South Dakota State University
Open PRAIRIE: Open Public Research Access Institutional
Repository and Information Exchange

Theses and Dissertations

1958

An Attempt to Develop Resistance in the Udder

Against Streptococcus Dysgalactiae and
Escherichia Coil

Donald E. Otterby

Follow this and additional works at: http://openprairie.sdstate.edu/etd
b Part of the Dairy Science Commons

Recommended Citation

Otterby, Donald E., "An Attempt to Develop Resistance in the Udder Against Streptococcus Dysgalactiae and Escherichia Coil"
(1958). Theses and Dissertations. 1250.
http://openprairie.sdstate.edu/etd /1250

This Thesis - Open Access is brought to you for free and open access by Open PRAIRIE: Open Public Research Access Institutional Repository and

Information Exchange. It has been accepted for inclusion in Theses and Dissertations by an authorized administrator of Open PRAIRIE: Open Public

Research Access Institutional Repository and Information Exchange. For more information, please contact michael.biondo@sdstate.edu.


http://openprairie.sdstate.edu?utm_source=openprairie.sdstate.edu%2Fetd%2F1250&utm_medium=PDF&utm_campaign=PDFCoverPages
http://openprairie.sdstate.edu?utm_source=openprairie.sdstate.edu%2Fetd%2F1250&utm_medium=PDF&utm_campaign=PDFCoverPages
http://openprairie.sdstate.edu/etd?utm_source=openprairie.sdstate.edu%2Fetd%2F1250&utm_medium=PDF&utm_campaign=PDFCoverPages
http://openprairie.sdstate.edu/etd?utm_source=openprairie.sdstate.edu%2Fetd%2F1250&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/79?utm_source=openprairie.sdstate.edu%2Fetd%2F1250&utm_medium=PDF&utm_campaign=PDFCoverPages
http://openprairie.sdstate.edu/etd/1250?utm_source=openprairie.sdstate.edu%2Fetd%2F1250&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:michael.biondo@sdstate.edu

AN ATTEUPE 70 DEVELOP RLSISTANCE IN THE UDDER.

AGATINST STREPTOOOGCU& p%ﬁg@g#ﬁg;@g AND

§H L PIDIECHS T SeRIA
ESQHERICHIA COLX

By
‘Donald E..Q§§orp;‘_

A thesis submitted
in partial fulfillment of the requirements for the
degree Master of Sclence at Scuth Dakota
State College of Agriculture
and Mechanic Arts

June, 1958

S\.UTH DAKCTA STATE COLLIGE LIBRARY

i



This thesis is approved as a creditable, independent investigation by
a candidate for the degree, Master of Science, and acceptable as meet~-
ing the thesis requirements for this degree; but without implying that
the conclusions reached by the candidate are necessarily the conclusions

of the major department.

Thefis Adviser

Head of the Major-Department

ii



Leppooid

- f

Py AYILY

ACKNOWLEDGEMENTS -
~The author expresscs his gratitude end apprecimtion

S0 Dy 4. Ey Dpacyy Professor of Deiry Husbendry, for counsel,

aaaaa

D. P, Breaseale, Head of the Dairy Departmcnt, for encourage-
ment and helpful suggestions; and to Dr, R, J, Beker, Associ-
ate Professor of Pairy Husbendry, for preparation of the

,,,,,,

entigen end suggesations in experimental procedure,

Bk & &

[ g T EE
5 wa .LDEO‘; 4 %
& ¥ s
§ -8 6w
1
i
. . . *
>
-
111
A\ v



- TABLE OF CONTENTS
INTRODUGTION .. sussassvsatosesssvenessansassnsssansans ‘:.fl&.‘
inxvf!mirovzummmu..!......s'.»..—.-.....n......"..... -
Classiftcation ot l!a.tluu.................... 7
Incidence of uucxm....,..u.........,....... b4
-«Diagnoala.a..n.nu...-....f..‘............"-.... 11
Troatnent of MaBEIt1seeeceioesesoscsavvsasnnne 10
EXPERIMENTAL PROCEDURE«scsssssconnvocscacecsanssnsdse 29
General Managemenbtisccossscivsossoscssesssnsssn 29
Preparation of the Antigenisssvesnssosvssssnne 29
Preatmentececesosversocscsessssassosscevcsesns 30
Challengingeieecoecoosssvavosvossnscsnsssnssonnss 31
Bampling end Testingeiesevescessvcscssossnnnens 32
REBULTBeescocsctvsvncvsvsrcssenvenssnsnscssosavnasnses 37
DISCUSSION OF RESULTSeseevovocoavansncssssssssssecsse 43
SUMMARY AND CONCLUSIONSssvssevacsscvesscsvesvoncscerw 46

LITERATURE CITEDO‘...QIIQi0--.01.0-‘Oooto.noco.tooool ’.‘.7

iv



-

LIET . OF PARLERS

The sroblog of meetitis in deiry enimals hes res-
hle e
ST Paniavie 8568 dilerod T TS BitSH SF o il BllinbiEE 79

and control lnimll
dalyviag hud develuped and Trown,  oheYitit hat bohotu' mé"

2, Sumry of data on cows
- BLY =~1W5“ m WU U ‘“ |

3o 8¢ sam ‘of data on'‘eows Lamnized énd shellerged
W ri
- - &%L';’v %ot haftisiest Yele' 1% Hatek an?.

cx¢adin
Buai of th sephanis shen doaling with mestitle hes

»

baen vn cues sathey el preveniticn., Despite the sxiensive
investigations of wutiblotiee end pthey ohiero-sherapeutio
xgents as & oure [or mesvitis, & ovmpletaly satislfaciory
angwoy Te the mAatitls problea has not been fownd,

Reoun® resbarah has sucgeshed LDet he mamwry girnd
13 gapazie of produeling lsrge smounts ¢f aulibedies when o
foreign protein i Introducsd inbe the udder. $ince » %A~
vody produe tion of the uddsy kaw been demons trated, there
1 renson to suapeet that the udider of the sow michy be
{niestod will an antigen and produwee an Lund 8y %90 beo-
topiel fnveaslon., Thus this lovestipation deely with m.«‘

sttenpy to insuisy cows' uddsrs with BEveptiscosgus dyse

o o A A S A

geinctige end Bsgherighie g0 "




~ INTRODUCTION

The problem of mastitis m dairy animals has re-
ceived much attention ln recent yearsg, As the business of
deirying has developed and grown, mastitis has become more
- slgnificant to the fermer and the processor. The economic
loss from reduced production and sele of milk, loss of
breeding animals, veterinary and medical fees is paramount.

Much of the emphasis when dealing with mastitis has
been on cure rather than prevention. Despite the axuudn
investigations of antibiotics end other chemo~therapeutic
agents ss a cure for mastitis, a completely satisfectory
answer to the mastitis problem has not been found,

" Recent research has suggested that the memmery gland
is capable of producing large amounts of antibodies when a
foreign protein is introduced into the udder, Since anti-
body profduction of the udder has been demonstrated, therve
is reason to suspect that the udder of the cow might de
injected with an antigen and produce an immunity %o bac~
terial invasion., Thus this investigation deals with an
attempt to lmmunize cows' udders with Strepteococcus dys-
galactise and Esgherichias goli,



RENIEW OF LITERATURE

ALY Al

unatltit hgd bqon dqt*nud 88 en ~nrlnwmation of %hc N
nsﬁmawy glaids The tepm refore to muny mnledica of thd. -
gland reg&rdlﬂlt af the rtat that the aaun&t*wc agent uay b.
~ bacterisl, ohauiaalj thnrna‘ or 8 rQaultunt ’rom injuryo.

Mostitis tu u:ually alasairiod into 3 unjor onuagorienwﬂ
noute. subcl;nicnl qnd uhronio. xcute mae 1?13 15 that whieh
affects the paronchyna an »hn 1nterst1tia1 tllsun of thn
udder, In uddibien Jmany bady roactions ocour and partiau~
larly & rise in tonacr:ture ie 11ko1y. _Occusienally 1n thia
type of ml:titil geperene is manirosttd, Acuta uastltia 10
sometiaes ratnl and in surviving aniaala the nfroctod quartcr
is usually partially damnaod 890 that the normal funot;an‘of
the gland is impaired, -~ -

subelintoel matig.;s te ulually undot.echod by the
deirymans ?h& prﬁnanaa or mastiziu arganisns may b@ dttor-
=zined by the lauooaytc count, chlopidc tests or other bio-
chemloul mecnse Ceges Y aviaa in w ieh tha foruuilk &a ”
tﬁickenod and the artaatod quartnr 13 aliguvly atallan. bus
the =major portiou nf thm accration aay appeer to be nnrmnl.
Bometimes the noutc and subclinioal cnsos ot anltitin may :

i %

develop 1nto ahypnic naaeltiu. -ullin; or thc uddor and

altered rortuizk avo anarnotcriatia of thia type. An thoAﬂ.
¢ & 8 WRaE LR ealered o3

dlseuse prqgr?anuc. oopnootlvn t&nau- dovalopa in the uddor

LR CRE Dl T

and the udder begomes hard and st uma asmpméd (33).

FRaE s weRy Mapld & %

ﬁﬁ.t, (75) howovor. hal classifled nnatitia in 6‘



types which are as follows:

1.

2.

3.

