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Infestious keratitis, an scute infectious diseese of cattle and sheep, i
froquently referred to as pinkeye, infections keratitis and tafestivas keratoe
conjunctivitis, The disease was first described in cettle in 1889 by Billings.
Soms of the orgsnisms named as the csusative agents are Bggillus pvogsuss,
Elcrococons lenceclatug, Moraxells bovig end a rickettsisl-liks orgmism, Fear-
1y every country has reported infeciious keratitis in their cattle. A majority
of the workers in the United States are of the opinion that Moppxells bovig is
the csmsative orgsnism (Anthowy, 1967),

Pinkeys cansse a great sconomle loss each year to the cattle industry in
welght and milk production., There are no dsath lossés reported Alrectly censed
by piskeye, Farley, Foots, ot al. (1950) stated that infectlous keratitis is
one of the most costly bsef cattls disemses in Oklshoma, Serious lose in milk
production 1s recorded among dairy cattle.

Symptoms first seen umally are swslling of the eyelids and photephobia,
The discharge is watery at first and later bdecomes mucopurulent, The conjune-
tive is Inflamed and turms pink glving rise to the term "pinkeye®. The affecte
ed sninmal shows evidence of paln especially vhen expossd to direct munlighi,
Ulcers of the aye are fremently cbserved in severe omses. These ocour oa the
antarier portion of the eye near the pupil., In severe, acute attacks, the eye
may be cempletsly destroyed sméd the snimal becomes dlind, This disease may
ocour aay time of the year but most frequently appears during the summer months.
The explanation for this seasonsl oceurrence is that lasect vectors are more
ahundant during these months, MNild cases may not be noticed during the winter
months vhen there is lees intense sumlight. Some of the subslinical cases mey
show marked gymptoms in the summer with dright s,
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Various attespis have bean made to desonstrate the presence of sntibodies
asainst forazslls dovig (Jeckson, 1954 and imtheny, 1957). The results cbisined
by these workers ars largsly inoanelusive., It ie {mpossible to reinfect
minsl after it has been infected with infeetions keratitis. Thie information
would tend to indicate that soms type of antidodlies are formed agsinet Moraxella
bovis. Cne of the large barriers to ereative research on this condition has
bess the complete lusk of s test for the detection of sntibodies of Morsxells
bovis. Resistance to reinfection may be aswumed to De a loesl tiseus immmity
if no aystemic antibodiss ars Jemonstrated, |

It 1s the intent of $his investisation &o use the so-called soludle amtie
gene of Morazalla bovisg in sn immmuslogicsl procedure to demonsirate sntibodies.
A live snd o desd Norsgslls Boviz sulture vere injectsd bdatween the conjmetiva
snd cornez o determims the posaidle existence of s loesl tissue imsmity.

ESVISY OF LITERATURR

Blilings (1899) veported a disesse in cetile vhich he temmed contagious
inflammation of the coPase or kerstitis contagiosa, Ho reported the pathologl-
enl leslons of the discase, Tremsumiseisa atienpic were unsmosssaful, His
recommended trestment was to isclate all infected snimals in dark etalls and
1o spply vet bandagee t0 the eyes, It wae the opinion of the suthor that other
species of animale were not susceptidle to the Alsesse.

The organisn that was chserved in the lesion was descrided (3illinge, 1889),
and the morpholozy of the orgsnism was similsr te that given for the cmsative
agent by later workers (Baldwin, 1945),

Allen (1919) was sble to tranmmit Infections keratitis by instilliag
lachrymal secretions from sn sotive sase to suscepiible calves, He observed =
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Gram negative diplobaeillius fn the lachrymal secretions from active cases, and
was unable to reproduce the disegse by imstillation of purs emlturss of the
Grem negative diplobacillus inte the aye of susceptible animale,

He sloo odserved that en ebrasion of the ers was not nsgessary for the
development of a case of infectious keratitis, The symptoms of the di-ense
were descrided. The cormea developed a mmoky haze which hegan at & point just
below the ceatsr of the cormaa. In the later mtagen of ihe &isasse, the mmoly
hase spread over the entire suxface of the sye, resxlting in fmpaired vislien,
£ the sainmal recoversd, the cornsal hase disappesrdd deginning at the pariphery
and working in towards the center, It was found that s acute atisck of the
diseane crused very little systemic dlsturbance, It wae comcluded that flies
may play an important part in the dlesemination of the infection,

Jenes and ILittle (1923) descrided e diesese which they termed infections
ophthalnia of cattla., The syemtoms of the 2issess were sinilar to those dese
eribed for other infections of the bovine cornes, snd the ocular dischargs was
yellowish white in color, The srganism isclated from the eyes was siniler
morphologieally to Hemophilus hoyis. Syuptoms were not produced in other
snimals except the bovine By experiments) iscculation, COunlinral exeminetion
revealed the presence of this basilius in all infected syes. Tranamlselon
studies msde with pure énltures of the Baeillius mmd secretions from fieléd cases
211 resulted in sctive Infection, exeent that experimentsl cesss wers not as
seyere as those encountersd in the field, It was found by thess workers that
minale which had recovsred were harbdoring the bacillus thres to four months
1ater,

Jones and Iittle (1924) in their second article on infectious ophthalmis
asted thet this condition occurs mainly during the summer months, vhich further
l1ed them t¢ belleve that sn insect vector was invelved., They found that the
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diploYaciling wae incapsble of living in the gestrointestionsl tract of flies
for ss short a peried of time as five minutes, The mayimum length of time the
orgmnisn could survive on the surface of a fly was three hours, It was Qiffi-
eult to leclnte the orgsnise from nasal washings of infected cattle. Isclations
from ayes were nade only in the very early stagee of the disease, It was thought
thut In the later stazse of the disease, the tear duct is swollen and will not
aliow the downvard paseags of sxudsts from the eye, There is the posaibility
that in sarly stazes of the disesse, the spread may be by droplets from the
nasel esecratisna,

Baldwin (1945) cultured the secretions from 90 eyes of clinically diag-
nosed cases of infectious keratitis. Noraxells dovis was found in 68 (73,3%)
of the eyes by dirsct microscople examination, The organiem was found in 69
(76.6%) of the samples when the secrstions wers cultured, If the two methods
were combined 74 (82,2%) of the secretions contained Morsxells bovis. Other
bacteris frequently isclated in thess stuiles vers staphylococel, streptococel,
dipthercids snd Pasteurellas muliocids. The presencs of theee organiems was not
econsgidered to play a part 1a the vathology obassrved. ¥o other specles except
the dovine wers found to be suscepiible to this infection, The dlsesse was
transmitted in 12 of 15 snimels vhen insculated into the conjunctivel sac with
Borgzells hovis, Systemic antidodies were not detectsd by bacterielytic or
precipitin tests, Spontansous agslutinstion was reported on the agzlutinstien
trisls. Baldwin (1945) aivenced the theory that {mmnity to reinfection may
be & tissue iremmity,

Reid and inigstein (1945) reported that keratoconjumetivitis was present
dnring a1l months of the year in salmesls on the subtroplcal Culf Coast of Texas.
The majority of the ceses cccurred during the summer months in all breeds, sexes
and ages of cattle. They indicated that many of the cases of *cencer sye” are



n)

a éirset semuel of kerateconjumctivitia, In thels observations, the i{nfection
wes Dilsteral n 10 par cent of the cases, The sywploms desorided vere the
seme a3 thoss for Infestious keratitis, On the basis of the experimental results,
1t wvas concluded the disoase was Sranemitted from one maimal to snother Wy
direct contact. The dlgeaso was eseily reprofuced by inoemlations with ave
and nasal seeretions, and the nasal vecrstions were as virmlent as the eys
sscretions. They alsc sisted that the rale of natural infeotion 4n herde ranges
fyom 20 te 70 per cent. Thay further stated that this diseass was o systenis
infection snd confarred solid immmity. An agzlutination test was desorided,
A shosp and two gonts were ifnfested By instilling inte the conjunctival sas a
pare culture of & &iplobacillus isclated from an active case.

