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Introduction.

There are few &gricultural products which heve at-
tracted more interest in both science and every day life than
milk. This is by no reans strange when one considers its
widespread use, its high rank as one of the most complete foods,
the comparative ease of production - ¢ualities with which are
associated irvportent inconveniences, such as the resdiness with
vhieh it lends itself to adulteration, and the dengers thet mey
lurk in it in the form of pethogenic organisms.

The lest rentioned consideration has given to the
bacteriolosical study of milk en overwhelming importence which
hes been repestedly euphesired throush countless instances of
lccel epidemics of typhoid, sore tirost, infent morte’ity, &nd
other outbreaks, trsced directly or indirectly to the milk
supplye.

I=turelly, the first task to which science subjected
itself was the improvising of practical rethods to rcnder im-
potent any possible contamination. This p:rtiaslly accomplished,
it devolved upon the scientific observer to investigate by neans
of laborious experirents the most important end at tle cawme time
the most intricete source of contaminztion - the udder of the
COW.,

I Does r:ilk within the udder ol the cow contein
cerns ¥

(&

II  How do thece guin access to ti:e udder?



I,

Robert E=11, in 1874, formuleted the theory that
milk, inredistely ugon being drswn from the udler, is germ
free, In thic asswaption he wes suprorted by Crotenfelt (19),
who asserted theot milk crawn from tlie udler of a healthy cow
is germ free or sterile. Th:e originel sterility of normal
milk, he believed, is due to the fsct that bacteria cannot
gain access to the milk g¢lends from without &s long &s the
ucder is not injured in any way.

Freudenreich (14) holdés a similar view: "In the
udder nilk is germ free ezcept wien the rilk glends ¢re dis-
ecced, as with tuberculosis or mestitis, In such cases the
tubercle bacilli or those organisms ceusing the inflammation
are present in the milk when drawn." He added, however,
that irmediately after beiny drawn it alweys contains bacteria
due to its contaminated surroundings.

These views were shered by Lister (26) end &s late
as 1895 by Conn (6), and others,

The downfall of the theory began as early =s 1892,
when Schulz (37) made the first quantitative study of bacteria
in the udder. While he found that the first milk drawn con-
teined lerge numbers of germs, s the rmilking wrocess con-
tinued their numbers decreaced. This determination was efter-
ward amplifiec by Lehman (24) who says: "The becteria in the
milk cistern will be largely washed out by the first milk
drewn but not &ll will be removed until milkin; hes progrecssed

for some time."™ Bolley and Hall (56) state that "germs nearly



always gain edrmission to the interior of the teats and often,
perheps, the milk cistern proper, where sore types rultiply
in grest numbers",

lMoore (59) corroborated Schulz's work by fincing
that there ics & widely ranging bacterial content comprising
several species in the freshly crewn fore milk, while the
laest milk drswn at a reguler nilking contains very few micro-
orgenisms, comparatively. Seldom, however, ic & sampie of
milk entirely free from germs, unless drawn from & single
quarter well nesr the end of the milking procecss This
work of Lioore succeeded thet of Vard (38)who concluded from
his first studies of the bacteriel flora of the udder tret:
1st. Certain species of becteria normally versist in particu-
lar querters of the udder for considereble periods of time,
end, 2nd, that it is possible for becteria to remain in the
normal udder snd not be ejected with the nilk,

The well founded results of these investigeators,
coupled with those of Herding and Wilson (20), Evans (13), and
others, have furnished us with entirely new viewpoints concern-
ing the initial content snd subsequent veriations of nicro-
orgegnisms in rilk and their significance upon the proper in-
terpretation of its sesnitery bacteriologicel examinetions,

The present peper is the result of sowe studies by
the writer bearing upon the groundwork laid by these investi-
gators, It is based uron a number of ypersonally concducted
studies on fifty-five sauples of milk freshly drewn from the
normal, healthy udders of twenty-five covs.,. The organisms

isolated from thece samples of wilk were studied and compared



with & similer number isolated from the normel genitel organs,
(especially the vei ina), of the cow.,

The results of thoce studies which ere here summar-
ized comprise two ports: first, the normal flora of the udder
eand, second, the comperison of the normal flora of the udder

end thet of the genitel orgens,

The Normal Flora of the Udder,

By the normel flora of the udder is r.eant those
organisms which, under the apparently normsl condition of the
enimel, zre able to grow and rultiply in vwnet is suprosea to
be their normel hrabitat. They should be found in 811 individ-
uals under the same conditions of heglth, elthough their num-
bers mey veryy they do not slter by their activities the nor-
mal functions of the orgens in which they rcy be found.

Deviation {rom tze normel concition of the udder
mey be due to physiolo ical aisturbences, but more generally
to the incorporetion of microorganisms from without whose
activities are very often the cecuse ¢f serious ailments end

diseeses,
Methods of Study.

The samples of rnilk studied vere obtzined and
hendled in accord with tixc following procedure:

Liost of the sanples viere collectcd from the sfter-
noon milkings. The udders of the cows from wiich the samples
were taken were first groomed, wieshed with a piece of cloth

moistened in water and towerd the middle ol the milking streams



of milk were directed into separate sterile bottles or test
tubes correspondin: with the different guerters of the udder,
The samples thus collectcd were immedictely taken to the lab-
oratory where plating was done within an hour after being
drewn. \

In plating, plain weat infusion s;ar, containing 1%

lactose ani with & resction 1.2 = 1.5 normal acid to pheno-

phthalein, was used. One cubie centimeter of a 1 to 50 dilu

tion of milk which hed been shcken 20 times was pipetted in
each petri dish end to each & tube conteining from 8 to 10
cubic centimeters of lectose sger et a tenperature from 40 to
42°Centigrade wes added. The pletes were incubated either
at 37.5 Centicrade for 48 hours or at room temperature (20 to
23°C,) for five days, and at the end of this reriod of incube-
tion‘the sum of the colonies developing on the plates were
teken as reprcrenting the gerr content of the nilk,
Occasionally, pletes were found in which no colonies
developed, trese ®Were teiten e&s coming from a sterile cuarter
of the udder, or &s heving 2 nunber of orgenisus less tran 50
which wes tire dilution uvsed for pleting.
From the colonies appearin: on the plectc sonie were
isoleted &nd studied under tie followin_ headingss
1. Liorphologicel cherccteristics,

' The morphology oi ezch culture wes studied Irom
‘smears riede from the _rowilr on the a_cr streak, The
strecks veed were never more tien Iour cuys old ena the
roryholoygy of thce individual cells wes obscrved citer
staining 1i_htly with an aqueous solution of rethylene

blue o:r fuchsin. Too hecvy cteining is objectioneble
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since it introcduces & serious error by grounin. the cells
into rasses which rake dirficult the observation ol the
individual cells. By reans of an oculer nicroneter tie
dimensionsof tiie cells were recorded.

