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A Study on the Transmission of Bacterium

abortus (Bang) Thru Milk.

Introduction.

Fumerous investigationa have shown the infec-
tiousness for animals of milk containing pathogenic or-
ganisms, The milk may become infected indirectly thru
unsgnitary conditions and thru human carriers of disease
producing microorganisms. The milk may become infected
directly thru infections of the udder, tuberculosis and
mammitis being two coumon infections of the udder in which
the organisms may be excreted continually or occasionally
in the milk thruout the infection.

The investigations relative to the transmission
of Bacterjum sbortus thru milk are as yet in an experimental
stage. Very little study has been completed, but numerous
suggestions have been made as to the possibility of infec-
tious abortion being acquired in this manner. The researches
regarding the transmission of Bacterjum sabortus thru milk
have been confined largely to animal inoculation, to obeerva-
tions and to a large collection of clinical evidence. The
possibility of infectious abortion being acquired by animals
thru the ingestion of raw milk was first suggested by Williams
(1). lis researches are, however, very incomplete.  Consider-

ing the economic importance of the control of infectious



abortion, an experimental study of the numerous observa-
tions and of the clinical evidence now on record covering
the infectiousness of raw milk would aid materially in

solving one of the modes of transmitting Dacterium sbortus.

Historic Review.

Researches concerning the presence of pathogenic
organisms in milk and the poasibility of a disesse result-
ing tuerefrom have been extensive.

Fisher(2), many years ago, reported a paratyphoid
epidemic due to infected milk, two cows of a herd supplying
the milk were suffering from enteritis. Anderson(3) found
the tubercle bacilli in 11 percent of the dairies supplying
milk to Vashington, D. C. Hess(4) likewise isolated the
human type of tubercle bacilli from the milk supplying the
city of dew York. Griffith(5) making a study of the milk
of cows and goats, vaccinated subcutaneously and intraven-
ously with live tubercle bacilli, showed by means of guinea
pig inoculations that the bacilli, bovine or human, not
only made its appearance in the milk 24 hours after inocu-
lation, but continued to be excreted therein for long periods
subsequently. Capp and Davis(6) reported a septic sore throat
epidemic due to milk from a herd of 15 cows, 3 of which were
affected with mastitis.

That Bacteriun sbortus is present in the milk from

apparently normal cows and is excreted therein for long periods,

was first demonstrated by Schroeder and Cotton(7) in 1911.



After an extensive examination of a large number of samples
of midk, the abortion bacterium was isolated by cultural
methods and identified by means of the complement-fixation
test. The most noteworthy feature of their work, was the
demonstration of lesions in guinea pigs inoculated intra-
abdominally with samples of the milk identical to those

produced by a culture of Bacterjum abortus inoculated in

tne samé manner.

Zwick and Erage(8) successfully demonstrated the
presence of Bacterjum abortus in the milk of cows fourteen
days, 8ix months and thirteen months after abortion. Fabyan
(9) likewise demonstrated the presence of Bacterium abortus
in the cream and milk sediment of the milk from a herd of
twelve cows, two of which had previously aborted, by means
of guinea pig inoculation. The animals inoculated with
material from the cows which had records of abortion revealed
characteriatic lesions, the other guinea pigs showed no
histological changes. Larson and Sedgwick(10) examining the
blood serum of four hundred and twenty-five children demon-
strated trne presence of Bacterjum abortus antibodies in
seventy-three, or seventeen percent of the total number
examined. They were not able to demonstrate antibodies in
milk, 8o concluded that probably the antibodies present in
the blood serum of the children were due to an active im-
munity. Schroeder(1l) feeding rew, pasteurized and heated
milk to young guinea pigs, found that there was a greater
mortality and tendancy to unthriftiness among the animals
fed raw milk, than smong those fed pasteurized or heated

milk. At the end of the experiment an autopsy was performed



on the entire number fed, many animals receiving raw milk
showed lesions characteristic of abortion disease. The
firet investigators to demonstrate the presence of Bacterjum
abortus antibodies in milk, were Reinhard and Gauss({12). They
were able to show the relation between the antidbody index of
the blood serum and that of the milk serun by goats inoculated
subcutaneously and intravenously and testing same by means of
the agglutination and complement-fixation test for long per-
iods subsequently. Their results showed that there was a
direct relation between the antibody indices of the two
serum®, but antibodies could be demonstirated to be present
in the milk long after they had ceased to appear in the blood.
The studies of Lvans(13) on the bacterial flora of
the udder revealed Baocterium gbortus in 30 percent of the milk
samples examined from four dairies in numbers varying from one
hundred to fifty thousand per cubic centimeter. In a recent
investigation(14) she examined one hundred and ninety-two
samples of wilk from five dairies. A Escterium abortus-like
organisu was igolated from twenty-three percent of the samples.
Three different tyres of organisms were distinguished, a

variety designated as Zrcteriwn abortus var. lipolyticus on

account of its tendancy to decompose butter fat. Two other
verleties resembled cultures isolated from pathogenic sources

The obeservations and researches of %illiams(15)
have developed a new phase of the subject which 18 of economic
importance from the standpoint of controlling the disease,
that is, the possibility of an infection being acquired thru
the ingestion of raw milk. He firmly contendtls from his

researches that Bacterjum asbortus is transmitted to calves



fed upon raw milk, also that the matting and staining of
the sexual hairs and granular vaginitis are in direct
relation to the infection.

Cooledgze(16) hes successfully shiown the ditference
existing bvetween infected milk and non-infected milk by
means of the agglutination test. He further showed that
by inoculating one quarter of the udder of a cow through

the teat orifice with a culture of Bacterjum abortus, agglu-

tinins appeared in tlie quarter inoculated and graduelly

spread to the otier quarters of the udder.

kethod of Investigation.

The literature reviewed has not revealed any
definite results as to the possibility of transmitting
Bact. abortus to animals thru the ingestion of milk. With
this object in view, experiments were outlined in such a
manner with susceptible animals so as to procure more
complete data and to show the relationship between the
feeding of infected milk and non-infected milk.

The experiments were outlined in the following
manner: (1) The result of feeding infected milk to guinea
pige; (2) the result of feeding infected milk to rabbits;
(3) the result of feeding infected milk to calves; (4) the
significance of tiie matting of the sexual hairs around the
sheath of the bull and that below the vulva of heifer calves.

The term infected milk upon which the study is based

dmplies milk reacting positively to the agglutination and



complenent fixation tests using Bact. sbortus as antigen.
The milk was fed to the guinea pigs and rabbits daily, and
to the calves twice daily thruout the experiment. ZIZvery
precaution was taken to guard against an infection from an
outside source. The milking utensils were thoroughly
sterilized, and the udder and teats cleansed with a damp
clotin bvefore each milking.

The effect of the infected milk fed was studied
by means of agglutination and complement-fixation tests on
the blood serum of the animals, using Bact. abortus es
antigen. The guinea pigs were fed for a pericd of several
weeks and then autopsied. Thg blood serum wss tested and
any anatomical changes noted. The rabbits were bled from
the marginal vein of the ear or from the heart at intervals
of about two weeks and the blood serum tested. They were
autopsied at the conclusion of the experiment and any
anatomical éhanges noted. The calves were bled from the
Jugular vein at intervals of about ore week and the blood
serun tested, Observation and microscopic examination of
the sexual hairs of the calves were made during the course

of the feeding.



Technique Inployed.
The Complement Fixation Test.