Parley, Ellewer, ot al, (1950) stated that oattle in a1} stages of condie
Mﬂdmﬂﬂﬂmw“ magsptiible to Infectious keratitis, It was
atated that oertaln imsstta =0t a0 sgente in traemission of the disesse., They
slse found that all specles, except the bovine, were resistant to infection,
The disease was prodused in thres of nire mimals, by using the eys secretions
from sotive cases of infestious keratitfs mnd plecing the material under the
oyelids snd membrane nictitans., These snimals wers previously sxposed to pure
eul tares of Hemonhilug bovig by the same method of incculation. They were nore
mal aftsr thres weeks,

In smother axperinent (Farley, Miswver, st al., 1950) fresh eultures of
Bsmonhilng bovis were isclated frem Iield cases of infesctious Teratitis, Five
calves were kept under Fange oonditions and inoonlsted with cultures of
Espouhilng bovis, The eslves remailned normsl after repeated exposures to 24
hour eultures. From the ohservations made during the courss of these axperie
ments, they comcluded that Hsmophilus hovis was probably net the ecause of
infactious keratitis,



They obaserved that infectious keratitis ceccurs most frequently in (Mlae
homa from May to Octoder, snd the Incldence of the Alsense decremsed raplily
after the first frost.

Farley, Toote, et sl. (1950) stated that infectious keratitis is one of
the most costly beef catils diseases in Oklshoma, Sserious loss iz milk pro- -
duetion is recorded mmong dairy cattle., Since doth cattle snd sheep show the
same zeneral mymptoms, it wonuld seem probable that the same ceusitive sgzent
is resvonsibls for the disesase in both speclies. However, the ssme symptoms
that are observed in infectious keratitis may cccasionally bBe due to mechan-
fosl infury. The dissase iz 1inited to the aye. The inflmmmgbion begins i
the cornen snd conjumetiva., The conjunctiva Decomes pink primarily bacause
of the comcentration of white hloed ecells, red blood cells or dsgensratod
epithelial eelle. The small dloed vessels of the conjunctive become swollen
end ocongested resulting in swelling and hyperesia of the conjunetiva. Although
eattle of sll ages sad breesds are suseeptible, cattle less than one rear of
age are the most wusceptible. They stated that the three stages of infectious

. keratitis are mild, semte and chronle, vhen the disease is spresding through

s hoxrd, the condition msy de seen in all thres stages. In other harde only
one stage of ths dlsease is sesn at any one time, Thay stated that a wild
infection is manifested by a thian watery sscretion from the eye, slizht clond-
inegs of ihcmn&- aligzht congestion of the cornesl vessels, This fors
of the dissase responds Dest tc treatment, ‘

Acute infection oecurs primerily in cattle (Parley, Poote, et al., 1950),
The eye seoretion is coplous snd often fs observed In large mantities on ths
fase of the animsl, There is a cloudiness of the cornea and the comjunciiva
i= congested, The infection may sppesr in ons or both eyss, A small ralsed
area pometines sppesrs just below the center of the cornsa anéd eventuslly
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ruptures to form an ulecer,

Acocording to these workers, chronie infection produces more extensive
changes in the cornea, If the sontely infected sye does not clear in iwo weeks,
the comea ruptures, Progenic bactsris invale the chamberes of the eys; the
third eyslid becomes swollen and edsmatous; and the lens may escaps throuzh the
break in the cornea and de complstely lost to the ays. It 1s unlikely that
this form of the &issnse will develop if cattle are placed in darkensd stalls
daring the early stages of the digease,

These sama mithors stated that insects are the spreaders of this dissase,
Treatoent 1s ususlly smecsssful if animals are placed in a dark stall to avold
the intsnse sun, wind and ingects. Sulfa powiers applied %o the aya arve
recommended,

Attempts made by Farley, Foote, et sl, (1950) %o tranemit the lzease to
cattle with pure cultures of Hemophilug bovig were unsuccessful. Attempts to
propagats the organism in chick egg ambryos were unsuccssaful, However, the
&!.nnu-ml& Yo tranemitted to muzcsptible animale by sye secrstions from
field cases. 2

Hall-Patch (1951) reported an couler disesse of cattle in the area of the
¥ow Forest in England, The symptoms described for thie dlssase are slmost
{dentical with those described for infectious keratitis in ths Unitod States.
The disease sproad repldly vhem esttle wore outside of bulldings, but stadled
andmale 814 aot contact the discase. The anthor was of the opinion that flies
were the vactor, The dissase sppeared and rearpeared in a herd of ocatile as
the fly population raised and fell with the season of the year.

The treatment that gave the best results was chloromyoetin both as a 0.25
per cent lotion and as a 0.5 per cent ointment, In the early stages, lachryma-
tion ceassd 48 hours following treatment., It was further recormended that
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snimgle Being treated be plseed in darkensd quarters.

Kiussendorf (1952) reported that dairy cows affectsd with infectious
koratitis may drop in milk preduction ss wuch as 50 per sent., The incidence
of infection is usually from 40 to 80 per cent in a herd, Wut may vary from
10 to 90 per cent. If infection cceurs in an eye, this eye 1s resistant te
velnfection. e unaffected sve, huwever, remains wusceptidle, Becsuse of
this faot, Kussendorf (1952) was of the opinfon that the fmmwonity is leeal
tismme imavnity and not syetemie. The lacrimsl flulds may remein infective
for four months or longer followins rscovery. He stated that bacterina were
used with some degree of muccess. Mtogencus bagterins and foreign proteins
wvere slse used as sympiomstic treatments in this condition,

It wae stated by Jackson (1953) that infectious keratcconjunctivitis of
exttles iz epresd Yy insect vectors. He was of the opinion that the incidence
of infection wes highest smomg the Hereford breed, followsd hy the Jersay and
Aberdesn Angns. Aberdeesn ingus-Hopeford ercsses seemsd to be mors resistent
to thls infection, Ho fount that the Brahmen breed was relstively resistant
to natural infection Wut wenld contract the disease By inocculstion. The forme
observed wers asute, sudasute, chronie, fulminating and carrier. In the
fulsinating form the ulcer of the acute syndrome covers most of the comes.
The ulcer psnsirates Descement's membrane and the cormeal eadotheliwm in lesa
than one wesk snd a prolapse of the leans and iris ocours. This foram usually
sttacks both eyes. e fover that stcompanies the disesse runs from 104 %o
166°F, OFf the 20 eases observed by the aathor, 11 dled and the remeinder
bocame blind, Thies form otours in calves ons to six montha of aze. In the
earrier form, Hemouhilug bovig hes been 1sclated for as lomg as eight menths

Jackeon (1953Z) used Dordet Gengou potato glyeorin azar medium, with five
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por cent bloed, in ell isclation proceadures. Iyorhilised cultures were found
%o remsin visble up to three meaths. The Jemophilus bovis was charsctarised
by having its growth snhenced YWy the addition of X and ¥V factors; the optimmm
pH was 7.2 t6 7.4; the optiomm temperature was 37°C; the thermal desth point
vas 60°C in four mimutes] faoultstive asroble; crrbehydrates were not attacked;
indol was not formed; litems milk was alkaline after seven days, with the
formation of a precipiiste of eassin after tea days; nitrates were not reduced
to aitrites; the cultures of Jauophilus bovis were very plesmorphic after

48 hours at 37°C; & capsule was obssrved In recently isolated cultures; spone
taneons sgglutination appesrsd in smooth recently iselatad culturee; the strain
remained smooth wp to the fourth or fifth serial trensfer om artificlsl medis;
and the rough varisat is a fized type that is develd of 1ts cepwnle,

iccording to Jagkeon (1953) subeonjwnctival injeetions of the smooth type
in rabbits gove rise to & severe conjumetivitis, The condition remained loeal-
ized., Intrsccular injection produced a ssvere opthalmitis. [Hemovhilus hovis
wes isolated from the conjunctivel end anterier chambers of the eys. The
disease waz revroduced in cattle with ease neing the emooth straln of Hemoph~
dlus Yovig. The rough sirain was found to be avirulemt.

