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Infectious Bovine Keratoconjunctivitis: A Review 

Michael H. Brown, Alan H. Brightman, Bradley W. Fenwick, and Maureen A. Rider 

The economic impact of infectious bovine keratoconjunctivitis (IBK) warrants continued investigation of the mechanisms by which 
Moraxella bovis survives on and colonizes the corneal surface. Virulent strains of M bovis produce hemolysin and exhibit different 
plasmid profiles than nonvirulent strains. Interactions among host, environment, vector, season, and concurrent infection influence 
the prevalence of IBK. Mycoplasma sp. or infectious bovine rhinotracheitis virus may enhance or hasten the disease process. The 
manifestations of IBK may range from mild conjunctivitis to severe ulceration, corneal perforation, and blindness. Treatment of 
IBK is dictated by economic considerations, intended animal use, and feasibility of administration. Antibiotic therapy is aimed at 
achieving drug concentrations in tears to meet or exceed the minimum inhibitory concentration for prolonged periods. At present, 
IBK is not a preventable disease. Affected animals must be separated from the herd and vector control vigorously instituted. Carrier 
animals must be identified and removed from the herd. Vaccination trials have been unsuccessful because of pili antigen cross- 
reactivity, variable strains, and uncontrolled environmental factors. Recent investigations have determined that M bovis may utilize 
host iron sources via iron-repressible outer membrane proteins and siderophores for growth. Elucidation of normal defense mech- 
anisms of the bovine eye may lead to new strategies to enhance the immune response against M bovis. 
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he first reports of infectious bovine keratoconjunctivitis T (IBK) appeared in 1889I and nearly a century later, 
the mechanisms Moraxella bovis uses to survive in the oc- 
ular environment of cattle are poorly understood. Thera- 
peutic and preventative measures have limited success, 
therefore, continued investigation is warranted. The detri- 
mental effects of IBK are documented by regional and na- 
tional  survey^.^.^ Kansas cattle ranchers in 1993 reported 
IBK to be the 2nd most common disease. The clinical ef- 
fects of IBK in male and female calves are long-standing; 
affected calves have adjusted 205-day body weights de- 
creased by 17-18 kg compared to body weights in healthy 
calves.* Postweaning animals have lower performance pa- 
rameters in average daily gain, weight per day of age, 365- 
day weight, and final  eight.^.^ Bilateral disease produces 
greater losses than unilateral disease, wherein final weight 
is reduced an average of 15.9 kg (35 pounds).6 Missouri 
cattle ranchers report endemic IBK in 45.4% of all herds, 
with an average prevalence of 8.75/100 cattle in affected 
herds.7 The economic impact of IBK is not restricted to 
North America. In an Australian postal survey 81.3% of 
participating cattle owners reported the occurrence of IBK, 
and 75% observed reduced weight gain in affected cattle.8 
In Australia, more than 22 million dollars were estimated 
to be lost because of reduced production, with 1.5 million 
dollars spent for treatment in 1979.9 The worldwide distri- 
bution and economic impact of IBK requires veterinarians 
to be familiar with the latest information regarding this 
complex disease. 
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Epizoology 
Although M bovis is the pathogen most commonly iso- 

lated from IBK, various factors are involved with the patho- 
genesis of this disease. The environment, season, concur- 
rent pathogens, M bovis strain, and host immune system 
play integral roles in the occurrence and clinical severity 
of IBK. IBK is a highly contagious disease that spreads 
rapidly within a herd.6 The yearly and seasonal prevalence 
of the disease in different geographic regions varies great- 
ly.l0." The isolation rate of M bovis infection gradually in- 
creases during the spring (21.4%) and summer (29.3%) 
months to reach a maximum in the fall at 45%.12 Peak IBK 
prevalence is preceded by the highest values of ultraviolet 
(UV) radiation.I3J4 IBK can occur during any time of the 
year, but outbreaks are more common during summer 
months. Nonetheless, heavy snowfall and UV radiation 
have been individually associated with outbreaks of IBK. 