The application of the complenent fixation iest
to the diagnosis of infectious abortion has been fully dis-
cussed by Hadley and Zeach(l7), Surfoce(l8) and many others.

The technique usecd thruout this investigation is
a Blignt modification of the previously deascribed methods
for the preparation of the diffcrent components and tle
quantities used.

The writer has found that by using a 2.8 percent
solution of sheep erythrocytes, more satisfactory results
could be obtained than by using either a2 1 percent or a b
percent solution es is generally used by most workers. A
much better differentiation between partial and complete
fixation of complement i8 obtained over that of & 1 percent
solution, while using a 5 percent solution of cells would
require the use of a larger quantity of the other necessary
components.

The following components are necessery in making
thie cumplement fixation tesf.

(1) Antigen.

(2) Serum to be tested.

(3) Complement.

(4) Hemolysin.

(5) Bryturocytes.

(6) Sterile physiological salt solution (.9/).



Prepzration of Antigen.

The antigen was prepared by growing a culture
of Bagt. sabortus for 4%hours upon plain agar. The growth
was then washed off with a solution containing phenol (.5
percent) and sodium chloride (.9 percent) and filtered thru
cotton. <The suspension was then standardized so that the
turbidity corresponded to tube b of kcFarland's liephelometer
(19). The Antigen if kept at ice box temperature will retain

the same titer for many months.

Preparation of Serum to be Tested.

The manner in which the serum to be tested was
prepared differed according to the different animals tested
end the nature of the serum, as blood serum and milk serum
both were examined during the experiment.

Guinea pigs: The blcod serum from the guinea pigs
was obtained by slightly anesthetising tie animal, clipping
the lair directly over the sternum, making a diagonal incision
sbout one-half inch long in the skin covering the sternum,
severing the sternum with a pair of small dissecting scissors,
et the ssme time extending them forward far enough to sever
the chembers of the heart completely. The blood is then
collected in a sterile 25 cubic centimeter centrifuge tube,
and the serum allowed to separate from the clot. The clot
is then centrifuged and the serum pipetted off and inactivated
at 56°C, for thirty minutes.

This last operation is very important on account of

the complementary properties of the seruwa. Lany workers do



not regard inactivation of importance if the serum stands
any length of time before testing. A serum will lose a
certain amount of its complementary properties on standing
for any length of time, but sufficient complement often
remains in the serum to produce aberrant results. After
inactivation, the serum is preserved by adding .05 of a
cubic centimetey of a 20 percent solution of phenol per

S cubic eentimeters of serum.

Rabbits: The rabbits were bled from the marginal
vein of the ear or from the heart by means of a small hypo-
dermic needle. %When tleeding from the ear, xyiol should be
used to dilate the blood vessels, This may be done by
saturating a small piece of cotton with xylol and massaging
the esr gently until the vessels present a dilated appearance.
The vessels will renasin dilated for a considersble length of
time., Tre xylol will not injure the ear in any way if removed
with & danmip cloth when the operation ie finished,

Obtainirg blood from the heort is not a complicated
operaticn. Tke animel should first be firmly fastened on {its
beck to an animal board, the hﬁ'?"lé‘lbfpped closely from over
ti:e left side of the thorax ribs, the spot disinfected with §
percent phenol and & 8smgll hypodermic needle inserted into the
left ventricle. Anesthesia is not necesszry as the animal
suffers no pain whetever, and only a few seconds are required
to obtain suflicient tlood. The blood is cdllected in a
sterils test tule and allowed to clot. The clot is centrifuged
and the serum pipetted off, inactivated and preserved in the

same manaer as described for the guinea pigs serum.
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Calvesi- The blood of the calves to be tested was
obtained by bleeding from the jugular vein by meuns of a
large hypoderuic needle. The bleeding may be facilitated
by dilating the vein. The thumb pressed firmly below the
point of puncture will cause a dilation of the vein. The
blood 13 collected in a sterile centrifuge tube,sllowed to
separate from the clot, centrifuged, pipetted off, inactivated
and pregerved in itne same manner as described for the guinea
pigs serua.

The milk serwa used in the test wes prepared by
coagulating milk by &ddinz .01 cubic centineters of rennet
per 10 cubie centimeters of whole milk., The wilk was then
placed in a water bath st a taunperature of 40°C. About
forty-five minutes is sufficient to completely coagulate the
milk and for the sepsration of the serum., The milk should
be about {wo degrees agig?rgifg;wise 8 ccensiderable length of
time is required for the separetion of the serum. As soon as
tue Berum is su'ficiently sepasrated from the clot, it is
filtered iuru filter papcr t> renove any material which would
have a teadancy t> produce & cloudy serwm. It is not neces-
sary to inuctivate the milk serua as lane-Claypon(20) has
8i0wn that there is very little complement in milk. Two cubic
ceatineters is the smallest quantity in which complement can
be demonstreted. If the milk serum is {5 be rctained for any
lengin of time it is advisable to edd a few drops of 20 percent

pnenvl to preveul microbial growth.
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Preparation of Complement.

The guinea pig produces the most potent complement,
therefore the blood serum of this animal was used as comple-
ment. The animal was bled as in the previously described
method for bleeding guinea pigs, or by bleeding from the
heart without killing or anesthetising the aniwal. This
operation was performed in the following manner} The animal
was firmly faestened on its back to an enimal board, a small
space over the lcff thorax clipped free fron hair, the space
disinfected with 5 percent phenol and a small hypodermic
needle inserted between the fourth and fifth rib into the
heart. If the needle enters the left side of the heart the
blood will flow from the needle very rapidly. If the right
side of the heart is entered instead, the blood flow will
not be rapid, but by drops. Six cubic centimeters of blood
may be taken from a large guinea pig weekly without the
slightest discomfort or injJury to the animal., In order to
obtain sufficient couplement from a large number of tests,
the wirter used the pooled blood of three guinea pigs. The
blood was collected in a sterile centrifuge tube and the
serum allowed to separste. The writer kas obtained a more
potent complement by bleeding the animal and allowing the
blood to stand in the ice box from twenty to twenty-four
hours before the serum is separgted from the clot for use.
Compleinent serum should always be kept at a very low tempera-
ture. Its strength diminishes very fast when allowed to

remain for a short time at room temperature.



Preparation of 3Sheep Irythrocytes,

The blood is drawn froa the jugular vein of a
sheep by means of a large hypodermic needle. The blood
is collected in a sterile Lrlemmeyer flasxk containing
small pleces of glass. The flask is shakxen vigorously
for several minutes in order to defibrinate the blood.
The blood is tiien strained thru sterile gauze into a
large centrifuge tube to remove the glass and fibrin and
centrifugelized for several minutes in order to sepsrate
the cells fron tne serum. J1he supernatant liquid is
syphoned off, and physiological salt solution (.9 percent)
added and egain centrifugalized. This washing is repeated
three times in d4rder to completely wash out all remaining
serum from the erythrocytes.

A 2.5 percent solution of erythrocytes is used

in all the titrations.

Prepsration of Hemolysin.