Jeckeon (1954) reportiag frox Texas on fleld studiss of infectious kerato-
conjunctivitis belicves that the dleessse iz transmitted Feadily by direst
contact, The house fly may transmit the disesse in dsiry herds, The incuba-
tion period varies with the time of year md climstie conditioms, being from
48 nours o one veek during the epring, samer and early fall, wvhereas a
three to four week incubstion pericd i1s common in the winter montha, It was
the opinion of the mthor thatl the Hereford bread is ths most susesptidble %o
infection. Chloromycetin opthalmie cintment one per cent wes applied loeslly
in the syes of 110 Hereford calves showing symptoms, Sach treatsent resulted
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in relief of symptoms of infections kerstocenjumetivitie when applied once a
day for three to nine days. Anilmals were plsced in dav guarters during the
treatuent, Other commereial viakeys remsdies wers tvied with poor resulie,

 Anthony (1957) tested a commerelsl Moraxells Bovis Dasterin, He fomsd
that no imsunity wes conferrsd by the injection of this beetsrin, Te cone
trols on ths experimsnt contracted keratitis ns readily as the vecclmated
group vhen virulent cul tures of Moraxsila hovis were swabbed Inte the eyes,
The ineudation perlod varied from 3 to 78 days, Ne concludsd that gyotemie
immand €y was not produced by the commarcial bacterin nsed in these experiments,
It wes found that celves bewm 10 previcusly imsunised rothers wars suscepiiBle
to infection with virulent Noraxells bovia. Dust smf sanlight were thought to
agzravats the infection, The dlsesss was found %o be more ssvere in the
summer monthas than in the wintar months, Horazslls hovis orgsnism counld pene-
trats through spithelium to the ecornea,

Bergey's Manusl of Determinative Sagterislogy (Bresd, et sl,, 1957) atated
that Morazells bovig s » short plums rod that measures 0,5 by 1.5 to 2,0
uieroms. The orgsnism has rounded endes mnd occurs ir pafirs with ccessionsd
short chelne. The erganien has s careule, ig non-motile and ile Crem-nesative,
In gelatin media, when inembated st 22°C, there iz slow growth and slow
1iguefaction., On Plood sger after 24 hours the colonfer are round, greyish
vhite snd transiucent. There iz & nerrow zeme of clesr hemolyeis sround the

‘colonies. This sone is usually 1.5 me in dlsmweter. After 48 hours soleales

on the sarfage are comevhat flattened and are 3.5 t6 4.0 = in diaseter,
T™he subeurface colonles ere ellivesidsl and Moonvax with hemelytlc areas
2.5 to 3.0 mm in dismeter, Oun blood aser slants sfter 24 hours incubatien
at 38°C, the growth e haavy, viseld md greyish whits in color. Horasslls
bovis will liguefy coasmleted serum, The orsanise growe slowly In droth with



slight turbidity snd considerable sediment. The growth reescticn iz iitwus =ilk
is alkaline with partial cosgmliation., There is 20 grovih on petatves; indel is
not produced; end no scid is formed from smy ¢nrbohytrate., Witrites are not
produced fro= mitrates. The organiss reguires aercbic conditione for growih,
The optinum growth tempersture is 35°0. The thermal deuth tize is 58 to 59%
fn five simtss, The basterls ls not pathogenic for laboratory snimsls, The
saly mowe sourcs of this srasniss iz the eyes of cstile %hat have Infsctious
ksratitis or are infected carrioers,

Barner (1952) wes uasble $o Infect rabbite, shoep or gaines pige with
cultures of E3raxells Bovis instilled into the conjusctival sss. A hesvy
wapension vas ussd from agar plates dlluted to turbidity of tube ¥We, 1 of
HeTarland's nephelomster scele, The culfure used was transferred seven times
before it was inoculated. The culture used was a smocth culturs recently
fisolated from a field cmse, One milliliter of the incculum was msed, All
salzmals were normal thirty dsys following insculation. IFour calves were in-
soulated with Horexslls hovig into both eyes using the same procedure as
lsboratory saimsls, A1} egyes bocame infected and symptoms charasteristic of
infections taratitis were oroduced. The eyes wore cultured and Norsxells
Bovig vas recovered from sll infected ayes. All ayes wers cultursd one yeer
lster md one ¢slf wes found to e a carrier.

Ageording to Bamer {1952) Horaxells hovig wes sssily isclated from the
eyes of snimals infesited with infestions keratitis. Morsxeils bovls may be
izdlated from nasal gesba often during the active stages of the dliseass,

Hlood enliures made duriang the acute stage of infectious karatitis were
negative for Horsxalls bovis, %he eplthelisl cells of the econjunctiva from
normal syes snd eyes infeoted with infectious keratiils wers found to contain
bodies glving the sppearanes of plsuropnenmonis-lilke orgeniems or rickottslale
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He eultured both eyss of 50 nowmal esttle, A1l &ves wore negative for
the presemcs of Kopssglls bevis.

%umm&imzmmmuwmehﬁﬂﬁﬁﬂgﬂmi-
bovine, evine, or emulne blood was estisfastory for Initiel isclations snd
eultivation of Norgxslls hovis. I&ims wilk wes slowly peptoniszed md come
plete protedlysia fock place in eight to tem days, A very mwmll sweunt of
easein vresipliats wex present in the dotton of the tube,

-MMMHMﬂaﬁam'iﬁtmmd!hm

The muthor demonstrated only smooth solenies frem elinlesl sases mnd
these oulturss remuined ssooth vhen sultured for eight monthe. After this time
intoyesdiate, dwerf snd rough coloniss spoesred. The dissecisnts had s differ-
ent mﬁuulimiﬁkm‘mdS&t slkalinity with no evidence
of pepteniszation,

Bamer (1952) stated that infecifous keratitis (pinkeys) of catfie ls

Esnewrer, et al, (1953) reported on a basteriophege sotive szainet jop-
£231)p bovis. Cseretions weve collseted from the oyss of two calves that were
previously found vefractory %o Infection, The filtrais prepared fyom these
gsecreiiong produced typles! shege-lilke wlognes on pzer plates thai wers seeled
with Hnapezells Bovia. It was found that the phaze would malifyly, It wae
yrothesived that e yresence of = beoteriovhaze might axvlain soms of the
inconsistent smd verishie results Im the trmemission of infestious kerstitis

Perizveig sad Esifer {1926} woriking with pusumccoccus repeated an lmmumity
profnced by a damterial fraction. They suggested that this lmwunity was pro-
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fuved by the polysaccharide or the pelyssccharide containing fraction. They
mtmmm.aumuuumwnmxmunpﬂmn
all sotive imsunity,

Relstrick snd Topley (1934) showed that specific polysaecharides of Back.
asriycks wers antigemic, The amthors stated the specific pelysascharides whiech
are a major importance in the induction of active immmity are Zependent for
fall antigenie activity on their linkage with some other component of the
baeterial cell, possibly a protein. ™his linkage may bde sasily broken by the
nothod utilized for feclation of the polyssccharide. The smomat of Lusamity
produced by the polysaccharide from bacterial specles appears 10 de related to
ity toxicity,

Pittman (1938) stated that the bacteriusm, Jemovhilus infiuenzas, dces not
fomm a well characterized bacterisl spscles serolosieslly md morphologiesily.
It has long been recognized that the individnsl strains d1ffer from one another
in morphelogy and virulenge, The mmooth strains heve capsules snd are virulent.
The rough strain is less virulent and has no capsule, ﬁl-ﬂihih‘dluh—_
injected into rabbite will give rise to a positive serum that will precipitats
the soluble substance in the supernatant fluid of a broth culture or in a fluid
used to wash organisms grown om agar, This procedure could not be performed on
the reugh strain of Henonhilus inflnenzas. Therefors, it was concluded that
ﬁlMt mbstance which was satizenic was not present in the noncapsulated
m' strain, Hence, the antigenic portion »of this dasterial species was
thought o be contalned i tae cspmules.

Pemell and Huddleson (1937) produced a soludle antigen from Bmcella
lovis % Sryptic digestion and trichlorcasetic acid. 'The antigen yleld was
from 15 t0 30 per oent of the &ry weigzht of the decteria. The satigen would
precipitate vhen layered on & positive drucella serum. Using this satizen it
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vas possible to datect satidbodies in low concamtrations., Tsse antlgons wers
toxlc for the sulnes pliz snd the greatest toxicliy sxisted shorily after the
mtigens were proparsd, It was noted that satigenielity mmd toxielty Mnh
clogely., Yhen large doseés of an satigen are not toxic $o guinsa pigs, this

seme sntigen produces fow, if any, satibodies, This material was found to be
free from both protein and polyssccharide.

Hiles snd Pirle (1920s) working with Bxucslls melitensis that was growm
on tryptose ngar and killed vith ehlorofors, phenol or scotle asid, found
sssentislly four main compounds., The suthors did net report on the serolog-
foel aotivity of all of these compounds. The specific soluble substance, which
is ususlly thought to bs & polysaccharide, was Dest removed by using two per
cent phenol, The dacteria wers expossd to phenol for sevaral dzys, Hethods
for the sxtrastion of 5.5.5, by scetlc asid, ures, trypein and trichlorostetic
aeid were discussed.

Kilez and Pirle (1939%) reportsd that sll four of the fractions from
Brizslla ssidlenals hed seme antigenie activity., Ths haplen portien was the
moat texic., The apecific soluble substance was exceptionally astive |
asrolesically.