B

Hild chronie, < In this type of mestitis there are
no loeal or genersl symptoms which mey be used in
detecting the dlisease. Laboratory culturing of
milk samples ls the only method of determining
the pﬁuduc ‘of mastitiec crgenisms. FProper ene
vironmental conditions ere neccessary for this
type of mestitis to become severe,

Severe chronices A bromothymol blue test will
readily indicate the presence of the infection.
Palpation of the udder reveals fibrosis or secar

tissue,

‘Subacute, 1In this typc flekes appeer in the mllk,

Laboretory tests show positive results and palpe-
tion of the udder shows induration which is an
evidence of infestion,

“Asute,.: The infected ouarter feele firm and hard

and ylelds & stringy, ropy or cheesey seoretion,

‘The rectal tespereature of the animal rises to -

103-105°7, * Impaired appetite, stiffness and lame-
neses may &ls20 eccompeny acute mastitis,

Peracute, TIndications of this type are & hot and
swollen querter with a watery, straw ecolored or

“reddish fluld, This is apt to be accompanied by a

- high fever, weak rapid pulse and repld shellow
‘breathing, [ ¢ nvers



64 Gangrenous. ' This 1s" 2 Pinsl stage of acute mastle

" tis, ' The tecretion of the udder hae en offensive

odor and is red or yellow in color, The tempers-

ture of the snimal 1s either normal or subnormal.
Incidence of Mestitis

The intidence of mastitis ls high and therefore
of great econdémis significense, A loss of § million tons
of milk per vear his been estimated for Rurope (%), In the
United States’ 1l eow in' }} can be expected to be afflicted
with mestitlic, whileé isi & countsy such as Italy the tncli-
dende is 29 pericent (L),

Mastitis is ‘chiefly caused by micro-ovganisms
such as Streptosodous apalactime, Streptococcus dysgslactise,
Streptosdcous wberis, Migrocoscus pyogenes, Lodderishia
golly Aercbacter serogenes and Pseudomonas serdglnosa. Other
organisms such os Pesteurella miltocide, Corynebacterium
pyogenes, yeasts and scid-fast baci111 hsve #1860 caused mas-
titie (f)e Murphy (46) reported tﬁnt'Sﬁfubtﬁﬁoccui'n G

laetise; the other stweptoeoccecl, ‘the staphylocoeci and the
baeilll aseount’ for more then 99 per cent of the mastitis
although more then 20 ceuset are known, Little and Plast-
ridse (33) aleo’ stdte that most mastitis 1s cahsod‘b&’tho
organishs llsted above. Hale et al, (21) compared milk
vield, based on butterfet production, with the presence or

abconao;ot'!trlgt®d0&gusu;gdzgogin¢ infections 1n 328 herds

over ‘a § year period, The average decrease in yleld was



1042 per cent per ¢ow in herds which became infected, while
&n 1nor.a$a of 1443 per cent wae noted in herds whleh became
aegative to Streptoseseus sgslastise NTE

‘The .stage of lectatlion and age of the aniaal haa boon
- eorrelsted with the susceptiblility to mastitis inrqetign.

In &, survey otitﬁgﬁ%geidenqg_or:auytitla. A}gurpéugng ?Eyan
(1) reported that streptococel were fnsolated framygq pc;
cant of the samples fron individuél cows, The above mon-
tioned authors found thst the incidence of str;ptococei 1n-
creased from 23,9 per gent In first 1actationmpqirgraqtc
35.7 per cent in cows in thelr twelfth ltaﬁatlon. vspcncer
and Kraft (67) contended that advaneing age ls not the prl-'
mary. explanation for lnecreased infection of anstitin, cl-
though 1t asy be & fagtor. Their contentlon was that the
animals on s scund management prpgrgm,{nqronuiﬁ in incidence
of mastitlsz from 5 to 35 per cent in the r%rgt uglactétianl;
however, this was followed by a gradual decrease. Improper
management led to an incidqncehofv§0 go;72,por cent during
the .first 5 laastatlons with a sharp increase }n,nuqeq?sive
lagtations, According to 011ver et 3]_._. { 50) the l‘li.ncllc}ance
of mastivis regroaaod an,lactution prograaaed. ) '

- Bumerous predlapoaing taatorz contribub; toward tho
ua&nalia sugeeptibllilyy to mestitic iqﬁqptiog. Rocessod teat
orifices, madular swelllngs in thq_toat duat, tﬂat legéonsq
week sphlncter mugcles of the teal orifice end largo |
~pendulous udders are all factors for high 1neidenoo or



infection (u, 33. hd

A

o -~ A3

Thcre seema tc be a lach of sufficiont avidonoo to

ubatantiate thénfolaéionship or hcrodity to the 1ncidonoo$v

™ ST eitike
of mantitis~ however. thare aro reports to suggest that an

animal's genctic makeup haa 2 poasible bearing on “the re-

1stnnce to mnatltia.; WOrkers (33) have round that when

’I
comparing 2 cov faniliel, 1 fan¢ly was morc resiatant to

infection than thﬁ otheé. hen oomparinr dam-daughter paira,
Yo a
e pcaitive correlation wes fonnd between herodiéy and sus-
Deta P -
ceptibil*ty to maatitis. The naggestlon has boen msdo that

when breeding or high producing cows ; e largor uddor has
been dev;IOpe& ;“1ch 1s aora vulnerable to mastitia. Le-
gaéésrand Grinnalla (f&) suruiaed, in a study of 9§6‘animala,
thet some progress toward the reduotion of ﬁaé%itis by
aimplu mese aeléé%ién h;a>been accompliahed. Theao‘wor;:ra

¥,

demonltratad thﬁ“ltﬁk of phanotypic relationship betwaen

P 0 )

maatitls ‘and produotion-

Poor mnnagement practices are orten oreditod wtth

4

ereating an anvironmcnt thich is cnn&ucivo for 1ntect1vc -

¥

organizma to gain ontrance and aatablish themlelvea in the

bovineﬁuédér (h, 5 26 33. hé). Pactorcibuoh as ntullu of

the corroct slae and adoquate bedding ‘e*p to Drevant udder
injury and reduoe nastitil. ‘uoosa housinc haa bean fonnd to

offer moru freedom rrom udder injury thnn stanohlon burn- {7,

:‘\

33). Romoval or barbed ‘wire and other material fron ylrda

i

and paaturoa rcducaa the possibxlity of uddar injnry. Huddy
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yeards also contribute to infection of the udder, Chance of
lnteetion,is&pnhqﬁﬁnd by, Lrreguler snd ilmproper milking and
Aﬁnlanitary gtgblo,conditionpﬁqlégqcontribute to & fevorable
anvironmant,:op,grpythfof infeetious organisms, Mastitls.
Anfections ape frequently obserwed during perliods of .
extreme tempersture change and wel weather,

| Humerous atud;es have been wade on the eifest of the
milking maghine on the Incidence of mastitis, When eompare
ing routine=, severe- and mild~pnon1ga»uilklng.paud~hénd
milking, uorkprajatgtha Ugitp¢.§§gtau Pepartment of Ag-
riculture ré;@&fé;tg;d anfg;;§;§£ in cows with mastitis
when switched from routine~ or severee to mild-machine
milking and almost complete pecovery when handemilking was
performed (39). QtﬂPrﬁ}:§}§),ﬁ?P0¥?}?‘1f§l mastitlis oceure
¥ing 1n herds whnzw ;u;;§hdc§ ﬁygq milking mechines were.
used, Porter ot al. (56) showed but .very little difference
Ain the ilncldenge of magtltls when gows were milked with high
or low vacuum milking mechines. Sialler reports have been
glven by other workers (19, 42, 43}« lesving the mllking
maoﬁia@ on for ar cxtensive pericd of time has resulted 4in
& algnificently highar.;FQLQaegg_Q{5§9§§§t§g then where &
normal period of t:uu“ 'u ailqnd..MQm the maci ine was
removed (19, 42, 4,3). .Dodd and Gliver (1)) studied the.
effoct of teat-cup liner design on the Incidence of nagw
titis. They compared the molded liner with the extruded
liner and found the incidonce of mastitis to be 12,7 per cent



“in cows milkod vith moldcd linnra and 5 5 per. eont in cowe
milked wlth tho nxtrudod linepo. The 1ncidonpo of vew ins
feetion was similar in both grouﬁl.' i
Conelusions as to the efroct'or reeding snd the type
of feed fed has variod. Somn workers (33) bavu _reported,
that high protoin fbading greatly aggravatod the magtitic
éondition, Frost (15) found that the udder would;not Jbreak
down throuph kirh pro'aein feeding. Pounden et al. (58)
dbveldped a mothod to determine the rosistance of milk
tanplet to 3trqptococcq~ galact;eo. xilk sample; were
talten from cows on 2 dlfferenb ratiena~-one of grass Jhay.

and hoavy rrain ftediny and tho other on alfalfa hay and
mnadﬁt érop silage with little 5rain. Each milk auap}o .
wes 1noeulatod with Qtrggpecocous 5 ltet g and ‘the re-

tisﬁanee of the milk to tho organiam waa dotarmlned., Artpr
an 8 week period ‘the nilk trom thc cows on the heavy grain
feed ethbibcd a airnirioantly highcr suecqptibility to

the orgeniem than did the light grain raodlng.} Later ex-
porrugnta (59) showed that the uddition of corn sllage to

a ration ot mixad hay and 3rain ceuaed a mnrxap 1opa 1n ®
sletance of 11X To Strugtccoccue agalactiao. On the other
hnndmé%her“wuvkwrn‘ﬂﬂVb oblervod no difrerence in low,
medium or high protein feedtag, therefore this would sug-
gcst Iittle rolationship bctvnon reeding and inoidenco of .
madtitie, '