2. Steining cherecteristics. |

These were observec by stainin; tie smear of one
ager growth, not over four ceys old, by the Gram nethod
end with aqueous solution of riethylene blue and fuchsin.

3. Culturel charecteristics.

In this study the generel character of ;rowth on the
agar slant wes recorded. In nutrient broth the cultures
were examined for the growth end the formaetion of pelliele,
turbidity and sediment in the licuid in the tube. In the
gelatin tubes the rate of liquefaction of &ll the cultures
has been recorded.

4, Eiochewicsel reactions.

a. Action upon r:ilk. Both plein end litmus rilk wes
preperecd accordins to the standsrd methods end the actions
of the cultures observed after three dgys of incubvation.

b. Acotion upon cerbohydrates. The charccteristics

observed in the media were the g&s procuction and acid
production.

The media for this fermentation reection wes mede by
acding to 1000 c.ce 0f the ordinery rieet infusion broth
10 grarms of the teét substences. They were dextroce,
lactose, saccharose, waltose, raffinose, mennite end
glycerine. The reaction wes made neutrasl for these
fermentaetion tests in the various suger broths above

mentioned. a twenty-four hour culture of each organism
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in plain bouillon was used and to each tube three loop-
fulls of culture were added so that approxzimstely the
seme amount of organisms were present in each tube of
nedie. The cultures were incubated for fourteen deys

at room temperature and five c.c. of the culture titrated
in the cold egeinst twentieth-normsl sodium hydrate with
phepdphthalein as an indicator. From the results so ob-
tained is subtracted the titration of a blank and the re-
sults are expressed as the rercenta_ e of normsl acid.

The production of 1y normel acid marks the line between
fermentation and no ferrentation.

This method of recording the scid fermentetions of
any organism which is the one more generally adopted meets
several inconveniences such as the use of a definite &nd
uniform guentity of the culture growth in titration, the
use of well prepered sodium Lydrate used for the test,
the time consumed in the procedure of titrstion, etc.
While the study of the fermentations of the different
organisms wes being carried on es here outlined, the at-
tention of the writcr wes struck by the werk of Hiss on
this matter.

Hiss devised the following media, in which the cleev-
ege of any carbohydrate is indicstcd by the procuction of
an acid reaction end by the coegulation of the cerum (A
Text-book of Bacteriology, by Hiss snd Zinsser, 1914):
"Clear beef serum is obtained by pipettin; from clotted
blood. To the clear scrum ic added tiree times its bulk
of distilled weater, The mixture of serum and water is

heated in the irnold Sterilizer for fiftcen rinmutes et



100°C. to cestroy the diastatic ferments in the serum.
After.cooling the mixture, a concentraeted agueous solu-
tion of litmus is added until a deep transperent blue is
obtained. The mixzture ic then divided into es many perts
as there are carbohydrates to be used. To esch of these
parts of the mixture is added one rercent respectively of
the suger to be used.

For the preparation of inulin medium it is necesseary
to sterilize the inulin dissolved in weter in an autoclave
under 156 pounds pressure for fifteen minutes in order to
kill spores before adding it to the serum, The serum
weter media is sterilized by the fractional method in the
Arnold Sterilizer at 100°C. for twenty minutes on three
suceessive days in order not to coegulate the serum.”

By using the procedure of Hiss, fermenting powér of
an orgenism on & certain cerbohydrate is observed more
readily, more easily, and probably with the same degree
of accuracy.

6. Action uron nitrates. MNitrate reduction was de-

termined in the ordinary peptone broth after seven days
growth of the culture at 20 C.

de Pigment formation. Pigment formetion was~studied

macroscopically efter fourteen deys [rowth of the cultures
on a_sr slopes at room temperature (20°C.).

e, Liquefsction of Celatin. For determining the

emount of liquefaction a crop of broth culture was spread
on the surfuce of a tube of infusion gelatin, the surfezce

of the gelatin is naried around the side cf the tube and
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the cotton plug covered with pareffin to prevent evapora-
tion. If liguefaction tekes plece it uroceeds in a
straetiform fechion and its amount is read in rillimeters
of liquefaction after thirty deys incubation of the tubes
at 20°c.

Hemolysis. To a tube of ordinary infusion agar at

50°C., 10% of defibrinated cow's blood wss sdded end
after carefully rolling the tube between the heands to
mix the blood uniformly with the egar they were poured
into esch plate. 7hen the c_ar hed solidified, streaks
of the cultures were imcde on it and the plates incubeted
at 37°C. After twerty-four hours the first observation
of the pletes was r1ade gnd the streekxs of the culture
surroundec by & distinet, cleer zone of hemolysis were
designatcd as heavin, e positive hermolytie power; those
not showing any white zone of hemolysis were designated
&S having a negetive hemolytie power, but since the repid-
ity with which the blood is hemolysed by various organ-
isms is verisble it scemed more convenient to record the
observetions on the plete for & longer period of time,

four or five deys being sufficient.

Liorphology of the Becteria from the Udder.

According to their morphology the bacteria of the
udder will be here concsidered separstely under three groups,-

the streptococei, the micrococeci, and the beecilli.
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The Streptococcus Croup.

Acgording to Ligula's classification of bacteria,
to the genus Streptococcus belong all those microorganisms in
which the cells ere spherical, dividing in one plane, and hav-
ing no flagella. Wilson describes some of the most salient
charscteristics of this genus as follows:

"The genus Streptococcus has been defined by its
parasitic life, the occurrence of the cell in chains, positive
reaction to the Crem stain, faint effused growth on media,
feint ferrentaetive power for most cerbohydrates, but not for
inulin, and the general failure to liquefy gelatin or reduce
nitrates. They mcy appear in long chains of a hundred or
more elements, or in peirs and short chains of four to six
cells. Cheins arc bect developed in broth cultures; but
some strains display the tendency to chein formation ruch
more merkedly than others™.

The different strzins of streptococei differ so
widely in morphology, cultural characteristics, and virulence
that i1t hes been difficult to classify them satisfasctorily.
llotwithstanding this fect, classificatory exeminations of
nurerous strains have eventueted in the discovery of definite
groups which possess conspicuous physiologie and pasthogenie
peculierities; even emong the nembers of one of these groups
there have been found types which cre differentiated by further
refinement of leboretory technic.

Significent physiologiceal dissimilerities among
closely releted streptococel have been determined by studying

their reszctions on special laboratory media. Among thicse



laboratory media those which have been more greatly used are
the different sugar broths.