Wiles and Pirls (193%q) Laalated & speeific solubdle substance frem
Brugelis msiitenaia, 7The suthors wive of the oplinlon that the soludle antigen
vith vhich they wore working wes & phosphelipid mixture in its least modified
form, Twd per gent phencl is used to kill the bdacteris for the lsolation of the
antigen in ite orudest form, The suspension of bacteria with phanol is held
at 0°C for several days or weekts, The basteris were centrifuged cut st 3500 rpm,

Horgan and Partridge (1940) extracted a Boivin iype of antigen from
Bact, drsentarigs wsing dietiylene glycol. e yleld of .ntigen from the
bacteria vas slightly more than one per cemt of the &ry welght of the crgmimms,




The precedure vas carried oul both on the rough and ssocth straine of Jasg,
Svsentarisg. The primery extracied product which cume from the smooth sirein
of bacteriz, contained = homogeneous moleeular complex vhich wne sble $o indnos
the formation of sntidacterial lmmme-bodles sisller %o those producsd by the
injection of the emtire organiss. It was staled thatl the primary sxtracted
product 1s, in reality, a form of the satigenis complex as it sxists in the
bacterial eell, ¥hen the primary product was injected ints s rabhbit, thers vas
a production of aggiutinine, precipitine sad hasmolysins, The sntigen was aleo
sona ﬁﬂm- in ths chemical compoaition,

Esbat and Mayer (1948) sisted that many Gramensgative basterie contalnm
eomplex antigens that are composed of carbohydrsate, 1ipid amd a protsin or
polypeptide~iike material. Smme of the bacteria that have antligens of this
type are the Salmonella, memingoceoccus, gousocooous and Zracells grouve, Thege
antigens ere toxic for mice mud are antigenic for sainels sad men, The a_utim
obtained from the Salmemells group correspoads 1o the soxatic 0 matigmm, Thres
methods of sxtraction desoribed were extraction with trichlorascstic asid,
tryptic digestion and dlethylene glycel.

Huaber and Cclverd (1554) produsced s seluble antizen frem Zmicslla shortus
vhich conld be coated on cholesterel crystals. Tals mtlizens wes used on o
sierostopie slide or s macroscopic tube flocoulatlion tast, The procedure
gave reproducible consisteat resulis, Hesults of thase tasts compsred faver-
ably to those recorded by the tube agFlutinatlon lest, The mthore bellieved
the test would be ss successful ms the use of cholestorsl costed with eardlo-
iipin and leclthin as an antigen for the serclogics] dlsgnesies of syphilis.

Honter and Colbert (1555) reported on a Zlocculation test for brucellesis
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in vhich the soluble antigen was prepsred by phemol extraction. Dmmgalls
2hortug wee zZrown on three per cent tryptose sgar and the growth was weshed
off with galine containing 0.25 per cent phemol. This phenclized solution
was dlalyzed in running tep weter mntil free of phemol. The mspension vas
eentrifused to romove the bacteria snd the supernatont was nsde isodonle by |
the addition of ¥a Cl. Merthiolate was added to meke a dilution of 1:10,000.
Tha exirect was vefrizerated or frozenm until nesded. In order to obtain a
Sworking solution®, the soluble antigen was mixed cholesterol, lecithin

and Bazle's Duffered saline, Inastivated serum was used in the tesd. The
gerum was inactivated at 56°9 for 30 minutes prior o mse in the test. The
amtidedy content was titrated by using dilutions of serma. Either tube or
wieroncopie slide floceulatien procedures msy be usad for the tast, The
epecificity of the test was chegksd by shesorption experimente, The purposs
of thess sbsorption experiments was o determine vhather the brucells anti-
gen smmlsion would remove the: agslutinims from serum. Five milliliters of
the sntizen sumlsion was d to five anmun of a 1110 dilution of posi-
tive serum and thds mixture « allowed to stand for one hour at room femper-
atare. A&t the end of this time the mixture was eenjrifuged. Although only
part of *hs astibody content was removed hy one sbsorption procedure s second
sheorpticn trastment resulisd in removsl of all agslutinins,

The mmthors mmtsﬂ.n of bYloed serum specimens from Imown human
caces where the bruselle organism hod been Lsslatel from the Mood, The brue
ealla titer was checked by both the flocculation and microscopic agglutination
methods, The flocculation test results compared faveradly with those obisined
with the zzzlutination fests. . ¥o prezene reaption tock place if the serum was
tnactivated at 56°C for 30 minutes. Fifty-five per cent of the gera showed
orezone reactions pelor to insctivation and 12 per cent after laastivation. The
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soludle sntiges of brucella when injected into radbits stimulazted the fomation
of agglutining, A lipepelysaccharide has besn chemically extrastsd from broe
oolla organiams and used in the same mammer as the soluble satigen emlgion,
Prelininary rewmults indicated that this antigen wes as 200d as the soludble
Sommoweli (1957) develoned a flocewlation test for pullormm disenss thag
wes suitadle for sither the magroscopie tude or the micrsscopic allde methed,
™he soluble miigzem from Jalmonalla pullorum was produced Yy axtrsetion Wlth
two per oent phensl, The mtlgen swlsion, for use in the %est propsr, was
prepared by the aifition of cholestercl md leefthin 8o the dalysed, eelle
fras, pullorum sctomntigsn, Ths results obiained by the tws methods of pere
forming the tost compared well with results odtained with the tude asslutination
teat. The remulis were reproiunted at a later dats dut the $iters were umally
lowey vhen they wore ran a sacond time, This was sxpleainad Yy a loss of titer

_ Bxperinent I:
Extraction of a Bolvia Antigen vith Trichloroscetis Asid

Departmant of the School of Vetsrinary Medloine, Kmnaas State Collece, Hane
hattan, Konsas. Tha ouliurds wers plated on protesse peplons sz, pff 7.3
$0 7.4, The oulture ves Inewdated at T7°C for 73 heurs, At the end of 72
hours inembation the srowih uas checled for purity Y a Oram staln. XNorgeells
havis sppears as vhite fldoes on tho bottom of the flask, If there s mod



growth in protecse peptone bdroth at 72 hours. The orgeniems were removed by
plating the broth in 500 nl dottles and centrifaging at 1,500 rpm for one<half
hour, All clear supernatant fluld was decanted, leaving only that pertion
vhigh was turdid, 'he turdlid portion of the bdroth was trsncferred to a centrie
fugn tube snd centrifuged at 3,500 rpm for 20 minutes, This last procedure
pacited the bacterisl eslls on the botiom of the ematrifegs tude,

Host of the procedures recommended the washing of the basterial cells in
aloohol end ether bdefors extracting the Boiviz antigen. This procedure was
attempted with Noraxells povig and was found that such treatment produced a
mass of organimms too sticky to handle with mormal procedures. Thorefors,
bacterial oslls were washed from the tude with &lstilled vater. Wis suspsa-
slon of celles was shaksn snd recentrifuged. This procedure removed soluble
materisl from the broth that =ight have remained with the bsetorisl mass, The
packed bastsrial eells were removed from ths centrifuge tubes by washing with
the smallest smmmt of 4istilled water that sffectively removed all the cells.

The basterisl cells were dried Yy plasing the agueous suspension in an
opsn Fetri dish over a besker of bolling water, ¥Vhen dry, the bacterisl mase
was scraped from the Patrl dish snd used for the extraction. Alr drying was
found to be unsatisfactery,

A solution of 0.5 ¥ trichlorossetic acid was mads snd pleced in a refrig-
erator at 17°C. A botile of distilled water vas slsc placed in the refrigsra-
tor, To one gram of the dried bacterial celles was added five ml of eold dis~
$illed water and five =1 of seld 0.5 ¥ trichlorvacetic scid, This mixture was
shaken vigorously for $wd mimutes mad placed in the fressing chamber of a re-
frigerator at 0°C, The bacteria cell reagent emulsion was left in the frees-
ing chamber of the refrigemator for thres hours, At the end of this period,
the insoluble bacterisl resifne was removed Ly centrifugstion for 20 minutes
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at 5,500 rpm. The mupernatent fluld vas msrkedly opslescent, The opalescent
finid was filtered through = Seitz £1lter under wvaccun pressure of 0 mn Hz
to remove any media or bacteria that may have escaped resoval by centrifagatioen,
The material was then placed in cellophans dialyszing tubing, The tubing with
the antigen emlsion was placed in rumning tap water for 48 hours. Iittle of
the opacity was removed By the dlalyszing process. The satigen esuleion was
reeoved from the tabing and 88 per semt by weight of 95 per sent etlyl aloohel
was sided, vhen the aleohol was oddad, 2 cloudy preciplitate formed, The anti-
g emlsion was sllowed to stand a® room temperature for 24 hours. The pre=
eipitste was the “so~2alled” Belvin matigen portion of the Mopaxslls bovis
bacterial esll, mmipi&hm&mt finid were then centrifuged
at 3,500 rpm for fifteen minutes. The precipitate was removed from the centri-
fage tube by washing with 95 par cent othyl aleohel, This suspension was re-
centrifuged and the recoversd precipitaio was washed in diethylether. Tollew-
ing the last centrifuging, the sther was poured off md 6 nl of distilled water
added, The smtigen emulsion was then placed in a water dath heated to 73°C for
15 minutes %o remove any othyl alochol or dlsthylether that remained from the
washings, The antigen went into solution with the sd2itien of 4istilled water,
The sntigen solution was stored in the deep freste at 0% mntil it was moed,

Testing fhe Antizen. To calves were used to produce Horaxsllas hovis anti-
serum, Five ml of commerelsl Horazells bovis bacteris wes siministersd by sabe
cutmmeons injection svery other day for iwe weeks; the other esif received &
five =l injection which was repesated in seven dsys. A% the end of two weeks
follewing the firet injeciion the celves were Bled, The hlood was allowed %o
clot at roca temperature md the eerus removed. This serum was used to test all
of the sntigens,

The flooculation test was performed ascording %o Hunter and Colbert (1088),



Only the mloroseopie elide floceulation test was used.