'Thiie has Been -ome postulation as to the incidence




of new 1nfeetian 93 the method of drying off cows nt th'
end of the lagtation period. Oliver et al. (ug) vhen A
stpdying methnds pr drylng offaég;:jndéﬁbﬁred the 1neld0noo
of mew lnfectlons in cows dried orr by iﬁtééﬁittent milking
with. the inoid‘ﬂﬁ? of new 1nfeotions 1n cows dried off by
a‘aaation.nr milking. Dixferonsas 1n the 1ncidonoo of new
Lnﬁqptﬁon in cows Qried off by eithcr metdod wag found to
b..Lnaiunichant. Hoqever, quarters which had bean pro-
viously dnfeated 8L owed the diaaase avain at the time of
testing during the dry period. Other work done on inrootlon
during  the dry period swowed that about SO per cent of tha
new infectlions durxnu tha dry period persist until rreshen-
ing (51)s The suggestion wag made that naturul taaling of
the teat. slous is of little 1mportance in protecting aguinst
infectlon.  Disinfection of the teats at the dryinp orf timﬂ
has been found te lower the lnchtion rtte during tho dry
period (L9). Cows @oing dry were wmahed with 2 hypochlorito
solution of 300 p. sPellay dried and tho& each teat wa#ﬁi;meraed
‘in-& Alneture of lodine, This was done twice ovcr ﬁ zu :

hour n&riad. ‘Tho treatmsn» reduced tha inrection caunod’by

!lﬂﬁaﬁﬁﬂﬂi.iﬂﬁﬁﬁﬁﬁ$ var. aureue. Ratg of 1nfection oausod

el G LNl @3

b7 uzeptanoseus yhenip ves not affested.

. Trangnlssion of mastitis from cow bo cow is oftan
e

atbrivuted to the teat oups of the mil}'in'z 2ine. ‘i"ha

: i

;tranqnisaian of mastitis rrom cow to cow Was nvestigated

o e ok o 1

by Davidson 33.‘;, (10) by using 9 :ets of monozygous twins,



10

Pour artificlally isfected domors were introduced into the
herd, Thi"drganiaﬁxuatd.wtt $treptogosccus sgelectise. The
titna were divided' imbo 2 gxauga;.l animel of each set was
essi ned to~otchncrogﬁgq Duping the milking of 1;§r9upo

. 8terilized eguipment wae used for esch cow whille in the
other group ne dlsinfectien of milking oqniémgﬁéw;;;hmﬁdo
between oows. ' In both groups the infected denors were milked
first, In thergroup dn whieh storilizod,ailkins‘oquipmmit
was used, 2 guarters became infegcted, while in the othan b
group 1l quarters bectme Lnfepteds This waa found to b9 5
slgnificent at the i per cent levels In gther experimﬁntl
where the teat cupe hed bYeen smeared wiih infectlve organ-
lsms, Infection was not induceds Funtheruore no!ne;_qugge
tis ceses developed when the teat sups were not dlazinfected
between cows. - ' g Pt of the time durtn

© Artifielel inoeculatlion of infentive orgenlsms into

the udder has résulted in some severs cages of mnntitia.d_

Maetitls wes.produced by:imtrodusing 1l amilllliter portions .

of ‘@ 2 hour serus broth oulture of Strepiococcus dysgalac-
tise sna Streptocoecgus ubepis into the teat canal, Ruibing

& bacterial culbyre over the teat meatus produced no infec-
‘tion whatsoever; intmoductien of the crgasism lnto the, teat
was necessary before-infection ceuld be effected expgrimen-
%ally (33).c In eniexperliment 5§ enimals were injected with

Stephylococcus aureug broth culture intrememmarily. Four

of the tows rescted severely end 1 died of septicemls 10



1l

days later. . Inoculating coliform organlsms into the udder
preduced in:petionf;n the treated quarters, but after a

fév days the infectlion sgubgided ﬁnd the bacterla diseppesered
from the pocxotiop»(Bj)o ‘Peeding of magtitlic milk and drench-
 lng cows with broth oultures of Strepbococcus agalegtlae has
felled to establish the organism in the udder.

Infeetive organlsms are present almost cverywherej
their primary pequlrement is e means of entry inte the ud¢gr
before they are able to induce mastitis, Chodkowski (9) has
studled the distribution and survivel of Streptocogcus ara-
legtipe at varlous locations other than the hovine udder,

Of the animels exanined 36.per cent showed bacteria on the
teatsj ebout 5 per cent of the hides exhibited the presgnce
of the organlsm, Bacterls 1solation sguples were geoured ,
{rom the milkers' clothing 20 per gent of the Lime durlng.
the experimentsl period.  Isclated bacteria samples were
elso takep from 81 per cent of the teat leslons during thls
sape time intervel, Surviyel of the organlsw wes determined
te be 60 days in mamure, 43 days in soil, 30 to 3% days om_
elothy 29 days om helr, 10 dsys. on strew, 4 daye on floers, -
£ dsys. op windows, wnd 8 days in a bueket.  Staphylocoeel
wore found,on the skin of the cow end partieularly on the
udder, wnile other workerz found coliforms to be present
ip-numerous quantitles ip.meanure and bedding (33).

Diagnoaig

Diegnosls of mastltis is fmportsnt m the treatment
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or‘théﬁiﬁféotfgﬁm anriéﬁgfpﬁfﬁ%ﬁzi:feﬁitural «nd ohemioal
means have béen developed to aatornine the disease. The
examinition of the udébr sed et iDh fias boon one whish has
veen resorted to by most tarmcrs an& has been unodﬁaa an
 inAledtion or the dlsease 133Y;vﬁfhn'sﬁcﬁntlon in advanced
cages of mastitls is aaudifﬁvhbnbﬁmil and the secretion
often contains flekes or clots and yellow or waterf fluld
in early stapes of the disease, Heoroacopio examination is
not altogether rﬁlluble in that vhﬁ ‘animel may be arraetad
ror Weeks or monthe wilthout giving avidonce to vieibly
elfered nillk, ' R |

“ael1 end Johnson (71) uevalopad a praetleal me.hod
for claﬁsi”yiﬁ%”the udder, ’Thia system was baecd on the
enotint 6% tissue chenge within ' ﬁhe u&der. To Goterwine thﬁz
amﬁuht of fibroeia, ¢ach quarter of ths udde“ wos palpated
snd gradad from ne fibrosis to markmd fibrcaia.‘ A number v
1 Gdaet' 'Whs cbneldered to be nowmal In sll r»apeetl,'whilo
& nuuber 2 udder had one or more quartern with slight iiu
broelss in~uﬂder'wiﬁh*!“ev more quarters with dlattnot 1n—a”
duretion was praded number 3. A number L udder was 1 with 2
or more quurtern with extenaive induration raplaoing moat of
the glandﬁiar tissue. The finai ciauaitication inoludod tha
hiatcry, broduetlon, ntrip oup, bromothymol bluo raaction
and” %eaﬁbbiolopiaal resulte, = Vet em aEr ESR

e bromethymol blue test is used to dotect ohanLOl N
in 3%, “ghen perférm;ng the teat 0. S mlllilitcr of tho

.ru: ./L} "L*
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bromothymol blue wae added to & test tube containing 2.5
milliliver of auk. If. the solution turned e greenish-
jrollov color, the sample was considered normal. A light-
green color was cluiod a8 suspiecious while & greenish-blue
to blue wes regarded es positive. ' The darker eolors of the
reaction indieated the greater mlkalinity (33).

| A test uaing bromocresol purple has also been used
te indicate pH chenges in milly ' A blue«gray coleor result-
ing from the ‘addition of the remgent to the milk indicated
& normal milk. Bromocresol purple has & yellow range .
below a pH of 542 so acidity of milk can alsc be deterained,
Varying degrees toward alkalinity are brought out by shades.
of blue to deep purple (33, 4O0)« - Jones and Helwig (25)
instilled bromocresol purple solution dinto ceapillary tubes
and allowed the reagent to dry. When testing an animal,
the samples of milk were drawn directly from the teat into
the tube, Indubation of the tubes for 18 to 24 hours and
the presence of a yellow colo? indicated the presenee of
Streptococcus spalagtiae while & blue-purple color indicated

absence of the bascteria.

The Viniteslde teat (33) employs the use .of normel -
sodium-hydroxide mixed with milks One drop Oof the sodiume
hydroxide 1s mixed with 5 drops of milk for about 20
seconds, If the sample turns viseid or a precipitation
ocecurs, the milk is positive. This test is based upon the
¢ell eount of thé milks If the count-is abnormslly high,
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the cells sre,ruptured by the sodiumehydroxide releasing
the protein offyan co11. This in turn rescts with the -
iodiuu-hydroxidq to form a gel or precipitate,

The sslyygtaoti of mastlitic milk hes led to the fore
mation of teste for chloridess ‘A method has been described
teo test for thecechlorides in milk Iln which a mixture of 2
miililitcrn of 10 per cent potassium chromsbte solution<in
18 grams of milk was titrated with silver nitrate to a
slicht reddish-ovange color. - One ailliliter of the silver
nitrate corresponded to 0,01 per cent of c¢hloridess An
exocess of 0,15 per cent e¢hlorides in the milk was considered
abnormal (33).

