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Genetic and environmental factors associated with incidence of infectious
bovine keratoconjunctivitis in preweaned beef calves'

G. D. Snowder*?, L. D. Van Vleckf, L. V. Cundiff*, and G. L. Bennett*

*ARS, USDA, U.S. Meat Animal Research Center, Clay Center, NE 68933 and fLincoln, NE 68583

ABSTRACT: Infectious bovine keratoconjunctivitis
(IBK) is one of the most economically important dis-
eases in preweaned calves. This study examined the
health records of 45,497 calves over a 20-yr period to
determine environmental and genetic factors influenc-
ing the incidence of IBK. Three data sets were analyzed
with an animal model. The first data set (n = 41,986)
evaluated environmental factors and genetic differ-
ences among nine purebred (Angus, Braunvieh, Charo-
lais, Gelbvieh, Hereford, Limousin, Pinzgauer, Red
Poll, and Simmental) and three composite breeds
(MARC I, MARC II, and MARC III). Weaning weights
of calves diagnosed with IBK were 8.9 kg lighter (P <
0.05) than weights of healthy calves. Incidence of IBK
was related to age of the calf and the seasonal life cycle
of the face fly (Musca autumnalis). Incidence of IBK
increased in the spring (June), peaked during the sum-
mer months (July to September), and then decreased
in the fall. Herefords were the most susceptible breed
(P < 0.05) compared with all other purebreds and com-
posites. Estimates of direct heritability for the incidence
of IBK were generally low and ranged from 0.00 to 0.28
by breed. The maternal permanent environmental and

genetic effects of the dam on the incidence of IBK were
not significant for most breeds. The second data set (n =
9,606) was used to estimate heterosis for the incidence
of IBK from a Hereford and Angus diallel design. The
heterosis effect for the incidence of IBK in reciprocal
Hereford/Angus crossbred calves was slightly negative
(P = 0.12) but not large. The higher incidence of IBK
in Angus x Hereford calves compared with Hereford x
Angus calves (13.3 vs. 8.9%) suggests a maternal effect
related to the incidence of IBK. Incidence of IBK in
crossbred calves sired by tropically adapted breeds
(Brahma, Boran, Tuli) compared with purebred and
crossbred Bos taurus types was investigated in the third
data set (n = 2,622). Crossbred calves sired by tropically
adapted breeds had a lower incidence of IBK than most
Bos taurus types (P < 0.05), but they were not different
than either reciprocal crosses of Hereford and Angus
or purebred Angus calves. Response to selection for
decreasing the incidence of IBK is likely to be slow
because of low heritability and low incidence in most
breeds. Significant breed differences for incidence of
IBK may be important to some producers and manage-
ment systems.
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Introduction

Infectious bovine keratoconjunctivitis (IBK), com-
monly known as pinkeye, annually affects more than
10 million calves in the United States with an esti-
mated economic loss of more than $150 million (Han-
sen, 2001). Greater than 29% of cattle operations sur-
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veyed by NAHMS (1998) reported IBK as an economi-
cally important disease. Approximately 1.3% of
breeding cows are affected annually with IBK
(NAHMS, 1997). Infection by IBK significantly lowers
calf growth rate (Thrift and Overfield, 1974; Ward and
Nielson, 1979).

The most common bacterial pathogen to cause IBK
is Moraxella bovis (Brown et al., 1998). Pathogenesis
of the disease is influenced by many factors, such as
season, mechanical irritation (dust, grass, weeds, etc.),
host immune response, eye pigmentation, concurrent
pathogens, environment, and strain of M. bovis. Trans-
mission of M. bovis is by direct contact, nasal and
ocular discharges, and most commonly by the face fly
(Musca autumnalis; Brown and Adkins, 1972). Control
of M. autumnalis is the general approach to IBK pre-
vention. Vaccination for M. bovis has not been success-
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ful (Brown et al., 1998). Results of treatment including
tropical, subconjunctival, and i.m. administration of
antibiotics or antimicrobial drugs have varied ac-
cording to the severity of IBK (Brown et al., 1998).

Breed differences for incidence of IBK have been
reported. Herefords may be more susceptible than
most other breeds (Frisch, 1975; Webber and Selby,
1981). The lack of eyelid pigmentation has been associ-
ated with increased incidence of IBK (Ward and Niel-
son, 1979; Caspair and Wood, 1980; Pugh et al., 1986).
In Herefords, the lack of eye pigmentation has also
been associated with ocular squamous carcinoma (can-
cer eye; Vogt et al., 1963).

