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ABSTRACT 

Mice have occasionally been successfully infected 

with Moraxella bovis providing a model for Infectious 

bovine keratoconjunctivitis (IBK). 

In this study C3H/HeJ, CHeB/FeJ, DBA/2J and 

C57B1/6J mice were inoculated with several strains of M. 

bovis in attempts to establish a laboratory model for IBK. 

The C3H/FeJ strain is known to be resistant to 

the lethal effects of lipopolysaccharides and were 

compared with a non-resistant strain, CHeB/FeJ, to 

determine the difference in the pathogenicity of M. bovis 

between these strains. 

No infection was apparent in any of the strains. 

Light microscopy and transmission electron 

microscopy revealed no change in the structure or 

ultrastructure of the cornea had occurred from the M. 

bovis inoculation. 
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CHAPTER 1 

INTRODUCTION 

Infectious bovine keratoconjunctivitis (IBK), 

also known as Contagious Opthalmia, Contagious Keratitis, 

New Forests disease, and Pinkeye, is an acute infectious 

disease which is considered to be the most important 

ocular disease of cattle. Although rarely fatal, IBK 

makes its impact by its regularity in causing huge 

economical losses annually. 

The cost associated with IBK has been estimated 

in the millions of dollars each year for the United States 

(Troutt and Schurig, 1985). Many other countries suffer 

similar losses (Slatter, et al. , 1982; Killinger, et al., 

1977) . During the time an animal is affected there is apt 

to be a decrease in milk production, reduced weight gain 

and possibly permanent disfigurement (Slatter, et al., 

1982). These losses along with the added cost of treat

ment, veterinary services, and handling sick animals have 

given IBK its significance. 

Epizootics are most common during the warm summer 

and autumn months with the incidence decreasing when the 

colder months arrive (Hughes and Pugh, 1970). All breeds 

and ages can become infected, but IBK is most prevalent in 

1 
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Ilerfords, Shorthorns, Jerseys and Friesian. The highest 

incidence is among calves and may be as high as 90% within 

a herd (Baptista, 1979). Hughes and Pugh (1970) found 

that clinical infection in previously infected cattle 

occurs and the rate may be as high as 20%. It has been 

shown that light faced cattle are more prone to IBK than 

darker faced breeds (Ward and Nelson, 1979). 

Initial signs of IBK are characterized by lacri-

mation and ocular discharge accompanied by blepharospasm 

and photophobia. The face often becomes streaked with 

tears on the affected side. The eyelids become edematous 

and the conjunctiva appears pink or reddened and perhaps 

distended. In 2-4 days the center of the cornea may 

become cloudy. This often progresses to corneal ulcera

tion. The ulcer sometimes enlarges and the tissue sur

rounding the cornea becomes very congested. There can be 

drainage of a large volume of mucopurulent exudate. 

Corneal perforation can occur permitting entry of the 

infection to the interior of the eye. The iris may pro

trude through the perforation sealing the defect. The 

perforation heals with the formation of anterior synechia, 

which may result in blindness. Healing of lesser defects 

occurs with neovascularity and granulation tissue forming 

to fill the defect. A macula may remain for several years 
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at the site of ulceration. Most cattle are affected for 

2-4 weeks, with signs of pain usually present for 7 days. 

Moraxella bovis is the organism most commonly 

associated with IBK. It is isolated most frequently from 

the eyes of cattle with conjunctivitis and has been used 

to produce IBK in experimental cattle (Baptista, 1979; 

Marr, 1977; Blogg, 1980; Peiffer, 1983). Other organisms 

frequently isolated from the infected eyes of cattle are 

mycoplasmas, rickettsias and viruses (Marr, 1977). Each 

may play a role in the disease process although their 

exact relationship is unknown. Pugh, Hughes and Schultz 

(1976) concluded that mycoplasmas and infectious bovine 

rhinotracheitis virus (IRB) are not the cause of the IBK 

but may increase susceptibility to infection by M. bovis. 

Other bacteria frequently found in clinically normal eyes 

of cattle are staphylococci, strepococci, corynebacterium, 

and coliforms. Other factors thought to increase sus

ceptibility are dust, sunlight, pollen, wind, and flies 

(Troutt and Schurig, 1985; Baptista, 1979; and Pugh and 

Hughes, 1971). 

Chandler, et al. (1983) suggested that M. bovis 

causes corneal damage by direct invasion while Peiffer 

(1983) suggested the production of toxic substances such 

as endo- and exo-toxins are responsible. Peiffer (1983), 

and Kopecky, Pugh and Hughes (1980) have discussed the 
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hemolytic abilities of M. bovis and related them to its 

pathogenicity. Both groups noted only those strains which 

produce hemolysins were able to induce clinical disease in 

experimental animals. Sandhu and White (1977), Chandler 

(1983), Chandler, Baptista and Turfrey (1979), and 

Pedersen, Froholm and Bovre (1972) have cited the presence 

of pili on the bacteria as also being important for inva

sion of the cornea by aiding the baceteria to adhere to 

the corneal epithelium. Troutt and Schurig (1985) sug

gested that M. bovis "bores" through spaces between cells 

in the superficial layers of the corneal epithelium and 

rapidly multiplies in the deeper cellular layers. 

Schurig, et al. (1984) suggested that the virulence of M. 

bovis may not only depend on its ability to adhere but 

also its ability to destroy phagocytic cells which invade 

the site of corneal damage. 

Transmission of IBK through a herd can occur by 

direct contact or indirectly by face flies or contaminated 

objects (Troutt and Schurig, 1985; George, 1984). 

Gerhardt, et al. (1982) showed that face flies not only 

contribute to the spread of M. bovis but also to its main

tenance within a herd. In a study by Kopecky, Pugh and 

McDonald (1986) the transmission rate in the absence of 

face flies was shown to be 40%. This is much lower than 

expected. 
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Moraxella bovis has been isolated and character

ized as a Gram negative, short rod with rounded ends. It 

usually occurs in pairs or short chains. Cultures tend to 

be of two types, "rough" and "smooth." Simpson, White and 

Sandhu (1976) describe their "rough" colonies as round, 

umbionate, firm, dry and adhesive with a small zone of 

beta hemolysis around the colony. These colonies will 

autoagglutinate in distilled water. By electron micro

scopy observation bacteria from "rough" colonies have been 

found to have pili. The "smooth" type develop as small, 

flat, smooth, translucent colonies which lack adhesive

ness. These colonies fail to autoagglute in distilled 

water. Pili are not found upon electron microscopic 

observation. Schurig, et al. (1984) differentiated the 

two types by crystal violet staining. The "rough" or 

piliated colonies retain the stain and the "smooth" do 

not. Bovre and Froholm (1972) used agar corroding 

characteristics to discriminate between the two types. 