‘The leucoeyte count has been used quite extensively .
in the determination of mastitis« A cell count above
500,000 per milliliter of milk is regerded as abnormal and
indicative of udder infeections Little (33) believes that
the foremilk of heifers should be under 300,000 leucoccytes
per millildter walle normal milk of older cows may be exe
pected to hawve counts from 500,000 to 14000,000 per milli«
lit&rn<-&n inerease 1in leucocyte count may not occur until
several deys after infection end the count may vary greatly
from day Lo duye However, Malcolm and Campbell (35) repont
that a rise in cell.count is the first indication of sthe
presence of the dnfection, Fathogenic bacteris such as '
streptoeccei and staphylococci were not always present in
milk with high cell counts although the cows showed elinical
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evidence of mestitls.. In these.cases s conelusion was reached
that bactérza,\.gﬂr‘q ‘cmlyw secondary invaders which gain entrance
inﬂ become established in the udder becanuse of some unknown
cause wilech may be Qi'th_n' spesiflie or nonespecifie.

Large numbers of leucoeytes are found in the secre-
tiqn of the reseitly fresh oow (33, 71). Explanation for.
the large number of polymerphonuglear leuzoeytes is that
the mucinous state of the nmilk cslls forth large numbers of
the eells. As lactation progresses beth , the muein.end the
leucocytes disappesr, but when the gland e belng dried off,
the -leugocayte gount again rises. .

The leuacoyte count of samples of -herd milk may mug-.
gest the degree of infeetlon w!thin.a herds Macleod gt al.
(24) scompared the leuseeyte sount of herd milk ta the inedw .
dence of mastitls and found thaet Lf the percentage of inw-
fegted animals in the herd wes over 40 per cent, the leuco-
syte count could be expected to be 1,0004000 or more per
wdlliliter of milke .- .« ot reapont |

A study haa been made of the comparative value of cell
sounts and culturel tests. - MeFPaplenq end Elackbumm (38).
took ante-mortem milk samples and poste-mortem udder tisme -
sanples end from these nmade cell counts and culture tests,.
The cell counts were in 92 per cent sgreement with the post-
movtem oulture. teste. . In 39 per cont of the histologleally
posltive quarters, no mastitie  orgenisms were found. 'They
therefore conaluded that the cwlture teate were not &8 .1 .
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reltedle in diigﬁbhtia work ae the cell eount,

. Leﬁmcsyfia of milk are %igh tn the crnyme catnlise
(10). t:;a:.:én’twagei'vmy"the shioht oF bathlesd’ Lhdlbaten' thi
seprroxinate rﬁmﬁmr of leucoeytes in the nllk, The catalsse
teet Involves the tneubstlon of @ mixture of milk &nd
hydrogen-pe axié%.'“"%e'; roductlion of wore then 1,9 millts
liters of free res wuggeatm e posltive Yesetlon, MHomlux
(2;.‘ ) revesled o hirh posttive correlntlon betwoen 1ow
catalese values and low lcucocyte counte, Incrensed qugnti-
ties of cetslese in MmUlY were noted during the Piret | weeks
of laetation and during perlods of Tow production,

T e "Calirarnin test* has been “eveloped by Schalm
‘end Woorlander (62). The test resgents eve o doterpent,
codlum-hrdroxide #nd oregcY red mlzed with milk to dotéraine
‘the presence of cn tneressed mumbes of levccoytes ¢nd en
ebnormelify ‘n PN, To perform the test querter samples of
milk are drewn Ints e L corpartaent plastic peddle, To
efich cemparbmént énVGQuél quentity of the regpont ls added.
The padd* "t roteted and the fosmation of a preoipitete or
pel with aontristing sheded of purple ir aonsideréd to be
positive, Tho prinsiple of +he res&tion tr t ix: the yes-
gentfrﬁpturaa’tne sell veleasing the celluler proteins; the
freed protelns coubine with the resgent end 1f suffisient
“quentity of protein 1z present, & gel or brecipltate is
rormed, A dcep purple colored miztture indlcates a pM
greater than 6.8, If the tolor of the airture 1§ yellow,
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@cidity 1s indlcateds A gray celor aﬁd liquid aixture with
no viscoslty vluibie‘tl considered negative., The tegts are
seored. as negative, trace; weak positive, 4istinet positive
and strong poalitives '

In the Hotls test (33, 40) milk samples eontaining
bromoerescl purple are lmeubated for 24 hours at 37°C. Tubes
in %hich yellow flakes occur are positive :nd indicate the
presence of Streptogogcus agslactiases. When comparing the
Hotis test with microscopie resdings on positive, negative
and questionable samples, Van Dep Huver (72) observed that
the 2 tests were in asreement 94 .5 per sent of the time on
negative semvles, However, one-third of the samples which
were questionable to the microscopic readings gave positive
resctione to the Hotis tests, The Hotis test was considered
valuable in elarifying doubtful mierosecopie Cindings,

Various selective media such a2 blood agar have been
used to diffarontiaté the streptoceocel from other organiims
(33)e Edwards' esculin erystel violet blood ager hes been
used to determine Etreptococcus agslagtiae while azlde cry-
ltli vioclet bloed agar and other media have been used to
differentiate between streptososcl and other orgenisme.

Van Oyen and illlems (73) desaribe the determlmation of
pathogenie bmcteria, fitreptococcus sgalectiae, dysgelectise,
uberis or pyogenes occurring in udder secretions by the use
of various medie, brothe and solutions of different cerbo-

hydrates, They report a positive correlation between these
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baqteriolegieal d-torainat ong and cl;nical obaervationz. '
Detoep;on cf 0911forms baa baen ucnt by sevortl ““.‘
méthods (14) Liquid mediums such as bri liant green 1§o;v‘
tose peptone. bile broth may bs uued 1n the test. Ir colio “
forms are present in tl& aampla, gap wlll be produced in tha
incubeted broth, - Dilutions of the sample may be plated on
Vi@l&t red olle agar and incubated at 37°C. for 20 to Zu ;.
hours, The presence of 1arge dark red cclonies constitutaa
& positive presumptive test, A grem staln of the prgqnigm ;
followed by exanlpetlion under s migroscépe for graw nﬂgafA
tive nonspore ioyﬁigg rods together with gas ?ormation y?;
thﬁ organism indicatés cqlifopm baétegiaf | .
Trsgtggnt ol tit : ‘ .

" maati*ip ﬂﬁﬁ long been feooanized &g a diaeaae or
common ogcurrence and through tha yoara many treatmants have
evolvod; Guenon (22) wsen describing the treatwant of the)‘
diaaase in 1850, rgoommandod that the ”best remedy wes to -
allow the cplf to nurse the o;w. If tuls did not aliminato
the 1nfﬁaticn, blpod letting and a drcnch of 1 pound of ~~1 
epsom salts, 1 ounce of powdered aaieeed and 3 plntn of ;arﬁ
water ware recoyaanded. Tho udder was Lo be bathad in hot
water 3 times da$1y and after oagh bat: ing an ointmﬂnt or
yellow baslllcon, ogmphor and splrits or wine WAS to bo
rubbod into tie Qdéer., In stuoborn ceses an olntment or

hydriodate of getaph and eperm&cctl oinnment was to bo

applied, In 1a87 an indection of boric seld ¢nto the
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arfddﬁcd"&ﬁu‘t&ii"vﬁﬁ‘ the BApY1ed trsatment (313). Elnce that
time many’ ‘Gther Chertenl ngonh have been used in the treat-
WHHEOAERIETOEE, 200 to 3.2 dagreos, The allk heesas 4
Ertogen, ‘an deridine, Was teed expoflieAtalls in the
troatment ‘O ‘ma$E1E4H]  Gures 88 Wigh ‘as 90 pér cent were
peported, howevers later experiménts ‘46 ot show resulls as
favorable As these. Trifaflavin or néutral derifiavine in
sterile wates wes vsed sf dn vader #inbé in €he United
States and FuRGHE, The method #éqiired that' single quarteérs
e {AMiEed whth 800 t6 2,100 M1t 1 tens of e solutlon,
“The 11quid was ‘ellowed to remath n'tHe quarter for s réw’
mindtes ena ‘then résoved, The HMethod wes time donsuaing
and TAvolved ‘steviltastion ‘of Targe quantities of iomtidna.
Bt the results Fron’ thid treataént weré favorable,
Gramactdin, ‘tyrosidin.cddyitalltne produsté of Basiliug
‘Brevid ‘daT1ed tyrothridiniiHave alss beed reperted o effeet
“dpes 88 High a8 90 per gént,  Tyhseldin ‘due found o be
“extremely toxfs and Mas rot beeh wsed doiméretully.’ Cost of
producing prasdstaln wad very Mish, - Wher tredting quirters
'6f ‘afPested dntmdts ‘with Cyretruistn and Sradacidin, proe
digt1on Sften ardpred ds mudh ad 90 per ednt (FTy. T
RS g AR {60 “6F “sudpdnaéd d11ven oRide inmineral
‘o1 “1nts B¢ moduiiry ‘dFeten of fnfedted anfmals ‘during the
avy périod Fave Some favora¥lé vesults, Tredtment dufing
Teotetion resdlted in 4 ‘séVers Wdder senction With the -
‘quartors ‘Bectning ‘swollén and rfm,  The ‘enimals sHowed @ 7
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extreme discomfort and uneasiness., Suboutanecus edema also
appoared‘dlm rtm'.;vwb'ml portion of the udder. . Bedx ‘
temperatures rase 2¢0 .60 3.2 degrees.  The milk hecame Aabe
normal with elots nm:a-*gmr eolor. In cows slsughtered 1
~ and 3 montha after treatment, small deposits of silver were
found 'throughout ‘the udder tiscue, Later studies reveal
the use of ‘silver oxide early in the dry period yielded the
bedt results with.little damage to mammary tissue ‘,(31,_'33).
~+Much: researgh has been done and reported on the thera-
peutliec value of ‘sulphenilamide, Allot (3) administered sul-
phanilamide orally to cows with advanced strepbtococcal mas-
titlsy - The conditien of the udder improved and the organism
disappeared; however, on discentinuation of the treatment,
the orgenisms reappeeared in the secretion and the udder re-
turned to ite previous states . Langer et al., (30) gave sul~-
famethazine to cows perenterelly, orally emnd by infuslon.
Bloeod and milk determinstions showed concentrations of 5
milligrams: of the drug per 100 millillters of milk and more
then 10 miliigrams in the bleood., All 3 methods were satle-
factorily effective against bacterie. Reports (33) have been
wilven of epproximetely ® 35 per cent cure wben sulphenilamide
was administered to cows infected with Streptococeus agalac-
Ylse. Because some cows displayed toxle effects, the re-
tearchers concluded thet orel adminlstration of thils drug
gould not be wused in routine practioce but was of some value
in the treatment of the assoclated olinical symptoms. The drug