The extent to which genetic selection and breeding
will decrease the incidence of IBK is unknown. Esti-
mates of heritability of incidence of or resistance for
IBK were not found in the literature. The objective of
this study was to estimate breed differences and ge-
netic effects on incidence of IBK.

Materials and Methods

Data

Birth and health records of 45,497 calves from the
U.S. Meat Animal Research Center, Clay Center, NE,
over a 20-yr period (1983 to 2002) were evaluated. The
calving season typically began in mid-February and
continued until early June, averaging 104 d. Calves
were born in an open pasture. At birth, calves were
weighed, dehorned, ear-tagged and tattooed for identi-
fication, and the navel was treated with iodine. Most
bull calves were castrated by surgical excision. Man-
agement, pasture description, and supplemental feed-
ing of cows and calves were previously described by
Cundiff et al. (1998). At approximately 42-d of age
when cows were placed into breeding pastures, calves
were vaccinated with an 8-way Clostridial and a 5-
way Leptospirial vaccine. At approximately 165 d of
age, calves were given booster vaccinations of Clostrid-
ial and Leptospirial vaccines and a modified live vac-
cine for infectious bovine rhinotracheitis, parainflu-
enza-3, and bovine viral diarrhea.

Calves were monitored daily by the staff veterinar-
ian and/or beef cattle research technicians for health
from birth until weaning at an average age of 194
d. Diseases were detected by physical examination,
necropsy, or laboratory analyses and recorded. Re-
cords for IBK generally included unilateral and bilat-
eral frequency but not severity code. The records were
binary; for healthy cattle, the code was 200, and for
IBK-infected cattle, the code was 100. To avoid multi-
ple records on the same calf, which may have been
due to lingering IBK or to reinfection, only the initial
observed infection during the preweaning period was
considered. Treatment of calves diagnosed with IBK
included injections of antibiotics (oxytetracycline and
ceftiofur sodium) and topical application of antimicro-
bial cloxacillin benzathine to the eye, which was then
covered with an eye patch.

Table 1. Number of records, average age when infectious
bovine keratoconjunctivitis (IBK) was diagnosed, inci-
dence rate of IBK, and culling loss due to IBK for calves
by breed and over all breeds

Group No. Age, d Incidence, % Culled, %
Angus 6,347 155 3.7 0.4
Hereford 4,579 112 22.4 0.8
Red Poll 998 120 3.1 0.0
Charolais 2,878 137 6.5 0.9
Simmental 1,775 121 7.6 0.0
Limousin 961 128 3.4 0.0
Gelbvieh 2,391 135 2.1 0.0
Pinzgauer 908 121 1.3 0.0
Braunvieh 907 139 1.8 0.0
MARC I 4,336 131 3.9 0.7
MARC II 4,959 132 3.7 0.4
MARC III 10,947 118 5.9 0.1
Overall 41,986 123 6.5 0.3

Whether an animal was tolerant or resistant to IBK
could not be determined. Traditionally, tolerance is
defined as the ability of an infected animal to show
little or no measurable detrimental effect of the dis-
ease, whereas resistance is defined as the ability of
the animal to resist infection or to limit the lifecycle
of the infecting microbe. In this study, the term “resis-
tant” was used to describe an animal that was not
detected with clinical symptoms of IBK without regard
to whether the animal was truly tolerant, resistant,
subclinically infected, or not exposed to IBK causing
organisms. Therefore, the trait measured was inci-
dence of clinical IBK as observed under field con-
ditions.

Three related sets of data were analyzed. The first
set (n = 41,986; Table 1) consisted of nine pure breeds
(Angus, Braunvieh, Charolais, Gelbvieh, Hereford, Li-
mousin, Pinzgauer, Red Poll, and Simmental) and
three composite breeds (MARC I, MARC II, and MARC
III). These animals were part of a large germplasm
utilization study conducted to evaluate heterosis re-
tention and use of breed differences in composite popu-
lations (Gregory et al., 1991, 1999). Most of these pure-
bred and composite populations were present in each
of the 20 yr except for Braunvieh (1983 to 1992), Red
Poll (1983 to 1993), Simmental (1983 to 1997), Limou-
sin (1983 to 1992), and Pinzgauer (1983 to 1993). No
purebred or composite population was represented for
less than 10 yr. Because an upgrading breeding pro-
gram had been practiced to develop some of the pure-
bred groups, animals with 7/g and /i of their genes
from that breed were included in their respective pure-
bred group when individual breeds were analyzed.