Exogeduzs of Majking the Antizen Zwmlsicn. 1. Double glase distilled
vater wvas ofidsd in 0,85 nl swounts t0 30 nl glass stoppered Dline boltles,
2. The botile wes contimuslly rotated while sne nl of one per cent
cholesterol (Pfanetiehl, ash free, precipitate from slechol for Kline test)
in shsoluts sleochsl was sdded, mmmmwnaummm

was 20 seeonds,

3. Fifteen-hundvedths of 2 one per cent lecithin solution was added to
the cholesterol emulston. (The lecithin ves farmished Yy Dr, Sol Ressmberg -
ané diluted so the concentration of lecithis wes one per cent in sbeolute
aleohel.)

4, Soluble satigen was added ia 0.10 w1l ond 0.2 nl amounts to the emule

~ eion. The erulelon was shalen vigorously Uy strilking the bottem of the anti-

gen bottle againet the palm of the hand, Two concentrations of the mutigea
senlaion were nade from each solution of santigem.

5. The final reagent %0 be sdded to the entigen emulsion wes 2.5 ul
Eagle's Yuffersd asline. The Esgle's Wffsred saline was mede s follows!

¥a 01 1”1? 4
BP0y 27 &
Mewiiet wbwr® 1000 &

To prepars the working solution, ald five ml of the

stock solution to 100 =l of distilled water and ad-

Just the pl o 7.4 by the addition of 0.1 W EOL or

G,1 ¥ Ea0H, g

Eigvesconig Side Iegt Zrocsdurs. 1. Serum dllutions of 1110, 1320

mafl 1040 wers mods By plecing 1.8 ml saline in the firet Sfube end one ml in
the next $wo tubes, Two tenthe ml of serum was added o the first tube smd
antnhﬂu,m Few Jerasy




-

.

serially transforred in one ml smounts from the first tudbe down o the last
tube. Five teaths ml of the undiluted er diluted serum was plased in the ring
of a paraffin ring slide,

2, Onme drop of the mtigen emleion wes placed on the slide using a

one ml gyringe vith sn 18 gmige needle with the bevel ground off, This was

found %o deliver 81 drova of antigen.

3. The slides were rotated on a rotating spparatus, (Arthur H, Thomas
Ceo., Bditien 1950, Wumber 3823, Klectrie Botating ipparatus, AHT.Cc. Speci-
fication) for five mimates at s speed of 180 rpm,

4. The results vere vesd immedistely under the micrescops st 100 X

8, A Xunown negsiive seram and saline controls were run with all antizens
teated,

All samples ware nagstive with diluted sera. Ain cceasionsl roughness
was noted in the test vhen undiluted sera were tested.

A precipitin test wes sondusted by leyering the aantigen emulsion over
serum, The same sera used with the floceulation test were used in the precip-
ftin test., It was lmpossible to use the serum layer on top of the antigen in
the preeipitin tudes, If the serum was on top, the antigzen dispersed uwp through
the gerum, If the antigen was put on top, a definite line between the sntigen
and serum could be geem, The preeipitin test was incubdated at 37°C for four
hours and then overnight ia the refriserator. No positive resulte wers observed
vith any of the sera,



Zxperiment 11
Extraction of a Solvin Type Aatizen with Dlethylens Olyesl

The method of oulture and preparation of the Joprazslls dovis eells for
this extroction vas the sane as Ythal used in the trichlorossetic aoid experie
ment, To 1,20 grues of the dried bacterisl cells, 12.56 sl of dlsthylene Zlyool
were added, e mixture of disthylsas glycol and dacterial eslis wes placed
in sn fnoubstor at 37°C, The flask comdaining the suspension vas plsced oa
e dlestric flasgk shalker mnd sheken vigorously for fve hours. 7he suspensioen
s yenoved frem the inculater and ssintained st room tenperature for 24 hours,
The suspanslon vas slightly opagus after the digestive process, Clarification
of the snspencion was aseomplished by contrifugation at 1,500 rpm for 10 mine
utes, This suspensien wan Shen plesed in » celloghme &lalysing tude, Camtion
wst tuken to keep the tube wet at all times and %o lmmerss tha bag In roming
oy water sz 2003 as 1% waa filled, The suspeniion wp= dlalyszed in rumning
ta waler for 72 hours, The antigen was preciplitated by the sddition of 68
par aent by welght of 35 por cend syl alechel, This miigen-sloohol mixzture
was allowsd $0 stand 24 hours ot roon bemperature for the antigen to ssitle
out, The sntigen precipitats had & cloudy, greylish vhite color similar %o the
mtigen sztrasied with trichloroasetic esid, The antigen was removed frem the
slochal By cetrifugation, washed once in 95 per cent o8yl aiechol, once in
Slothylether md handied In the same mumer as the miigen prepared By the
trickloroagetie agid extrsctiocn process,

The same procedure was used for testing the antigem by the floceulation
and the precipitia test, as vas used for the antigen that was extractel from
Moraxalls bovis with trichlovescetic acid, A1l vesults from these tests
using the bolvin antigen were considared negative.




One zuines pig and one w»albit wers ussd $0 profuce sn mtisoram szained
this mtizen, The tus Rolvis antizen extraction solutions were mized equal
parts for this experissnt, Each aniasl was Injeoted with 1.5 ml of the com=
bined mtigen solutions, At the and of seven dars, the injcetions wers repeat-
8d. At ths en® of 14 days, Doth animals wers Bled By hsart puncture. The
serum wna remcved mnd hest {nactivated st 56°C for I mimtes. The floocula-
tisn fest vas perfomms! on the 2{lnied serum using dilutions starting 111 and
the finsl 4llndlon deing 1110, The rorulta of the teats were all negative,
with sxeention of the 111 2{lution of the raddit serum, The 112 serus dllution
wae » ewooth nagativa,

A preoipitin test on the seyum was nagative,

Exporinent III:
Attempted Txtraction of o Surfase intigen

mmmtmtnumm-nmmmnm
Regearch Station, Emsas State College of Agriemlture end jporlisd Solncs,
Manhattan, Kansas, wez used in this experimont, £ Hies stain revesled that
spproximately 20 psr csat of the eells had & cspedle. T™he organise wes etrecke
od on Bordel Semgou szar sariched with five per sent defibringtad bloed, 4%
the end 6f 34 hours, ths plabss were stresknd syresite the directlon of the
firet stresking to sive modmm growth per plats, Ab the md of 48 hours, the
plates wvers chesked for purity by Oron stals of fypleal eslonies, Phenolised
saline was made In the coneentrations of 6,26, 2.5, B md 10 per eent phamal
in 0,80 por cemé saline, Thres sl o sech phanol concentration was nsed to
wash the growih from ons plate, A flmmed inooulsting mesile w,s used % serape
the grovih from the agar surfsce. The suspension of dsoteriel cells in phenele




iged saline was poured inte a two cunce screw top bottis and plased in the
refrigerator at 17°C for 14 days. At the end of this period, the basterisl
suspension was centrifuged at 3,500 rpm for 20 miautes. The supernatent fluld
was collected by decantation and placed in a cellophane dislyszing tube. The
Glslysing vubs was placed in rumning t=p water for 72 hours, The dlslyred
Baterial was used as mn antlgen,