wee, found to be eliminated rapldly by the kldneys,

In order for sulfsnilamide to be most effective, the
ooncentration in the udder must be 100 milligrems per cent
or more. This is slmoet lmpessible to do with oral adminis
tration; mntorp,non;x;mrs deemed it advisable to Iintroe
duge the drug infrememmerily. When 265 quarters which wers
shedding Streptococgus gcslagtiase were treated with sulfanila-
mide in 011, 251 were effectively cured. Bacteriolegiesl
cmimbiom wﬂ mt eonﬂ.nmd long after the proncunced P
sure 80 tzha baetcvh cculd have reduced to undetestable num-
bers and established themselves again later. Other reports
(31) present results with as low as 36 per cent oures. Theae
same reports sugrest thet sulfanilamide grestly meduced the .
number of organisms in some quarters although it dld notb
entirely eliminate the bacteria., The therapsutic value of
oll has been Investigated (33). €1l injeoted alone into the
udder retarded the growth of streptococei for several days.
The oil was reported to remaln in the udder for several
dnnmadhoym,.tq the membrane lining, the cietern end the
teat sinus. These investigators concluded thet some of the
effectiveness of sulfenilaaide mey be due to the effeot of
the oll on m growth of the streptococel (33). Knodt and
Petersen (29) injected sulfanilsmlide suspended in sterile
distilled water into guarters of cows infected with colis
form organisms, Regovery wes noted in all ceses and no evi-
dence of the erganism was reported the tmt fow weeks after
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treataont, - | |

| Much Work hes been dome and reported on the antibi-
otic, pm‘&n’i‘an;in the tmiti;wnt of n;;atitia. i’snicillhp
s producod by 2 mnld, Penicillium notatum. and 13 effective
- principally agalnsb tba gram-pouitive pathogens (31). |
rakevas (26) renortad rirst on invoatigationa on the effo¢~
tiveness of panioillin against mastitia. He found that penie
¢111in wes quite affectivw for eliminating tha organisms

N
Streptococcus ﬂgglaotiae and the atanhy7ococci from the udder.

Many 1nvaatigators haVG wcrke& on the errectivenass
or‘penioill in againat strapto;ogégl‘infeet ens and have
r%ported 33 to 190 par cent ellmination of the bacteria from
the udder (6, 7, 24, 33, 69). It should be peinted out, that
many of these workora Jaed dlfferant aathode or injection
and thnt the amount of penioillin uaed varied a great deal.
In thé Bureau of Dairy Industry Berd one-thlrﬂ of tho 1ntoe~
tione csused by ataphylococci were ellminatod. Later trials
showed that 85 per sent or the staphyloeoccal, 93 per cent
of ‘the ooliform? and 76 per cent of the psendomonal 1nr-e.¢
tions were cure& by the admbnistration or peniolliln (69).
Wetrether ot _}_ (m) repore that paniclllin was not very
efréetfve*uglﬂn!t'eulifbﬁma'k‘Broazeale et &l. (7) roportod
thet penicillin was more erfeative in eliminating strepto-
socel than ataphylococcl. They elso round tbat penicillin

was Somowhat lesa offeotive for reinfeetions and advapced

cattb of atroptocoecal maatitis. Ewott at al. (69) and o
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and Tueker (70) reported that 100,000 units of penicillin
were sufficient in @unina; most caeces of mastitis, P‘\-"Hr .
(52) studled the threshhold levels of penieillin An the
bovine udder, He m“qntn thet peaiclilin is elimina té_d )from
. the udder of the low produciag ¢ow &t a umuch more rnpid mto
than froam the udder of the high. produeing cow, thuu diaput-
ing the ldea that larger dosages of pen&aillin -nu,at be &uen
to gows of higher production, Welrether et al. (N) and
Packer (53) found thet penieillin was resqrbfd from tiho‘
udder and eliminated in the wnino. (51 veed & soli
Growth inhibition end bastericidal sctivity of ggn}.'-
¢1llin have beén investigeted. - 3:t.repchoo-cl_r¢q\,giéxgp aboué]
100,000 times the amount of penleillin to kill as 1s 'na;o‘dsd
to 1nhidit growths The mmount needed for killing of -;"’.he,
staphiylococci was 5000 times that for inhivition gif gtogtﬁ
(52). | 24 Pasudenenss sarokine,
Aurcomyein, another antiblotic, hgfﬁg boen uwdexton-
sively ror the. trestment of meatitls,  Pecker (53) and h
‘MeOulloeh et al. (37) sueseeded in oliuinatiug 50 to 85 per
‘eent of' the infections due Lo Staphbylocooous aureus by the
use Of sureomyein. ' The drug. wes ineffectlve in the treate
ment of Escherichia goli end streptocoscele mestitis (53).
In quarter samples taken from: 350 animals, mﬂiorocooc} were
found to be over 98 per cent sensitive to aureomyein in
‘¥itro (2).  Xlatt snd Westermenck (28) reported that in
‘¥itro teste aureomyein was effective agalnst &‘gghny_chh
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‘ anmvatzgna'.qm the use of. terramyoin in the treat-
ment ol nastitis bave been ..Mﬂt_zbhnournzinsa - Barnes (5)
breated infected .nn;uig with oxytetreeycline (terramycin)e
Gures were sucgessful in astreptococcal and coliform infec-

tions. Effectivensss sgainat Staphylecocous eureus was -

about .25 per cent, while no effect was found on Pseudomones
aerosingse .y w | lone besn X ; ¢ j

. ..Furacin used independently or in combination w,tti
pecicilliin hes been investigated. Nires (41) used & solu-
tion of furaein in treating 10,000 cases of asute elinieal
mastlitise Good ‘;mnul;ta were obtained 1n 78 per eent of the
seses.  Kakavas @b al. (27) suggests that a penielllin and
furacin mixture was an effective chemotherapeutic agent in
acube and chronle cases of mastitls ocaused by Esgherichias
3gll, the pathogenle staphylococei and Essudomonss aeroginose.

. Some bagtsris are sble to resist sertaln antibloties.
Heishman (23) reports that Streutococcus sgeleatiae were re-
aist&;@t b0 subtilin end bagitracin, . 4 comblination of badiw
teazln and pealelllin was aore offective agalnat Streptow .
5egous sgalactiae, fitraptosocous ubenis snd hemolytie
staphylococel than either one of these substances alone,

Froduatlon of hyaluronidese, an enzyme; by basteris

in the udder has been studieds The enayme was thought to be
benei‘icigl S.n the sbsorption by the udder tissne. Goo=
hanauer and %nm (16) were unable to find elther adverse
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or favorable effects when using antiblotics 1in udders where
hyeluronidese wes presents ‘On the other hend Sansoce (61)
later reéeported that hynluronilabc'hydrolyztc hyaluroniec acid
which inhibits the absorption of liquids in the memmary gland.
.He suggeats that trestment with hyaluronidase favors the
absorption of sntibioties and sulfonemides by the mammary
parenchyma. s -

Antibodies have long been known to be present in
colostrum to provide protestion againet dlisesse of the new-
borne Ehrlich (13) demonstrated the presence of 1armine
hodies din aili by allowing non-immunte young to Suckle an
immune nurse. The immunity was passed onto the young through
the milke « Inorder to further prove the presence of anti-
bedy production ih milk, Ehrlich injected rabbit serum im-
munized against tetanus into & normsl nursing mouse., The
young were allowed to nurse and were later challenged with
live tetsnus orgenisms. They did not contract the disesse,
while the control animels died within 2} hours., Another
experiment with hoof and mouth disease gave similar results.
These series of experiments were the rirst to sugzgest that
the secretion of the mammary gland was & carrier of immune
bodlies,

The production of specifie antibodies by the mam-
mary glend has been demonstrated by séveral workers.,

Giltner et al. (17) showed the production of agglutinins by
introducing Brugella abortus sntigen into the quarter of a
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cow!s udder, Aggluﬁzninz_vstcvfzrst noted in the troateq,gw
querter end later in the other 3. Nelson (47) demonstrated
that anti-bacillus ael&*asaluﬁinihu'wore not present in the
blood serwum of the newbora calf until the calf,haq,beep_{
-allowed ‘to nurse,., Mason gt als (36) showed that immunlty
against lemb dyseatery was passed from the ewe to the
lamb through the ﬂi}#y};ﬁﬂiﬁh»ﬁﬁLﬁﬂr~(65) by injectlng 18
milliliters of killed Brucells abortus antigen into 1
quarter of o cow's udder observed that agglutinins wera s
present in the milk within 2 dayss The titer rose to, 1:6u0
but after 20 days declinmed to 1:320, Umpubllished work by
Dracy (12) also confirms that injection of killed Bru-
cells organlgms inte the udder results in g pesitive titer
both in the blood nnd milk, Forter (55). Petersen snd .
Cermpbell (5) and Partorfiold (57) ;avu ﬁomonstratod that
intramemmary linjections of ggaggagglﬂhggglgxga,‘typhOLd
perathyphoid organisms, pneumococcl, egg uhito and hor;p
serum caused production of specific antxbodies. —_ "_\
Conflieting reports appear in the literature as to
the value of. imnminuun, of snimals agalinst matit,_.u,.
ﬂhmﬂsh the use of bacterins several workers (33) have o
attempted teo dmmunlze cows sgalnst mastitls resulting from
streptocoecd, Comparlson of incidence of mastitis between
the control and treated snlmals showed very little differ-
ence.