Whe heuolysin wns prepored by either the slow or
the quick metliod. The elow method consists in injecting
intrupecitoneclly into a rabuit 8, 12 aand 1O cubic centi-
weters of concentrated corpuscles respectively at intervals
of five daya. Five da,s sfter the last iajection the blood
is tested for its Liemolytic property. The quick method is
wost desirabvle as it involves less time and & smaller quantity
of corpuscles., The quick wethod conaists in tiiree intravenous
injections into tlie nmaryginal vein of a rabbit of two cubie

centinetlers of concentrated corpuscles at intervals of three
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days. Three &z s gfter the lest injecticn the rabbit is
bled from the marginal vein of the ear, and the blood serum
obteinad tested for 1ts hemolytic properties according to
the method described in Table IXl. If ,001 of =2 cubic centi-
meter will completely hemolyze .5 cubic centimeters of a 2.5
percent suspension of sheep erythrocyﬁee in 30 winutes, the
serun is considerad saztisfzetory for use. The rabbit may
now be lightly anesthetised and bled from thie heart. The
blood is collected in a d2ep culture dish and the serum
allowed to sep-rate from the elot. The serum is collected
in 521811 vials, inactivat=d at 58°C. for 30 minutes, preserved
by adding .05 cubic centimeters of phenol per 5 cubic centia
meters of serum 2nd sealed with paraffin. A hemolytic serum
preravred in this manner and kept in a dork cool place will

retinin the some titre for many months,

Titration of Coxnponents.

The serum obtained from the guinea pig by the
previously described method is diluted 1:3 with sterile
physiological salt solution (.9 percent). The mixture is
then titrated to determine the smallest quantity necessary
to completely hemolyze .5 cubic centimeters of a 2.5 percent
solution of sheep erythrocytes mixed with a constant quantity
of hemolysin maintained in a water bath at 37°C, for 30 mine
utes. The amount of complement required to cause complete
hemolysis is not constant with all guinea pigs, but usually
.05 cubic centizeters of the dilute serum is sufficient. 1In

the finsl test, two times the original titer was used. This
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is necessary because the antigen absorbs a small amount o

complement, which leads to aberrant résults.

The titration of tne éomplement is shown in lable I.

X Table I.
Sheep
Tube Complement liemolysin NaCl Erythrooytes Results
Ho. Dil. 1:%- 1% 9% 2.5%

«1 c¢o. 3

.06 co. 3 x ¢t
.05 co. 3 x ¢t
.04 cec. 3 x t

cc. b oc.
cc. <5 ec.
cC. .5 o¢c.
gC. nb cQG.

Hemolysis
L]

e
[ ]
QOO

L)
No Hemolysis
L] L]

N W N7 NN

<1 ce. .8 coc. .5 cec.
.5ce. .5 co. .5 ce. . .
.5 cc. .5 cc. » »

{(a) t. = the titer found on tiiration.

From the table it may be seen that .00 cubic centi-
neters is the smallest quantity causing complete hemolysis.
Two times this amount is used in the final test. Tube 5§ is a
control to show that the complement serum will not cause
hemolysis. Tube 6 is a control to show tnat the hemolytic
serun wWill not cause hemolysis. Tube 7 is a control to show
that the salt solution will not cause hemolysis. These con-

trols are very essential so as to avoid any possible error.

Titration of liemolysin.

It is necessary to know the smallest quantity of
hemolysin that will completely hemolyze .5 cubic centimeters
of a 2.5 percent solution of sheep erythrocytes mixed with a
constant quantity of complement.

The hemolysin prepared in the previously described
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manner iz prepared in a 1 percent physiological salt
solution for titration.

ine titration of the hemolysin is shown in

Teble II.
Table I1I.
Sheep

Tube Hemolysin Complement LaCl Sol. Erythroe Results.
Ho. 1% Di1. 1:3 «9% cytes

1 01 CC. 2 X to(a) 1.5 CcC. .5 CCe. i::\ HemOIij.a

2 «05 cc. 2 x t. 1.5 cc. S cce |7 "

S .04 co. 2xt. 1.5 co. .b cc. H "

4 .03 cc. 2x t. 1.5 ce. 5 cc. 4 lio Hemolysis
b .2 cc. 1.5 cc. .5 cc. d " "

(a) t. = the titer found on titration.

In itlie above table .04 is the smallest quantity which
will give couplete hemolysis., <Yube  is a control to show
ti.et a large awmount of nemolysin will not itself cause hemolysis.
In thé final teat it was necessary to employ three tiines the

original titer to insure a sufficient quantity for the solution

of tiie corpuscles.

Titration of Antigen. -~ ¢

Before performing the final test it is necessary to
know thhe smallest quantity of antigen required to fix complement
in the presence of a specific antibody. Siice the antigen,
wiien used in larzge quantities hes the property of absorbing
complement, it is neceasary to know the snallest quantity that
will absorb cowplenent in the absence of a specific antibody.

in titraeting the antigen, serum containing specific

antibodies wust be employed. 4ihis specific serum may be obtained
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by injecting a rabbit intraperitoneally with 5 cubic centi-
meters of a 48 hour old bouillon culture of Bact. abortus.
Two injections are given at intervale of five days. Five
days after the last injection the rabbit is anesthetised and
bled from the heart, the blood collected in a deep culture
dish and the serum allowed to separate from the clot. The
serum is inactivated at 56°C. for 30 minutes, preserved with
phenol (.05 ec. of a 20 percent solution per 6 cc. of serum)
placed in small vials and sealed with paraffin. An immune
serun prepared in this manner and kept in a dark cool place
will retain the same titer for many months.

The titration of antigen is shown in Table III.

Table III.
Sheep
Tube Immune Comple- NaCl Hemoly- krythro-
Ho. Antigen serum ment 9% sin 1% cytes Results
10% Dil.(:3) 2.5%
[ f 1
1 01l cc. .1 0c. 2 x tﬂa) l.8cecd o B x tsﬂ 5 co. 3 hbaﬂemGUpia
2 02 ce., l ce. 2 x% t. l1.0064% 3 xt. Hece J |"* »
3 .05 cc. .lee. 2xt. 1.6ce.4 3 x t. .5 cod o INe "
4 .1 cec. dae. 2,x t. 1.5ce. gs X t. DHeefFPa.. .
5 J-ae. 2 x t. 1.5¢cc. 4 yd x t. .5 ce. o ' Hemolysis
6 .01 cec. 2 x t. l.bocd 33 x t. .65 ce. 19 "
7 .02 cec. 2x t. 1.50c. §: 8 X t. .5 oc. 4 ° ’
8 .05 ce. 2x t. 1l.5cc. S x t. .5 cc. % ™ .
k! 1 ea. 2xt. 1l.6ce I 3xt. .5 co.l ? "
10 .5 ce. 2xt. 1l.6ce.d 3xt. .5 ce. ‘j  Ine."
!

(a) t. = the titer found on titration.

In the above table tube 3 showé the suwallest quantity
of antigen that will fix complement in the presence of a specific
antibody. Tube 5 is a control toshow that the immune serum
will not prevent hemolysis in the absence of the antigen. Tubes

from 6 to 10 inclusive show the amount of antigen that may be



employed without causing absorption of complement. Tube 10
shows the smallest amount of antigen that will absord comple-
ment in the absence of the specific antibody.

The writer has obtained satisfactory results in
the final test by using one-fourth the quantity of antigen

neceséary to absorb complement.

The Complement Fixation iest.

The object of the complement fixation test is to
determine tne presence of a specific antipody in a given
serumn and to what concentiration it may be present.

The outline followed in the complerent fixation

test is shown in Table 1IV.