The question mey thus be formuleted: ‘hat relation
does this group of microorganisms, which hes exerted so intense
an interest on the pert of many workers in all lines of bacter-
iological research, bear to the milk problem?

mmerous investigators have derionstrated the presence
of streptocoeei in milk coming from udcers affected by mastitis.
Streptococei have also been found in wilk coming from spparent-
1y healthy udders. Various local outbreaks of "septiec sore
throat™ due apparently to a streptococcus infection have been
traced occasionally to a certsin milk supply. This milk sup-
ply in question, which seens to have been the chief vehicle
of infeétion, mey heave become infected under the two possibili-
ties: Either that the pathogenic organisms were introduced
into the milk supply by sorme infected person who had to handle
the milk, or that they were derived from the cows which pro-
duced the milk.

von Lingelsheim (23) mentions the fact that strepto-
cocci are found in market milk, and suggests thet these bacteria
may be the ceuse of rany infantile intestinel diseases. shis
suggestion by Von Lingelsheim was supported and amplified by
retruscky (34) in 1904, who announced as the rcsults of his in-
vestigations that the high infant mortality in sumner was
ceused by streptococei which he found in milk in leorge numbers.

the presence of streptococeci in milk has slso been
reported by vonn end tsten (7), Heinemann (21), bavis (11),

lmller (31), rroct (15), xeed =nd Jard (35), and others, but

despite their labor a satisfactory interpretation of their



significence to the wholesormeness of the milk has not et been
achieved,

Sone of the cheracteristics ol the orgenisms isolatcd
from this source cre as follows:

Strongly hemolytie power, found in the same tropor-
tion in certified milk as in that which has been pasteurized,
they ere more resistent to heet ten the human streins of
hemolytic streptococei. They possess little or no virulence
for rebbits, therefore in 8ll probebilities not for man. They
rapidly acidify and cosgulate milk snd grow well at 2050.

They mey form short or long chains, but &s seen in milk they
often eppesr in pairs or a chain of few elenents, These milk
strains sre different from those found in cecse of diseaced
udders in cows in thct these latter reserble the strains of
hemolytic streptococei from humen sources end are virulent for
rebbits. lethers (27) found tlct hemolytie streptococei, with
all the characteristics of thc human type, may be highly
virulent for cows when injected into the nilk ducts, they pro-
duce a severe rastitis or mey grow end rultiply in the milk
ducts without causing any visible changes in the udcer, but
the milk in this instence contsine¢ &n incresse of leukocytes
as well as streptococei.

Liathers also éays thet hemolytic streptococci fronm
rilk end the Streptococcus lecticus rey produce en scute in-
flammation of the milk ducts, but he observed it wes of a
transitory nature and the msumary glends regeined their normel
functions very repidly. Contrary to the findings of these

investigators are those of Eaeh£i%ho on exemination of eighty-




one semples of wilk, jyert from nilk dealers and paert from
individual cows, found Streptococcus pyogenes in only two of
the sauples.

Harding and "Wilson who nade the first extensive
study on the normgl flora of the udder in this country on an
examination of twelve hundred and thirty (1230) samples of
milk direct from the udders of seventy-eight cows (78) found
only two representatives of the genus Streptococeus end they
say further: "The absence of this genus was noted early in
the cusglitative work and ettention ziven to the detection of
streptococei. Ieither of the tvo forms here licted ere
typicel mewbers of the genus, their tencency to form chains
bein: rathcr weak. It will also be noted thet two strains
of Streptococcus iacticus ere amon: the named species with an
interrogation point. iese streins were not streptococei but
ai;reed fairly closely with the descriptions of that species in
other respects".

Quite-in oprosition to these results are those of
Evens, described in her recent work. She begins by seying:
"M most important ratter in the study of the streptococei in
milk is the differentiation betﬁéen the long chained strepto-
cocel, which mgy be of & virulent type, end the seprophytie
Streptococeus lacticus (Kruce). It is wy opinion that suech
a differentiation cen be rcde by tie sinple rmethod here de-
seribed, although there are undoubtedly voriations which do
not conform to either of the two types".

"Long-chain streptococei usuaily curdle the milk,
and reduction of tie litmus ray tcke place efter curdling,

but the color ic never completely reluced., With Streptococcus
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lacticus cultures the reduction of litmus precedes the curd-
ling and is complete benesth the cherply defined pink surfeace
layer"”. "Streptococcus lecticus lecss the tendency to form
long cﬁains and sore or &ll of tue cells ere elongated with
teperin; ends."

Froﬁ the one hundired end ninety-two sarples of milk
studied by Ler, Streptococcus lacticus (Kruse) was isolated
only once &nd weas discerded &s contewinetion, but tliere were
found long-chein.d streptococei which feiled to give the re-
duction of litwus, characteristic for Streptococcus lacticus,
in 15,1 perceut of tre seamples studied by her, sand in numbers
rangiﬁg from a very few to 264,0CC per cubic centimeter., All
the rcsults of these investigetors, with the eixception of
those of ierdin. and Uiféon, point to the evidence tlet strep-
tococel ey be found in rilk in nunbers verying from = few
hundreds to severel thouscnds per cubic centimeters. But by
a deteiled snalysis of the studies ol these investi_:ztors, it
is secn thet their observetions i.ave been lale loergely on
becteriological exaninctions cof wmarxzet nilk,

The work of Iicrdin_ and Jilson end thet of Evens
decls principelly on studies of ireshly arewn rn.ilk, eud et
their results are strictly in oppocition. while ierding end
Wilson found only two rerbers of the streptococcus . roup in
their observations on & lierge number of saiples of frechly
drewn rilk, Evens claims to have isolated strejtococei in 15.1%
of tle samples of milk studied by her.

Without attenpting to criticise the recsults of tleze

investigators, the results of Evans' work reporting the find-
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ings of streptococei in freshly drewn milk in mumbers ranging
from a very few to 264,0CC per cubic centireters cannot re-
strein the writer from considering this hish number of organ-
isms as rather improbeble in freskly drawn milk supposed to
heve been drawn under the best of aseptic preceautions. The
reliability of this assertion of Evans is a;cin cuestioned by
the results of the vriter in findin_ thct the germ content of
freshly drewn nilk fror epparently heelthy udders, celculcted
on the nuribers of orgenisms developing on the szer plste,
averages not nigher trhan Iive hundred orgenisms per cubiec cen-
tineters. 4nd her results ore cuvectioned a_&in when one con-
siders thet it has been stated (by Committees on beeteriologicel
ctudies of milk) thet it is pocsible to procuce certified milk,
cnd one of the recuirements oi this milk is thet it shall not
contain more then 10,000 microor_arisms per c.c. at any time
efter it Les been drewn from the udder of the cow, and yet this
milk containing so few & number of microorgcnisms cocmes in con-
teet, elthough for a very short tire, with the sir of the sur-
roundings where it is produced or prepar~d to be carried to

the consumer.