M. bovis is spread by direct contact, nasal and ocular 
discharges, and by mechanical vectors. The most important 
vector is considered to be the face fly (Musca a~turnnalis).~~ 
The house fly (Musca dornestica) and barn fly (Stomoxys 
calcitrans) may also transport the organism. In addition to 
physically irritating the eye, insects may harbor the organ- 
ism on their legs for up to 3 days.Is A positive correlation 
exists between the number of flies per animal and M bovis 
infection,I8 and disease prevalence is reduced by rigorous 
fly control programs.L7 Various forms of insect control (face 
dust bags, back rubbers, and insecticide-impregnated ear 
tags) have proven equally effective.18 Regardless of the ag- 
gravating factors, M bovis has to be transmitted in sufficient 
quantities for IBK to occur,L7 and preventing transmission 
remains the single most important factor in controlling the 
disease. Other management factors such as dry tall weeds, 
dust, and lack of mineral supplementation have been sus- 
pected in the pathogenesis of disease, but not proven.I8 
Long-distance transport of cattle may represent a stress fac- 
tor that is associated with the carrier state of the disease.I9 
Higher numbers of M bovis isolates are obtained by bac- 
terial culture from nasal secretions from cattle after ship- 
ment than before shipment. Cattle represent the only known 
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natural reservoir for M bovis and subclinically infected car- 
rier animals may harbor the organism year-round.20 M bovis 
may be isolated throughout the year from ocular and nasal 
secretions of cattle naturally affected with IBK.I9 

Variation exists between the prevalence of disease and 
breeds affected. In South America, Aberdeen Angus and 
Charolais have a higher prevalence of IBK than do the same 
breeds in North America and A u ~ t r a l i a . ~ , ~ , ~ ~  In the United 
States, Hereford cattle appear to be predisposed to IBK, 
whereas Brahma and Zebu or their crosses (Bos indicus 
breeds) are less frequently affected.’ In Australia, Channel 
Island breeds are more often affected than is the Hereford, 
a surprising finding considering the high prevalence of the 
disease in Herefords in other s t ~ d i e s . ~  In South America, 
periocular pigmentation is suspected to be an important risk 
factor for IBK, because pigmented Angus cattle have a 
higher prevalence of the disease than do Aberdeen Angus 
and Charolais ~ a t t l e . ~  In addition to breed variation, sus- 
ceptibility to IBK may be age-related. The recovery rate of 
M bovis from ocular secretions of younger and older cows 
is similar; however, older animals have a lower prevalence 
of clinical disease.s,22 A genetic or age-related susceptibility 
has been suggested because increased numbers of M bovis 
can be isolated from younger animals lacking periocular 
pigment13 than from older animals with periocular pigment. 
Overall, the role of periocular pigmentation is not well de- 
fined.23-25 Older cattle appear less susceptible to Moruxella 
ocular infection (4.5-19.4%) when compared to suscepti- 
bility of cattle less than 2 years of age (10-62.5%).x Calves 
from older dams appear less susceptible to disease than 
calves from dams less than 3 years of age.5 No gender 
predilection has been definitely determined,26 although a 
higher prevalence has been reported in males.26 

Etiology 

M. bovis, a gram-negative bacillus, is generally regarded 
as the etiologic agent of IBK.” M bovis represents the only 
organism capable of partially fulfilling Koch’s postulates 
and is the agent most commonly isolated from cattle with 
clinical disease.2x The morphologic description of M bovis 
colonies grown in vitro is either rough or smooth. Bacteria 
isolated from clinical cases of IBK form colonies that are 
rough, flat, dry, firm, and umbonate. The rough colony phe- 
notype is associated with cell surface pili, autoagglutination 
in distilled water, and hemagglutination. Following culture, 
rough colonies may spontaneously transform into smooth, 
moist colonies that do not adhere to growth m e d i ~ m . * ~ . ~ ~  
The specific bacterial strain and culture conditions govern 
the transition from rough to smooth colonies. M bovis iso- 
lates exhibit pleomorphism as the culture ages, occurring 
in pairs or chains as short, plump rods with rounded ends.31 
On blood agar, colonies are approximately 1-3 mm in di- 
ameter, with a zone of beta hemolysis extending approxi- 
mately 1 mm from the colony edge. Characteristic growth 
patterns occur at the interface between agar and a polysty- 
rene petri dish, further aiding in bacterial differentiati~n.~~ 
M bovis isolates do not require complex growth media.33 
Nonhemolytic strains of M bovis are not generally associ- 
ated with clinical disease. 

