varieties found, bacillus mesentericus fuscus predomi-
nating in the plates made from albumen.

No colonies of B. No. 9 were found in any of the plates.
An analysis of the ova in a second hen was made in the same

manner as the first, with the following results:
Cultures from Ova of Heii No. 2-

loopful, No. colonies, 52.
loopfuls, No. colonies, 132.
1 loopful, No. colonies, 30.
loopfuls, No. colonies, 87.
.1 loopful, No. colonies, 17.
loopfuls, No. colonies, 24.
I loopful, No. colonies, 27.

loopfuls, No. colonies, 71.
1 loopful, No. colonies, 14.

No. 10-Same ovum, 2 loopfuls, No. colonies, 17.
No. 11-Ovum size of pen, 1 ]oopful, No. colonies, 6.
No. 12-Ovum size of small pea, 1 loopful, No. coLonies, 2.
No. 13-One loopful fluid froni oviduct, No. colonies, 3.

Plate No. 1-Large ovum, 1
Plate No. 2-Same ovum, 2
Plate No. 3-Smaller ovum,
Plate No. 4-Same ovum, 2
Plate No. 5-Smaller ovum,
Plate No. 6 Same ovum, 2
Plate No. 7-Smaller ovum,
Plate No. 8-Same ovum, 2
Plate No. 9-Smaller ovum,
Plate
Plate
Plate
Plate
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Plate No. 14--One loopful fluid from different part of oviduct, No.
of colonies, 49.

Egg With Shell in Oviduct
Plate No. 15--One loopful albumen, No. colonies, 19.
Plate No. I 6--Two loopfuls albumen, No. colonies, 34.
Plate No. 17--Three loopfuls albumen, No. colonies, 2.
Plate No. 18One loopful yolk, No. colonies, 27.
Plate No. 19--Two loopfuls yolk, colonies so coalesced as to prevent

counting.
Plate No. 20Three loopfuls yolk, No. colonies, 38.
Bacillus subtillis, bacillus mycoides and bacillus mesentericus fuscus

were the only varieties found, bacillus mesentercus fuscus predomi-
natng inthe plates made from albumen as in ova from hen No. 1.

It is difficult to say when and how these organisms enter the ova;
neither have we found that they have any effect upon the egg while
hatching; what relation they bear to the keeping qualities of eggs is
also undetermined.

No colonies of B. No. 9 were found in any of the plates.
Testing the Transmission of. Organisms Through Egg Shells.

To determine if B. No. 9 entered the egg during incubation, fifty
eggs were placed in an incubator properly heated. Another lot of
fifty were similarly placed in the same tray, to serve as checks, with
a partition between the two lots. After heating for one day, one lot
was smeared with a bouillon culture of B. No. 9. This was repeated
on the sixth and fifteenth days. Twenty-one of the smeared eggs were
tested out and twenty-four of the checks tested out. At the time of
hatching, nine chicks in each lot were dead in the shell; each egg that
failed t.o hatch was dissected and agar plate cultures made from the
unabsorbed yolk, using a straight platinum needle. The plates were
kept in an incubator for twenty-four hours, at a temperature of 103

degrees F.
We list the first six plates of each lot.

Smeared Eggs
Plate from egg No. 1
Plate from egg No. 2-
Plate from egg No. 3
Plate from egg No. 4
Plate from egg No. 5-
Plate from egg No. 6Crowded with colonies of B. No. 9.

Cheek Eggs in Same Incubator
Plate from egg No. 1Quite a number of colonies of B. No. 9.
Plate from egg No. 2A few scattering colonies of B. No. 9.
Plate from egg No. 3Quite a number of colonies of B. No. 9.
Plate from egg No. 4--Very few colonies of B. No. 9.
Plate from egg No. 5Few colonies of B. No. 9.
Plate from egg No. 6Many colonies of B. No. 9.
We deduct from this, that the organisms placed on the surface of

-Scattering colonies of B. No. 9.
.Literally loaded with colonies of B. No. 9.
-Quite a number of colonies of B. No. 9.
A few colonies of B. No. 9.
Numeiotis colonies of B. No. 9.
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the eggs evidently penetrate to the contents, and in growing in the
yolk, become the specific cause of the death of the embryo in the latter
stages of development..