Table IV.
Sheep
Tube Serum Comple- Hemoly- Erythro-
No. tested Antigogﬂ ment HaCl sin 1% cytes Results
D11.(1:3) .9% 2.5%
v ! % “ s ,
1l «l ecc. 1 ce. 2x 4@ l.800433i3 X 49) 0 cc. 3 .{HoHmmolysis
2 «04 ca. .1 0. 2x t. l.5ccdgW3a3 x t. ,5 co- . "
3 .02 0cc. 1 ce. 2x t. 1l.5codd383 x t. .5 ce. . JInc. »
4 .005¢0. .1 0. 2 x t. 1l.Becec, 3xt. .5 co. Hemolysis
(5 1 ce. . 2x t. 1l.bce, 3x t. .b cc, .
.6b) .1 oec. 2x t. 1l.5¢0, .8 ce. No .

(a) Add 1/4 complement Absorption Titer.
(b) Add sheep cells on first incubation.
(c) t. = the titer found on titration.

In the above table, tube 2 2rows the snallest
quantity of serum which will completely fix comnplement.
A number of serurs, especially rsbbit serum have

been found to inhibit hemolysis in the absence of the antigen.
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Tube 8§ is a control to show that the serum itself will not
inhibit hemolysis. Tube 6 is a control to show that the
serum being teéted will not cause hemolysis in the absence

of the antigen and the hemolysin.

Trhe Agglutinetion Test.

In order to determine if there was any possible
relation between the lytic antibodies and the sgglutinating
antibodies in a serun, tre eggglutinetion test was used in

conjunction with the complei:ent fixation test.

Prepsrstion of Antigen.
'

The antigen was prepared in the sme manner as in
the complement fixation test. The suspension was prepsred
so0 that tie turvidity couvpared with tude 1.5 of LcFarland's
Hepneloueter. Four cubias centimeters of the bacterial sus-
pension i3 placed in each of the 3ma2ll test tubes used and
the following qQuantities of tlood serum or milk added; .1,
.05, .U25, .0l, and .CUS5. TFrom these ap-rcximste dilutions
of 1:50, 1:100, 1:2UU, 1:0UV 8nd 1:10U0 were obtained. The
turbidity of the milk ddes not interfere with the readings

of the final results.

Lxperimental work.

(1) The result of feeding infected milk to guinea pigs.

The susceptibility of guinea vnigs to infectious

abortion has teen denonstreted Ly nuwierous investigators,
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chiefly by the inoculation route.

Schroeder(19) states in a discussion of a paper
read before the American Association of iediesl kilk Commis-
sion that he and Cotton have not only produced the abortion
disease in guinea pigs by injeocting them with milk, but have
guccessfully csused the disease in guinea pigslby feeding
then seemingly normal milk from apparentl?”gﬁ@s that had
become ch#onic carriers of the abortion bscillus.,

Table 5 shows the result of feeding infected milk
to eighteen normal ferale guinea pigs, f33$344ng 8six controls,
two of wnich were fed upon non-infected milk, two upon non-
infected milk plus five cubic centimeters of a 48 hour bouillm

culture of Lact. abortus snd two received no wilk.

A milk having a high entibody index was fed daily
to the eighteen guinea pigs. The milk was tesicd every
fourteen days to determine its antibedy content.

1lie lesions which were found prescnu in the liver
of the guinea pigs when autopsied cannot be said to be char-

ecteristic lesions caused by ©:ct. sbortus. ..any of the

guinea pigs whileh were killed for complement seraa during

trie past year showed the saine kind of patnological changes

in tne liver. The pathological clianges in the liver consisted
of irregular brownish yellow areas frowm 1 to 3 mi'e in area
scattered over tihe surface. There seemed to be no uniformity
in s8ize of the lesions. Jhe size of ilic liver did not seenm

to bo affected. uhe nistologicul cianges consisted of small
focal necrotic areas scattered diffusely thruout the tissue.
The aress were filled with polynuclear and enuotnelial cells.
iliere was alaost a coaplete atrophy of thie surrounding liver

cells.



Table 6.

Showing tne result of feeding infected
milk to guinea pigs.

No.lays
Ho. of feed- Reaction of Blood Serum
ofG. ing in- Result of Autopsy lutination Comp. Fix.
Pig fected .1 .25 .05 .01.006 .1 .04 .02 .005
Zilk
Spleen slightly enlarged.
1l 38 Kany lesions in liver. - - - - - - - - -
Few scettered
2(a)287 lesions in liver. e = e + e e e = =
Lany scattered
3(b)287 lesions in liver. e = e = e e e e« =
4 38 Died of pneunonia. - - - - - - - - -
5 38 Died of pneumonis. - - - - - - - - -
6 48 Died of pneumonia. - - - - - - - - -
7 89 lio enatomical changes. + P - - - 4 + - -
8 124 o anatomical changes. = - - - - - - - -
9 9§ Jo anatomicel changes. - - - - - - - - -
wany scattcred
10(c) 60 lesions in liver. - e e a4 a4 e e e o
~any scattered
11 33 leosions in liver. - - - - - - - - -
12 33 +o anatoujcal changes. - - - - - - - - -
lLany scat(ered
13 73 lesions in liver. - - - - - - - - -
Few scattered
14 73 lesiona in liver. - - - - - - - - -
lany scattered
15 95 legions in liver. - - - - - - - - -
Few scattered
16 95 lesions in liver. - - - - - - - - -
iany scattered
17 85 lesions in liver. - - - - - - - - -
18 95 Yo enatomiesl changes. - - - - - - - - -
Controls Fed Non-Infected ¥ilk.
1l 93 do anatomical changes. - - - - - - - - -
2 98 Yo anatonicel changes. - - - - - - - - -
3 Fedmmllkx No anatonical changes. - - - - - - - -
4 " " » o anatonicsel clisnges. - - - - - - - - -
] 60
Fed non-infect-
ed milk pluscult
Bact. abortus. ilo anatomical changes.+ + - - - + + - -
Do 60 No anatomical changes.+ + + - - + + + -
(a) Gave birth to one live and two dead fetus on ti.e 1U9th day of feigé

(b)Gave birth to three live and one deesd fetus on the 266th dfzegf

(c) Aborted two fetus on 69th day of feeding.

iNge.
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Une sbortion and two abnormal births occured
during the time of feeding of infected milk. Guinea pig
lios, 10 aborted two fetus on the 59th day of feeding. Pig
{o. 2 gave birth to one live and two still births on the
1udth day of feeding. £ig Uo. 3 gave birth to three live
ani one still birth on tiie Z66th day of feeding.

Two or eleven percent of tie guinea pigs vhiich

were fed upon infected 1milk developed Lact. sbortus anti-

Yodies in the blood during tihe time of feedirw The blood
serum of guinea pvig o, 7 gave a positive reaction at the
time of sutopsy. The blood serun of llo. 3 gave a positive
reaction eight days before autopsy just after parturition.

ottime of
The blood was negative whgzﬁéutOpsgyd.

(2) 1he result of feedinyg infected milk to raotits.

That ravhits esre sBuscentible to the sbhortion infec-
tion has been demonstrated by Bang(21), ilowax(22) and Lohler
and Trasum(23). This fact has teen dennnstirated only by in-
sculation experinents., o data are availavle pertaining to
infedtions being acquired orally by rabuits thru the ingestion

Infected  cultureof
of milk or Bact. aboartus itself.

Fourteen norral fenales pregnant and non-pregnant
waere s2lected for the experiment. Tha effect of infected milk
upon rabbits after contirued ingesticn was studied by means of
arclutination and complement fixztion testis on the blood serunm.
ine frequercy of atortiuns during pregnancy wns also ebserved.

