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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
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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