Use of vaetlerins from coliform cultures sppear to



have some value im the prevention of mestitls caused by shis
srganisme  Animals given 3 injeetlons of the bacterin ap-
peared to be more rgsistant than the control animals when .
both groups were exposed to infeetive organisms under nor-
mel herd conditions for seversl months (33). .

Intsavenous imjections of vaceine against mastitls
caused by Corynebacterium pyosenss have been reported to be
affestive in the rrevention of mastitis as early o8 19104 .
After use of the vaccine no new cases ¢f mastitis eppeared.
Later experiments in which a toxoid prepared from cul tures
of Gorynebscteriun pyogenes was employed seemed bo check the
disease, however infected guarters were not seved,

Spencer and Angevine (66) geve intradermel injections
of Streptocoscus agelectise entigen to normel cows end cows

with mestitis due to Streptococcus agalmetise. Cows with
the mastltis weré more sensitive and gave greater reactions

than cows without mestitis.  Those cows with cliniesl sympe
toms menifested greater reactions thenm did the infeeted cows
which showed no elinical symptomss

© Lispenber gt zly (68) isclated 2 strein of )Misrosetems
pyogenss Tron the udder of & cows Vecclnoe wewe prepered
and injected into l animels., Later these animals and 2
controla were challenged with the live organism injected
inte the guarters. The control cows developed gangrense
and 1 died within 2 days. The vacoinated cows showed infec-
tien in 9 of 16 gquarters, These became chronically infected,
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lnfected, Milk fpom the infected quarters faelled to support
the .growth of Jjepococcus pyogence.

Richou and Thieulin (60) report that mestitis inel-
dence did not -deerease 1ln spiteé of the use of many chemow
-therapeutic agentsy .In order. te gombat the:disease they
contended that emphasis should be placed on prevention
rather than cures, Throughout a § year veriod, these reé-
searchers observed the effeect of a mastitis polyvalent suto-
genous vaccine composed .of streaptococei, staphyloscocoi and
eoliform organisms on the incidence of mestitis. The vec=
oine, concentrated to 1,;0004000 0ella per cuble ‘centimeter,
was injected subcutaneously in 3 dosages 5§ days apart, the
first dose being 3 cublc dentimeters and each of 'the follows
ing 5 .oubic sentimetera. They coneluded that sueh vaccimes '*
were effective in the prevention of mastitis, '

‘dn view of the confliecting evidence oh wacoines in
the prevention of mastitis and the demonstrable antibody
production of the mammary gland, it appears that more work
should be. carried out on this phase of msstitls therapy.
Thus: the following experiments were conducted to determine
the possibility of 4dnhibiting mastitis in an lfsmunized '~



" BXPERIMENTAL PRCOCEDURE

Generel lenagement: « ' !

mc snimels used in this experiment were grade Hol-
steln end Guernseéey cowe snd heifers, None of the animals
were lecteting at the time the experiment was begun. The
general health um eondition of the cattle was good,

All of the eattle were similarly managed throughout
the experiment, = During eerly fall the animals were. kept in
a lot except when they were stanchioned for treatment, « After
Fovember 1, 1957 &1l of the animals were kept: in stanchions -
cu.cpb“!‘or periods during the dey when they were allowed to
exercise, -

A grain mixture, alfaslfa hay and corn silege made up
the retion fed to these cattle during the erperiment., Before
parturition eaech animel was fed 4 pounde of the grein miz-
ture dally.  After freshening, grein was fed at the rate of
1 pound for esach 3 pounde of wmilk produced, The animals
vecelved alfalfs hay (ad 11b.) snd corn silage st the rate
of approximately 30 pounds per head.

Preparation ‘of the' 55815 en

For' the conduct of this bxporins-nt, 2 antigens were
prepared. Both antirens weve prepasred from bacterial cultures
which hed been propegated from organisms lsolated from the
uddere of 'cowe suffering from mastitis. The 2 organisas
used were Streptoeoceous dysgelectise and Hscherichia cold. -
The becteria were grown in a tryptose~phosphste broth.

&
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Liter flasks of ‘theisterile broth were inoculated with the
becteria and indubated at 37°C. “for 48 hours for the
Escherichia coll and 72 hours for the Streptocosccus dys-
galectiae., After incubation formaldehyde was added %o the
culture to kill the basteria: Folleowing treatmeant with .
formaldehyde, & basterial plete count was run on the antigen
to ‘determine 1f the kill was completes ‘A direet mieroscopie
count wae mede on each antigen to ascertaln numbers, ‘Tha_o
Streptococcus dysgslactiase entigen contained approximsately
22 dillion cells per milliliter, The coumt on. the Lsgherichia
mi:nn%igan numbéred approximstely 2 billien cells per

milliliter, When'the antigen had been declared free of live
organisms, 1t was stored in sterile bottles under refrigera-
tion until used.
Treatment

Two heifers were treated with the Streptococcous
dysgelectiae antigen. ' In addition 1 enimal served as &
eontrol} she received mo treatment, One milliliter of the
entigen wes sdministered to each guerter through a sterile
teat eanula and syringe. Before Injestion the udder was
weshed with a ehlorine solution to remove &ll dirt and ex-
treneous matter, The teat was then carefully washed with a
pledget of cotton souked with 70 per cent sloohnol. Extreme
caution wds talken to insure that the test orifice was f{ree .
from all forelsn matter, After injection the udder was mas-
saged to help Stransport the antigen well inte the upper portion

of the udder, Two infusions, each 5 days apart, were given,
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Three cows were injected with the Escherichis coll
an@igen. All of these animels were dry when brought into
the herd. Their udders were palpated for eny sirns of
sear tissue whioch 18 an indlcation of previous mastitis,
They were treated in & manner similar to those animsls re-
seiving the §5€2¥3ﬁﬂ£&2&£ dysgelactise antipgen. The udders
were washed with ehlorine solution and then the teat wes
cleaned with 70 per eent aleohol, Ten milliliters of the
entigen were injected into each quarter of the undder, The
udder was magseced after infusion to distribute the entigen
throughout the udder., Three adninistretions of the antigen
at S5 dey intervels were given,

Teble 1 presents the information concerning the
administretion of the antigen end the ealving dates of the
animals,

Challenging

Pollowing ealving the animels were allowed to lectate
normelly until siueh time as they were challenged with the
corresponding organism with which they had been immunigzed,
Challenging wae done by injecting 1 mllliliter of & tryptose-
phosphate broth eculture of the bacteria into each quarter of
the udder, The Etreptococcus dysgelsctise wae allowed to
ineubate for I8 hours vhiie the Escherichia colil culture was

ineubated for 2) houre, A count mede on the coliform sulture
indicated thet the broth contained epproximately 50 million
cells per milliliter, In the case of the cows immunized with
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the streptocoeqal rorganism &nd the control cow, 3 challenges
5 days apert were made., Five days after the last challenge,
10 milliiliters of:thn\gntigtn was again infused into eech
quarter of all 3 cowss The cows injected with the coliform
.organism were challenged only once.

Sampling and Testing

RBefore end during the period of cheallenging 2 series
of tests were made to ascertain the presence or abzence_of
udder abnormalitlies and secretion which might indiecate
mastitis. The tests were as follows: a physical examination
of the udder, a strip cup test, the Whiteside test, the
Californis test, pH, & bacteriel plate count and a leucoeyte -
gount.

Dally milk samples were drawn from the animesls each
day for & period of at leest 5 days prior to challenging.
Test samples were also taken during echallensing. Samples
were drawn in a manner to exclude as much econtamination as
possible., A stream or 2 of milk was first drawn to clear
the test canal and meatus of e2ll foreign metter. The udder
was then weshed with & chlorine solution after which 70
per cent alecohol was employed to further clean the teats
and reduce bacterisl conteminetion, Composite samples of
allk were drewn into sgterile glass sample bottles for further
examnination at the laberatory.

- Before taxing the milk samples the udder was grossly

exanined, and milk fpom each quarter was examined by the
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strip cup and California test, The udder was palpated to -
detect any #wllina ‘or inflammatlion which indicates infection.
Two or 3 streams. of milk from each quarter were drawh into
a atrip ocup to note abmormulities of the seeretion such us
ekotay blood and ropy or stringy milk, The Californias test
(42) was aleso odn&ioﬂud-at the time of sampling, = Approxi-
mately 2 or 3 milliliters of foremilk were drewn intoew 4
secpartment plastic paddle. To each compartment of the |
paddle was added & 1like amount of the reangenty ' This was
swirled and the appearsnce of a gel, a deep purple ecolor or
a yellow precipitate was regarded ss positive, If the
mixture of the veagent and milk dld not gel or presipltate
and remained 2 blueegrey color, the test wes considered
negative.