"Rough" strains corrode the agar beneath the colonies and 

"smooth" strains do not. 

Moraxella bovis is used by many researchers to 

induce IBK in experimental animals, cattle being the most 

frequent. Pugh and Hughes (1971) showed that direct con

junctival instillation following ultraviolet irradiation 
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was an effective method of inoculation to establish clini

cal IBK in cattle. Injecting M. bovis subconjuctivally 

into the eyelid has also been used to induce infection 

(Chandler, Turfrey and Smith, 1982). By using mycoplasmas 

and IBR separately and in conjunction with M. bovis, Pugh, 

Hughes and Schultz (1976) showed mycoplasmas have no rele

vancy on the induction of IBK. Infectious bovine rhino-

tracheitis virus was noted to naturally cause a type of 

conjunctivitis that is clinically distinct from IBK. 

Pugh, Hughes and Packer (1970) suggest the presence of IBR 

virus may create a more suitable environment for M. bovis. 

During a 5-year study of IBK in a beef heard, 

Hughes and Pugh (1970) showed solar ultraviolet (U.V.) 

radiation and new cases of IBK to follow a similar cycle, 

with new cases of IBK occurring just after U.V. intensity 

peaks. Later Kopecky, Pugh and Hughes (1980) demonstrated 

that U.V. enhanced the severity of infection in calves 

after they were inoculated with M. bovis. However, the 

relationship of U.V. and exactly how it contributes to the 

establishment of M. bovis infection is poorly understood. 

Pugh and Hughes (1968) suggested the irradiation could 

have a direct effect upon the cornea by injuring surface 

cells, thereby allowing M. bovis to adhere to the tissue. 

Other studies have shown that U.V. light can change cell-

mediated immune responses (Green et al., 1979) as well as 
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the integrity of the corneal epithelium (Buschke, 

Friedenwald and Moses, 1948). 

In order to avoid the high cost of cattle as an 

experimental animal, several researchers have sought a 

laboratory animal model for IBK. Pugh, Hughes and 

McDonald (1968) tried infecting sheep, rabbits, rats, 

guinea and mice. Sheep and mice developed a conjunctiv

itis similar to IBK in cattle when U.V. radiation was used 

in conjunction with M. bovis inoculation. Chandler et al. 

(1982) established keratoconjunctivitis by treating C57B1 

mice with cortisone before inoculating the conjunctiva 

with M. bovis. Gerber and Frank (1983) used female DBA/2J 

mice and a wire method of M. bovis inoculation to estab

lish keratitis. Guinea pigs, gerbils, bank voles, golden 

hamsters, and Chinese hamsters failed to develop a clini

cal response when inoculated with M. bovis. 

The severity of the disease and subsequent eco

nomic losses have spurred researchers into trials to 

develop an effective vaccine. Hughes et al. (1976) first 

tried a formalin-killed whole ceil vaccine. To develop 

immunity against a homologous strain of M. bovis repeated 

doses of the vaccine were needed. A vaccine using whole 

cell bacterins mixed with Freund's incomplete adjuvent 

also required repeated doses to develop an effective 

immune response. Pugh, Hughes and Booth (1977) later 
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tried a pili vaccine. Cattle challenged with a homologous 

strain were found to have developed antibodies against the 

pili. Gil-Turnes and Araujo (1982) showed that some 

strains of M. bovis have a more complex antigenic 

composition than others. 

In the attempt to develop a more effective vac

cine some researchers began to study the hemolysin pro

duced by M. bovis. Hemolysin is produced during the log 

phase of growth. Moraxella bovis hemolysin was found to 

have inactivation characteristics similar to ether hemo

lysins, e.g., it is inactivated by heat, formalin, and 

trypsin. Ostle and Rosenbusch, (1984) suggested the 

hemolysis is membrane-associated, located on membrane 

blebs. Antihemolysin against a single strain of M. 

bovis will provide antihemolytic activity against several 

strains of the bacteria (Ostle and Rosenbusch, 1985). 

Ostle and Rosenbusch (1984) also suggested that producing 

a vaccine to induce such an antihemolytic response might 

be more successful than were the attempts with killed 

bacterins and pili vaccines. 

M. bovis has been shown to produce other endo

toxins besides the hemolysins mentioned above. Henson and 

Grumbles (1961) described two toxins, a hemolytic toxin 

and a dermonecrotic toxin. Pugh, Hughes and Schultze 
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(1973) have suggested the presence of a specific oculo-

pathic substance due to their findings of hemorrhagic con

junctivitis in mice and periocular edema in cattle. 

Sultzer (1968) found that some closely related 

strains of mice have dramatic differences in endotoxin 

susceptability. C3H/Hej mice are highly resistant to the 

lethal effects of endotoxins and provide a model for 

studying possible mechanisms of their action. The closely 

related CHeB/FeJ and A/HeJ strains (Sultzer, 1969) are 

among the many strains not resistant to the endotoxins. 

This study was undertaken to develop an appropri

ate mouse model and determine the differences in patho

genicity of M. bovis in several stains of mice. The 

lipopolysaccharide-resistant strain of C3H/HeJ mice and 

the related non-resistant strain CHeB/FeJ were used. 

DBA/2J and C57B1/6J strains of mice were also used. 



CHAPTER 2 

METHODS 

Experimental Animals 

The strains of mice used in this study were: 

DBA/2J, C3H/HeJ, CKeB/FeJ, and C57B1/6J. All mice were 

five-week old females with the exception of 15 five-week 

old males in study 2. Mice were obtained from Jackson 

Laboratories, Bar Harbor, Maine. They were housed in 

metal cages, 6 or less to a cage, and given Purina mouse 

chow and fresh water ad libitum. Mice were observed for 2 

days prior to their use in experiments. 