Furthermore, the tests indicate that the organsms may readily be
transferred from egg to egg by the hands or by other means, thus
spreading the infection. Just why there was not a greater mortality
in the smeared eggs is but mere conjecture. Perhaps an element of
immunity in some of the eggs, or a more resistant shell, may account
for it.

A further test of the transmission of organisms through the egg
shell was made by taking a fresh egg, emptying its contents, then
coating the shell all over with two coats of collodion, to prevent the
passage of air, with the exception of a circular area of about twenty
m. m. at the large end. The shell was then placed open end down in
a Gooch filter connected with a vacuum 1)ump. When a maximum
vacuum was obtained, a bouillon culture of staphlococcus pyogenese
aureus was applied to the bare shell at the upper end and suction
continued for fifteen minutes. Upon removing the shell from the filter.
a few drops of sterile bouillon were emptied into the shell and after
being well stirred with a sterile platinum ioop, cultures were made
which subsequently developed colonies of the same organisms as were
applied to the exterior of the shell.

If organisms as large as these can be passed through the shell and
membrane of an egg, there would be no difficulty for a muck smaller
actively motile bacillus such as B. No. 9 to pass through under natural
barometric fluctuations.

While we were doing this work, it seemed advisable to investigate
the number and varieties of organisms adhering to the exterior of the
egg shells. Many means were devised to secure material for plate
inoculations; finally, an analysis of the scrapings from each shell was
adopted, using one milligram for each plate culture.

The eggs were handled with sterile rubber gloves, and the scraping
done with a sterile knife over sterile glazed paper, whch receved
the scrapings. Some of the hard-shelled eggs required a scraping of
the entire surface to obtain one milligram, while from others it was
obtained from a much smaller area. There is a surprising variation
in the consistency of the different egg shells.

Number of organisms in one milligram of scrapings from the shell of
each of the following fresh eggs:

Egg No. 1. Plate No. l-242.
Egg No. 2. Plate No. 2 97.
Egg No. 3. Plate No. 3 103.
Number of organisms in one milligram of scrapings of eggs incu-

bated one week in incubator:
Egg No. 1. Plate No. 1Number of colonies, 32.
Egg No. 2. Plate No. 2Number of colonies, 54.
Egg No. 3. Plate No. 3Number of colonies, 33.
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Number of organisms in one milligram of scrapings from shells of
eggs incubated one week in incubator:.

Number of organisms in one milligram of scrapings from shells of
eggs incubated under hen for one week:

Number of organisms in one milligram of scrapings from shells of
eggs incubated under hen for two weeks:

After scraping the eggs they were returned to the incubator, and
to the setting hen frOm whence they had been taken; the scraping did
not seem to interfere with their hatching, as only one egg failed to
hatch.

The organisms found were of the non-pathogenic varieties, commonly
found where organic matter is undergoing decomposition. Bacillus
sibtilis, bacillus mycoides and bacillus ubiquitis were the predomi-
nating ones in the different plates. B. No. 9, in search of which the
investigation was made, was not, found.
Testing the Efficiency of Formaldehyde t1as for Destroying Organisms

Aiready Enclosed in the Egg.
If an egg contains any pathogenic germs at the time it is laid it is

impossible to destroy them by disinfctants or by any other means,
without destroying the vitality of the egg.

We tested the effect of formaldehyde gas on quite a number of
eggs that had been injected with one-tenth c. c. bouillon culture of
B. No. 9 and others with the same amount of B. fluorescens liquifaciens.
After injecting the eggs, a small wire was introduced to break the
yolk and thoroughly mix the culture with the contents of the egg.
The puncture was then sealed with collodon, and eggs placed on a

Egg No. 1. Plate No. 1-Number of colonies, 38.
Egg No. 2. Plate No. 2-Number of colonies, 42.
Egg No. 3. Plate No. 3-Number of colonies, 67.
Egg No. 4. Plate No. 4-Number of colonies, 31.
Egg No. 5. Plate No. 5-Number of colonies, 40.
Egg No. 6. Plate No. 6-Number of colonies, 53.