Inmediately following sampling and the barn tests,
further testing wes done at the laborstory,  The teste in-
cluded the Whiteside test, a baoteriel plate count, pH and o
leucocyte count, Testing was sompleted 2s quiekly as
posaible to: reduce 'uhngu' which might take place in the milk
during storage.

The pH of the samples was meastred by the use of &
pH meter. The meter was standerdized each time 1t was used
with: a buffer selution of pH T4 Samples were adjusted to
roon temperature before testing, The electrodes of the meter
were rinsed with distilled water and dried with abserbent
tissue between ssamples,
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The wkiéknaéiitest {33), based on the leucoeyte cone
tent of the milk, was made usinf § arops of milk and 1 ‘drop
of Normel so&iuﬁjhydvaide mixed for about 20 sedonds on &
glass plate. The appearnnuo of & gel or precipitete was
regarded as posltive.

A basterinl plate count was made of each composite
semple of milk.‘Jfryptosé‘glueose‘extract agar was the
aedla used for the eount, Twenty-four ~rams of the Rgar
were dlssolved in 1 1iter of cold d1s%¥411éd water and heated
to bolling to dlssolve a1l 6f the agar, The ‘agar wes poured
Into smaller receptesles and ‘sterii1zéd 14 an autoeldvé for
15 minutes at 2&B°F.Maﬁ&‘15y§duﬁ&i of pressure, after w-lch
1t was cooled end gtored intil needéd. On samples drawn
during the pre-challenge period, a series of plates were
made at dilutlons of 1110, 11100, 111000 and 111,000,000, °
Plates were selested for sounting on the basis of ‘number of
bdlcnibu.pér ﬁlaté; Those pletes with between 30 and 300"
colonles were counted. If more than® 300 cclonles appeared
"in 81l dllutlions, the pletes were réparded as too numerous’
to count and were recorded a8 sueh, ~If 1ess tHan 38 colonles
appcnroa on’ tho plktcs, the platah of the 1bwest dliution
were counted. Reeordinzs bf Bubh’ ebinty’ Webe Fedbrded as
"less than" the Humbér of boloates: appaariﬁg on the plate
multiplled by the d11ution rastop,  "TCOTIed s unsountsl

When making the leucocyte count, a stained slide of
the sample was prepared (14). The glass slides used in the
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preperation were thorou‘hly eleaned with an sabresive, rinsed
and dried with ® paper tqvel. A 0,01l milliliter pipette was
used to deposit the m«asurod quqnt1+v of milk onto & slide
which hed becn ;lacod over 2 ruled squere centimeter, The
milk wes spreqd over the area with a2 clean straight nemdla.
Two filn; br each sample were prepared, The pivette was
rinaod Lnryarm water between samples and then the bore wes
again rinaed;wgtn m&}k of" the next sample., The films were
tllowid to dry after wrich they were placed in xylene for“
1 minute. Pollowing fixatien in xylene, the slides were
sgain alioveé to air dry and were covered with ethyl alco-
hel er 1“aiﬁuto. Removal from the aleohol was followed
by drying anF steining with methylene blue for 10 to 15
seeongs. Thﬁ slides were washed, dried and examined under
the oll 1mmabs1‘h'ob3.et1vo of & mieroscope. The leucocytes
appeared as 1argc, dooply stained, irregular shaped cells,
The number of fieidy counted dtpend.d.upon qpa average nume-
ber ot lcueocytaa found in eleh field, The following gulde
was uhed for deteraining the number of fields to be counteds:
e _Q.S eells per tiolﬁ.....-SO fields counted
b. 0.5+1 cells per rtold.‘..is.rlaxda counted

% ¢ 1-10 cells per ftold...;tiﬂ fields counted
| 10-30 cells per field.... § flelds sounted

e. Over 30 cells per fileld,.recorded as uncountable.

{
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RESULTS

Detalled &nh“‘a‘ﬁ the heifers immunized with the
strugf%&gga dysgelectise antigen hés’ boen summarized and 1s
presented in Teble 2.° bdiiy-" samples were taken from the
animals 9 deve prier to chinéhging. Three challéiigoi: were
made’ &t 5 'dey intepvals.” One week after the last challenge,
the eows were lmmunized with 10 milliliters of the antigen.

Data pathered during the prechsllenge period M’iﬁdica%d
animels to be ‘free of Infestion ih general. One antmal, |
E102; “@1d chow a higher avédage léticocyte count than the other
helfers and was positive at timeés to the Californis tests;
however; the ‘other tests on the milk of this animal showed
negative Pesults, Averege leucocyte counts ‘for the pré-
challenge period for all animals was 251,000 cells per cuble
centimeter, 'The bacterial plete counts were run at dilutions
of 1¢10, 11100 and 1¢1000. Tn most instances plates of the
1£1000 dilution showed very little growth; therefore plates
of the lower ‘dflutions were counted, The bacterisl count
averaged 2952, The pH of &ll samples during the prechdllenge
periocd averaced 6.7. 'The Callfornis, Winiteside and strip
cup’ tests were negetive excliding ‘the poeitive California test
on-RBIOR, “awh ' ’ pal

During the interval following Challenge I, the average
leucoeyte ecounts inereased to 1,750,000, The plates were run
et @1lutions es hivh a¥ 1115000,000 &nd for the most part =
were read at this dilution, The bacterisl count of the milk
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of E102 was too numerous to count at & dilution of 131,000,000
while the count of the milk of the .other heifers ralsed sig-
nlfigﬁatly,_“!hp Californis tests 1ln all cases were positive.
One heifer, E10l, was pesitive to the sirip cup during the
first challenge period; however, the other snimals manifested
no abpormal milk at-this time. The control, E123, wes negas
tive té the Whiteside test during the first chellenge.

- Leucoeyte counts aversged 3,453,000 during Challenge
IZ+. 1In general the averaege plate counts were too numerous
to ecount. All of the animsls were positive to the Galifornia,
Whiteside and strip cup tests except for a negative strip cup
test recorded for El23.

In Challenge III leucocyte counts remained high at
3,558,000 eells per cublc centimeter, The plates could not
be counted at dilutions of 1:1,000,000. El23 was negative
to the ‘strip cup and Whiteside tests, while E1l0l end E102
wore positive to all to&ta, “

' Relmmunigation resulted in & rise in leucogyte count
to an average of l45057,0004 . The -baeterial plates eguld.uqt
be ‘counted because of the presence of $00 many colonies,

The Qalifornis, Wniteside and strip cup tesis were all posi-
tive., Eaech day during the sampling pericd, the udders of the
ebws were examined for fibrosis, swelling and inflammation.
Vo ebnormelities of the udders were noted during th@,gquri-
mentel period. All threugh the triel period the pH averaged
6.7 0 6.5



11,0 Table J.pmesents the averagesoff'data gathered during
a9 dwy¢pn00hnllvngc‘ind challenge period on the cows injected
with Bsghentobie poli broth oultures . Loucosytes averaged
193,000 per euble centimeter for uwll cows duving the 2 week

periods The bacterial count of the sawples numbered 2631
for the animels during the prechsllenge periocd, < All animsles
wlth ﬁh@ exception oft B181 were megative to the Celifornis,

. Whiteside end strip cup . tests, Cow E181 was positive to
. the ¥Whiteside end Callifernin tests, Her mill also hed e |
higher bacterin count and leuveoceyte count then the other

' When the animals were thallenged with 1 milliliter

of. 24 hour broth culture, vielent body veastions eccurred,
‘Within 8 hours-after ch llenging, the enimals manifested an
extremely ebnormal udder seeretion whish was clotted and
;straw . coloreds ~All milk samples were distinetly positive o
sthe. Calirornia, Wkitécide end strip cup tests, Alkelinlty
was ' indieated by aen- inerease in pH frém an average of 6,7 to
an avepsage of 740« The ancunt of milk given dronped 63,51
per gent on the first milking after injection, All ecows
exhiblited extreme diarrhee and body discomfort, All tempera-
tures were normal except for E182 which was 98°F, 10 hours
after challengings In addition te the drop in temperature,
the skin around the udder, vulva end nose turned blue, The
animel died within 19 hours after injeection with the broth

culture, A bacterial count could not be made st dilutions
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of 1:1,000,000 becsuso of exocnuivo growth.