Bacteria Cultures 

The sources of lypholyzed M. bovis cultures are 

presented in Table 1. Lypholoyzed cultures were moistened 

with sterile tryptic soy broth (TSB) using sterile inocu

lating loops and immediately streaked onto 5% sheep blood 

agar plates for isolation. After 24 hours incubation at 

37°C followed by 24 hours at 25°C, isolated colonies that 

showed autoagglutination in distilled water and pitting of 

the agar under the colony were selected. These colonies 

were streaked on a 5% sheep blood agar plate and incubated 

at 37°C for 24 hours followed by 24 hours at 25°C. A 

10 
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Table 1. M. bovis strains and sources 

Strain Origin Source 

MAC 74 1-26-83 NADL Ames, Iowa Central Plains Area 
PO Box 70 
Ames, Iowa 50010 

PEF 8-01 Dr. Robert B. Miller 
1600 E. Rollins Rd. 
Columbia, MO 65211 

ATCC 10900 July 27, 1979 Med-4 American Type 
Culture Collection 
12301 Parklawn Dr. 
Rockville, MD 20852 

sterile rubber spatula was used to scrape the bacteria 

into a sterile 10 ml screw cap tube containing 1 ml cold 

sterile TSB. The bacteria were immediately placed in a 

freezer at 60°C for storage. These were used as stock 

cultures. 

Inoculum 

Five blood agar plates were streaked with the 

appropriate stock culture and incubated at 37°C for 24 

hours. Growth from all plates was then scraped into a 

10 ml sterile tube containing 1 ml sterile TBS and placed 

on ice until use. This method gave a viable plate count 

of approximately 10 cells/ml. Inoculum consisted of 

approximately 0.1 to 0.2 ml of this solution. 
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An additional 5% sheep blood agar plate was 

inoculated for pili observation. A negative staining 

technique using 2% phosphotungstic acid (pH 7) was used to 

stain the bacteria for transmission electron microscopy 

(TEM). Stained bacteria were placed on a formvar and 

carbon coated grid and observed with a transmission 

electron microscope operating at 75 KV (Appendix B). The 

bacteria were considered not to have pili if none were 

observed among the first 200 bacteria seen. 

Inoculation of Mice 

All mice were anesthetized prior to inoculation 

by placing them in a jar containing cotton and ether. The 

right eyes of the anesthesized mice were immediately inocu

lated by either the swab or wire method. 

Swab Method 

A sterile calcium alginate swab (Calgiswab 

Type 1, sterile, Spectrum Diagnostic, Inc., 3 Science 

Road, Glenwood, IL 60425) was saturated with inoculum and 

then placed in the right conjunctival sac. The swab was 

drawn across the eye under each eyelid twice. This method 

delivered 0.1 - 0.2 ml of inoculum into the eye. 

Wire Method 

Corneas were abraded with a sterile 16 gauge 

multistranded copper wire by drawing the wire across the 



eye from the inner to the outer canthus twice. The eye 

was then inoculated using the swab method. Eyes used to 

demonstrate the result of scraping were scraped twice 

horizontally and vertically to insure sections with a 

cross section of the disrupted area were obtained. 

Cortisone Treatment 

An aqueous suspension of Betvet Soluspan 

(Scherrig Corp.) was used. Each ml contained: 12 rag 

betamethasone acetate and 3.9 mg betamethasone sodium 

phosphate. Cortisone was injected subcutaneously in the 

loose skin of the dorsal neck of mice 4 days prior to 

inoculation with bacteria. The amount varied between 

0.2 ml and 0.5 ml for different experiments (Tables 2 and 

3) . 

Collection of Samples 

Eye Cultures 

Eye cultures were obtained by swabbing the eye 

with a sterile, calcium alginate swab which was immedi

ately streaked on a 5% sheep blood agar plate. This plate 

was then incubated at 37°C for 24 hours. Criteria for 

positive identification of M. bovis were based on those of 

Pugh, Hughes, and McDonald (1966). These were (1) Gram 

negative non-motile diplobacillus, (2) failure to reduce 

nitrates or ferment carbohydrates, (3) proteolytic, 
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Table 2. Summary of Experiments 1-4 

M. bovis Strain and 
Group Mice Cortisone Innoculation Method 

Experiment 1: 

1 
2 
3 

5?CHeB/FeJ 
5?CHeB/FeJ 
5?CHeB/FeJ 

Experiment 2: 

0.25 ml ATCC 10900 swab 
0.50 ml ATCC 10900 swab 
0.00 ml NONE 

1  2d-3?CHeB/FeJ 0 .  5 0  ml FEF 3 - 0 1  wire 
2 2 o'3?CHeB/FeJ 0 .  5 0  ml FEF 8 - 0 1  swab 
3 3*2?C3H/HeJ 0 .  5 0  ml FEF 8 - 0 1  wire 
4  3 c r 2?C3H/HeJ 0 .  5 0  ml FEF 8 - 0 1  swab 
5  2 c f 3?CHeB/FeJ 0 .  0 0  ml NONE 
6  3 c f 2?C3H/HeJ 0 .  0 0  ml NONE 

Experiment 3 

1 
2 
3 
4 
5 

5?C57B1/6J 
5?C57B1/6J 
5?C57B1/6J 
5?C57B1/6J 
5$C57B1/6J 

Experiment 4: 

1 
2 
3 
4 
5 
6 

5?DBA/2J 
4?DBA/2J 
6?DBA/2J 
6?DBA/2J 
6?DBA/2J 
6?DBA/2J 

0.00 ml 
0.20 ml 
0.30 ml 
0.40 ml 
0.50 ml 

,00 ml 
50 ml 
,50 ml 
50 ml 

, 00 ml 
00 ml 

NONE 
ATCC 10900 swab 
ATCC 10 900 swab 
ATCC 10900 swab 
ATCC 10900 swab 

NONE 
NONE 

MAC 74 
MAC 74 
MAC 74 
MAC 74 

swab 
wire 
swab 
wire 

Each ml of cortisone contained 12 mg betamethasone and 
3.9 mg betamethasone sodium phosphate. 