Routine laboratory techniques may aid in the diagnosis 

of M bovk3’ M bovis is nonmotile and mostly hemolytic. 
The bacteria does not ferment carbohydrates or reduce ni- 
trates, and is oxidase-positive. A characteristic 3-zone re- 
action is noted in litmus milk, which later changes into a 
homogeneous purple. The surface of liquid media does not 
support growth of M bovis, but instead produces coarse, 
flocculent sediment with little turbidity. 

The literature is replete with pathogens other than M bov- 
is that are associated with clinical IBK.34-37 Infectious bo- 
vine rhinotracheitis (IBR) virus and Mycoplamsma spp. are 
the two most commonly associated organisms with clinical 
IBK. IBR virus and adenovirus-associated conjunctivitis, 
keratitis, and secondary anterior uveitis may be confused 
with IBK and careful distinction is necessary as these con- 
ditions may exist c o n ~ u r r e n t l y . ~ ~ ~ ~ ~  Experimental inoculation 
of M bovis into healthy cattle eyes is not always successful 
in reproducing the clinical signs of IBK. A higher preva- 
lence of the disease is noted when M bovis is instilled into 
the eye that has been exposed to UV radiation or concurrent 
Mycoplasma i n f e ~ t i o n . ~ ~ , ~ ~  Whether Mycoplasma alone can 
cause clinical IBK or whether Mycoplasma enhances the 
disease caused by M bovis is c o n t r ~ v e r s i a l . ~ ~ - ~ ~  One study 
failed to demonstrate a difference in Mycoplasma isolation 
between normal and naturally occurring IBK.12 Instillation 
of Mycoplasma alone into healthy bovine eyes may cause 
conjunctivitis, but is unable to produce clinical IBK. Al- 
though Mycoplasma conjunctivitis and IBK are separate 
clinical entities, Mycoplasma bovoculi has strong cell as- 
sociation with corneal epithelium and may increase infec- 
tion rate and duration of infection by M bovis and Mor- 
uxella ovis in  calve^.'^-^^ M bovoculi is the only pathogen 
isolated in epizootic conj~nctivit is .~~ In an epidemiologic 
study of 8 herds, 6 had epizootic conjunctivitis; M bovis 
and M bovoculi were isolated from cattle with IBK.35 La- 
tency of M bovis occurs, evidenced by isolation of the or- 
ganism more than 4 weeks after infection, and frequent re- 
currence of disease.35 Recovery rates of M bovis and My- 
coplasma sp. from ocular secretions are low when both are 
instilled into healthy eyes and may not necessarily precip- 
itate clinical IBK.4O The interval between instillation of the 
2 organisms may be important to the clinical disease. Clin- 
ical IBK cases have been associated with an unidentified 
Mycoplasma S P . ~ O  A positive relationship exists between the 
seventy of infection and the isolation of M bovis andor 
Mycoplasma. Other cases of IBK have been associated with 
Ureaplasma sp., a reported cause of bovine conjuncti~it is .~~ 
When calves infected with Ureaplasma were challenged 
with M bovis, a prolonged colonization period or keratitis 
did not occur.34 

Pathophysiology 

The pathophysiology associated with M bovis-induced 
IBK is not completely understood. The virulence of differ- 
ent bacterial strains is associated with capsular pili and 
rough colony appearance. In addition to colony morphol- 
ogy, crystal violet staining can further characterize viru- 
lence of the bacteria. Colonies that stain with crystal violet 
(rough) contain ~ili.~O Pili are important structural attributes 
that allow bacteria to adhere to the corneal surface, thus 
enhancing their ability to defeat host defense mecha- 
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ni~ms."-~~ The pilated strain of M bovis is the only form 
able to cause infection, and nonpilated forms appear to be 
nonpathogeni~.~~ A unified pili serotyping scheme has been 
introduced to address the differences in pili antigens (Unit- 
ed States, Australia, United Kingdom).46 Pili have been ar- 
ranged in 7 groups (A-G) to decrease confusion with the 
previous numbering system. The 7 pili groups exhibit little 
antigenic variation when comparing isolates from Europe, 
Australia, and the United States.46 Tears from animals vac- 
cinated with pili bacterin are able to inhibit adherence of 
homologous M bovis to bovine corneal endothelial cells.42 
Epizootic IBK has been associated with the emergence of 
a new pilus type that reacts weakly with antibodies against 
the classical strains.47 Various types of pili have been de- 
scribed, and each is associated with the production of spe- 
cific an t ibod ie~ .~ ' -~  Failure of commercial pili vaccines for 
M bovis may be due to low cross-reactivity among variant 
pili types. 