The ramnindor or the animale eantinued to show dla-
rrhct and & genoral lbakened éqndition. These anim;ls re-
fused feed, anq thn socrotion of the udder droppad to virtu-
ally nothing. The ehn;lenggd:opva became so weak that it
was impqaalbleror;ééhﬁ of théhjto get on thelr feet,

Thirty-éix hours after injection, antibiotics were
administered to thags remaihiﬁslaninﬂlt. Animals E100, E180
and ¥182 were glvoh?lgo miliigéama or'furscinland 100,000 |
uﬁita of penicillin, Doaugés were glven every 24 hours;
however, E180 dled rithin 2 dars and ElOO diai I days after
1rjoatian’ ‘of furadianpenialllln had thn 1n$tlatad. E181,
in additlon to the penicillin-furacin treatment, received 3
infusione into the udder of 00 milligrams of Chlorotetracy=
élina HCl., This treatment seemed to alleviate the condition
somewhat, but ghe died 25 days gtter 1hj¢ct1on with the broth
Gult@rc. Anlm@l: E165 and El166 were given 3 infusions of 50
uil;ligr&mi of terramycin snd 10,000 units of Polyxin B inte
caoh‘qugrtar og the  udder. This treatment arrested the lne
teption end the animals recovered snd returned to seemingly

uprggz health;:hownver, normel production was not regained,
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Summary of data on cows imwunized, challenged and relmaunized with Strepto-

Date énd kind “Peily Cow Lenecdyto ' ?iate aat \  die .
of treatment samples no. eount eount Calif, Strip ‘éhite- pH
— . . collected = . ave, _ ave, test  cup side ave.
test
Prechallenge . S : ¥ T . A:‘
Kov. 23‘ mz;l mo,GOO 3.«500 % !‘80 "s. ‘-‘._80 ’,‘.7
27. E101- - 120,000 3,100 Neg. Neg. Neg. 6.7
naa 500’000 2'200 T Pos. =Heg. Heg. 6.7
Chellenge I Bl5 O f : -h o, b8
Nov. 27« Nov, 28- E123 1,550,000 3,000'000 Pos. Reg. Hege. 6.7
Decg 2 3101 1.950.000 37!Q002 PO.‘ PQ.. Poa. 6'7
te 7 E102 ;770,000 ~'THTC Pos. Pos.  Pos. .6.7
Challenge II , ‘ . ’ 5 Foss Te |
Dec. 2. Deec. 3-8. E123 6,470,000 TRTC Pos. Neg. Pos. 6.7
E101 2,450,000 “ PNTC Pos., -Pos, _ Fos. .6.9
E102 1,440,000 PNTC Pos, =Pos. . Pes. .6.7
Challenge III | o
Dece Ba .. DBCa 9= E123 . 24080,000 TNTC _Pos, Neg. [Heg. 6.7
15. E101 5,650,000 TRTC Fos. Tos. Pos. 6.9
E102- 2,940,000 TNTC Fos. Pos. Pos. 6.8
Reimmunization Dec. 16~ E123 3,220,000 THTC Pos, Pos. Pos. 6.6
Dec. 15. 20.. E101 6,000,000 TNTC Pos, Pos, Pos. 6.7
E102 2,950,000 TNTC Pos. Pos. Pos. 6.7
1 Control. 2. Too numerous to count,



Table 3. Summery of dets on cows immunized and challenged with Escherichla coll.

=

Dete and kind - Daily Cow

———

5ouobeytc

- Plate

© calif. Strip #hite-

pH
of treetment . samples BO. - - count count test  cup side ave.
‘ < collected ave. ave. test
Precﬂalléngi , : . :
' Jan, 20= E180 160,000 400 Nez. DNeg. Neg. 6.8
28. E181. 450,000 11,400 Nege Neg. Keg. 6.7
S . #1182 110,000 700 Neg. Neg. Negy 6.6
g100% 130,000 200 Negs TNeg.  Negs 6.7
El65 170,000 24100 Heg. Neg. Negs 6.7
ckallengo : 2 . | 2' £
Jans 28, ; Jen. 29, = E180 - THTC Pos, Pos,  Pos. 7.1
- E131 -— TETC Pose Poss Fose 7.2
Els.?. ' TRTC Pos. Fos. P0o8, 7;0
E100 - TRTC Poe: Pos. Pose 7.0
B165 - TETC Pos. Pos, Pos. 6.9
El166 - TRTC Pos. Pos, Pos. 7.0

1 Centrols. é Too numerous to count,



b3

. DISCUSSION OF RESULTS

 The results of these axMrimenta deal with the posgle-
bility of lmmunizlng the mammery gland against specilie mas-
titic organisms. Before challenging, the helfers lmmunized
with the Streptocogous dysgelaptlae snilgen seemed to be
normal end free from mastitis, ELxcept for the higher leu-
cooyte count and & positive Californle test, ELOZ2 appeared
to be normal. Animals with leucoeyte counts under 500,000
are usually regarded. ss negatlive although some workers feel
that leucpcyte counts for heifers should be below 300,000,
In any event the counts in all cases increased by st least
1,000,000 cells after the first challenge, .The higher leu-
coeyte count along with the increase in the bacteriz gount
would appear to indicate the establishment of the organism
in the udder,  Altbough samples were drawn with extreme
care so @8 to exelude. b_ggtu-ialﬂﬂ_g?’x_;pﬂ.{%ign,ras‘thnro is the
posslbllity that some of the samples &om,;o.mwutod
when samplinge However, the congistently lower counts dure
ing the prechallenge perlod compered with the much higher
bacteria counts of the challenge perieds would imply that
contamination was less lmportent.,  Subsequent challenges
with the organism resulted in continued high leucoeyte and
bacterial counts along with positive California tests, The
eontrel, E123, did not exhibit peositive results. to the
strip cup and mtntdowtu I;"qh:,_‘_ during the 3 challenges; how-
ever, the leucceyte and bacterial counts were high and
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the Californle’ tests were poettive, Ta this pebtioulér trlal
1% would appear thet there was not sny great difference be-
tween the lmwuniged end control snimels, Perhaps frestor
resistence would have been stteined hed the animels beed
injected eserlier in the dry period, Miring the chellenge
periods no flbrosls or swelling could be debected in the
udder, even though stringy snd ropy milk was observed on
the strip eups | | ot linl e glven tie
Observations during relmmnization suggest thet this
practice wes of no @pparent adventege !n eembating the ine
feetion, < If anything the infeetions seemed to becoue nore
severeces Petereen shé Campbell (5h) demonstrsted that u
severe udde~ veaction occurred whon immunizing & lactating
udder which may also be & somewh:t similar mesction to that
obgerved 1in this experlment, FOETARRTER % SR
Lofhe introdugtion of the Escherishia soli organisms’
produced suoh a violant boly and udder reaction Shat any -
definite conslusions as to ihe value of leaunising the =
udder against this particular organism sould not be reached,
That the nuaber of organisme used in the shellenge was lar
veyond the number which would enter Into the udder in a
noraal infection should be pointed out, Perhaps more anti-
gen rhould have been used during the period when the udder
wes actually meking up., It appears thet once esteblished

in the udder, Eescherichis goll produced meny body effects
other then Infectlion of the memmary glend,



Of interest 1t the erfest OF antiblotics on the
 infectidh bf EscHbMloria soli 1H the Wddew. From the wes
Sults of ‘the tréathent with' the antibloties; 14 wobld appesr
that the 1nfusiof of terramysth std'Polyxin B was more ef-
‘fective than the ‘othe¥ treatnents ¥iHee those snimals
“%reatedl with terramyelin recovered, From sll outward ap-
. peama&s mﬁz& ‘the ‘antiblotic Yrehtent, rone of the -

veo expooted to survive. THe enimals glven. the' -
z.merW&fh Polyxin B were ‘not Pro@uditg neerly as _
“heavily &8 the antmels whtch d¥éd.” The ‘qdestion mirht be
raided B8 to wHe'ther 6r not the rete Of production had eny
mi%rihéfﬁ%ﬂ“ E5111tY "t ‘recover from the disease.

U TS Muweua ‘here! gent ‘ 2
the uddew aghtndt Streptococcu
g_q}_ {é* dt quéstionivle vdlue in ’ﬁﬁ %v.mm ‘of mamtitis,
"It sh ‘b ' ‘Pecognized ‘that ‘thé éxposure €0
omanio& . &t M‘b Tt Whidh M%ﬁé‘&&' ‘under normal ‘con-
a1 ¢ €5nd [ REWSVE 2V 086 rabt Nrka 10 ONE RHLENIN WHFOP In-
TmuniZed of “ESntrel dtd dxHIB{t estdbIisacRt Sf tho Tnrec-
tive o!“élnim " ﬂ% udder” ﬂhﬂf Bhs Ttenged, Irgand au

} TS o 58 d 433
X TRONGURRL D LEan 1& &u

4 L 5 A Le Wi P B @ & - G OIHBW] -B
O& & beoesass o % Tl lenee enf e amolnt of
migl . e ] € DPo2aibii -
ts Y ) & i SR would hev wl ¥ P i @
3 4 o 1 t imilen 2 g @
§ e b nlim™ 4
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SUMMARY AND CONCLUSIONS
The experiments roportod were oonduoted to determine
the abiliﬁy of an iuluniled uddor to resist organisms intro-
duced inte the udder via the toat canal. Information sume
marizing the data and conelusions drawn therefron are pre-
sented bilei. '

1. Two animals were 1ajoteod 1ntranumnnrily '1th Strepto-
coccus gxgggllct;no antigen lnd 3 cows with Escherichia
cold antigen during the latter dry period,

2, After calving the animals were challenged with the cor- |

responding orzaniaha after a prechallenge test period.
All-enimels became infested. *
3. The uliunll challenged with Escherighia coli oxhibitod
' ‘abnormal udder sesretion and a g.nnrn1>dob111tut1ng
effeat, One animal diad 19 houra aftor thllonging.

i, Pive animals were troated with anbihiotics. Terramycin
with Polyxin n wal bho enly one which soem'd to arrest
the 1nroctioa onough so that ths animals eonld rocqvor.

Se Thor. apparently was not Gnough'resiat:nce built up

through immunization of the udder to combat the organismn
infused W R

6. The results of thnlc experiments may bo uon.vhat mis-
leading because of the virmlence and the amount of
material used. !hbc’ is the possibility that a smalle
er dose of live organisms would have been more satisfac-
tory as well as uning a less virulent strain of organism.

Purther work is necessary to confirm this possibility.
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