The dera used %o Sent this mutigen were prepared by injeeting one rebbit
aad Swo gainea plgs subvatansously with the one ml of the mtigen suspeasion
utiiized %o make the antigen. The injecilons were repsated at the end of seven
Gxys. Tourtesn days following the first injection the snimals wers Bled Y
eardlas puneturs. The blood serum was collected and nsed for the micrsseopie
slide test,

The antigsn prepared from the cuiture of Hapaxells dovig wes tested by the
microscoplie slide flocculation test using the procedurs previcusly desoribed,
The resulis obtained from these teals were all considered to be nasative,

Experiment IV:
Atbemmtad Exdraction of a Polysscoharids by Heat
From a Culturs of Norazalls Bovig

Proteose peptone broth was inoculated with both rough and smooth strains
hovis. The broth was incubated for 48 hours at 37°0. At the end
of the imcubstion period the culturs was checked for purity by the Oram stain,
The bacterial cells were removed Ifrom the bLroth Yy centrifuzation at 3,500 rpm
for 20 minutes, Supernatant fluld was collectsd by decsatation, Zaouzh of ths
broth supernatent fluld was laft on the becteriesl cells to resuspend them, The
WMMMMuﬂmuﬂh-mimmtﬂhMm
hour. Distilled water wes added during this period to keep the volume constant.
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The fluld was alloved %0 cosl at room tempsrature, The fluld was clarified W
eendrifogation at 3,500 mm for 15 nlmtes. The supewnatsnt fluld was removed
Yy decantetion and sevsd 22 an antigem,

Tie antigen wes testad A%k the mlerosesplie floceculstion test, usiag the
serwa from the calves that had besn injeated with Mopraxsils bovis, The pro-
eodure »as nsed as previsusly described. The resalis obiained were all con-
sidered ts be nogative,

Experimeat V1
Collection of the Fnsymes Produced Ly Eorsxelle Lovis

A solution of dry milk was used as 2 pedlum for the sxtrsction of the
erade enzynes of Morazella Yovis., The dried milk was placed &n solution
by using 2 2/% oupe of a commercial dviad milk with 7 1/2 cupa of dlstilled
water., This reconstituted milk was dispensef in 300 nml smounts in%e one
1iter flasks, The milk was mtoclsved st 171°C terperature, 15 pomnds pres-
sure for #) mimates. After mtoclaving, the wilk was imeudsted st 37°C for
thres days, AL the snd of thrss daye inmeubdstion, the ={1% wes checksd for
sterility By sivesiiaz ¢ul on £ orolesss peplone sger plate swrighed with five
par ceal defibrinsted Yleod, Sheriles »llk mediy wrs fnosvlated with 20 wl of
= tires day €14 protecse pertens droth sulture of Horsrells bovie, The inocu-
Lated medls wae fncabated ob #7°C, Corvlete hydrelysis of the protsin took
slsos In 15 daye, The leng vericd of time romired for sorplete hydrclysis of
241k protein wes probedly Aue to ths fast that s avivalent eulturs of Nopaxsila
kpris was used ss the inosulum, After complots hydrelysis of ths protein had
$aken ploce, the ailk serun was placed in 500 ml bottles ond sentrifuged at
2,000 rpm for X0 simutes. The swernstant fluld was decanted and plsced in




the refrigerator at 17°C for 12 hours. At the time the milk serum was placed
in the refrigsrator, the volume was measured, Double this volume of 95 per
cent othyl aloshol was aleo placed im the refrigerator., A% the sad of 12 hours,
the chilled 95 per cent otiyl sloohel mnd the milk serum wers mized, The sthyl
sloohol wss used to affect precipitation of the orule ensymes, The mixture was
placed in the refrigerator for 12 hours to sllow sll of the presipitats %o fowm,
After the precipltats had formed, this sediment was removed by centrifugzation
.il.mmmn-snuc. The supernatant fluld was poured off the precip-
ftated material. The centrifuge tude was tumed upside down on a towel for

20 aimates to allow the precipitate $o dry. Distilled water was sddsd drep Yy
drop while stirring. The precipitate was dissolved with the smallest smount of
dietilled water possible, Dialyzation of the enzyme solution was accomplished
by placing the solution in a cellophsne Bag, e fllled dag was ploced in o
besker of dimtilled wvater wvhich was changed every 12 hours for 42 hours,

One guinea pig and one rabdbbit were injected in an attespt to develop an
mtlensymatic serum agsinst the crude enzymes of Morazsells dovis. Each species
recsived 0.5 nl of the crude enzymes smuboutaneously. At the end of seven days,
the injection of 0,5 ml of the ensymatic sclution was repeated. Rlooe collec-
tion was sccomplished by heart puncture 14 days following the initial injection
end the serum was removed., 3Bovine serum colleeted from a calf two weeks follow-
ing the soute stage of = bdacteriologically confirmed experimental keratitis ine
fection was sleo used,

The tests were confucted in the ssme mamner as the previous flocculation
and precipitia tests using the crude snzyme as sn sntigen. Yo positive remults
were obiained,

Tour mature guinea pige were unsed to determine if the snsymatic solution
wss espable of producing a loeal reaction in the sye. The engymatic solution




wvas injected under the palprebdbra conjunctiva snd poured over the surfacs of the
eye.

Yarious eoncentratione of the enzymatic ssiuntion were prepared by diluting
the stock selution with 0.85 per cent saline, ™he right eye wes chosen for the
mzyaatic solution, The left eye was used as a contrel and 0.2 ml of 0.85 per
cent saline was injected suboonjunctival. The concentration of the enzymatic
solution end the smounts are as follows!

Guinea pig ¥o. 1 received 0.2 ml pure sazymatic solution
Guinon pig No, § recetved 0.2 l ameymatio solution dilated 118
Ouines pig No. 4 recelved 0.2 ul engymatic solution diluted 1116

One wesk: following injection none of the gaines plge showed sny reaction

to the snrymstle solution, The control eyes of all guinea pize were normal,

Experiment VI}
An Attempt to Demonstrate a Local or Tissue Imsunity

In this trisl, nine calves wers used. Five of the ¢slves were ralsed
on the Veterinary Research Tarm snd welghed gpproximately 250 pounds, Calf
Ho, 1 was & Black snd vhite Eolateln helfer; calf o, 2 was an 21l Bleck Hole
stain bulli ealf Ho. 450 wap 2 red Shorthorn helfer] calf ¥o. 481 was & black,
vhite face heifer; snd ea2lf No. 81 wes & Black, white fase heifer. The four
other cslves used in this experimeant were purchased through a locsl sale bam
end ranged in weight fyom 00 to 475 pounds. Culf Fo. € wae s black, white
face heifer; calf No, 4 was 2 polled white face helfer ¢slf with a vhite lined
back; ealf Ns, 5 vas a homned wvhite face steer] sad calf No, 451 was a red,
viite face heifer,

Horaxells Rovis was obtained in pure culture from an active experimental
case of infectious keratitis., The initisl isclation wes made on Bordet-Ceagoun




potate agar enriched with five per eent defibrinated sheep blood. The sub-
sequent enltivation of this strais was made on protecse peptone agar enriched
with five per cent defibrinated ovine or caprine bdlood. After the second
transfer on protecse peptone agar, the bacteria were inoculated into protecse
peptons broth, The bacterla were Sramsferred svery 24 hours wmill three pass-
ages ware completed. The last transfer was checked for purily by the Gram
stain, Ooncentration of the bacterisl cells was secomplished by centrifusas-
tion =% 2,000 you for 15 minutes, The supernatent fluld was removed with &
pipette, leeving enough of the broth on the cells to comletely remuspend the
bacterisl cells. Tha concentration of basteriszl cells was adjusted to ths
equivalent of KeFarland's nephelometer tube Wo. 1. Approximately oma-half of
the suspension was vlaced ia » water Bath at 56°C for ons howr. A the emd of
placed in s frearing chenmber of a refrigerator for 24 hours., A% the snd of
24 howrs, the suspension was thawed snd used immedistely for injection inte

ths ecornes, The sther half of the suspension was used sz live vaceine, The
ayes of salves No, 1 =ad ¥e. 2 wers ansatheised with a two per cent Wutyn sul-
fats solution, e left sye of calf Fo. 1 was injected lntrasornsally with
0.1 nl of the live vacoine using a 27 gauge nsedle. The left eye of calf ¥o. 2
was injected intrscovnsally with 0.1 =l of the heat and sold treated suspension
of bacterial eells. The loft eys of bHoth cslves were used for injection while
the right sye served as a control eys. The left eye of both calves was swabbed
the dsy after the injection was made. Swabs taken from the ayes wers streaked
cat on Bordet~Cengou blood sgar. Horaxells bovig colonies were odserved on the
plate swabbed with the material from the 1eft eye of celf ¥o. 1, A Orem nega~
tive bYipelsr staining bacillus was isolated from the left eys of calf Fo, 2,
This organiom was ivoeulsted into maltose, mammitol, sucrose snd dextrose, Aeld
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and gas were produced in sucrose and dexirvose with so fermentation in the other
earbohydrates, The organism was not Norazells bovig.