M. bovis isolates may also be characterized by their plas- 
mids, which presumably carry virulence In vivo 
and in vitro studies confirm the divergent behavior of 
strains with different types of plasm id^.^" An M bovis iso- 
late with 5 plasmids had low virulence in cattle, and little 
ability to destroy macrophages in vitro. A strain with 3 
plasmids produced IBK in an experimental animal (bovine) 
and was cytotoxic in vitro. Three basic groups of plasmid 
patterns, containing between 1 and 6 plasmids, are recog- 
nized in the United States.48 The plasmid patterns are ex- 
hibited by smooth and rough isolates of the same strains. 
Isolates from large herds with outbreaks contain multiple 
plasmid patterns, whereas isolates from small herds with 
clinical IBK have an identical plasmid pattern.48 

The pathophysiology of IBK is likely associated with 
collagenase release from epithelial cells, fibroblasts, and 
ne~t rophi l s .~~  Hydrolytic enzymes of M bovis possess the 
ability to degrade lipids, mucopolysaccharides, and matrix 
proteins, which may contribute to corneal ~lceration.~' 
However, the ability to hydrolyze collagen could not be 
proven among 13 reference strains of M b o v i ~ . ~ ~  The initial 
production of corneal ulcerations, however, appears to be 
attributed to direct cytotoxicity of M bovis and not endog- 
enous inflammatory factors from neutrophils.50 M bovis 
likely releases a necrotizing factor that kills corneal epithe- 
lial cells.50 Living M bovis and sterile filtrates from shaker 
cultures of M bovis kill corneal epithelial cells in vitro, 
further demonstrating a cytotoxic factor of M bovis." 

The ability to produce hemolysin may be an important 
virulence factor of M bovis. A positive correlation exists 
between the percentage of hemolytic strains isolated and 
prevalence of clinical disease. Nonhemolytic strains of M 
bovis were isolated in 26% of animals tested when clinical 
IBK was not 0bserved.4~ When clinical disease subsides, 
the percentage of nonhemolytic strains returns to original 
values. Increased levels of UV radiation in warmer months, 
when hemolytic isolates are most frequently recovered, may 
aid in the transformation from nonhemolytic to hemolytic 
strains?' A hemolytic fraction of M bovis containing outer 
membrane-bound vesicles is cytotoxic to calf corneal epi- 
thelial cells in vitro and in vivo.52 

Preexisting infection with Mycoplasma may act as a pre- 
disposing factor for clinical IBK. M bovoculi preinfection 

extends M bovis ocular colonization time.14 Pathogenicity 
may be enhanced by extended time for replication and ex- 
pression of virulence factors by M bovis. Mycoplasma spp. 
are highly associated with corneal and conjunctival cells,5" 
and M bovoculi is cytotoxic in vitro to bovine corneal cell 
monolayers. 

Nuclear fragmentation, loosening of bovine corneal epi- 
thelial cells, and epithelial degeneration occur with in- 
creased UV irrradiati0n.5~ As the integrity of the corneal 
epithelium is disrupted, M bovis may penetrate and multi- 
ply.55 The effects of UV on the cornea include keratitis, 
corneal edema, and corneal ~ l c e r a t i o n . ~ ~  