In his presént studies the writer has failed to isolate
streptococel from the samples of milk drewn under the bect of
eseptie precautions. ihese failures (should these corganisme be
found to preveil generclly in the frechly crewn milk) may be
acceribed: frst, to the smell number of sermnles ctudied;
cecond, to the fecet thet, generelly, the streptococei srow
rather poorly in the lecboratory media cormonly employed in
this work and they ricy even feil to form chains of cells,
their distinguishing characteristie; &nd third, to the

failure to sepsrcte the colonies supposed to rerresent the de-
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sired type from emong ©ll thc others develoring upon the agar
plate becezuse their similarity is so striking es to require

both experience and judgment for its success.

The Bzeilli Common in Ibormal Lilk,

The application of bacteriologicel recsearch to the
study of the senitery concditions in nilk hes revealed to us, nany
yeers back, thet the tyrhoid beseillus, the tuberele beeillus, end
a few other pathogenic bacilli are frecuently fouhd in nilk,

Lilk in which these orgenisms heve been found has’been
considereC &g uncleen, unfit for humen consumption, and therefore
regerded &s being contaminated, This contamination has been
traced to the improper handliné to which nilk is often subjected
before reaching the consumer, or to various infections of the
udder,

| But it is only during recent years, through the obser-
vetions of liohler end Trzum (28), Schroeder and Cotton (J6),
Fabyan (16), Evans (12), ¢nd other investipctors, thet attention
hes been focused to the presence in milk coning from apgrarently
nornal udéers, of an orgenism which a rees in its cherecteristics
with & sgimiler one isoluted by Bang, e Dunish becteriologist, in
1895, from the uterine e:xmudate and evortcd fetus of an infected
COW e The orgenism tods; becrs hiis narme cnd is denomincted, -
Becterium zbortus (Bang)e

The feilure of'the common laborctory technique as ap-
plied to milk to reveal the presexce of this orgeniem hes made
it nececscry to erploy speciel methods for its isoletion, One

of thece methocds consists in incubetin_ tlie plate from which

*
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observations of this organism are to be made, under anzerobie
conditions &¢s devised by ilowak, end the other by confirming
the presence of these orzenisms in milk by inoculating labora-
tory animels, especially guinea pigs, with the milk arnd weiting
for the developuent of lesions in these animels,

The pethogenicity and deleterious efféct of this or-
gonism upon man hes been cuectioned by Lerson end Sedgwick (25),
Lielvin (32), Mcoll snd Pratt (33), Cooledge (9), Villiams and
Kolmer (4C), and others, and the significaonce of this orgenisn
(Bacterium gbortus) in nilk coming Trom apperently normal
udders is one of the most keenly discussed cuections that the
Seience of Doiry Becteriology is called upon to solve,

In the 1i;ht of the new researches on this problemn,

it is premeture to essure whether the Becterium abortus is to

be regarded es a type ol the normal udder, but the following
feets ere known:

First; The Boecterium gbortus is not found in all

udders or in the milk coming from them,

Second; Orgonisms to be ocnﬁidered a type of the
normal udder should be found in a2ll ccces exposed to the save
veriability of conditions end enviromment.

Third; The letect receacrches on this problem have
strengthened the convietion that this is the only type of bacil-
lus that preveils in the apperently heelthy udder, but it is
not found in all apperently healthy udders,

If we rest our assw.ption on these well xnown facts, it

is not unrecsonsble to conclude that Becceterium ebortus cannot

be regerded as a type precent in 8ll normal udders, but yet we
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cannot meke this conclusion for we lezck definite methods of

study to prove thet this is the case.

The wierococei.

Among the mieroorgenisms inhabiting the normai flora
of the udder, the micrococei are the ones which occur there
more frequently and the accumulative evidences that are begin-
ning to be derived from studies of the becterial flora of the
udder may prove, finaily, thet perhaps this is the only type
that predominates in the normal udder of the cow.

the classitication of the streptococei, closely re-
lated to the micrococei, carried to & very high degree of re-
finement &nd perfection in the hands of uwordon (17), Andrewes
and Horder (1), VWinslow (42), 2nd other investisetors, has
laid the steps by which a systematic classification of the
micrococci will soon be &achieved.

Upon examinetion of &n &ger plete containin. several
colonies oi micrococci, one readily perceives the close simi-
lerity in shape, color, and appearsnce amons a8ll the colonies
develop®ng upon the plete. The similerities are often so
striking as to lead the observer to cuestion whether all the
colonies do not reprezent the same type of orgenism, Then
examined under the microsoope the doubt is strengthéned es to
whether they all possecs a morphological identity. However,
by further study of some of these colonies it becomes certein
that there exist sharp limits of veriebility amon~ them,

llorphological differences among the becterie are so

sli ht, especielly in the members of the family Coccacese,
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that physiological properties hcve to be relied upon for their
clacsification, and yet such groperties sre so extrerely
veriable - especielly the fecrmentetion reactions, the patho-
genie povier, etc. - that it has been necessary to find out
whether they exhibit any degrece of constoncy.

On the morphological basis the micrococei have been
divided into tvwio types -- the staphylococci end the micrococci
proper.

The stashylococci are cocel whose planes of division

are not at right angles but divide at different intervels with
a consequent irreguler grouping ef the cells ruch reserbling
srapes in clusters. The genus is frecuently included under
licrococcus. It contains sore of the more cormon pyogenie
cocel. It rcy be sepereted by its Cram positive stain and
the production of white or orange pigment.

The pyogenie staphylocoecci are found very widely
distributed in neture ond ere found in the air, soretivies in
weter, in men on the skin and ruccus membrenes, in the alinment-
ery cenel, end in the mouth, 8lso in suppurative conditions
occurring in the mammalis snd birds. In human pathologiecsl
lesions they cre frecuvently found in pus, cspecieally in ab-
scesses on verious rerts of the body. Occesionally, the
staphylococei enter the blood stream givin: rise to & purulent
infection known as pycenia.

Under the grcup of sterhylococei, the following
nicroorganisms are included: Stephylococcus aureus, citreus,
albus, rosaceus, flavus, cnd ¢riceus, the fir:t three bveing
the ones which oceur rore Ifrccuently. In their biologicel

properties, these uwidcroorgonisis sre very siniler, ¢ilfering
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ror one another principally in the color oI thelr growths.
Aside from their differerce in pilient prodvetion, ctterpts

~

heve been nmade to ifurther diffcrenticte them on the besis of

gelatin licuvefaction.,

-

Gelatin is licuefied by staphylococcus aureus,
citreus, rosaceus, cnd albus.