Calves Yo, 1 mnd No. 2 vere challenged with a cul ture of Eoroxells hovig
14 days after inoculation. Fhe bacterial growth froa three protesss peptons
Blood sgar plates were used to challenge both syes of eaeh calf. The bacterial
grovth was washed off of the plates by flooding the surface with fro= 1.7 to
2 ml of 0.85 per cent ssline. The gruwth wae scrapsd from the sger surfece
with sn imoeulating loop, The eyes vere First swwbdbed with = dry eved until
the mosus membreanes vers yol. The seconé swab woe sssksd in the bastoriel
eell suspeneion and robbed over the sutire conjunmctival sae snd ualsr the
nerbrons nictitans, The remsinder of the basterial csll saspension was poured
over the mrfees of ths eye, After the challenge, the czlves were placed in
sz osutslde pen ziving them foll sccess to saniight,

After ﬂlltdvu were chellenzed the next 14 daye were cloudy with 1ittle
or uo sunlight, ¥No symptoms of infeotiouns keratitis were noted in my of the
eslves during the firet 15 davs, On the 15th day after the previous challange,
the challsnge procedure was repested in the seme manmer ss before. XNa
srptons of infestions Reratitis sopeared fellowing the secoad shalleage, M
attempt was uade to regover tha enltuws of Horaxells lovig vsad seven days
following the second challengs., A% this tinme a challenge wae repeated. o
orgenisme wers rscoversd om this trial. On the 25%h day the challenge was
revoated. Calf No, 1 Aled botween ohallenges of cmises unrelated to the experi-
ment. The challanges wers remeatsd on the 720d and 100tk days on ealf ¥e, 2.
8511 Mo, 2 devalopad infactions karatitis in the vacclnatad ays 14 days after
the last challengs,

Twe holfsr =alves hat had boen purchased at the local sols bam wore used
in the sescond waccination trisl, Calf Wo. 2 was & hlack, vhlie face heifer that




welghed 325 pounds, Oalf Fo, 4 was a polled white face, red calf that was
groroxinately 400 poumnds In weight, The vacelne used 5 vaccinate these calves
was prepared by inoeulating protecse peptone broth with the smme strain of
Horszells hovig used in the firet vaceine trial. Two 10 nl serev top Dottles
full of proteocse peptone broth, along with two pretecse peptome agar plates
sariched with five per cent defidrinated blood, were imseulated with Moraxells
Bovlg. These cultures were incubated at 37°C for 72 hours, At the end of 72
hours, the broth wan centrifuged at 2,000 rpm for 10 minutes and the supema-
tant fiuld was removed. The bacterial cell suspension was adjusted %o the
density of MoFarland's nesheloneter tube No, 1 by sersping growth off the plates
with the imoenlating needle and eemlsifying it in broth., Immediately before
using 0,1 nl of an agueous selution, 15 turbidity wmits of hyeluronidase was
added to 0,3 ml of the bacterisl cell suspension in the proteose peptone broth,
Henoe, the inoculating dose used was 0.4 ml, When doing the actusl injecting,
no more than 0,1 ml was injected into any one position on the cormea., There
wes & noticesdle hyperemic resction in the incculated eyes for the next four
days. Hopszells dovis wee isolated in pure culture from one of the inoculated

A third poriion of the vaceins was prepared in the seme mamner as it was
for injsction into the cornea of experimenial calves. This vaccine was placed
in an incubstor at 37°C. At the end of 8 and 12 hours, the vacoine was stresk-
od out on protecse peptons blood ager plates., It was found that the Egraxslls
Jovls remained visble for six hours, tut were not viabls at 12 hours. This
procedure was used to determine if Moraxells bovig would remain viable ia the
concentration of hyaluronidase used in the vaceins trials.

At the end of 16 dsy: after inmvculating, the eyes of the ealves ware
ehallenged in the msaner formerly deserided with a culture of Horaxells bovis




that had besn recently isolated from sn experimental case of infectious
¥eratitisz, Swshs of thas eys seerstions wore teken 2% the end of 8 and 12 days.
At the snd of elgat dsys, sl of the sves ylelded eultures of Noraxslls hovis.
Of the ealtures made st the end of 12 days, oaly the right (ccatrel) eyes yleld-
ed enltures of Moraxells bovig, ¥o gmptome of infectious keratitis were noted
after this challenge, Thiz chellenge wae repeated at 44 snd 72 days. Calf ¥o,
8 developed infectlous kerstitic in the vaceinated aye 11 damys after the last
challengs, Oslf Fo, 4 developed infeotions keratitie in the comntrel eye 18
days after the moxt to the last challenge snd infactlous keratitis in the vacele
nated eye 14 deys after the last challenge.

Two calves that had been purthansd at thes leesl z:1e harn were used for
the third vacelns trisl. Oalf NHo. 5 wos 2 hovmed, Yrockle face, red helfer
welghing spproximately 500 pounds, Calf ¥, 401 wes s horned, white face, red
with the same stralo of Moraxslls bovis uesd in the previous veesine trials.
The broth was incubsted at 37°C for 72 houre, At the Hime the broth was inocu-
1sted, twe plates of Ylood smrichad proteose peptone agar wers also inoculated
and incubsted with the proteose peptone broth., At the end of 72 hours, the
broth waz eantrifuged st 2,000 rpm for 15 admetes, The supematent fluid was
dseanted down %o the turbid portion of the broth, Orowth from the agar plates
vas seraped off wiih the inooulating nsedls mnd smuleifisd in protecee peptone
Sroth. The turbidity of the broth was brought up to the density of MeFarland's
nephelometer tube X3, 1, The vaseine wes used at onee after the final prepara-
tion, The left eyes of the cslves wers snestheized with 2 tvo per cont butyn
sulfate solution, Four sites of injection were used in the left aye and the
right eye vas 1left as 2 control., The injection inte the aye was made using 0.1
ml iz %wo places inte the selera and in tes places intracorneslily. The calves
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were nalntsined lo & dartensd stall for 17 days following injection, 4t no
tims after the injection 414 these celvas show any resstion in the injscted
eyes. These calves wers chellenged vith o viralent oulture of Moraxells bovis
in the formerly deseribed mamer on the 13th and Zlet days, Calf Ho. 5 showed
no gvidence of infections keratitia 2% =ry time during the course of the trial,
Calf Ro, 48] developed infeotious karatitis in the control eye 14 days after
the firet challange,

Two calves that were ralsed at ihe Veterinary Ressarch Furm were used
for the fourth vatcine experiment. Cslf ¥o, 459 was an all red heifer ealf
that was epproximately 250 pounds in welght. OCalf No. 461 was a black and
vhite spotted heifer calf, The vascine used in this trial was prepared in the
ssne manner as the vanelns used in the third vescine trisl. The vaccine was
injected in two places on the sye, One injection of 0.2 nl was made intra-
corneally and 0.2 vl wae injected Intrasclerally., The right eye was used on
the red calf md the laft aye was the eontrol eye. The left ays of the black
end whilte calf wos used as the wvaeccinsted eye and the right eye was the contrel
oye., There vas & ares of cornsal omstlty on the right eye of calf ¥o. 459 the
dny after vaccination, Ths qve wvas improved on the second day, eo the reasction
was considsred to be dus o tramas., Calves No. 459 and 461 were challenged
vith & viradleat enlture of Boraxelle Buvig 14 and 28 days after vaccination, in
the fomerly deocribed msmner, Uslf ¥o, 455 showed no evidenes of infectious
ksratitic in the vesclnated eyo thras days after the first challemge.