Table 3. Summary of Experiments 5-7 
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M. bovis Strain and 
Group Mice Cortisone Innoculation Method 

Experiment 5: 

1 5?DBA/2J 0. 00 ml NONE 
2 4?DBA/2J 0. 50 ml NONE 
3 6?DBA/2J 0. 50 ml ATCC 10900 swab 
4 6?DBA/2J 0. 50 ml ATCC 10S00 wire 
5 6sDBA/2J 0. 00 ml ATCC 10900 swab 
6 6?DBA/2J 0. 00 ml ATCC 10900 wire 

Experiment 6: 

1 18?DBA/2J 0. 00 ml ATCC 10900 swab 
2 189DBA/2J 0. 00 ml ATCC 10900 wire 
3 12 ?DBA/2J 0. 00 ml NONE 

Experiment 7: 

1 18?DBA/2J 0. 40 ml ATCC 10900 swab 
2 18?DBA/2J 0. 40 ml ATCC 10900 wire 
3 12 ?DBA/2J 0. 40 ml NONE 

Each ml of cortisone contained 12 mg betamethasone and 
3.9 mg betamethasone sodium phosphate. 

oxidase positive, and give a 3-zone reaction in litmus 

milk, and (4) show no surface growth in liquid media. 

Mice were sampled to determine bacterial flora before use. 

Eyes 

Mice were killed by cervical dislocation and the 

right eye was immediately enucleated. A sterile blunt 

forceps was used to gently push the eye from the socket 

while using a sterile pair of iris scissors to sever the 
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eye muscles and optic nerve (Saunders and Rubin, 1975) . 

Eyes were immediately placed in a 4% gluteraldehyde solu

tion. Fixation was continued overnight at room tempera

ture. Special care was taken to avoid contact with the 

cornea during all procedures. 

Cornea-Processing for Observation 

Plastics 

Eyes were bisected dorsal-ventrally through the 

cornea. One-half was processed for glycol methacrylate 

plastic embedding and the other was processed for TEM. 

The calotte for glycol methacrylate was dehydrated in an 

ascending series of alcohols and embedded in Sorvall 

plastic embedding medium (Appendix A). Three micrometer 

thick sections were cut on a Sorvall Porter-Blum JB-4 

microtome. Sections were stained with Hematoxylin-Eosin 

(Appendix B). A modification of Kossa's method for 

calcium staining (Appendix B) was used on some sections. 

Epon-Araldite Embedding for TEM 

The cornea was removed from the remaining calotte 

and used for TEM study. The half-cornea was divided 

horizontally into 2 or 3 pieces approximately 2mm x 2mm. 

These were dehydrated in an ascending series of alcohols 

and embedded on edge in Epon-Araldite (Appendix C) . This 

method gave 2 to 3 blocks/mouse. Blocks were sectioned on 
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an AO/Reichert Ultracut Microtome using glass knives. 

Sections of approximately 90 to 150 nanometers were chosen 

by their gold-silver interference color. Sections were 

placed on an uncoated 300 mesh copper grid and stained 

with uranyl acetate and lead citrate (Appendix B). At 

least two grids were prepared from each block. Stained 

sections were observed in a Hitachi HU-12 transmission 

electron microscope operating at 75 KV. Observations of 

the shape or condition of nuclei, number of cells sluffing 

from the surface and the number and type of organelles in 

teh cells were made. The number'of layers making up the 

epithelium and the presence of „ any infiltrating cells 

either in the epithelium or the stroma were also noted. 

Photo Processing 

Kodak electron microscope film, no. 4489, was 

used for TEM photography. Film was developed in Kodak 

D-19. Kodak panatomic X film was used for light 

microscope photography. A Vivitar light green filter 

(no. 11) was added to a "daylight" blue filter to increase 

contrast of the stains. Panatomic film was developed in 

Kodak Microdol-X. Photographic prints were made on Kodak 

ultra-hard resin-coated paper using undiluted Dektol 

developer. 
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Experiments 

Tables 2 and 3 are provided as a summary of the 

following experiments. 

Experiment 1 was composed of three groups, each 

containing five randomly distributed female 5-week old 

CHeB/FeJ's mice. Groups 1 and 2 were pretreated with 

0.25 ml and 0.5 ml of cortisone respectively 4 days prior 

to inoculation with M. bovis strain ATCC 10900. Group 3, 

a control group, received neither cortisone nor bacterial 

inoculation. The right eyes of groups 1 and 2 were inocu

lated using the swab method. All groups were observed for 

2 weeks for clinical signs of conjunctivitis. Cages were 

held daily under a bright light and each mouse was 

observed for excess lacrimation, photophobia, increased 

blinking or any other signs of irritation or deviations 

from normal were noted. Eye swabs of 3 inoculated eyes 

were taken from each of the inoculated groups 48 hours 

after bacterial inoculation. After two weeks mice were 

sacrificed and the inoculated eyes removed for processing. 

Experiment 2 included 6 groups each with 5 five-

week old mice. Groups 1, 2 and 5 were CHeB/FeJ mice (2 

male, 3 female). Groups 3, 4 and 6 were C3H/HeJ's (3 

male, 2 female). Groups 1-4 were pretreated with 0.5 ml 

of cortisone 4 days prior to inoculation with the FEF 8-01 

strain of M. bovis. The wire method of inoculation was 
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used on groups 1 and 3 while the swab method was used on 

groups 2 and 4. Groups 5 and 6 were control groups and 

did not receive cortisone and were not inoculated with 

bacteria. Eye swabs of all inoculated mice were taken 48 

hours after bacterial inoculation. Mice were observed for 

clinical signs of conjunctivitis for 3 weeks following 

bacterial inoculation. 

Experiment 3 was made up of 5 groups each with 5 

five-week old female C57B1/6J. Group 1 v/as the control 

group and received neither cortisone nor bacterial inocu

lation. Group 2 was pretreated with 0.2 ml, group 3 

received 0.3 ml, group 4 received 0.4 ml and group 5 

received 0.5 ml of cortisone. Groups 2-5 were inoculated 

with M. bovis strain ATCC 10900 using the swab method. 

Eye cultures were taken from the inoculated groups 

72 hours after bacterial inoculation. Mice were observed 

for clinical signs of conjunctivitis for 2 weeks following 

bacterial inoculation. After the 2 weeks mice were sacri

ficed and the inoculated eyes were enucleated for 

processing. 

Experiment 4 had 6 groups of 5-week old female 

DBA/2J mice. Control groups 1 and 2 had 5 and 4 mice 

respectively. The remaining groups had 6 mice each. 

Group 1 received neither cortisone nor bacterial inoculum. 

Group 2, a cortisone control, received 0.5 ml of cortisone 
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but no bacterial inoculum. Groups 3 and 4 were pretreated 

with 0.5 ml of cortisone while groups 5 and 6 received no 

cortisone. Groups 3-6 were inoculated with strain MAC 74. 