Geletin is not liguefied by stepliyylococcus flevus,
and griseus.

fhe licrococeci. This _enus is Irecuently defined

to include the genus Staphylococeus just discussed. It moy

be differentiated from this generally by its Gram-negative
cheracter. They exnibit o grect vericbility of pigment pro-
duction, elthouzh the rgjority of them troduce the aifferent
shades of yellow vigrent.

Before ettempting to cdescribe the cherscteristics

of the Liderococei composin: the flore of the normal udder, it
is importent to distinguish the different kinds of veriegbility
ariong them which contribute to the comple:xity of their clessi-
fication.

The Licrococci fror the udder exhibit thecse differ-

ent veriations:

Pirst: Thoce due to concitions of enviromucent, such
es color. Thus, the intensity of color ol the pigment
of a good rany of the ilderococei Ifrom this sovrce vaories
with the gce of the culture. &t firet. =ore cuvltures
appear to possess & wiitish color wihich, =zfter ceveral
weceks, chenges to yellow, orunye, ete. The intencity
of the color is elso dependent uron the suply of o:ysen,

bedoming more intence with the grecter su>yly of ozygen.



Second: Certein physiologicel cherecteristices
vhich ere iniluenced by the zre cnd the frecuency with
vnich the cultures ere trcusferred to frech redia.

Thus it is observed thet ccome licrococeci, which af first
do not ferrment soite cervorydretes, after they ere ;rown
for a considereble period cf tire ceem to accuire the
ebility to ferrient such substances.

Third: Certein leboretory redia used as & megrs
of differentiation between other closely releated organ-
isms seeiz to be of no avail es an index of differentia-
tion vwhen cpplied to the physiclogicel verietions of
the liicrococci. For exemple -- nilk. wilk is a
favorable nutrient medium for beacterial growth beceuse
of its properties, c1d the chinges prodvced in it by
rany organisms cre inportant &5 disgnostice reeans.

1ilk heoe no sveciel diernostie velue for the lidcre-
cocei since el1 trhe chuunges it vidergocs cre corrclcted
with those which occur in the vcrious suger broths and
are dependent upon the general zctivity of the organisns.
The chenges produced in millt by thece Micrococei zre the
produetion of ecid or &lleli, coc_ulation, cnd decolor-
ization of the 1itmus.

Decolorization of the 111k hcs no significence ex-
cept &s an indiccstion of the sctivity of growth of an
organism. When en crzenismi is _rowing most cetively
it uces up oiygen and so rccuces the litmus vhich is
therefore decolorized, cnd the rcverse is trve vwhen the
activity is less. Czziycen is no lon_er used by the

.rowins orpenism end consecuently it diffuses down from
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the surface, ;iving beck some of the color to the litmus.

The coegguletion of the milk is lergely broucht about
by the amount of seid produced cnd this is more easily
and accurately studied in a broth containing the different
cerbohydrates.,

It is thén understood ¢t this point thet the reactions
of the licrococei in different leboratory media uvced in the
differentiation of other organism8 do not furnish us with a
rieans for their differentiction, but by studying their aetivi-
ties on broths conteining the different cearbohydrestes eand
other releted substences the progcrecsive divergence from their
appcrently fundeamentel reseizblances 1s observed.

The following protocol exenplifies thé fermentation
reactions of the .idcrococci isoleted from the rilk drewn from
the udders of normal cows. For the denominstion of the color
of the pigments in the followin: table, Ridgwey's "Color

Stenderds and Homenclature™ was used.






Charscteristics of the Licrococei from the Udder.

Culture Coagulation Recuction of Reduction of Liquefaction of Dextro
of Lilk. Litmus Lilk. rdtrates. Gelatin.
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pale orange yellow
vnite yellow
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pecle yellow orenge
white yellow

pele orange yellow .

wnite yellow
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orange
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orange buff

orange

cadmnium yellow
orange

pale orenge yellow
orange

chrome






In conclusion, the following is a brief summary of
the selient cherecterictics of the licrococeci studiec in this
paper.

The largest proportion of the iiicrococei from th
udder ere aerobes, followin; the f:cultetive anacrobes. It is
possible that there mey be in the udder some anaerobic Hdcro-
cocei, but no special technigue was employed to show whether
they were present.

The charccter of the facultaetive ancerobism wes ob-
served espzcially on the egar plates on which colonies srown
on the under side of the egzr when transferred to the ager
slant seciied to grow eqgually cs well as those isolctec from
the upper surfcce of the soliaified ajar,

The reaction of litmus 1:11k vories from complete
coaculation end reduction of the litmus to no apperent change.

The rejority oi tlie orgeniswms included in the fore-
goiny list liquefy gelatin, verying in number of millimeters
end repidity of liquefection. The lcrger ypercente_ e of or-
ganisms do not reduce nitrotes.

Deztroce end 1actoze,fermentations vere wositive Tor
all the cultures.

Lo gug ic Tormed wien te:tcl in Uhie ferneantation tuuc,

Io

cr

-

gtenpt wics wede to divide them into _Touvgs ccecording to the

substances ected upon.



Corparison Betwieen the Crgenisiis Isolcted from

the Ulder &nd Those from the Cenitel Crgence.

deelicing theot the factor governing the fitness of
the lactecl fluid Zor dizcet or indircet consviption lies leorge-
ly in its germ ceontent and thet soie of the nicroorgenisns in-
cluded in the letter, citer the milk is drewn or yet within the
udder, may Love imperiled the wholecorienecs of the rmilk by conm-
ing from the discherges of an infectious genital diceese, the
vriter thousht thet & coupcrison chowing wrether cny reletion
ezists betwcen the flora of the normal vdder and tuct of the
normel genital orgens, (especislly the vaginal, might throw sore
1isht upon the cuestion of the conterndinetion of the nilk while
yet within the udder.

The result of thece stucies, showin_ thet there exists
some reletion between the organisms found in the normel udder
end those found in the normal genital orgons, wes necessery in
order to reasure successfully the degree to which the diccherges
of the genital orgens of the cow prove to be & factor in the con-
tarination of the milk.

In a study of this nature, the first question thet
corrmends our ccnsideration is: How do the orgenisus gein access
to the udder?

Scientifie opinion concerning the answer to this gues-
tion is divided between two factions of becteriologists; on the
one hand, those velieving the theory thet the orgenisms make
their way into the udder through the circulatory cystem, =nd on

the other hand, thoce supporting the scsumption tret they gein
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entrance to the udder through the discharges from the genitel

Before stetin . the crguments by which each theory is
upheld, let us turn our attention for & moment to the anatomy
of the cow's udder to fiand what features in its enatomicel
structure will fevor the incorporetion into the udcer of orgean-

isms from the outsidee.