The second data set included Angus (n = 4,331),
Hereford (n = 3,564), and their reciprocal crosses
(Hereford-Angus, n = 970; Angus-Hereford, n = 741).
Because reciprocal crosses were not present in 1991,
1995, 1996, 2001, and 2002, the data set was limited
to years when both purebreds and reciprocal crosses
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were present. This data set was used to estimate the
effect of heterosis on the incidence of IBK for Hereford
and Angus crossbred calves.

Because only one scientific study had previously
compared Bos indicus to Bos taurus cattle (Frisch,
1975), the incidence of IBK in tropically adapted
breeds was compared to that for British and composite
breeds. The third data set enabled comparison of cross-
bred calves from MARC III dams sired by either tropi-
cally adapted breeds (Brahma, Boran, and Tuli) or
sired by Hereford or Angus bulls, and also with pure-
bred Hereford, Angus, and MARC III calves. Animals
were from Cycle IV of the germplasm utilization study
(Gregory, 1999). All calves were born in one of two
pastures each year from 1992 to 1994. The breeds were
approximately evenly distributed each year across
both pastures.

The data sets were edited before analyses to remove
possibly incorrect records. Records on calves subjected
to research protocols such as varying nutritional regi-
mens, hormonal therapy, and antibody challenges,
which may have influenced health or performance of
it or its dam were removed. Only records of spring-
and single-born calves that survived for at least 3 d
postpartum were included. Records of calves with an
unknown parent or born to a yearling heifer and of
calves that died of a disease or other cause prior to
weaning were not included.

Information for each calf included day of birth,
weight at birth, age at weaning, age when IBK was
first detected, and sex (male, including bulls and cas-
trates, or female). Age of dam was grouped into five
classifications: 2, 3, 4, 5 through 7, and 8 yr or older.
Year of record, sex of calf, and age of dam were com-
bined into a single factor. A code for birthing difficulty
(dystocia) was assigned with a range of 1 to 7. Prelimi-
nary analyses found birthing difficulty not to be a sig-
nificant effect related to IBK incidence, so it was not
included in subsequent analyses.

Statistical Procedures

The pedigree files used to calculate the relationship
matrices for breed specific data sets ranged in size
from 1,059 to 12,547 with animals born between 1968
and 2002 (Table 2). For most breeds, the numbers of
sires and dams with calves were large. The weighted
average inbreeding coefficient of inbred animals for
all breeds was low (3.2%).

Descriptive Statistics

Descriptive statistics included overall IBK incidence
by year, by age of calf, and by calendar day, and unad-
justed means by germplasm group for IBK incidence.
The general effect of IBK on calf weaning weight was
estimated by using the GLM procedure of SAS (SAS
Inst., Inc., Cary, NC). Data were limited to calves that
survived to weaning and were either healthy (no re-

Table 2. Numbers of animals, sires and dams in the pedi-
gree file, numbers of inbred animals, and average in-
breeding coefficient (F) of inbred animals by breed

Breed Total Sires Dams Inbred F, %
Angus 7,327 313 2,475 278 2.6
Hereford 5,837 300 1,851 236 34
Red Poll 1,178 42 386 171 3.8
Charolais 3,281 181 1,022 1,075 1.6
Gelbvieh 2,617 147 804 825 2.0
Simmental 2,213 103 1,187 125 3.1
Braunvieh 1,118 50 414 69 4.0
Limousin 1,153 66 372 78 3.4
Pinzgauer 1,059 56 290 137 3.9
MARC I 4,691 165 1,417 1,017 1.7
MARC II 5,517 155 1,592 1,120 2.2
MARC III 12,547 173 4,697 1,853 2.6

corded disease code) or diagnosed with IBK. The analy-
sisincluded all breeds. The model included fixed effects
for breed, year of record, sex of calf, age of dam, calving
difficulty code, and health code (healthy or IBK). Age
at weaning was included as a linear covariate. Because
the effect of age of calf when IBK was diagnosed was
not significant (P = 0.23) in preliminary analyses, age
of calf when diagnosed was not included. Differences in
weaning weight between healthy and IBK-diagnosed
calves were tested using Tukey’s range test.