The precorneal tear film is an integral part of ocular 
physiology and is essential in ocular defense. Tears wash 
away pathogens by mechanical flushing, whereas tear pro- 
teins are integral to the protective mechanisms of tear film. 
Tear proteins identified in humans include prealbumin, im- 
munoglobulins (Igs), lysozyme, lactoferrin, transferrin, 
complement, P-lysin, and antipr~teinases.~~-~" Protective 
defense mechanisms of the bovine tear film are poorly un- 
derstood.61.62 Bovine lacrimal secretions contain IgA (secre- 
tory), IgGa, IgGb, and IgM.67 Standard spectrophotometric 
and plate assays failed to identify lysozyme in bovine 
tears.6L A paucity of information exists concerning the iron- 
binding proteins in tears of domestic animals.61,62 Human 
tears are known to contain lactoferrin,64,65 whereas rabbit 
tears are reported to contain transferrin.66 Both lactoferrin 
and transferrin have been identified in guinea pig tears.66 
The importance of host iron-binding proteins in external 
secretions is derived from their antimicrobial pr0perties.6~"~ 
Recently, these protiens have gained attention as a potential 
source of iron for pathogenic including M bov- 

In the absence of lysozyme, lactoferrin and secretory IgA 
likely represent integral components of bovine ocular de- 
fense. Lactoferrin has recently been demonstrated in bovine 

Whole bovine tears were analyzed using size exclu- 
sion high-performance liquid chromatography (HPLC), so- 
dium dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE), and amino acid sequencing to determine the 
presence of lactoferrin. Based on HPLC chromatograms of 
purified lactoferrin, peak collection was performed to re- 
cover a protein from the bovine tear film with chromato- 
gram characteristics nearly identical to purified bovine lac- 
tofemn. SDS-PAGE and silver staining of this protein pro- 
vided a band consistent with bovine lactoferrin (estimated 
mass of 78 kd). The first 13 amino acid residues of this 
protein were identical to the amino acid sequence of bovine 
lactoferrin. Lactoferrin is found in very high concentrations 
in ocular, oral, and genital secretions, where it may exert 
bacteriostatic effects. Bacteria are controlled at these mu- 
cosal sites by lactoferrin, which deprives them of iron, an 
essential element for their growth. A greater understanding 
of how M bovis overcomes the bacteriostatic effects of bo- 
vine tear lactofenin may provide valuable information with 
respect to bovine ocular health and M bovis-associated IBK. 

A virulent strain of M bovis may utilize bovine lactofer- 
rin as a sole source of iron for required M bovis 
strain Epp63 was iron-starved by repeated passages in iron- 
restricted media (RPMI 1640) to adapt the bacteria to 
growth in iron-restricted conditions. ChelexB 100 resin 

is.71.72 
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(Biorad Laboratories, Richmond, CA) was added to tryptic 
soy broth (TSB) to remove iron. The deferrated TSB was 
then mixed with agarose. Purified bovine milk lactoferrin, 
colostral lactofemn, and serum transfenin were added to 
deferrated filter paper discs and applied to the TSB-agarose 
plates to determine if M bovis could utilize different iron 
sources for growth. Growth in TSB was inhibited by the 
addition of ChelexB 100 resin to the media. M bovis was 
able to grow around filter paper discs supplemented with 
purified bovine milk lactofenin, but not around discs sup- 
plemented with colostral lactoferrin or serum transferrin. 
The ability of M bovis to grow in iron-restricted media after 
successive passages and to utilize bovine lactoferrin as a 
source of iron for growth suggests an important virulence 
mechanism of M bovis. 

In vitro studies suggest that M bovis possesses iron-ac- 
quisition systems such as siderophores and outer membrane 
receptors that bind bovine l a ~ t o f e r r i n . ~ ~ , ~ ~  M bovis (strain 
Epp63) was grown in iron-restricted media to induce the 
expression of iron-repressible outer membrane proteins 
(IROMPs). The ability of these outer membrane proteins to 
bind bovine lactoferrin was determined by SDS-PAGE and 
immunoblotting. Bovine milk lactoferrin binds a 34- and 
70-kd IROMP of M bovis. The bacteria were also cultured 
with gold-labeled bovine milk lactoferrin and transmission 
electron microscopy was utilized to determine the ability of 
M bovis to bind bovine milk lactoferrin. Gold-labeled lac- 
toferrin particles bind to the surface of M bovis when grown 
in iron-restricted media. M bovis grown in iron-supple- 
mented media bound very few, if any, gold-labeled parti- 
cles. It is important to determine whether iron acquisition 
from lactofemn in bovine tears by M bovis enhances in- 
fection. Immunologic recognition of the IROMPs (iron-ac- 
quisition systems) of M bovis may represent an effective 
means of preventing IBK. 