Egg No. 1. Plate No. 1-Number of colonies, 991.
Egg No. 2. Plate No. 2-Number of colonies, 68.
Egg No. 3. Plate No. 3-Number of colonies, 46.
Egg No. 4. Plate No. 4-Number of colonies, 23.
Egg No. 5. Plate No. 5-Number of colonies, 62.
Egg No. 6. Plate No. 6-Number of colonies, 72.

Egg No. 1. Plate No. 1-Number of colonies, 17.
Egg No. 2. Plate No. 2-Number of colonies, 35.
Egg No. 3. Plate No. 3-Number of colonies, 188.
Egg No. 4. Plate No. 4-Number of colonies, 107.
Egg No. 5. Plate No. 5-Number of colonies, 73.
Egg No. 6. Plate No. 6-Number of colonies, 68.

Egg No. 4. Plate No. 4-Number of colonies, 46.
Egg No. 5. Plate No. 5-Number of colonies, 79.
Egg No. 6. Plate No. 6-Number of colonies, 107.
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wire tray in a closed box. The strongest fumes of formaldehyde
possible to generate were kept constantly in the box for twelve hours,
and then the box was allowed to stand for twelve hours more with
the remaining fumes. Upon removing the eggs from the box, plate
cultures were immediately made from the contents of the eggs.

The following six plates show that there was no apparent injury
to the organisms:
B. No.

Plate No. 1One loopful, number of colonies, 4,612.
Plate No. 2Two loopfuls, number of colonies, 9,300.
Plate No. 3 Three loopfuls, number of colonies, 13,850.

Ti. Fluorei-cens Liquifaciejis-
Plate No. 1One loopful, number of colonies, 3,120.
Plate No. 2Two loopfuls, number of colonies, 6,120.
Plate No. 3Three loopfuls, number of colonies, 11, 530.
Testing the El flciecy of Fomaldehyde Gas for Rull'ig B. N.o. 9.
The llan adopted was to place in the incubator a pint glass jar

containing four grams permanganate of potash (small crystals) and
ten c. c. formaldehyde. After closng the door and all orifices, fumi-
gation was continued for one hour.

A Prairie State" incubator contains an air space of about 3.1
cubic feet, and the gas arising from the amount of formaldehyde given
will kill all organisms, as demonstrated by several tests made.

Two incubators were used fo rthese tests, one being heated to 103
degrees F., and the other left cold. In each incubator small pieces of
cheesecloth were suspended, having previously been soaked in bouillon
cultures of bacillus anthrax, bacillus of typhoid fever, bacillus No. 9,
streptococcus pyogenes, and staphlococcus pyogenes aureus.

One set of infected cloths in each incubator was dried and the other
set left in a moist condition while being fumigated. After remaining
in the 'ncubators for one hour each, cloth was dropped into separate
test tubes containing sterile bouillon, and then incubated in the lab-
oratory, resulting in but one growth from aIr the test. The one
growth may have resulted from one coccus being protected from the
fumes by the clip which held the cloth in suspension.

The fumigation was done on a basis of sixteen ounces formaldehyde
of 40 per cent strength and six and one-half ounces pernianganate of
potash to 1,000 cubic feet of air space. The cost of fumigating an
incubator having an air space of 3.1 cubic feet is estimated at one and
one-half cents, and the cost of fumigating a brooder having an air
space of seventy-six cubic feet would be seven and one-fourth cents.
Several incubators filled with eggs were strongly fumigated at the time
the eggs were placed in them. The hatch in some cases turned out
very poorly, and in other cases fairly well.

Other incubators were fumed by placing a small dish of formal-
dehyde in them without the permanganate of potash; from the time of
the first pipped egg until the hatch was completed and chicks removed.
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Although the incubators smelled very strongly of formaldehyde gas, it.
did not seem to injure the chicks in the least, and they turned out
afterwards to be thrifty, hearty chicks, with a minimum loss from
diarrhoea or from any other cause.

It is possible and highly probable that infection with B. No. 9

occurs, in many cases, by their entering the abdomen of the chick
after it is released from the shell, and while the abdomen is moist at
a point where the wall closes over the unabsorbed yolk, or what may
he termed the umbilicus. If the organisms gain access to the unab-
sorbed yolk through this channel, the conditions offered for its devel-
opment are ideal and the toxines elaborated by its growth will,
eventually, kill or permanently injure the chick. Therefore, fumi-
gating incubators before placipg eggs in them is a wise precaution.