Germplasm Groups

Variance components were estimated for each pure
and composite breed. All available pedigree informa-
tion between 1968 and 2002 for each breed was used.
Variance components were estimated using single-
trait models with a derivative-free REML algorithm
(Graser et al., 1987) using the computer programs of
Boldman et al. (1995). Local convergence was consid-
ered to have been reached when the variance of the
-2 logL in the simplex was less than 1 x 107%. Global
convergence was considered attained when the —2 log
likelihoods did not change to the third decimal after
restarting. Standard errors of heritability estimates
were based on the average information matrix and the
“delta” method (e.g., Dodenhoff et al., 1998). The year-
age of dam-sex of calf code combination was included
as a fixed factor in the model. Calendar date of birth
and birth weight were included as covariates. Random
effects included the calf (genetic direct), permanent
environmental effect of the dam, and the maternal
genetic effect of the dam.

Four different models were compared (full model,
two reduced models, and a constrained full model) for
each breed. The permanent environmental effect of
the dam was deleted in the first reduced model (R1).
In the second reduced model (R2), the permanent envi-
ronmental and maternal genetic effects of the dam
were both deleted. The constrained model was identi-
cal to the full model, but the covariance of the direct
and maternal direct effects was constrained to zero.


http://jas.fass.org

510 Snowder et al.

The reduced and constrained models were compared
with the full model by likelihood ratio tests. The most
appropriate model was identified as the full model or
a reduced model with a likelihood not significantly
different from that for the full model.

Data from all purebred and composite breeds also
were combined into an overall analysis. The full model
included fixed effects for breed of calf, breed-year,
breed-age of dam, and breed-sex of calf. Calf birth
weight was not included because birth weight may be
part of the breed effect. The three additional models
equivalent to those in the individual breed analyses
(R1, R2, and constrained model) were also used to
obtain a pooled estimate of the genetic correlation be-
tween the direct and maternal genetic effects, and to
determine the most appropriate model.

Breed-specific solutions related to the incidence of
IBK were derived from the most appropriate overall
model. Contrasts between breed specific solutions
were tested for significance with a Student’s ¢-test.
The Hereford breed, which had the greatest incidence
of IBK, was chosen as the reference breed for the com-
parisons.

Heterozygosity

The effect of heterozygosity on decreasing the inci-
dence of IBK was estimated with the data set con-
taining records on Angus, Hereford, and their recipro-
cal crosses. The statistical analyses were similar to
those previously described for the individual breed
analyses with the omission of calf birth weight. Con-
trasts were constructed to test for differences between
Hereford and Angus (combined direct and maternal
breed test), purebreds vs. reciprocal crosses (classical
heterosis test), and Angus x Hereford vs. Hereford x
Angus (maternal test).

Tropically Adapted Breeds

The hypothesis of greater inherent resistance to IBK
by tropically adapted breeds was investigated using a
third REML analyses. The statistical model included
fixed effects for the year-age of dam-sex of calf combi-
nations (n = 22), breed and breed combinations (n =
16), and pasture location (n = 2). Julian day of birth
was included as a covariate. Although the breed of
sire of calves from MARC III dams was known, the
individual sire of the calves was not known because
most matings occurred in multisire pastures. To ac-
count for breed of sire, covariates summing to 1 within
a calf for sire breed type(s) were included. The struc-
ture of the data set did not permit estimation of perma-
nent environmental and maternal direct effects. Pairs
of germplasm specific solutions were contrasted with
a Student’s ¢-test. The Hereford breed was chosen as
the arbitrary reference breed for the comparisons.

Results and Discussion

The use of field data for analyses of diseases can
be subject to limitations. Potential limitations may
include failure to accurately distinguish between phe-
notypes of healthy and sick animals; dependency of
disease expression on epidemic level; false assumption
that the disease observed is the primary infection; lack
of knowledge of the influence of passive immunity on
disease incidence; and susceptibility of disease biased
by time, age, or season dependency. These limitations
cannot always be accurately accounted for in the anal-
ysis of field data.