The fifth veccine trisl was carried oo «ith ene 500 pound black, white
face heailer designated as sminal Ts. 81, The vsocine uged to inoculate this
heifer ves prepared by inocoulating = protecse pentons dlood enriched agar
plate with the ssme sireis of Harazells bovis ueed in the previcus vaceline
trisls. "his plete was incubated at 37°C for 48 hours. At the end of 48 hours



the grovth was sormped off the plate and emleified in 0.5 ml of 0.85 per omi
galine until the soncemtration vas sporoximstely that of NeFarland's nepheloms
ster tube Jo, 1. ™a smount of vaoeins used was 0.4 sl which was injectad in
two plases intracorneally, This procsdure was repsated in six days, This
mingl was never shallenged with viralent Nopazells howig ss ths vacolnated
eve developed a cliniesl case of keratitis prior to challmmp,

Ag ealves developsd infectious keratitis in only one ee, = challenge was
made t0 sscartsin 1f ths other ers was susceptidle to infections keratitise,
™ia procedure wvos often naglected vhen the vaccinated sys came dowm first,
In this cose 1t was fol% that the neosssary information about the leemmity
vrofuced Yy the vascine wos geinad, becauss in these instances the necsssary
isformation was gained abdout the product used,

Two onlves renainad refrastory to $he infesoticus keratitis in doth eyes
during the course of the experiment.

Pive calves developed infectious keratitis in the vaceinated eyes. One
eslf developed the dlseass in both eyes and one calf doveloped the dlsemes in
only the emirel eye.

Moraxalls dovis was recorsred from all ayes that showed symptoms., Al
though all sttemplis %0 recover the orzanism were suscessful, there were various
dagrees of sauss In recovery. On conts eyss recovery was male on the first Srial,
wiile on other eyes sevoral trials hal %o Be made defore the orzanimn eomlld de

DISCOSSTON

Thess fintings sgres vith previcus vorbers (3sldvin, 1945) that spontan-
eous agsiuntination i3 s prodblem vhen working with Hopazalla bevis. A prodlem
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of this type rendered the aggiutination or sgglutination lyeis test as ware-
1isdle. Other serolozlesl tests were found (Baldwin, 1945) %o de squslly as
unrelisdble for the detection of Moraxells bovig entibodies,

The use of various cellular md exiracellulsr products that were extract-
#d Yy chemical mesns coated on chelesterol with lecithin was tried in a micro.
seople flocoulation test to overcoms the problem of spontameous aggintiaation,
A1l sttempts to demonstrate en immume vespomse By this test ended in negative
snd inconclusive results.

Attampts to demonsirate a toxie prinecipls by instilling various entrs-
cellular snd extracellulsr products into the conjunctival sse of rabdits mad
gaines pizs gave negative resulils,

Experinents conducted to try to find if the crude enzymes produced YWy
Horaxells bovis grows on milk were satigenic or texie, also geve negative
resul ts.

It was concluded that with the pressnt methods snd Imoeledge, it is
imposeibls to demonstrate systemle antibodies produced by Mopsxells bovis.
There is the possidility that Moraxells Bovis does not profuce aystemis
mtibodies,

Previous worksrs (Farley, Toote, et sl., 1950) have reported that once
s bovine aye has passed throush sn attack of infeciious keratiiis caused Yy
Korszells bovig, that the eye is ~efrsctory to n second attask, It was elso
found that if one sye was affected, the other sye remainsd susceptible. This
facter alone indicated that there ares mo systemlic sntibodies formed by mn
attack of infections keratitia,

Other workers (Anthony, 1957) have shown that the injection of bacterins
and vsoeines gives ne vrotection to sn smimsl from an atisck of infestious
kerstitis vhen challenged with = virulent culture of Nevsxslla bovis.




K1 previcus work on the subject have pointed to a conclusion that the
izsanity conferred by an attack of infectisus keratitls wae & tissue fmmumity,
in sttenpt was made %0 demenstrate s local tissue ilmmunity, o {=wanity could
be demonstrated from the injection of alive or dead Horazells bovig eells vhen
shallenged with a vimlent culture of crganisns, Thers are at losst three
possible explanations for this phenomensn, PFirsi, when a bovine eye undergoes
= attack of infectious laratidls, there le a chemiocal alteration of the tlee
wass that raanders the gye refractory o o second atiack of Noysgells bovig.

The seoond possidility was that Horzxells hovis sete with a virus to mane
ifest its pathogenic process, The relstive sase with whileh infectious kers-
titie cen be produced with yure oultures of Horaxells bovis would tend to
indlonte that if a virus is iuvelved it was pyobebly carried with the oultures
of ¥oraxzells bovis, Tiseus culture studies or other virus studies would be

The third possibiiity may bs that the stvain of Movazells Dovis used in the
vaseine and ssrological tests was not amtigenicly sstive., Thers is the
poasibility that oms of the ocultures would be antigenicly sctive.

It was found that the sirain of Horsxells bovig used in the vascine trisls
would reproduce in the eye. TVisble orgmisme vers eultured from vaccinated
éyes five days after Injection, One calf developed a case of infectious
kerstitie after vevcination intracorneslly with the seme sirsin of Eorsxglls
bovis used to vaccinzte the other ealves,

Hence, 1% could be ssoumsd the vacelne strain was virnlent vhen injected
intracormeally into & very suscepiidle animal snd under condifions of environ-
uent that would fevor the development of infections keratitls,
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Various extractions were made chemically from cells of Horaxells hovig |
and combined with cholesterol emd leeithin in a mieroscopic flocculation test.

The first sxtraction was a Bolvin sntigen extracted with 0.5 ¥ trichlor-
scetic acid, The resulting Bolvin antigzen wes coated on cholesterel and leec-
ithin to make a working sntigen emulgion. This santigen eemlsion was used to
test bovine serum obtained from calves that had received injections of
Morazellas bovig two weeks prior to dleeding. The results obtained with the
nicroscople flocculation test as well as the precipitin test were negative,

A second antigen extraction was made utilising diethylens glycel. The
same sera wore tested with this antigen and all results were negative.

The two Boivin antigens, (extracted with trichloracetic acld and dlethyl-
ene glycol), were mixed in equal parts and injected into a rabbit and a guinea
pig. Two weeks following injection these animals were bdled and the serum
tested against the mixture of antigens using the microscopic slide flocculae
tion technigue. The results obtained were considered negative.

An attempt was made to extraect a surface sntigen from Moraxsells bovig
ecells obiained from growth on Bordet-Gengou blood agar. Phenolized saline of
varying concentrations was utilized to wash the cells from this agar. This
mepension of Horazells boyls cells was placed in the refrigsrator fur 14
dsys., Phenol was removed by dialysis and the cells by cemtrifugstion. The
remaining fluild was used as an satigen for the microscoplc slide flocculation
test. The sera were obtained by injecting a rabbit and two guinea pige with
the surface antigen.

The results with this antigen and these sera were all considered negative.

Heat was used in an asitempt %o sextract = pelysaccharide from MHoraxsllsg
hovig. A broth culture of these cells was heated; the bacteria were removed
by centrifuzation; snd the supernatant was utilized as an antigen. The sera



utllized in testing this antigen were the same as those utiliszed in testing
the Boivin =satigen and all rosulis were negative.

The crude enzymes produced by Moraxella bovig grown in sterile milk wers
precipitated with ethyl slcoksl snd centrifuged. 'The sediment thus obtalned
was suspended Ir distilled water and dislyzed in a cellophane beg in tap water,
One gulnea plg and ome rabbit were injected with this enzymatic ﬁlutim. "he
Plood serum from thess animals were collected two weeks fcnwhg Mutm
The orude enzyme solution wss used as an antigen in testing the om from the
two experimentally injected animals snd the serum from a mml:glocit_anr
confirmed experimental case of infectiouns keratitis. No puitiv:'-f;nnln were
obtained with elther the microscopic slide flocculation test or th‘t-.__\_pmiptth
test. &

Varicus concenirations of the crude enszyme sclutlon were tntod'-?bg toxic-
1ty by injscting them into the conjumetiva of healthy guinea pigs. Onme -ut
following injection none of ithése animals showed any gross lesions of the ‘!.-n-
Jected sye.

¥ins calves were utlilized in an attempt to demonstrate the existence of a
local tissue imsumity. Six of the animals were used to inject the liviang
Horazella bovig orgmnigme anmd one animal was used in a bacterin trial. One
aninal died of camees not related to the experimeat prior to the obtaining of
aay resulis.

A supposedly aviruleat strain of Moraxella bovis was produced by repested
passage of artificial sedia. The killed bacterin was produced from the same
strain of Moraxolls bovig.

One calf received 0.1 ml bacterin intracorneally; two calves were inject-
od with 0.3 ml of the vaccine and 15 turbidity units of hyaluronidase intra-
corneally; four calves received 0.4 ml of vaccine in two areas; and ome calf




received 0,4 nl of vecelns intracorneally at two different times., Only one
gye of sach snimal wns vasooinated snd the other wes utilized as a control.

Chellengs was made by placing a virulent cultmre of Morarsllps bovig in
both ayes of the ealves, Five cases of infectious keratitis ocourred in the
vaceinated eyes vhile only %wo cceurrsd in the control eyes.