Clinical Signs 

Frequently only 1 eye is affected initially; however, cross- 
infection from the 1st eye may then lead to bilateral dis- 
ease.” The initial description of the clinical disease includes 
5 stages of IBK based on In the acute form, mild 
conjunctivitis and keratitis are noted. Subacute stages are 
characterized by corneal ulceration. Clinical signs of chron- 
ic IBK include severe keratoconjunctivitis with desceme- 
tocele formation and possible ocular rupture. Severe ulcer- 
ation, panophthalmitis (generally bilateral), blindness, and 
death due to ascending infection depict the rare, fulminating 
form of the disease.*O The carrier form occurs in cattle with 
intermittent or chronic excessive lacrimation; however, 
many show no signs of infection. Killinger and HelpeP 
described an alternative method of classifying the severity 
of disease on the basis of lesion appearance. 

Experimental infections demonstrate variation in clinical 
disease.lO Cattle may spontaneously recover from the dis- 
ease at any point. The onset of clinical signs in experimen- 
tal infection occurs between 1 day and 2 weeks postinoc- 
 lat ti on.^^.^^.^^ The first signs of IBK are profuse lacrimation 
andor photophobia with varying degrees of blepharospasm. 
Inability to closely observe cattle often precludes diagnosis 

Many clinical descriptions of IBK are 

at this stage. A serous or mucopurulent discharge is usually 
noted as the disease p r o g r e s s e ~ . ~ ~ , ~ ~ . ~ ~  Within 24-48 hours 
after the onset of lacrimation and photophobia, corneal le- 
sions usually develop, although ulceration may be delayed 
for up to 2 weeks.69 Ulceration may be preceded by the 
development of small corneal  vesicle^.'^.^^ The axial cornea 
develops 0.25- to 1-nun epithelial defects that may not be 
noticed without close observation.83 As the disease pro- 
gresses, size of corneal ulcers increases up to or greater 
than 25 mm in diameter with subsequent loss of corneal 
stromal integrity. The epithelial defect leads to an ingress 
of fluid into the corneal stroma resulting in corneal edema. 
Occasionally, corneal opacities are noted prior to epithelial 
loss and ulceration. As the disease progresses, conjunctivitis 
of varying severity develops. Conjunctival vessels are di- 
lated, and mild to moderate chemosis and hyperemia de- 
velop. Eyelid abnormalities include generalized edema and 
b lephar i t i~ .~~ 

As the corneal stroma becomes affected, inflammatory 
by-products and proteolytic enzymes compromise corneal 
integrity. The patient may lose vision due to severe corneal 
edema, photophobia, or blepharospasm. Corneal rupture 
may be spontaneous or result from blunt trauma. If perfo- 
ration occurs, panophthalmitis and phthisis bulbi may re- 
sult, but more commonly, uveal prolapse and fibrin seal the 
wound and the shape of the globe is retained. In contrast 
to other species, wherein corneal perforation is an emer- 
gency to prevent loss of the globe or vision, cattle may 
retain all or partial vision after corneal As early 
as 2 days after ulcer development, the healing process may 
begin with corneal neovascularization. Superficial or deep 
corneal neovascularity depends on the depth and nature of 
the corneal lesion. Superficial vessels are bright red, arbor- 
izing, and originate at the limbus and may extend to the 
axial cornea. Deep corneal vascularity occurs as dark red 
thin “paint brush” vessels originating at the limbus. Neo- 
vascularization may occur over 360” of the cornea or may 
be restricted to the limbus opposite the lesion. Granulation 
tissue may form at the ulcer site, depending on the degree 
of corneal stromal involvement. Once severe stromal de- 
fects have healed, a dense axial corneal scar (leukoma), 
lasting months to years, will result. In milder cases of IBK, 
with superficial corneal involvement, corneal opacities may 
completely resolve within 2-4 weeks. 