Tzble 6 shows the result of feeding infected milk
to fourteen normsl rabbits ingiidéng four controls, two of

wnich were fed upon non-infected milk, the remaining two






raceived no milk for a merind of nne hundred and twenty-four
days. A milk havinz a hish antibody index was fed daily to
the fourtzen rabbits. The milk was tested every fourteen
dars to deteriine its antibody content. The reactions and
partial reasctions shown in the table were that to be due to

a nessive immunity. 1In order to clear uv tils point, four

of the sawe rabbits as shown in Table 6 were fed no milk for
a period ot seventy four days, tesis being made on the blaod
serum every two weexs. From the data, Yable 7, one may easily
8ea that there is very little difference in the blood reaction
after feeding no milk and that during the feeding of infected
milk. Rabbit ido. 7 develoned a pasitive reaction after being
fed upon infected milk for 124 days. %Jie rcaction seemed to
remain fairly constant after feeding of milk was discontinued.
Thae milk controls, (rabbits fed upon non-infected
milk) and controls thst w2re fed no milkx svow the sgme resc-
tions and partial rcactions as thos rabbits fed infected milk.
Tna reactiony and partisal resetions seem to be non-
8pecific. It is a well known fact that old serum or serum
coituining v excess of hemoglobin often contains antilytie
vodies, tiis could nut nave peen the cause of the non-specific
action oi the avbove serums as they were separated from the clot
in &8 clear state, inactivated, end titrated twenty-four hours
after bveing drawn. anticomnlementary bodies cannot be con-
sidered, since there was no innibition of hemnlysis in control

tubes containing serwun and antigen controls. A conclusion may

Yeither svecific antibodies

be crawn in two different ways:
weére present, or an absorption of complerent occured due to
trhe union of a substance in the serus with tle antigen and

complement.



I1 ovder to detlernine 1€ the nonespecific resction
wng due t> the presence of specific zntibodies, theee normal
agrums Thich were titrated znd found to fix oomplemé%%?KHQUMWV
antizen were in-ubeted for twn hours. The mixilure wz3 then
centrifugalized and the clear seruw drawn off eond tested.
The serums posseseed the cormplement fixing pronerties in the
sane dilutions as befaore.

Wonespecific reactions of serwn have veen studied
with particular care by loguchii(24) and to them he has given
tile nane of proteotropic or false complenent fixing bodies.

Kolmer and irist(Z5) found nonespecific substances
pregent in tne blood serum of reovbits and dozs agoinat bac-
terisl antigens fuch as staphldcocel, colon znd typioidboalli

Tsble 8 =tiows the result of feeding non-infected
milk pius & culture of iirot. zhortus to six ~ncrmal rabbits.
ihe rabvrits develored antitocdies &® a result of feeding the
mixture. 1he antitodies sre nct persiatent. Lhey gradually
develop to a maximum, remein for a short time and gradually
dicarpesar while the mixture is continually bveing fed.

Lo ansatomical chanzes occured in any of the vrabbits

ofta

wutopsied during, or at the tiwe the feeding of infected milk

or noneinfected milk plus a culture of fact. sbortus.was

discontinued.

koch of the rsovbits used vere brecd orie or more times
during tne feeding of infected mwilk or norn-infected milk plus
a culture of fact. ebortug. !lo sbortions occurcd in any of
the raboits.

{3) The result of feeding infected wilk to new-
vorn calves,

That calves amay acquire an infection thru the ingestion



of milk has neither teen 4efiiitely proven to occur, nor
has it bee »nroven no% to occur.

The possibility of a calf acquiring an infection
in utere has been given very little consideration in previous
researches uvon the subject. The literature recveals no im-
portent experimental data concerning infection in utero.

In order to outrin unquesticnaile experimental data,
celves (exceptin; those fed non-infectzd milk) were separated
from their rvrespective 25 shortly after birth in order to
prévent & possible infection from infectiown meterial which
might be deposited on tle surface of the udder or teat. The
infectious materizl being ingestied at the tine c¢f sucking.

ine calves were bled from the jugular vein and the eerum test

. Was mode
for the presence of Zzct. aksrtus antitsdies before r éceiv

ony milx #snctever., Six enlves were fed upon nzturally infected
milx end six cwulves were fed upon nos-infected 1:ilk. The
czlves fed upon non-infected milkx were not sepnrated from their
respective dongs oftsr birtn dus to unavoidabla circumstances.

ey vere allowed to rver nin end suckx their dears for three days
and then separzted. 4 control wos fel pastourized nat@rally
infected milk in otrder tor conpnre the resilts.wiith those fed
infected milke A sccond cuntrdl was fed noa-infected milk
plus 5 cubic céntireters of & 45 nour &kd boulllon culture of
Baot. abortus witihi each feccding in crder to coupsre the effect
of a maturally infect:zd mil: wita that of an 2rvrtificially
infected milk. One g=lloa of the rnilk was feld twice dely
thruout the experiment.

48 eccurately 2t poccible, the 1istsry of each dam

ves ooleined, arowins tre nurber of nur ¢l poriuritions, the



nusber of aboriiouns and tile rcaction of e blood serum to
the agglutination aind compleaent fixavion tests at the time
of tne past parturition or abortivn.

Tavle 3 shows the lListory of tie dsms of the
c-lves used ia the experiment.

The ©lood of cow 390 wus negutive up to the time
of calving. 1wo days afler calviig, te blood and milk both
tecame positive and huve remained positive up Lo the time of
thigs writing. Gulnee pigs Inoculated iatrs-abdoninally with
5 cubtlc centimeters of tine wilk fro:r e:ch guurter showed

charscteristic fect. gtortus lesions vhen sutopeied twelve

31

weeis later. Uhic tlood seruwn o Lhe guines Li,s gave a

incti

(&)

cr

positive resction to the agulu n aal complement fixa-

tion tests. LIuct. abortus wos iscoluted frv.n ti:e diseased

spleens ol the guinea pigs. This cuw hes hed one calf and
no abortious.

1he blood =~nd wilx of cowvs Y97, 928, 339, 1000,
1602, 120H 202 1000 were nzgwtive Ttefore and afier the last
parturition.
£ cov 1387 weree ot tested
befare the last porturition. Insedi=ately «ftcr parturition
Loatii the milk snd Lloowd gave ¢ negntive reaction. This cow
hes hed 8ix coves., The calfl of Uiv second prignancy was
smoried.

No ¢doto wos oblnined on thie Llo,1 rezction of cow
1001 before the lzst puvvarition, uut l.oodiztely after the

blood save o partiel reaction and the cill gnre a positive

reaction., The .ilk corntisued to reuct for four weeks at which

tine saz died fron an inflasratioar of the udder. 7This cow
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has had five normal calvee. Lo abortions have occurred.

The blood and milk of cow 1003 was negative before
parturition. Two dasys after parturition she died of milk
fever. This cow has had two normal calves. Jihe c¢alf of the
second pregnancy was aborted.

o data was obtained on the blood and milk reaction
of cow 1004 before parturition. After parturition the blood
was negative, but the milk was positive for one week. This
cow has had 8ix normal cualves. The cslf of the second
pregnancy was aborted.

The milk of cow 1008 has given a positive reaction
for more than two years. The blood was not tested before
the last parturition, but imnediately afterward gave a posi-
tive resction. This cow has had three normal calves. o
abortions have occurred.

The milk snd blood of cow 1009 was positive before
the last parturition. Ioth milk and blood were positive when
tested after the last parturition. This cow has had two
normal calves. No abortions have occurred.