’

The Cow's Udder.

The perticuler glends in which the nilk originates,-
the milk glends - form the most inportent rortion of the milk
secreting wdcer, The cow's udder is divided by & strong
fibrous pertition, runring lon itudinelly. Eech of the helves
containe & lerge nilk glend of & reodish-grey color, or more
correctly sweexin,, en eaccuruletion of [ landuler structures
celled the gland vacsket. The ©ilk glencs very creatly in sire
in different inaividuels end contein enbecdded in them & white
connective tissue, the delicete glend-lobules in which occur
numerous round cevities, the microscopic gland-lobules, or
elveoli, which &re tcrr.ingl or leterel cdiletetions of mwierous
end extre.ely fine cenals in which the zcteriel for tiie forme-
tion of rmilk circuletes through numerous 1lj,uph trects, uniting
into ever widening duets - milk ductes - &nd eventuelly into
lerge, hollow cevities - the so-celled nilk cisterns or milk
reservoirs. Four of thicve &re rTresent in eech udder and cor-
recvponding to thece are four teats.

The teet is & cenal surrdunded by a muscular wall and
closed at the cutremity by en involuntery sphincter ruscle

which vearies rnuveh in rizidity in different cnimels. Often, the
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pressure of & small emount of riilk in the ccnal is sufficient
to open it &nd permit the rilk to escepe. In other individuals
it requires strorg eifort oi the hand of the milker to drew the
milk. This canal with a texrerature of the enimel body snd
conteining alweys, even eiter the most complete nilking, a srmall
amount of riilk offers ideal conditions for bescterial growth.
7hen the animal lies down, be it in the stcble or elsewhere,
the udder and tests come in contoct with dust and dirt teeming
with vacteria. The precsure exerted by the animel upon the
udder, added to the rressure of the milk in the udder, opens
the canal of the teet znd thus provides an avenue for the en-
trence of microorgenisms into the udder,

By studyin; the anatomicel structure of the udder
it is observed that its different pverts cre not closely con-
nected. This fzct has been confirmed by observing certain
infections to which the udder of the cow is often subject;
for exemple, mastitis, which hes been provea to be a locel in-
fection which does not trevel from one curarter to another,

We are in & position now to return to the theortes
of our discussion. Do ti.e orgenisms gein ececess to the ucdder
through the blood stream?

The shifting. of the bealance of opinion on this ques-
tion nmay -ossibly be treced to the stetement in regord to
acterium cbortus in the udder, _iven by Cotton (10). He coys:
"The bacillus of infcctious ebortion reay end in sone'cases does
persist in the udders of cows thet heve eborted for jyears end
possibly for the belance of their lives ¢mnd, durin_ this time,

is elimincted more or lecs continually with their wilk. It
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nekes itz cppearcnce in the milk months before abortion occurs,
even before a conception that is termincted by =n gbortion. It
ney bte eliminated for yeers from the udders oi cows that névor
sborted.”

This periodicel eppeerance of these :.rticular kinds
of organisms in the udder Le: to have sore source of supplye.
That the genital trect is not a source of susply is rroved ﬁy

the conclusions of the scme writer that Zccterium abortus persicts

in the genital tract for only 46 deys (or even a shorter time).
Thet it does not come from the outside is shown by the fzct thet

Eecterium abortus persists, vihen exposed to weether conditions,

for a very short time, even as short ss ten duys.

Then it is left for us to agsume thet it gcins access
to thie udder thrcugh the blood streaw.. The assunption thet
beceteria gein accecss to the udder through the blood stresm is
invrobably for vearious rcasons.

Mrst; If the bacteria of infectious abortion gein
access to the udder through the blood strewan, we would expect
to find the abortion germ equally distributed in each of the
cuarters of the udder which is fer from bein. the cece; this
ic 2lso true of other beceteria appecrin: in the udder.

Second; Cooledge, by mesns of the eacglutinstion
tests, found that antibodies for this orgcnism could be dedon-
strated to exist in the milk coming from some cuesrters of the
udder, but they were not found to be present in the milk coming
from all of the querters. And further in the discussion of
this point, Huddleson (22) joins Cooledge vwhen he says: "the

antibody content of the 1ilk cnd tict of tiie blood in the sene
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cows is not in a dircet proportion.” This zhows a ein theat
the infection does not coue throush the blood ctreem.

It is e well inown fecet thet ccne drugs, especielly
bitters and erometics, cre very lergely excreted in the milk
end guided by this fcet there is reacson to believe thet bac-
terial toxic products reay vecome excreted through this channel,
but yet this docs not eppecr to be the cese with mieroorgenisus.

As @ conclusion to this side of the cuestion, Williané
(41)writes: "Je cre be_inning to believe that the tubercle
becillus does not pecs from the rarmrery cepilleries into the
milk eeini while the secretory epithelium is inteact, &nd that
the deinger of tubercular infection from the milk is chiiefly
or wholly dependent ugon tuvberculcr aicecte of the land or to
conteriination of the wilk from becilli clcevihere elirinated,
ecpecially to baecilli vcided with the feces." igein he says:
"The diseccscs of the genitel orgcns of cows nay be related to
dairy inspection Irom three different viewpoints:

Mret; Certein types of genitel disesces ey induce
cepreemia, pyaemia or senticacuia, cad throuch such aveuves
imperil the wholesomeness of the 1:ilk by the products of
disease being excrcted in the nmilk.

Cecond; Disec es ol the genital orgsns tend to ccuse
a discherge through the vulva which, soilins the teil,
thighs, eand vdder, trhreatens finelly to crep in port into
the milk while bein drawn.

Third; Genital discharges pescing downward Irom tle
vulva glon; thc teil, thi his. ¢nd udder, come finally in
contact with the teat orifice and the infection 18y pass

eloxn; the tecet canel, guin the secretory surfeces of the



glend, rultiply thers, ectedlishing a new diccice focus,
end conterdnete the wilk directly Lefore 1t is drown,®

Dut if it is true theat this occurs in & diseased con-
dition it is within the serie ground of possibility that it
should Leppen during the norral condition of the animal, al-
thouvgh to a lesser degree,

Finally, in sup?ort of this letter view it s been
pointed out by come investigetors thut the fact thaet organisms
ere generglly Fcound in lcrger nunbers in the recr cuarters
than in the front cvaerters of the udder ney explain the relsa-
tion theot thece orgeniems nay heve with the genital discherges.
Althouyh the writer's perscnal observetions do not werrant hin
in mexing a definite steterient et this tire, however, he is
inclined to believe thet the fact thet rmicroorganiciis are
Tfound in lerger nuibers in the reer quarters thien in the front
ones lies in the cczurption thet wien the cow lies down the
rear teats cre ncre exposed to the contaminction from the
floor than ere the front ones. the writer is tihius encouragec
to believe thaet reither of the theories here stcoted is supported
by their correspondin; evidences, and the sttention of the ob-
server needs to be direeted to other outlooizs in order to elicit
proofs that will be cufficient to settle this cuestion of con-
veyence of the contaminating orgenisms to tlhe inside of the
udder.