Treatment 

Although antimicrobial therapy is the treatment of 
choice for IBK, no regimen will ensure 100% success. An- 
timicrobial therapy may not eradicate the carrier state or 
improve the clinical d i s e a ~ e . ~ ~ , ~ ~  Maintaining consistent 
therapeutic drug concentration in tear film is difficult be- 
cause of economic and practical consideration~.~~ 

M. bovis is typically susceptible to gentamicin, 1st gen- 
eration cephalosporins, trimethoprim-sulfonamides, nitro- 
furans, tetracycline, and sulfonamides. Increasing resistance 
has been shown against tylosin, lincomycin, streptomycin, 
erythromycin, and c l o x a ~ i l l i n . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  Susceptibility patterns 
to procaine penicillin are inconsi~tent.~~ Regional and strain 
differences in susceptibility patterns necessitate culture and 
sensitivity testing prior to selection of antibiotic treatment. 
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To achieve therapeutic drug concentration, topical anti- 
biotic administration is required several times per day; how- 
ever, daily multidose therapy is not practical for most pro- 
d u c e r ~ . ~ ~ . ~ ~  Administration of benzathine cloxacillin is ef- 
fective for the treatment of experimentally induced and nat- 
urally acquired cases of IBK.88 Powders and dyes, once 
commonly used for the treatment of IBK, are not widely 
used due to painful irritation of crystals, which causes lac- 
rimation, thus reducing effectiveness. Oral medication in 
feed is not possible unless affected animals are separated 
from the herd. Parenteral (subconjunctival, subcutaneous, 
intramuscular, and intravenous) antibiotics are commonly 
~ ~ e d . ~ ~ . ~ ~ . ~ ~  High concentrations of antibiotic may be 
achieved in tear film by subconjunctival administration, al- 
though local irritation may result. Subconjunctival injection 
of tetracyclines is effective but may cause necrosis at the 
injection site. Intramuscular oxytetracycline is more effec- 
tive than topically applied fura~olidone.~~ 

Efficacy of antimicrobial drugs for treatment of IBK is 
influenced by the pharmacologic properties of the drug. 
Long-acting tetracycline is effective after parenteral use, 
even with relatively low tear drug concentrations, because 
concentrations are maintained above the minimum inhibi- 
tory concentration for a prolonged period.90 High tear con- 
centrations of kanamycin of short duration are more effec- 
tive in eliminating M bovis than are lower, longer duration 
concentrations after intramuscular treatment.27 Recurrence 
and transmission of the disease occur during the carrier 
stage of the disease. Duration of the carrier stage (subclin- 
ical infection) is reduced by 2 intramuscular injections of 
long-acting tetracyclines at 20 mg/kg?l In addition to short- 
ening the duration of the carrier stage, this treatment re- 
duces progression of lesions and healing times in affected 
animals. Given at 20 mg/kg body weight, long-acting oxy- 
tetracycline distributes selectively to the epithelium of the 
conjunctiva and lacrimal gland ductules, reaching higher 
concentrations than in serum.9z Mean peak lacrimal fluid 
concentrations less than 1 pg/mL were reached after intra- 
muscular administration. Subconjunctival injections may 
increase tear oxytetracycline concentrations to greater than 
2.0 pg/mL for 72 hours; however, severe local reactions 
may preclude this method of treatment. In comparing treat- 
ment regimens in calves with naturally acquired IBK, those 
treated with parenteral long-acting oxytetracyline had short- 
er periods with corneal ulcers than did nitrofurazolidone- 
treated calves.93 A single dose of sulfadimidine at 100 mg/ 
kg eliminates the organism from ocular and nasal secretions 
after experimental infection.94 

Treatment selection is a function of the type of manage- 
ment practice and intended use of the animals. The goal of 
a producer of purebred animals is cosmetic healing, where- 
as dairy producers are concerned with milk withdrawal 
times. Dairy operators choose procaine penicillin because 
of short milk withdrawal time (3 days).27 Commercial beef 
producers factor the cost of medication, labor, and de- 
creased weight gain. For these reasons, long-acting tetra- 
cyclines are often the treatment of choice for beef produc- 
ers. Because an optimal treatment does not exist and losses 
are often underestimated, the commercial beef producer 
may not treat affected animals9 Preventative medication of 
the entire herd in an outbreak has been ~ugges t ed ,~~  but may 

not be effective when cattle in neighboring pastures are 
untreated. Investigations concerning collagen ocular inserts 
have had mixed results.95 Release rate, duration of release, 
antibiotic selection, and vehicle are important characteris- 
tics to be considered. Although the combination of eryth- 
romycin estolate and soluble collagen produced a sustained 
drug-delivery system, the intrinsic physical properties of 
collagen and poor retention of the ocular insert necessitate 
further studies using this treatment modality.95 

To reduce the spread of IBK, affected animals should be 
isolated. Irritating factors such as sunlight and flies should 
be limited by providing shaded shelters or eye patches. 
Third eyelid flaps or temporary tarsorrhaphy may facilitate 
healing in cases with severe ulceration or descemetoceles. 
Little has been reported regarding the efficacy of periocular 
artificial pigmentation with sprays, dyes, and tattooing. 