Groups 3 and 5 were inoculated with the swab method and 

groups 4 and 6 were inoculated with the wire method. Mice 

were observed for clinical signs of conjunctivitis for 2 

weeks following bacterial inoculation. After the 2 weeks 

the mice were sacrificed and the inoculated eyes were 

enucleated for processing. 

Experiment 5 was a replica of study 4 except that 

the strain of M. bovis used was ATCC 10900. 

Experiment 6 had 48 five-week old female DBA/2J 

mice randomly divided into 3 groups. Groups 1 and 2 had 

18 mice and group 3 had 12 mice. All groups were housed 

in subgroups of 6 mice each. Group 1 and 2 were inocu

lated with ATCC 10900 using the swab and wire methods 

respectively. Group 3 was given sterile TBS broth using 

the wire method. Three mice from groups 1 and 2 were 

killed at each of the following times: immediately after 

inoculation, 24 hours, 48 hours, 72 hours, 7 days and 2 

weeks. Two mice were killed from group at these same 

times. All surviving mice were observed daily and their 

condition at time of death was noted. Eye swabs were 

taken from each mcsue before they were killed. 
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Experiment 7 was a replica of study 6 except all 

mice, including controls, were pretreated with 0.4 ml of 

cortisone, and eye swabs were taken at 24, 48, and 72 

hours prior to sacrificing mice. 



CHAPTER 3 

RESULTS 

Clinical Observations 

All mice showed slight occular irritation by 

closing the affected eye shortly after inoculation. All 

eyese appeared normal within 30 minutes after inoculation. 

Mice pretreated with cortisone, including the cortisone 

controls, showed dehydration, polyuria, and increased 

water intake within 24 hours of treatment. Severity of 

these signs increased until approximately 48 hours after 

treatment and then decreased for the subsequent 4 to 5 

days. Mice appeared essentially normal 7 days after the 

cortisone injection. Mice receiving lower doses of 

cortisone were less severely affected. Some mice devel

oped a shallow ulcer 3 to 5 mm in diameter at the site of 

cortisone injection. These healed normally. 

In experiment 4 one mouse in group 2, the corti

sone control group which received 0.5 ml of cortisone, was 

found dead on the seventh day following cortisone treat

ment. Signs of ailment besides the changes described 

above for all cortisone treated mice had not been seen. 

Necropsy and histophathology of the mouse showed the lungs 
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to have necrotic foci with accumulation of many inflamma

tory cells, predominantly neutrophils. Erythrocytes were 

in adjacent areas and proteinaceous material were in the 

alveoli. The cause of death was determined to be pneu

monia. Other organs were not remarkable. One mouse in 

group 3, having received 0.5 ml cortisone and MAC 74 by 

the swab method, was found dead on the same day. Histo-

pathology revealed changes similar to those just 

described. The cause of death was pneumonia. On the 

eighth day after cortisone treatment a mouse in group 3 

was observed to have increased lacramation in the inocu

lated eye. An eye culture was negative for Gram negative 

rods. The mouse died five days later with the eye lesion 

unchanged. Histopathologic changes were compatible with 

death due to pneumonia. Moraxella bovis was not isolated 

from the eye at the time of death. No other changes were 

noted in the remaining mice except for those occurring 

after cortisone treatment. 

Mortality in experiment 5 was similar to that in 

study 4. Two mice in group 2, the cortisone control group 

receiving 0.5 ml of cortisone, died on the fourth and 

sixth days respectively following the cortisone treatment. 

Two mice from group 3, which received 0.5 ml cortisone and 

ATCC 10900 by the swab method, died on the eleventh day 

after cortisone treatment. No changes in their eyes were 
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noted. Histopathology of all four mice was like that pre

viously described. The cause of death was pneumonia. 

Except for the cortisone changes noted above, the remain

ing mice appeared normal throughout the study. 

Bacteriology 

Growth of ATCC 10900 on 5% sheep blood agar 

plates was typical for "rough" type M. bovis. Colonies 

autoagglutinated in distilled water. The Gram stain was 

typical for M. bovis showing Gram negative short 

diplobacilli with rounded ends singly and in short chains. 

Two colony types were present when MAC 74 was 

initially grown, a "rough" and a "smooth" type. The Gram 

stains of both were indistinguishable and were typical for 

M. bovis. The "rough" type colony was chosen for 

harvesting as the stock solution. 

FEF 8-01 was a typical "rough" type of M. bovis. 

Pili Observation 

Pili could be demonstrated only on M. bovis 

strains ATCC 10900 (Figure 1) and FEF 8-01. Only 5% of 

the bacteria studied were observed to have pili. 

Eye Cultures 

Eye swabs were collected from incoming mice and 

all were found to have a strain of staphlococci. The 

DBA/2J were also found to have a Gram negative rod not 



Figure 1. Pili on M. bovis ATCC 10900.— Transmission 
electron micrograph of M. bovis ATCC 10900 
demonstrating pili (P) . Incubation was for 24 
hours at 37°C followed by 17 hours at room 
temperature. Magnification 100,000X. 



26 

found in the other strains. This Gram negative rod was 

not identifiable using the API system. No mice showed the 

presence of M. bovis when cultured on arrival. Results of 

cultures taken during the studies are summarized on 

Table 4. Moraxella bovis was not isolated from eyes of 

any of the mice in these studies. 

Light Microscopy 

Figures 2 and 3 demonstrate the normal cornea for 

CH3/HeJ and C57B1/6J respectively. Corneas from other 

strains did not have significant morphologic differences. 

The corneal epithelium consisted of 6-8 layers of 

squamous epithelial cells. Bowman's layer could not be 

demonstrated in any strains. The stroma was layered with 

occasional fibroblasts throughout. Decemet's membrane 

appeared smooth and the endothelium, one cell thick, was 

consistent and was not interrupted. 

There were disrupted areas of stroma adjacent to 

the basal epithelium in the central 1/4 - 1/3 of the 

cornea in several control DBA/2J mice (Figures 4 and 5) . 

The corneal epithelium was attenuated or degenerated in 

these areas. This lesion extended through several stromal 

lamellae in some places and had pyknotic nuclei around the 

periphery. Occasionally there were areas of normal stroma 

in the affected areas. Sometimes there were a few neutro

phils in the epithelium and areas of stromal degeneration. 