The organisms from the genitel orgens of the cow were
isoleted and studied by Lr,. Keck'and Lir. Bolton' cnd the Tollow-

ing is teken from their observetions:

“lr. 7. Co Keck end Lr. 2. 3. Bolton of this leboratory were
working on the flora of the gjenital orgens.
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Cows from vhich studies were 1:ade:

Mumber of cows from wiiich svwebs were rade 30
Rurber of swabs rede from the ve;incs 30
Iumber of swabs rade from the uteri 23

IInsber of cows Trom wnich swabs were i1.ade of
both ve;ines end uteri at the saiie tine 4

Or;enlsms isolzted:

Iimber of orgenisms isolated from the vaginas 34
mber of organisms isoleted from the uteri 24
Totel nwber of different orgernisms isoleted 52

Inmber of organisms occurring in both uterus
end vezina 5
In going over their recults they found & very wide
range of organisns. There were no two cows which showed an
identicel flora in eitlicr the uterus or the vegina, and, be-
sides, they found very little sirnilerity vetween the orgsenisris
isolated from any two cows. In @cecord with their wmorrhology,

they divided the orgenisrs isoleted cs follows:

Humber of Becilli isolszsted 22
" " Micrococei " 11
" " Streptococeci " 4

Due to the fict thet the complete study of the organ-
isms isoleted by them hes not terninsted, the cescriptions of
their rorphology, culturel @nd phyeiologicel cherecteristics,

reuolytic power, ete., ere here omitted.



General Discussion and Conclusions.

The restlts set forth in this paper have been besed
upon the study of a number of orgenisus isolated from 55 sarples
of 1ilk drawn from the normal udders of 25 aprarently heelthy
cows and compered with those similerly icsoleted from the normal
genital organs of 30 different cows.

The sanples of milk were ﬁaken from cows which did not
show any sign of genital discharges. In the rajority of the
caces, both sauples of w1k for study were drswn and swabs
from the genital organs were wmode from the same cows, elthough
in a good menmy instences only one of these wecs taizen from each
individuel.

in comperin, the orgenisms isolcted from these tvwo
sources, the writer ices found thet & wide renge of verious
orgenisms prevailed in the penitel orgens of the cow. A lcrge
number were bacilli while none were isolnted from the normal
udder. Streptococci were found in the genitel orgcns, but
none ﬁere isoleted from the semples of milk taeken from the
normel udders. The majority if not the entire nwmnber of
or;enisms found in the udders were Licrococci, &nd in the
genital orgens only 1l Ldcrococci were isolated and were found
in less nunbers than the bacilli of which 22 representatives
were studied. furthermore, the Licrococeci isoleted Ifrom the
genital organs did not seem to possess a similarity to those
isolcted from the udders.

The result of the writer's present observetions,

while not determinative in cherascter, lead him to assume the

following brief conclusions:






First; Thet the normel flors of the udder comprises
largely of mieroorganisms which belong to two types, the
idcrococci and the Staphylococei, verying in pigment pro-
duction, fermentetion reactions, hemolytic power, and the
other tests to which they have been subjected,

Second: That elthough in the few samples of milk
here studied these two t pes have been considered as
representing the beacteria of tl:e nornsl vdder, this does
not treclude the possibility tlot had & large number of
sarples been studied and rore colonies subjected to ex-
euxiretion, other tyres mi /ht Lave been encountered.

Third; That a comporison betvween the orgeonisms
isoleted from the udder and those isolated from the genital
orgens shows that there is not a close similerity tetween

the becterial flores of these two souvrces,

Literzture Cited.

En

(1) indrewes, F. W., znd Horder, T. J.
1906. A Study of the Streptococci. Pethogenie for man.
. In Lencet II, Po 708.

(2) Baehr, Joseph V.
1910, Vorkommen &nd Bedeutung der Streptokokken in der
Milehs In Arch. f., Hyg. Bend no. 72, p. 91-160.

(3) Bolley, H. L.
1895. Cleanliness in Hendling 1iilk, Becteriological
Considerations., In llorth Dekota Air. Exp. Sta.
Bul. no. 21, :

(4)

1896, Ueber die Konstanz von Bekterienarten in normsler
Roh (fore) Iidilch. In Centrzlblett, f. Bekt. u.
Pergsitenkunde ibt. 1 Band no. 22-23, p. 795-799,



-34-

(5) Bolley, H. L., cnd Fall, C. ii.
1895. Cheese curd inflation: Its relation to the
bacterial flora of fore rmilch. In Centraeblatt.
f. Bekt., sbt, 1 Bend no. 22-23, p. 788-795.

(6) Conn, H, .
1895. ' Deiry Becteriology. In U. S. Dept. of igri, of
: E:{pt. Stao Bulo no. 250 :

(7) Conn, H. W., &nd Esten, W. M.
1902-03. - Quelitstive Analysis of Bacteria in larket
I41k. In Ann. pt. Storrs Asr. Zxp. Sta, p. 6Z.

(8) Cooledge, L. H.
1916. Agglutination tests as & means of studying the
presence of Bacterium ebortus in milk. 1In
Jour. A re. .lteseerch, Vol. v, no., 19, p. 871=875,

(9)

1916. Is Becillus Abortus (Bang) Pathogenie for Humen
Beings? In Jour., lied, Resesrch, 1916, Vol.
XXXIV, H.So VO].Q HIX. no, 5’ Po 459"4670 '

(10) Cotton, Z. .
1914. The Fersistence of the Bscilius of Infectious
abortion in the tissues of animsls. Abstrected
in U, S. Dept. “ore. Exp. Sta. Record Vol., XX,
no. 6, pe 585« : ‘ :

(11) Davis, D. J.
1912. Bacteriologie Study of Streptococei in Milk in
relation to epidemic sore throat. 1In Jour.
.Arﬂ' med. ASS., v°1. 58, no. 24, pl 1852-18540

(12) Evens, Alcie C.
1915. Bseillus sbortus in nmarket milk. In Jour. Vash.
Acgd. Sci., Vol. 5, no. 4, pe 122-125, -

(13)

1916. The Becteris of Idlk rreshly Drewn from Normel
‘ Udders. In Jour. Inf, Dis, Vol. 18, no. 5,
Pe 437=476. -

(14) Freudenreich, Ed. V.
1904, Sur les bacteries de le mamelle de la vache et
sur 1la meniere dont elles sont répsrties dans
les differentes portions de lg treite. 1In
leve gene Lait, 3: p. 416-425; 440-448; 462-473.