There has been considerable discussion as to the effect of C. 0.2
upon eggs while hatching under the hen, and in the incubator. We
tested its effect upon the growth of B. No. 9 in plate cultures under a
bell jar, through which a current of carbon dioxide wa passed con-
tinually, for three days. The gas was generated with dilute hydro-
chloric acid on marble dust .and washed before entering the bell jar.
A water trap escape was provided to quaIize pressure and prevent re-
entrance of air under the jar.

The agar plates were inoculated with a very small loopful of
bouillon culture of B. No. 9 and left uncovered in the bell jar, a cor-
responding number of plates were similarly inoculated and placed upon
the table in the presence of air.

After three days the . colonies became sufficiently large to count
under a low power lens. In order to shorten the list, a comparative
number of four plates gave the following number of colonies:

Plate No. 1Grown under C. 0.2, number of colonies, 212.
Plate No. 2Grown under C. 0.2, number of colonies, 296.
Plate No. 3Grown in the air, number of colonies, 110000.
Plate No. 4Grown in the air, number of colonies, 126,000.
This indicates that the growth of B. No. 9 is restricted in the

presence of C. 0.2, and in all probability C. 0.2 by its effect on B. No. 9
would influence the mortality of chicks in the.embryonic state.
Testing the Effects of Electric aiid Magnetic Currents on Eggs While

Hatchi iig.
There is unquestionably a difference between the influence that

may be exerted by the living body of the hen in direct contact with
the eggs while hatching and an inanimate machine artificially heated
with eggs suspended in au'.

In every 1 ving body where warm blood cirCulates there is a certain
magnetic force exerted. This force is transmitted by the setting hen
to the eggs upon which she sits and may be the missing factor in suc-
cessful artificial incubation.

It is possible that the only influence such a force could exert upon
the developing embryo is to increase its vitality and strengthen it
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during its development. It is well known that increased vitality in a
living body diminishes its susceptibility to bacterial acUon. Therefore,
if this life force, or the living magnetism of a setting hen, increases
the vitality of the developing embryo, it becomes more resistant to
the invasion of B. No. 9 than would those from an incubator, which is
totally devoid of this living force.

Taking this principle as a possible solution of the problem of high
mortality of incubator chicks, as compared with those hatched by hens,
we attempted to supply the magnetic force artificially to eggs in an
incubator. Means were devised for passing varied electric currents
through each egg; but this failed, owing to the perfect insulation
offered by the shell, and it was abandoned.

The latest device was a magnetic incubator, provided with two soft
sheet-iron plates connected with a large horseshoe magnet. The eggs
were placed between the two plates, one of which rested upon the tray,
the other supported about one-half inch above the eggs. Although
these plates only covered one-half of the tray, they so materially
interfered with the circulating heat that the hatch was not very suc-
cessful; but this does not exclude the possibility of perfecting an
incubator that will pass a gentle magnetic, stimulating force through
the eggs while hatching.

Further experimentation is necessary to determine its effect upon
the developing embryo.

Summarizing the results of this investigation, we find that all eggs
analyzed contained micro-organisms, even in the early stages of their
development in the ovaries. That 13. No. 9 was not found in any of
the fresh eggs examined, but was constantly found in the unabsorbed
yolk of all chicks that had failed to hatch, and all chicks .that died
shortly after hatching. That organisms pass through the shell during
the process of hatching, and more readily through those in an incubator
than-those under the hen.

The question naturally arises, why are the eggs under a setting
hen not infected with B. No. 9 as well as those in an incubator? The
only exp1anaton that we can give is, that perhaps that the body of the
hen transmits to the egg shell an oily substance that fills the pores of
the shell, preventing the entrance of the organisms to the egg content

Again the question arises, why did not such efficient fumigation
of the incubator prevent mortality from the effects of B. No. 9? After
fumigation, no living germs remained in the incubator, but, it must
be borne in mind, that turning and airing the eggs every day was
a means of directly infecting the eggs by contaminated hands. As
rores of the egg shlts in an incubator remain unobstructed throughout
the hatch, nothing would hinder the p.assage of these organisms to
the egg content.
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