The milk of cows 86, 87 and 88 has snown a high
antibody index for more than a year sand a half, and was sus-

pected of containing Bact. Abortus, which was later demon-

strated to be true. IThe milk of these cows, including cow
995, was the "infected milk"™ wnich was fed to the guinea pigs,

Tabbits and calves.,

Repeated triels to isolate Brct. Abortus directly

from the milk fed to the animals failed, but by inoculating
guinea pigs with the milk and allowing twelve weeks for in-

cybation; lesions were produced in the spleen of guinea pigs
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from which 3 et. 2bortus wrs isolated.

Bull 6:1f 995 A w s fed upon maturally infected milk
for o period of thirteen weeks. The blood of the calf wos
tested before fecding, ¢nd vwes found to be negative. i
slight renction developed tlm first veck after feeding.

A high ontibody index devecloped at the end of tle second
week, end reancined constint until the end of tho third weel:.
“hen tested st the end of the fourth week, the blood wos
negotive. The blood reacined negrtive during the remcinder
of the time fe~ding wes coutinued.

4t no tize Jduring the feeding d1d the sexucl hr-irs
around the sheath show cny tendency to becomne matted.
L-proxinately thre- werks ofter feeding of millk wes dis-
continued, the sexu~l hoirs shovied 2 brovmish red stoining
end maetting. & sm2ll portion of the matted hoirs were
clipped off and wushold with saliie solution. Yhe mixture
w:s then centrifugnlized and the sedinent exrmined micro-
scopically. The microsconieal findings consisted of o few
epithelicl cells, uric =cid crystals and mony bocterio.

o pus cells were fourd in the sediment. _ .

Leifer calf 9964 v s fed upon nrturally ianfecte’ gilk
for o periol of ten weekcs The blood ol the enlf wos teste
beofore fecding, enl wes found to be regative. The blood
remained negotive throuchout the ti.e of feeding.

At no tiie Cduring the fe:diing ¢id the sexucl hoirs
below th:e vulva show & tendency to become natted, nor wis

there rny dischorge of muco-pus from the vulvo.
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Bull c2l1lf 997+ vwns fed upon noturclly infected milk
for ¢ period of two weeis. The o0l dicd of acute intoxzica-
tion duriang the third weelk of fceling. <“he blood rezction
was negotive before fecding milke 4 slight recction devel-
oped et the end of the first weclk. At the end of thwe secon?
week tho blood waos 2gtin negativee The sexual hairs eround
the sheath shiowel 1o cigns of mmtting.

Eeifer cclf 10004 wos fed upon n- turelly infected
milk for a period of fourtecn werks. Lhe blood was negative
before the feeding of milk, aad coubtinued to rem~in
negative throughout tie period of feedizge. At no tine
during the fecding did tie sexual heirs below the vulve
show a tendency to beco:e metbed, nor wies tiere any dis-
chorge of muco-pus fromn the vulw.

Bull eolf 10011 wis fed upon noturally infected
nilk for e period of five vweckse. The calf wes sleughtered
for ve:l at the nd of the fifth wock. Lho blood of the
c1f gave i positive reoction before feeling milk end con-
tinued to give = pocitive resction up to the ead of the
third veok. The blood gave © negutive renction on the
fourth week snd continuel to remain neg-:tive.

Th> s~xu~l hoirs arowd the cheath became slight-
ly mtted ¢nd stoined block the second weck of feeding.
A microscopic extminction wes mde of the sedinent
waeshe?! froa the hoirse. Cnly enitheli=l cells, urie

ocid erystols, ©nd bocteriz were found.
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Bull c¢-1f 1092° wus fed upon = non-ianfected
millk for the first weok aiter birth 'nd then fed upon
natur~lly infccted milk fo- thirtecn vienks.

Thie Plood vwas negrtive before feeding milk and
continuecd to remcin negative thruout the period of
feeding.

The sexu~l heirs cbout the sheath develoned o
slight matting cnd brownish black stoining vhen the
elf wos four werks old. Lhe matting wos not nersistent.
The hoirs would mett togsether after urinction, bubt would
gepar:te 2g2in on drying. cevercl microscopic exam-
inations were mde of the woschings froa the sexu:l hrirs.
I'o pus cells were ever found present.

In order to compare ¢ nosvible blood reaction
due to o nitur2lly infecte! milk vwith that due to
an artificially infected nillr, 2 e2lf wos fed upon

non-infected milk »nlus ¢ culture of Iicct. 2bortuse.

Bull c-1f 10034 wes fed upon non-infected milk
plus five cubic centineters of =~ forty eipht hour

boillion culture of B .cte. cbortus ( the culture being

added to the milk at ench feeding) for = period of
tvelve vieelis. The blood of the colf wos negotive
before fecding the mixture. A high sntibody index
developed after the first weelr of feeding, which

re :ained const:nt wntil the end of the fourth weck,.
At this tine the tntibody index beg~n to decre-ca.

On the ninth week the bl:.od w=s nepative rnd rem~ined

negative un to the tine of this vriting.
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£ distincet maitting cnd stoining of the se:mual
hairs around the sheath appearcel efter twelve viecks
of feeding. 4 microscopic cxeminotion of the hairs
shoved only = few epitheli:l cells, uric ecid cryst:ls

end reny bacteria. 70 pus cclls were founde.
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In order to maintazin = control on the naturclly
infocted milk fed to the cnlves, the infected milk
w' s pastourized at & temperoture of 63 deg. C. for
tventy minutes and fed to o calif. L tempercture
of 63 deg. Ce for tueonty minutes hac no effect upon the

Bact. sbortus ¢ntibodles, but is sufficient to destroy =11

Brcte 0bortus orgonisas.

Eeifer c¢n1f 9994 wrs fed uwron pusteurized in-
fected milk for & period of tiirteen wecks. The
blood rezction wis nesative before feedlng aad re-
maéined negative thruout the tine of feeding.

“t no time during the feeding did tie sexual
hairs below the vulva becone matted, nor wos there

any discharge of muco-pus from the wvulvco.
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Tables 18, 19, 20, 21, 22, anl 23 slow the
result of fecdlng non-:infected milk to colvese Con-
trary to the other fecding experiments, thece c¢"lves
vere not senoarcted from thelr dins imicdictely after
birth. They were allowed to sucli their dmms three
d-ys and then separated =nd fed upon non-infccted millk.

Bull calf 1004A wos fed upon non-infected milk
for a period of twelve werkse The blood of this calf
gave & postive recction before it wus fed upnon milke
The blood continued to give 2 postive rezction up to
the fourth weck of feedinge The blood tests were
discontinuecd w:til the ninth weclk, “he blood at this
tine vies negative. It wos negative when tested agein
et the end of the twelfth weelz.

lio matting of tho haoirs around the sheath occurred
durin:. the time of feeding.

Eelifer ¢ lves 10054 ©nd 1006A viere fed unon non-
infected nilk Zor = period of tuvclve weoizse The blood
of ezch ctlf wos ne;otive before feeclding, ond continuecd
to remaein negative thrruout the tiwe of feeding.

o mz:ting of the sexucl hoirs below the vulve

occurred durisng the tine of feeding.
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Bulle 1f 1007+ wos fed upon non-infected
milk for o period of twelve weels. The blood of this ¢
cz1f ws not tested until two werks ofter birth. The
blood wos negctive cnd remtined negotive thru ut the
feoding. This colf was sclected more especeinlly on
accourt of tle 1fficulty of the dom had in expelling
the c¢:1f. Iirht hours were reculred for the connlete
expulsion of the e~1lf. A muco purelent dlscharge c-me
from the vulva of the dom continuwelly for two weeks
before porturition cnl cantinved far severcl wecks
aftervard.