Table 4. Bacteriology of Eye Cultures 
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# of Time After Type of Bacteria 
Study Cultures Incubation Isolated 

1 6 48 Hours Gram+ Cocci 

2 30 48 Hours Gram+ Cocci 

3 20 72 Hours Gram+ Cocci 

6 6 48 Hours Gram+ 
Gram-

Cocci 
Rods* 

and 

6 72 Hours Gram+ 
Gram-

Cocci 
Rods* 

and 

6 7 Days Gram+ 
Gram-

Cocci 
Rods* 

and 

6 2 Weeks Gram+ 
Gram-

Cocci 
Rods* 

and 

7 6 24 Hours Gram+ 
Gram-

Cocci 
Rods* 

and 

6 48 Hours Gram+ 
Gram-

Cocci 
Rods* 

and 

6 72 Hours Gram+ 
Gram-

Cocci 
Rods* 

and 

6 7 Days Gram+ 
Gram-

Cocci 
Rods* 

and 

*Gram negative rods that were present when mice arrived 
and were not identifiable using an API system. They were 
not M. bovis. 



Figure 2. Normal cornea of CH3/HeJ mice.— Light 
micrograph showing the normal cornea of the 
CH3/HeJ strain of mice. Magnification 800X. 
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Figure 3. Normal cornea of C57B1/6J mice.— Light 
micrograph showing the normal cornea of the 
C57B1/6J strain of mice. Magnification 800X. 
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Figure 4. Corneal lesions in DBA/2J mice at low 
magnification.— Light micrograph of the 
defect found in 16% of the DBA/2J mice studied. 
Magnification 80X. 
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Figure 5. Corneal lesions in DBA/2J mice at high 
magnification.— Light micrograph showing the 
vacuoles formed by the degenerated cells. 
Magnification 800X. 



Many areas had undergone mineralization. A modified 

Kossa's stain for calcium was positive (Figure 6). The 

lesions occurred in 16% of the DBA/2J mice studied. 

Eyes collected immediately after scraping with 

wire had disrupted areas of superficial epithelium 

(Figures 7 and 8) . Small areas of the surface epithelial 

layer were detached or missing. Twenty-four hours after 

scraping there were infiltrates of neutrophils in some 

parts of the stroma adjacent to epithelial damage 

(Figure 9) . Intraepithelial edema occurred in the 

superficial cells of the epithelium that remained 

(Figure 10). 

Transmission Electron Microscopy 

Significant differences in the ultrastructure of 

the cornea were not found among the different strains of 

mice. Figures 11, 12, 13, and 14 demonstrate the epi

thelium of strain C3H/HeJ, CH/FeJ, C57Black and DBA/2J 

respectively. The epithelium consisted of 6 to 8 layers 

of cells. The first 3 to 4 layers were flat squamous 

epithelium with the outer most layer usually having 

elongated nuclei occasionally with marginated, condensed 

nuclear chromatin. These outermost cells were sometimes 

separated from the surface epithelium (Figure 13). Dark 

cells having microvilli and light cells with no microvilli 

occurred. All surface cells had only small numbers of 
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Figure 6. Lesion of DBA/2J stained with Kossa's stain.— 
Light micrograph showing the stromal lesion in 
DBA/2J mice after staining with Kossa's calcium 
stain. The black areas represent the mineral
ized portions. Magnification 800X. 
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• Figure 7. Cornea immediately after wire scraping.— 
Light micrograph showing the immediate results 
of scraping the eye with wire. Note the sepa
ration of the epithelial layer. Magnification 
80X. 



Figure 8. High magnification 
scraping.— Light 
the area in Figure 

of cornea immediately after 
micrograph showing part of 
7. Magnification 800X. 



Figure 9. Inflammation in corneal stroma.— Light micro
graph showing the accumulation of neutrophils 
in the stroma 24 hours after scraping the 
cornea with wire. Some edema is evident in the 
superficial epithelial cells. Magnification 
80X. 
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Figure 10. Intraepithelial edema in scraped cornea.— 
Light micrograph showing the intraepithelial 
edema in the superficial cells 24 hours after 
scraping the cornea with wire. Magnification 
80X. 
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Figure 11. Ultrastructure of C3H/HeJ strain.— Trans
mission electron micrograph of the corneal 
epithelium of C3H/HeJ mouse. Note the 
microvilli (P) present on the surface cells, 
(m) represents mitochondria with lucent spaces. 
Magnification 16,000X. 
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mission electron micrograph of CH/FeJ strain 
mouse. Note how the superficial epithelial 
cell (Nu) has a space separating it and the 
cell below. Magnification 16,000X. 
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Figure 13. Ultrastructure of C57B1/6J strain.— Trans
mission electron micrograph of the epithelium 
of a C57B1/6J mouse. Squamous epithelial cells 
with flattened nuclei (A). Cuboidal epithelial 
cells with spherical nuclei (B). Basal colum
nar cellular layer (C) . Note the elongated 
nuclei in this layer. Magnification 16,000X. 
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Figure 14. Ultrastructure of DBA/2J strain. 
mission electron micrograph shows a typical 
DBA/2J corneal epithelium. (Nu) nucleus of 
superficial epithelial cell. Magnification 
16,000X. 
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organelles. The central layer of cells was more cuboidal. 

The nuclei were more spherical (Figure 11). The mito

chondria had noticeable lucent intercristal spaces 

(Figures 11 and 14) . The basal layer was composed of 

columnar cells with centrally located oval nuclei. A 

basement membrane separated the basal layer from stroma. 

Epithelial cells were attached to this membrane by 

hemidesmosomes (Figure 15). Bowman's membrane or layer 

was not demonstrated in these mice (Figure 15). The 

stroma was composed of bundles of collogen fibers arranged 

in layers. Fibroblasts were among the obliquely oriented 

collogen layers. Their cytoplasmic extensions extended 

long distances (Figure 16). The collogen fibers were 

uniform in shape and diameter. The innermost stroma was 

bound by Descemet's membrane (Figure 16). The posterior 

surface of the cornea was covered by a single layer of 

endothelial cells. 
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Figure 15. Ultrastructure of Epithelial-Stromal junc 

tion.— This transmission electron micrograph 
demonstrates: Incomplete nuclei of basal epi
thelial cells (Nu), mitochondria (m), ribosomes 
(r) , hemidesmesomes (h) , basal lamilla (B) and 
stroma (s). Magnification 16,000X. 
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Figure 16. Descemet's layerandtheendothelium This 
transmission electron micrograh includes the 
corneal stroma in which a fibroblast (f) is 
indicated. Descemet"s layer (d) and 
endothelium (E). Magnification 16,000X. 