Another limitation with these data is that because
animal movement across pasture groups was not well
recorded, spatial and temporal clustering effects could
not be accounted for accurately. Clusters of diseases
can occur within a group, pasture, herd, or region. Not
accounting for clustering when it occurs may lead to
false conclusions (Carpenter, 2001). The REML analy-
ses partially account for clustering by considering con-
temporary groups, which averages out the effects of
years and pastures from the sire effects. The estimates
of genetic parameters from REML procedures would
not be expected to be greatly influenced by clustering.
The effect of spatial and temporal clustering on vari-
ance estimation for disease traits, however, needs fur-
ther investigation.

The incidence of IBK was less than 4% for most
breeds (Table 1). The Hereford breed was most affected
(22.4%), with more than three times the overall aver-
age of 6.5%. Not considering the Hereford breed, the
weighted average incidence of IBK was 4.5%. Breeds
with the next highest incidences were Simmental
(7.6%), Charolais (6.5%), and MARC III (5.9%). Other
studies have reported a higher incidence of IBK in
Herefords than in other breeds. A survey of Missouri
cattle producers indicated that Hereford cattle have a
significantly higher risk of IBK compared with Angus,
Charolais, Holstein, and Shorthorn cattle (Webber and
Selby, 1981). In 12- to 18-mo-old heifers, Herefords had
an incidence of 43% compared with 21% in Simmentals
(Burns et al., 1988). The incidence of IBK in calves
before weaning was significantly higher in purebred
Herefords than in Angus-Hereford crossbreds (87 vs.
21%, Ward and Nielson, 1979).

Weaning weight was significantly reduced by IBK
infection. The adjusted weaning weight of calves diag-
nosed with IBK was 8.9 kg less (P < 0.05) than for
healthy calves (196.8 and 205.7 kg, respectively). Few
calves diagnosed with IBK were culled (Table 1). In
the Charolais breed, approximately 1% of all infected
calves were culled. The economic significance of IBK
in this herd does not seem to be large, except for the
Hereford breed.

Previous studies support the results that the effect
of IBK on the Hereford breed is detrimental to produc-
tion. The adjusted 205-d weaning weight of Hereford
heifer calves infected with IBK was 18 kg less than
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Figure 1. Incidence rates by year of infectious bovine
keratoconjunctivitis in preweaned beef calves from 1983
to 2001.

uninfected calves (Thrift and Overfield, 1974). Body
weights of 8-mo-old Hereford x Shorthorn crossbred
calves infected with IBK were 11.5 kg less than healthy
calves (Frisch, 1975). Bilateral infection of Hereford
calves caused a threefold decrease in 205-d weaning
weight compared with unilateral infection (16 vs. 5 kg;
Killinger et al., 1977). When infected Hereford calves
were treated frequently, a difference of 1.7 kg for 205-
d weaning weight was observed between infected and
healthy calves (Ward and Neilson, 1979). The eco-
nomic significance of IBK may be greater for producers
of breeding stock than for commercial beef producers
because ocular scaring as a result of IBK greatly di-
minishes the value of purebred cattle.

Environmental Factors

Incidence of IBK varied across years (Figure 1). An-
nual incidence ranged from 1 to 28%, with a peak
incidence in 1994. Generally, the incidence was less
than 10%. The Hereford breed exhibited a greater inci-
dence of IBK compared with all other breeds during
years of increased infection (1988, 1992, 1994, and
2002; Figure 2), as well as during years of low infection
in other breeds (1984 and 1999). Because Hereford
cows and calves were generally in pasture with other
breeds during most of the preweaning period, cluster-
ing of the disease is not likely the reason for greater
incidence in the Herefords.

Incidence of IBK was related to age of the calf (Fig-
ure 3). At approximately 45 d of age, the number of
calves infected per day began to increase. From ap-
proximately 80 to 130 d of age, the number of calves
infected per day remained high. After 130 d of age,
the incidence began to decline until all calves were
weaned. Previous studies indicated that calves less
than 90 d of age were highly susceptible to IBK
(Hughes et al., 1976; Pugh et al., 1979). The current
study suggests the high level of susceptibility and/or
exposure extends to 130 d of age.