'o mtting of the sexuzl hairs occurred
cround the sheath dwring the tine of feeding.

Heifer crlves 1008A tnd 1009\ were zlloved to
suck their drms for four d-ys after birth ond then fed
upon non-infected milk. The milkt of e=ch dam h-s con-
tinually reacted to seriologiccl tests for more then
eichtecn months. The blood of the two cclves gave
8 positive recction vhen first tested. The reaction
seem:d to decrexse with e~ch succceling test. Io
tests were made on the blood at the tize of birth,
therefore, the mode of infection 1is a ‘uestion.

There vios no matting af the sexutl hairs of either

c2lfe
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Gensercl Discussion.
The exporiment.l work hnas been conducted in such a
monner &8 to dctermine more definitely then huve the
former researches the infectiousness of milk fed to

cniazls.

Zeneated triels wera made to isolate E-ct. ashortus
directly froa the milk upon vhich the enim:ls were fed
vithout success. Hovever, by employing en indircct meth-
od, that is, by inoculating guinea pigs with the mill

end cllowing & period of twelve we-ks to elepse for in-

cubation, Boct. shorfus w:s isolated from the discased
snle-n of the anianls vwhen cutopsie’s '

The gross pathol giecl &nd histopathol piezl chuunges
that teke plice in the liver ond splean of gulnea pigs

due to Bact. cbortus are described by Fobyan (£6) ia

the following manner: In the liver the charncteristic
pathologicel chonges are, cdhesion to the surrounding

t

o

ssues; the size of the orgon docs not seem to be
affected by the diseese; & tense, coangested appearcnce
is often pre:ent. <Zcaltered over tle surfrce are a
few or many groyish, troaclucent, pin-voint feei, Just
visible or tvo or three m. me in di-meter extending
into the subst:nce of the orgtne. Then newly formed,
these focl hove & glistenins, pearly ennearance end
leter cgsume & yellowish, opacue color. The gall
blaider eprears normal. The henatie lymph rodes are
soactinmes enlargeds The histopathologienl chonges are
cheracteistic foei seattered diffusely thru the

tissue, esneciclly at the border of the lobule in close
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poced of & few cells or they mey occupy &n ered the
gize of two or more lobules.e The liver cells &re
pushel ceide or becore occluded end degenercte, the
protonl:sm strirning a diffuce eosin-red. Foctl
necroses are comion in some coses. Polynueclear
leuvcocytes are present, ¢nd rorely e few isolated
gient cellse Dilotation ond proliferation ol the bile
ducts is noted.

Ehe.gross r2tholozical ch'nges in the sple-n ere
enlargement, distention of the capcule, the orgcon
£24rly burstiange. The surfzce mey be normal or bvro-
sent nunerous fine, groyish, pin-point elevationse
Occesionlly = few or numerous grayish, opacue, pin-
head foci ere distinguished just beneath the erpsule.
The color 1s darker tlrn normnl. Cn section the
surfcce 18 very moist; the pul» usuclly suollen, soft,
oblitercting in part the normol merkingo. | hon the
discrse bzcones chroanic, the sple:n cporecnrs only
moder:tely enlargeds The histonathiclogiesl chuges are
dilotion of tie blood cinuses, celluler proliferction
of the fissue, the epitheloid cells epecring in groups.
Thesoe may be prosent in the liclphigicn bodics or lie
just beneath the consules PLolynuclecr lucocytes are
occasliontlly culte nunmerous. Giant cells are usually
ere but m:y bo present in large numbers. " e seldom
found cells containing typicol bacilli. Yhe coniective
tiscue changes are not well marked.

The lesions which were found present in the liver
end spleen of guinen pigs resulting from the injection
of naturslly infected milk fed to the cnimrls, are



Thet Brct. abortus antibodies develop in the bodies

0f guine~ pigs vhen fed noturally infected milk is
considerecd without doubt. The d'nzer resultin~s thore-
froa cppears to be 2 neslipible fretor. Eleven per
cont of tho guinen pigs gave reuctioms to serologicul
tests either vhen a2utopsied or before autopsy. The
tvo guinca plgs fed upon ¢ mizlure of noan-infected

milk plus » culture of 2-ct. abortus develoncl enti-

bodies, but no lesious vwere found in the organs vhen
cutopsiede.

The entibodies which developoeld in the guinea
pizs while boins fed upon naturclly infected milk viere

due eitiier to & pascive tronondssian of the cxutibodies

e

present in the milk or to the presence of the antigen
in the bodies of the cnimols. Zhrlich (27) his shovn

thet o hich degres of imiuciiy is conferred to the

-

suckling thru mill vhen the mether is highly immare

C
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to bodies such as riecin, robia, abrin
toxin. One connot overloolzr the faet that the resulis
obtained b Ehrlich concern antitozic bodiss ~nd not
bactericidal bodies.

The foilurc to demonstrate sntibodies in puinea
pig l'oe 3 exit b exnlained only by & nerntive reoction
which often occurs dircetly after on infection. The
still birth thot occurred in pigs Zo. 2 @nd o.e 3

cannot, ¢s yet, bas stiributed to 3oct. ahortuse. CThere

is no literoture &veilable on this rhase of the cucstion.
Cut of fourteen radbbits fod vpron infected milk,

one, or soven percent, developed B ct. ~bortusg cnti-

bodies. The present of theie rnitibodics in the body
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07 the revbit (no 7, Toble 6) ¢ nnot be attridbuted
to a passive immunity. -8 the blood serum of the
obbit continund to show o hirh entivody index after the
feodins of infected nilk wos discontinued., Tho remnining
re~ctions and particl reoctions that are chovn in the
t=ble can be attributed only to the non-snccific com-
planent fizing property poscessed by rohbit cerum. For
this revson thn rebbit is not & suitable eniml for ex-
perinentnl work on infectious abortion.
That robhlts will develop antibodies in the body

when £24 cortinuclly wmon & cultwre of Doct. chortus

ig shovmn in table B. The ntibodios do not persist thru-
out the ferdinz of the mixture. They begin to greduslly
discppear after the fifty-cixth a~y of foe’ing.

Out of six c~lves fed upon infected millk, one
¢ 1f, 995A, or gixtecn ner cont, develoned Bct.
cbortus sntiboldies. The ontibody index reannined constaont
for four weckss AL the beginning of the fifth veek cni
during thes remrinder of the tire the eolf wrs fed v on
irfected milk, =ntibodies could not bo demonctr-tod.
The antibodies wlich were prescnt in the bloo? gserunm
cnnaot be lroled wnon 9 being due to 2 pessive trons-
miccion of cnti odies which were present in the millk,
2g the cevelomment of antiboliss in enlf 1003°, which
w?>3 fed vpon & mixture of non-infocted milk plus a

culture of Boct. abortus, coman-re very closely with

the devel pnent of entibodies in c~1f 9954, Th
development of cntibodies in the e-lves rs 2 result
of ingesting naturelly infected milk seems to be a

demongtrotel foct, bubt the couse =nd sisnilicnnce
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of the cppearsnce of the sntibodies cannot be exnlained
until {wther development of the studies on the cilves.

That B et. abortus cntibodies occur in the fetus at

the tine of birth hes never before becn demonsirated.
The blood serwa of c:lves 1001A end 10044, es the sero-
logicul testy shov, possessed ~ntibodies at the time

of births 1he ¢niibodies meintcined o fairly high
index for three weels, ofter which they grudu-lly dis-
eppeared. Uere the entivodics due to the present

of the entigen in the body of the fetus, or to e
posalble transuission of cntibodies froa the mother?