CHAPTER 4 

DISCUSSION 

All strains of mice failed to show signs of 

keratoconjunctivitis in any of the experiments. This 

might have been due to the bacteria inoculated, the 

strains of mice, method of incoculation and pretreatment, 

some combination thereof, or factors not perceived. 

Bacteria 

Factors relating to the bacteria resulting in 

failure of mice to show signs of keratoconjunctivitis 

could have been: the absence of pili during the time 

pertinent to bacterial infection, titers too low for 

bacterial infection or inhibition of some factor by 

maintenance on sheep blood agar. Researchers have noted 

the importance of pili on M. bovis to establish an infec

tion (Pedersen, Froholm and Bovre, 1972) . Though the 

bacteria may have had pili at the time of inoculation the 

percentage of bacteria observed to have pili was only 5%. 

This percentage may have been too low for the bacteria to 

becom eestablished at the time of inoculation. The titer 

used for inoculation was approximately lO^"*" viable cells/ 

ml which is similar to the titers used in cattle reported 
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by other investigators (Chandler, et al., 1983 and Kopech 

and Pugh 1983). Perhaps a more concentrated inoculum of 

the strains used in these experiments was necessary for 

successful infection of mice. Failure of the bacteria in 

inoculum to develop a necessary but unknown "growth" or 

"invasion" factor needs consideration. Albeit some 

investigators have not specified the species type of blood 

agar used in maintaining and growing the M. bovis others 

have specified bovine blood. It could be that the use of 

5% sheep bloood agar in these experiments allowed typical 

colony morphology and bacterial in vitro growth charac

teristics, but failed to allow development of some 

"infection" promoting factor or toxin. Bovre and Frohcim 

(1972) noted some characteristics of M. bovis to vary when 

grown on human blood agar rather than bovine blood agar. 

Mouse Strains 

C57B1/6J mice failed to become infected using 

either the swab or the wire method for inoculation with or 

without the pre-inoculation use of cortisone. Chandler 

(1983) successfully infected C57B1 with his "GS" strain of 

M. bovis. Apparent differences between his trials and 

experiment 3 were the strain of bacteria used and the 

probability that C57B1 mice in England vary from those 

available in the United States. 
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None of the DBA/2J mice whether pretreated with 

cortisone or not had any apparent response to either the 

ATCC 10900 or the MAC 74 strains of M. bovis. Reasons for 

failure were not apparent. Others have not mentioned the 

lesions in the cornea of these mice. It might be that the 

mineralization in the anterior stroma altered the physio

logical function of the corneal epithelium in a manner to 

interfere with establishment of the M. bovis infection. 

Mineralization in the anterior stroma and edema of 

epithelial cells in the cornea of DBA/2J mice resembled 

the changes of "bank keratopathy" (Peiffer, 1983) . This 

condition was in eyes collected within 24 hours after the 

mice arrived. Mineralization of the lesion strongly sug

gests the condition had existed at least for several days. 

The cause of this condition in these mice is unknown. It 

may be secondary to some intraocular disease or may be a 

primary form of a systemic metabolic disorder (Yanoff and 

Fine, 1982) . Gerber and Frank (1983) did not report 

histological findings to confirm the DBA/2J mice did not 

have preexisting lesions. 

In the absence of a detectable clinical response 

and failure to isolate M. bovis from the inoculated eyes 

there is not assurance that any of the mice were suscept

ible to M. bovis inoculation. Most cattle that develop 

IBK become culturally negative after recovery (Pugh and 



48 

McDonald, 1986) and the reinfection rate of cattle is low 

(Hughes and Pugh, 1970). While it seems unlikely that the 

four strains had developed immunity to M. bovis the possi

bility cannot be excluded with the information available 

here. 

Inoculation Methods and Pretreatment 

The methods of inoculating eyes of the mice could 

have been ineffective. Methods as described by investi

gators who successfully induced ocular infections were 

followed. Of course demonstration of their technique was 

not available and it might be that they inoculated in a 

manner different from the description. Pugh, Hughes and 

McDonald (1968) used U.V. irradiation in conjunction with 

bacterial inoculation. Conditioning of the mice with U.V. 

irradiation might have altered establishment of infection. 

It is well known that exposure to adequate amounts of U.V. 

will induce morphologic and physiologic alteration of the 

cornea. Futher U.V. acts to reduce local and systemic 

immunity in some species. Scraping the cornea before 

inoculation should have produced a similar disruption of 

corneal epithelial structure. However this scraping 

apparently disrupted only the 2 or 3 most superficial 

layers of cells while the U.V. energy levels used would 

have penetrated all epithelial layers. The cortisone 

undoubtedly depressed systemic immunity, but it may be 
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that U.V. depresses local immunity in addition to systemic 

immunity in a manner to allow establishment of infection. 

Seven of the cortisone treated mice died from 

pneumonia in these experiments. No such deaths were 

reported by Chandler (1983) in his trials using the same 

concentrations of cortisone. The pneumonia could have 

developed from a latent infection of the mice. Supression 

of the immune system could have allowed development of 

this infection. Alternatively, the mice could have con

tracted the pneumonia during inoculation of M. bovis. 

This would not account for the development of pneumonia in 

the control mice. The control mice were housed in 

separate cages in the same room, but there was continuous 

air exhaust and methods insured that controls were handled 

before infected mice. Other signs such as dehydration, 

polyuria and increased water consumption were not reported 

in his trials. 

These experiments strongly suggest that the mouse 

is not an appropriate model for IBK. Reasons for the few 

successes reported by others are not apparent. 

Conclusions 

(1) CHeB/FeJ, C3H/HeJ, C57B1/6J, and DBA/2J mice 

do not make an appropriate mouse model for bovine infec

tious and keratoconjunctivitis when inoculated with ATCC 
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10900 , FEF 8-01 or MAC 74 strains of M. bovis under the 

conditions of these studies. 

(2) Cortisone treatment before inoculation did 

not result in development of keratoconjunctivitis in these 

mice. 

(3) Comparison of the difference in pathoge

nicity between the lipopolysaccharide susceptible and 

resistant strains of mice was not feasible due to the 

failure of mice to establish any apparent infection. 