Methods for prevention of IBK in young calves are
limited. Vaccination of young calves for Moraxella
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Figure 2. Incidence of infectious bovine keratoconjunc-
tivitis within Hereford (—M-) and non-Hereford (-@-)
breeds by year.

bovis bacterin has not proven successful (Hughes,
1981). Although calf vaccination for M. bovis may de-
crease the incidence of IBK (Pugh et al., 1980a), vacci-
nated calves do not develop a protective immune re-
sponse until 4 to 6 wk after vaccination (Hughes and
Pugh, 1975). Vaccination of pregnant cows decreased
the incidence and severity of IBK when calves were
fed their colostrum (Pugh et al., 1980b, 1982). After 3
to 4 mo of age, maternal antibody titers in the calves
decrease (Maidment and Batty, 1986). Vaccinations
with M. bovis bacterin will not decrease IBK caused
by other organisms, such as Branhamella ovis, Listeria
monocytogenes, mycoplasmas, infectious bovine rhino-
tracheitis virus, nematodes (Thelazia gulosa and
skrjabini), and Rickettsia conjunctivae (Baptista,
1979).

A seasonal influence was indicated for date of detec-
tion of IBK in calves (Figure 4). In the spring (approxi-
mately June 18), there was a sharp increase in the
number of infected calves. Daily incidence peaked dur-
ing the hot summer months (approximately July 17 to
September 15). In the fall, the daily incidence rate
declined. The numbers of infected calves by age (Figure
3) and by date (Figure 4) were partially confounded
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Figure 3. Number of calves diagnosed with infectious
bovine keratoconjunctivitis by day of age diagnosed.
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Figure 4. Number of calves diagnosed with infectious
bovine keratoconjunctivitis by calendar day.

because of their relationship to day of birth, although
the calving period was spread over an average of 104 d.

Seasonal expression of IBK (Figure 4) is strongly
associated with the life cycle of the face fly (Musca
autumnalis), a dominant vector for transmission of M.
bovis. After hibernating over winter, M. autumnalis
emerge in the United States during the spring (March
through May; Moon et al., 1991) to mate and lay their
first batch of eggs at an average date of April 20
(Krafsur et al., 1985). The female deposits her eggs
exclusively in manure pats. The length of time for the
egg to develop into an adult is temperature-dependent,
but it averages approximately 14 d (Krafsur and Moon,
1997). The expected mean life span of M. autumnalis
is 10 d (Krafsur, 1995). As the year progresses, genera-
tions overlap with a seasonal maximal density typi-
cally observed in early to mid-summer (June to early
August in Missouri, Thomas and Puttler, 1970; June
through August in North Dakota, Peterson and Meyer,
1982; and June to July in Iowa, Krafsur and Moon,
1997). As infestation of the face fly increases during
the summer, there is a related increase in the fre-
quency of IBK (Cheng, 1967). In the fall (September
to October), as a response to lower temperatures and
decreased photoperiod, emerging flies enter diapause
and move to an overwintering hibernaculum.

Female face flies predominately irritate cattle be-
cause they are attracted to cattle facial secretions and
blood excretions as a protein source for egg develop-
ment (Van Geem and Broce, 1985). Feeding flies often
irritate the host’s eye with their sharp prestomal
spines, which cause superficial lesions and increased
secretion of tears. The face fly carries M. bovis by re-
taining the bacteria in its crop and by regurgitating
viable bacteria onto the feeding substrates (Krafsur
and Moon, 1997). Therefore, prevention and control
methods for IBK commonly include application of pes-
ticides to decrease the number of flies.

The increased incidence of IBK during mid- and late
summer coincides with the annual peak of solar ultra-
violet radiation which occurs from mid-June to mid-
August in the central United States. Solar radiation

may predispose the bovine eye to bacterial infection
(Hughes and Pugh, 1970; Webber and Selby, 1981).
Infectious bovine keratoconjunctivitis has been in-
duced in calves by exposure to artificial sunlamps
emitting ultraviolet radiation and to M. bovis (Hughes
et al., 1965; Kopecky et al., 1980). Studies in humans
and rabbits found that ultraviolet radiation irritates
the superficial corneal epithelium and may lead to
separation of the corneal epithelium, which predis-
poses the cornea to infection (Dolin and Johnson, 1994;
Young, 1994). However, very little ultraviolet radia-
tion with wavelengths of less than 285 nm, which is
associated with keratitis, penetrates the earth’s atmo-
sphere. Thus, exposure to ultraviolet radiation may
only be a predisposing cause of keratitis (Kopecky et
al., 1980).