If one cstudies the history of the mothers of t e crlves,
it con be rendily secn that there is no relation be-
tween the cntibodies present in the blood of the two
fetus emd t.at of the mothers. Cow 1001 showedonly
8 particl fixetion of counplen-nt in one cubic ccntimeter
of blood serun &t the tine of ozlving, while the blood
serwn of the celf showed & f£iirly high entibody index.
Cow 1004 showed no antibodies in the blood cerun et the
tine of calving, vhile the bl-od serum 0f the cnlf srowed
a foirly high antdbody index. Pfandler (28) s ys tint
entibodies cirecuwlating in the body o0f the mother have not
been proved to pass thru the plcceentn into the body of
the fetus, even if the mother becoiecs irmmune to the dis-
eases Altho, he s ys, this may occur from pathol:cic-l
ch nges in tho plrcents end fron the presence of the rnti-
gen in the plecenta vwhich serves to stinulate the produc-
tion of antibodies thot p ss into the circwlation of the

fetus.



The mattin: of the sexusl h irs of bull ~nd heifer
¢ lves 1s a cubjeet to which " 4iliicms (29) hos ettoched
& grect decl of importonce in his resecrches. He con-
ctudes from Lis observations that colves fed upon row
milk in almost every instonce esccuire o mutting of the
sexu2l hoirs from thirty to sixty d-ys after birth cnd

that Boet. abortus mey be the cuse of this phenomecnon.

In only two chses of tliose recorded in the fore-
going data wns there cny motting nd staining of the
sexual heirs obscrved. the sexu’l holrs about the sheaths
of e¢~lves 1001A ©nd 10047\ become slinhtly matied end
stoined brovnmlsh black sbout two wecks efter birth. The
sexucl huirs scemtd to be matted only durin~ the tinme
cnd chortly after urination. The hoirs were elipped
from the shesths of both cclves on several occsions,
w-she vith saline solution, smeors nade of the sedi-
ment from t e centrifugnlizel wichings ~nd exrmined
microsconicolly. The cxaminetion 2lwrys reve:lcd
enithelisl cells, uric acid crystals, ~nd moy bacteria.
Pus cells were never found presents

Illost of the bull culves developed & motting of the
hairs after the feedins of milk wos discontinued vwhich
w s usu:lly from ninety to one humired d-ys aftcer birth.
The vulver htirs of heifers never showel any tendency
to becoune mutted efter feeding of milk wis discontinuel.

Only one conclusion e¢zn be dravn froa the dote,
and that 1is, there hos becn no connection shovm to ex-
1st betwrn the matting of sexusl hairs of new born
calves tnd the fecding of either infected or non-infecicd

milk,
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Tat the exverigentsl work iIs more conclusive

then is “illiams' in shoving thet entibodies develop

in eniacls from the ingestion of milk in thot, (1) the

blood serum of guinea pigs, robbits, cnd crlves devel-

ops antibodies when fed upon infected millr, but does

not develop whea fed non-infected milk; (2) the blood

of the enlves wos testel before feeding milk, (3) the

6 lves were sevar-ted from their dams dlrectly after

birth tnd not 21llxwed to suckle, thus eliminating & pos=-

gible chnce for #n infection to occur from a source

other than the milk. illioms d1d not t e any one

of these fact&rs into conslderation in similar resesrches.
Thot the blood of erlves should be tested before

foading for B-ct. ghortus tntibodies is clecarly empha-

¢ized in t-bles 22 end 23. It would b unjustilfl-oble
to say thot the two ealves became infocted from the in-
gestion of milk, since no serologicel tests vwere nmade
of the blood beforo the colves were fed upon milke.

It occurred to the vritcr tlmt perhops the rnti-
bodiies present in the noturelly infected milk might be

Lkighly bactoricidrl for Brct. cbortus, thus being cop-

able of destroying Bocte 2bortus after sufiicient tine

has elepsad for breterieldnl sction to tike place.
In order to demonstrate this point en exmeriment
wog outlined cccording to talle 24. A milk which con-

toined B-ct. shortus entibodies was heatod internittently

for one hour 2t 60 dege. C on three succossive deys in
order to destroy £ll microorgenisas present. w0 cuble

centimeters of boillon were plnced in smr1l storile
Ve
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tect tubes ~nd to these were cdded in order .2, o1 rnd

«05 cubic centineters of milk, 24,000 2~ct. 2bortus

orgonismg, ond «1 cubie contineter of comslement cerwm.
Tvio controls were used, one conscining boillon, .2 cubic
ceutieters of milk snl £4,000 baecteri~, the other con-
taining only boillon end £4,000 bi.cterin. The tubes
v.ere incuboted for two hours at 7 dege Coe Cne tenth
cubic centineter of the nixturc from esch tube w:s
plated out before ¢nd «1 cubic centi eter aefter incu-

bation.
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“he restlts show that there is & decid d reduction
in the numbor of Bacteria treoated with milk contain-

ing Bact. abortus cntibodles. Tube 1 cont:inecd 1200

becteria after inculbation. Tubns 2 and 3 were sterile.
The control tubes 4 oend 5 conteined cpproximately

48,000 bacteria. Tha presence of bocteria in tube 1

¢cn be exnlained oanly o8 being due to the inkibiting
effect of such a lerge cmount of serum on the complement.

tince o milk coxtrining Boet. shortus sntibodies is

highly buctericidel for Bocet. obortus, it would be

logical to essuue thot such a milk vhen heated at a
sufiicient taaperaturo to k11l the orgonisms cnd not
the entibodies, would be ben-ficicl to new born ¢ lves.
Tho milhk conteining :ntibodies should give the celf

& poscible 1rvwunity during its e-rly decvelopmnent.

- JUIAARY -
Guinea pizs, robbits, ~nd new born c¢lves devclop

Bret, atortus antibodies as a result of ingesting

natur<lly infected milk,

lo serious dnngnr secons to result from the cppear-
ance of the zutibolles in the blood of the cnin lse.

The poseibility of infoctions being 2c¢ uired in
utero se~ms to be 2 phoce of the abortion cuestion
that should be siven wmore atteantion, since 16 wner cent
o the twelve colves used in thic experiment possessel

Baect.ohorsug ertivodica ot the tize of birth.

There aypoors 1o be ro conrection between the

metiing of the sexual hoirs of hll 'nd heifer eclves
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end the ingestion of noturslly infccted milk or of non-
infeeted millk.

A milk containin: Boet. ~bortus antivodles cppears

to be highly buctericidal for E=mct. abortus in vitro.

In concluding I wish to acknonledge my indebted-
ness to lire L. s Cooledge and to Dr. vard Giltner

for swreestions 'nd cscistance receoived in this investi-
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Fig. 1. OJhowing tne unmatted sexual hairs of calf 995 A after

feeding naturslly infected milk for twelve weeks.

Fige <. whowing tne unmatted sexusl hairs of calf 996 A after

feeding naturelly infectod milk for four weeks,

Fig. 3. ©ovhowing tre matting of tie sexusl hairs of calf 995 A
three weeks after the feeding of naturally infected

milk was discontinued.

Figze 4. Showing the matting of the sexual hairs of czlf 1003 A

one week after the feediny of milk wss discontinued.

o
.

Fig. vhiowing tre sppsarent mautting of the sexuzl hairs of

colf lude Ae This motting is due to urination.

rig. ve Lhowidg o distinct muco pus dischnarge from tue vagina

of cow 9496,
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Fig. 4