APPENDIX A 

PLASTIC EMBEDDING 

The following procedure was used to process and 
embed the eyes for light microscope observation. 

1. Dehydrate gluteraldehyde fixed eyes for 1 
hour in 50% ethyl alcohol (EtOH). 

2. Rinse once with 70% EtOH then dehydrate for 
1 hour in 70% EtOH. 

3. Rinse once with 95% EtOH then dehydrate for 
1 hour in 95% EtOH. 

4. Infiltrate on a rotary disc overnight with 
one change of infiltrate. 

Solution for infiltrating: 
50 parts A* to 5 parts B* 

5. Prepare monomer: 
50 parts A* to 5 parts B* and 2 parts C* 
Mix for 30-60 seconds 

6. Immediately pipette 1-2 mis of monomer into 
specimen molds. 

7. Add specimens to right hand corners making 
sure edges are flush to bottom of the mold. 

8. Cover the samples with the block holder and 
pipette monomer through the hole until molds are full. 

9. Polymerize in a vacuum for 2 and 1/2 hours 
or overnight. 

*Sorvall Embedding Medium 
DuPont Company 
Clinical and Instrument Systems Division 
Sorvall Products 
Wilmington, Delaware 19898 
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APPENDIX B 

STAINS 

Hematoxylin-Eosin stain for plastics 

1. Place slides with cut sections (heat fixed) 
in Mayer-Bennett Hematoxylin for 15 minutes. 

2. Rinse in running tap water for 10-20 
minutes. 

3. Rinse in distilled water. 

4. Place in Eosin-Phloxine* for 5 minutes. 

5. Rinse in distilled water until clear. 

6. Dip 3-5 times in 95% EtOH. 

7. Dry and mount. 

*Working Eosin-Phloxin: 
12.5 mis Eosin 
1.25 mis Phloxin 
97.5 mis 95% EtOH 
0.5 mis Acetic acid 

Lead citrate - Uranyl Acetate stain 
for Electron Microscopy 

1. Place a drop of 5% saturated uranyl acetate 
onto dental wax. 

2. Place the grid on the drop, section side 
down. 

3. Cover grid and let stand for 20 minutes. 

4. Rinse grid in distilled water. 
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5. Place grid on a drop of Reynolds' Lead 
citrate stain* section down for 10 minutes. 

6. Rinse grids in 3 changes of distilled water. 

7. Dry with filter paper. 

*Reynolds1 Lead Citrate stain. 

(A) 10.56 gm Na3(C6H507)*H_0 in 90 mis distilled H„0 
£ tL 

(E) 7.98 gm Pb (NO-)* in 90 ml distilled H„0. 
3 ^ 

1. Mix 15 ml A with 15 ml B and shake one minute 

2. Add 8 ml IN NaOK 

3. Dilute to 50 ml with distilled water (pH should be 
1 2 . 0 - 1 2 . 1 )  

Negative Stain for pili observation 

1. Choose an isolated colony and remove it from 
the plate being careful not to gouge the blood agar. 

2. Suspend the colony in a small amount of 
distilled water. 

3. Mix 15 drops of this suspension with 4-6 
drops of 1% bovine albumin and 4-6 drops of 2% 
Phosphotungstic acid* 

4. Either Place a drop of the mixture on a 
formvar and carbon coated grid and 
let stand for 1 minute and then 
remove the excess with filter 
paper 

or Place all of the mixture into a 
nebulizer and spray 20-25 times 
holding 5-7 inches from the 
formvar and carbon coated grid. 
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*2% Phosphotungstic acid pH 7 

1. Make a 2% (w/v) solution of PTA by adding 2 grams 
phosphotungstate to 100 mis distilled H2C 

2. Raise to pH 7 with 1 N HOH 

Kossa's Method for Calcium 

From the Manual of Histologic Staining Methods of 
the Armed Forces Institute of Pathology, Third edition, 
Lee G. Luna editor. 

Variation used in this study: 

1. Place slide in silver nitrate nitrate 
solution for 5 hours in direct sunlight. 

2. Rinse in distilled water. 

3. Place in Sodium thiosulfate solution (5% 
sodium thiosulfate) for 2 minutes. 

4. Rinse in distilled water. 

5. Counterstain in nuclear fast red solution 
for 5 minutes. 

6. Rinse in distilled water. 

7. Dip in 95% EtOH. 



APPENDIX C 

EPON-ARALDITE EMBEDDING 

1. Rinse cut specimens 3 times with Millonig's 
phosphate buffer.* 

2. Put specimens into Millonig's fixative** for 
1-1/2 hours. 

3. Rinse with distilled water 3 times. 

4. Dehydrate in 35% EtOH for a few minutes. 

5. Dehydrate in 70% EtOH for 15 minutes, 
changing once. 

6. Dehydrate in 90% EtOH for 30 minutes, 
changing once. 

7. Place in Absolute EtOH for 30 minutes, 
changing once. 

8. Repeat step 7. 

9. Place in Propylene oxide for 30 minutes. 

10. Change Propylene oxide and let stand for 30 
more minutes. 

11. Place in 2:1 propylene oxide/Epon-Araldite 
mixture'' for 1 hour. 

12. Place in 1:2 propylene oxide/Epon-Araldite 
mixture for 1 hour. 

13. Place in 100% Epon-Araldite overnight 
uncapped (do not add accelerator). 

14. Embed material in Epon-Araldite with 
accelerator (.15 ml DMP-30 per 30 mis mixture). Each 
piece was oriented on the cut edge so cross sections of 
the cornea could be cut. 
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15. Place in over at 60°C for 24-48 hours to 
polymerize. 

*Millonig's Buffer 

83 mis of 2.26% Solution of monosodium phosphate 
17 mis of 2.52% solution of Sodium hydroxide 
10 mis of distilled water 
gives pH about 7.3 

**1% Osmium in Millonigs buffer 

99 cc 1s warm Millonig's buffer 
add 1 vial (1 gram) of osmium 
before use add 1 cc of 5.4% glucose to 10 cc1s of osmium 
solution. 

*Epon-Araldite 
Ted Pella Inc. 
Box 510, Tustin, CA 92680 

Epon 812 75.00 mis 
DDSA (Sodecenyl Succinic 

Anhydride) 165.00 mis 
Araldite 502 45.00 mis 
DBP (Dibutyl phalate) 9.00 mis 
DMP-30 (Accelerator) .15 mls/30 mis above 
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