(15) Frost, ‘iade H.
1912. Septic Sore throset. A Milkborne Outbresk in
baltimore' IIQ Do In Uo So PUblic }-eblt}l SeI'V]'Ce.
Reprint from Public Heelth 2eports, no. 103.






(16) Fabyen, M.
1913. A note on the Prcsence of B. sbortus in Cow's
I4dlke In Jour. led. 2esecrch, Vol. XXVIII,
l‘Io So' HIII, po’ 85-890

(17) Gordon, L. H.

1903-04. Report of some characters by which various
streptococeci and staphylococei may be differ-
entiated «nd identified., In 33rd Ann, ZRpt.
Grt. Brit. Loc=l Wovt. Board. ilso in Sup.
Aptes Leds Off., pe 388-430,

(18)

1905, A :eedy ilethod of Differentiasting Streptococei
end sone results obtecinec by its abpllcation
In Lencet vol. 169, no. 4289, p. 140C=1403,

(19) Grotenfelt, GYsta
Tne Pr1n01pleq of ilodern Deiry Prectice, translated
by F. 7. V0ll, p. 23 (Ref., from Bul., 178
Cornell Univ. abr. Zip. Sta. by A. Re erd).

(20) Herding, He A., and Jllson, Jo Ke
1913. A Study of the Udder rlora of Cows. In llew York
: AgTe Exp. Sta. Geneva, Tech. Bul. no., 27,

(21) Heinemenn, P. G.
1906, The Significence of Streptococei in Lilk, 1In
: Joure. Inf. Dis. Vol. 3' no. 2, Pe 175-182,

(22) Buddleson, I. F.
1916, A Study of the trensmission of Bacterium ebortus
(Bang) thru lilk. (Thesis for the degree of
Lie Se presentec to the feculty of the ldch.
‘.Lro Co:l.lege )0

(23) Von Lingelsheim, L.
19503, Kolle und Vasserman, handouch der pathogenen
- Idikroorganismen 3 ed. pe 337,

(24) Lehmann, i
17 te Versemrdung d. deut. Ver., f. offent.
Gesundheitspflege (Ref. from Bul. 178,
Cornell igre Exp. Ste. by A. R Ward).

(25) Larsomn, W. P., zna Sedgwick, J. P.

1913. The Oomplement Fixation lecction in the Blood
of Children and Infants using tie Bacillus
ebortus cs Anvigen. In .n, Jour. Dis,
Child., Vol. VI, p. 326=33C.

(26) Lister, J. ,
1878. Lactiec fermentation end its bearing on pathology.
- In FPherm. Jour. end Trens. Petholo;ical Sogiety
of London III, ‘Series, Vol. 8, 555=5568; 572-575.






(27)

(28)

(29)

(30)

(31)

(z2)

(33)

(z4)

(35)

(36)

(37)

liathers, George
1916. The Behavior of Streptococci of Human ¢nd Bovine
. Cri; 1n in the Cow's Udder. stbstreected in Jour,
of Zccet. Vol. 1, p. 117.

llohler, J. R., ané freum, Joacob.
1911. Infeotious abortion in cottle. In 28th nn, pt.
: U. 8. Dept. i r., Bur. Anim., Ind. p. 147-183.

Lioore, V. i
1897. Ffreliminery Inve°t1~aulons concerning the Ilwber
. cnd lkture of Beeterie in “reshly Dreown 7ilk,
In 12th e¢nd lﬁth finn. #Zpt. Bur. “nlm..Ind.,
U. S. Dept. igre, p. 261-266,

1899. The normcl bacteriel invesion of the cow's udder.
In froc. Soc. From. & rTe Zci., p. 110-113.

lnller, Peaul The
1906. Uber die ttreptoliokken der Iilch. In ‘irchiv.
‘ fur byciene bund 56, p. 90~ 108.

MGIVin, Ao Do
1913. Infectious cbortion in cettle and the occurrence
of its bacterium in milk. In Introductory
Stotement, Us S4 Dept. &crie, Bur, inim. Ind.
28th Anne. Rpt. 1911, p. 107-108.

Weoll, M., and iratt, J. S,
1915. Does the Bacillus ibortus (Bang) Infect iian?®
In ‘m. Jour. Dis. Child., Vol. X, pe. 203-205,.

Petrusehky, J., end Kriebel, ii.

1904, Die Ursachen der Sommersterilichkeit der SH#uglinge
und die lioglichkeit ihrer Verhutung, verlag
Von F. Leineweber, Leipzig.

Reed, Re Co, &@nd ard, A. e

1901. Concerning the presence of strcptococci in the
MVGTthy udder of a cow. In Jour. Boston Soc.
lied. Science, Vole. Ve no. 7, p. 3874 Abstracted
in Centrabl. f. lakt. Erste ;bt X% Bend,
no. 2, po 850

Schroeder, E. C.,and Cotton, e e
1914. The Becillus of Infectious :ibortion found in
» iilk. In U. S. Dept. #gre., Bur. Anin, Ind.
28th. .»'Lnn. :fptd VOJ.. 15 jalo 8 1, po 150-139d

schulz, L.

1892. Ueber den uchmutzgehelt der ‘Rlrzburger liorktmilch
' und die Herkunft der ldichbekzterien. In 4rch.

ﬂyg. Vol 14, Pe 260-271. ‘

’






(38) Uard, Lo He
1898. ‘The rercsistence of bacterie in the mileh ducts
of the cow's uader. In Jour. Appe. undcros.
VO.L. 1, po 2U5-2U90 :

(39)

1900, “he invasion of the uvdder by becteria. Ln‘
Cornell Univ. . Te riip. =tc. Bul., 178.

(40) .dillierms, te ., cnd kilve:, dJde Ae
1917. Coumnlenment-riztation in-Jbortion of .cren with
syceiel reference to (e L. ebortus (Bang)
end the b, ebortivo-equinus. In ‘m. Jour.
of Cbs. ¢n¢ Tis, of Jomen ¢nd Children,
Vole LXXV, no. 2, pe. 193-203.,

(41) 7illiems, 7. L.
1914, The ‘Diseecec of the Internel Cenerative orgcns
in reletion to Dairy Imspection. In Cornell
Veterinarien, iii, no. 2, p. 78-85,

(42) ‘-’I:inSJ.OW, C.Ec A.
1904, The cystemctio relctionships cf the Coccacese,

P
— ) -