Prevention 

M. bovis is ubiquitous; therefore, elimination of the or- 
ganism is impossible and prevention of disease is required. 
Immediate detection through careful visual inspection and 
isolation of affected cattle is of paramount importance. Car- 
riers should be removed and efforts to control the most 
important vector, M autumnalis, are warranted. Repeated 
occurrence of disease is possible, even though some ani- 
mals develop protective immunity.17 Current vaccines pro- 
vide limited, if any, protection against clinical disease.” 
Chemically inactivated bacterins containing pili antigens 
are available, but their protective value is c0ntroversial.4~ 
Endemics of IBK have been associated with M bovis iso- 
lates possessing novel pili types.96 Vaccination with com- 
mercially prepared autologous M bovis bacterin adminis- 
tered into the 3rd eyelid failed to prevent 

The severity and prevalence of IBK vary greatly in vac- 
cination trials. 16,42,97 Vaccination with homologous strains 
reduces the prevalence and severity of disease, although 
infection Heterologous strain vaccines against 
IBK are not effective.I6 Protection against heterologous and 
homologous challenge represents an area that warrants fur- 
ther study because most efforts have proven inef fe~t ive .~~ 
Multivalent pili vaccines may prove promising if the se- 
rotype causing clinical IBK is included in the vaccine.99 An 
M bovis pili vaccine produced by recombinant DNA tech- 
nology was able to protect calves challenged with M bovis 
Da12d.Im The outcomes of vaccination studies are influ- 
enced by environmental conditions where housing, man- 
agement, and other environmental factors are not con- 
trolled.22 

Herds vaccinated with modified-live IBR virus have an 
increased risk for IBK.7 Calves infected with M bovis 4 
days after vaccination with modified-live IBR virus had 
more severe clinical signs and higher numbers of corneal 
ruptures than did calves infected with M bovis alone. IBR 
virus-vaccinated animals with IBK had increased numbers 
of M bovis isolates from tear film and higher total white 
blood cell counts. As such, vaccination with modified-live 
IBR virus should be avoided during the spring, summer, 
and fall months. Attempts to culture IBR virus from IBK- 
affected animals have been unsuccessful.78 

After vaccination, natural challenge, or experimental ex- 
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posure, concentrations of lacrimal and serum antibodies to 
M bovis vary. The protective value of IgG and IgA remains 
controversial.1oi Protection against a 2nd episode of IBK 
appears more related to lacrimal IgA than to serum IgG.Io1 
High concentrations of anti44 bovis IgG, IgM, and secre- 
tory IgA do not protect against infection and clinical dis- 
ease.Io1 Maternal antibody titers to M bovis decrease in 
calves between 3 and 4 months of age.Io2 The concentration 
of lacrimal and serum antibodies is influenced by the meth- 
od of vaccination. The highest degree of protection occurs 
when tear film antibodies (IgA) are induced by mucosal 
vaccination. I n 3  Serum antibody titers appear to correlate 
poorly with protection.Io3 Ocular challenge with virulent M 
bovis and clinical IBK produces high lacrimal IgA concen- 
trations and greater resistance to reinfection. Interestingly, 
cattle that recover from milder cases of IBK are not pro- 
tected against reinfection. I o 3  

Conclusions 
IBK is a challenging disease for the veterinary practi- 

tioner. The multifactorial influences that enhance the dis- 
ease frustrate both the practitioner and researcher. Treat- 
ment is often guided by management practices and preven- 
tative measures are limited. Continued research is necessary 
to further characterize factors that allow M bovis to over- 
come host defenses and cause disease. Methods to more 
successfully treat and reliably prevent IBK may be discov- 
ered as the defense mechanisms of the bovine eye are fur- 
ther characterized. 
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