Germplasm Groups

Estimates of genetic parameters varied across
breeds and were also influenced by the model used
(Table 3). The full model was the significantly better-
fit model for Hereford, Limousin, Pinzgauer, MARC I,
and MARC II breeds. The permanent environmental
effect of the dams was not a significant effect for the
Angus, Simmental, and MARC III breeds, so that the
R1 model was not significantly different from the full
model. The maternal permanent environmental and
genetic effects of the dam were not significant (R2
model) for Red Poll, Charolais, Gelbvieh, and Braun-
vieh calves. For most breeds, constraining the covari-
ance of the direct and maternal effects to zero was not
beneficial. In some breeds, the —2log L. were lower in
the reduced models, which may have been due to
rounding error associated with the small variance esti-
mate for maternal direct effects and the genetic corre-
lation, as evidenced by a positive genetic correlation
in the full model and a negative correlation in the
reduced models.

Estimates of direct heritability for IBK resistance
were small for most breeds. For the nine breeds with
low heritability estimates, the estimates ranged from
0.00 to 0.13 (Table 3). Heritabilities at or near zero
were estimated for Red Poll, Charolais, Gelbvieh and
Braunvieh. Heritability estimates were greatest in An-
gus (0.25), Hereford (0.28), and MARC III (0.26)
breeds. No previous reports of estimates of heritability
for IBK resistance were found in a comprehensive lit-
erature search.

The effect of the dam on the incidence of IBK was
not important for most breeds. Estimates of variance
due to maternal permanent environmental effects
were near zero in the best fitting models for Hereford,
Limousin, Pinzgauer, MARC I, and MARC II, ranging
from 0.0 to 3.4 d2. Except for the Simmental breed, the
best fitting models that included the maternal direct
effect estimated the heritability of the maternal direct
effect to be small, ranging from 0.02 to 0.11. The impor-
tance of maternal direct effects was larger in the Sim-

mental breed (hZ,, = 0.20 £ 0.04).
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Table 3. Comparison of models for variance components of and genetic parameters for
resistance to infectious bovine keratoconjunctivitis in pure and composite breeds®”

Estimate

Breed Model  —2logL¢ o2 02 ok Ohat h? hZ . Tam
Angus Full 0.00 300 76 0 29 0.25+0.04 0.10+0.03 -0.93+0.05

R1 0.00 300 76 29  0.25+0.04 0.10+0.02 —-0.93+0.04

R2 45691 295 29 0.10 + 0.02

C 45709 295 30 0 0 0.10+0.02 0.00+0.01 —
Hereford Full 0.00 1439 397 0 41 0.28+0.05 0.03+0.03 -1.00+0.37

R1 40.449 1434 323 7 0.23+0.05 0.01+0.02 -1.00+1.78

R2 14.13¢ 1439 284 0.20 + 0.03

C 14.13¢ 1440 284 0 0 0.20+0.03 0.00+0.02 —
Red Poll Full 0.00 297 27 5 29  0.09+0.10 0.10+0.09 -1.00+ 0.27

R1 1.42 303 33 39  0.11+0.10 0.13+0.08 -1.00+0.20

R2 -2.95 291 0 0.00 + 0.03

C -4.56 291 0 12 0 0.00+0.04 0.00+0.04 —
Charolais Full 0.00 494 1 0 1 0.00+0.02 0.00=+0.02 1.00 + 0.32

R1 -0.14 494 1 2 0.00+0.02 0.00+0.01 -0.58+3.60

R2 -0.07 494 1 0.00 + 0.01

C -0.82 494 0 3 0 0.00+0.02 0.00+0.01 —
Simmental  Full 0.00 652 51 0 131 0.08+0.04 0.20+0.08 1.00 + 0.46

R1 -0.20 665 63 132 0.10+0.05 0.20 £ 0.04 1.00 + 0.40

R2 21.23¢ 566 40 0.07 + 0.04

C 9.30¢ 630 32 0 188 0.05+0.04 0.30+0.08 —
Limousin Full 0.00 312 33 3 35 0.11+0.10 0.11+0.12 -1.00+0.23

R1 -5.109 302 0 0 0.00+0.04 0.00+0.05 0.98 + 0.54

R2 -5.09¢ 303 2 0.01 +0.03

C -5.85¢ 303 1 13 0 0.00+0.04 0.00+0.05 —
Gelbvieh Full 0.00 192 9 0 6 0.05+0.03 0.03+0.03 -0.52+0.37

R1 0.00 192 9 5 0.05+0.03 0.03+0.02 -0.52+0.37

R2 1.77 192 8 0.04 + 0.02

6] 1.06 192 9 0 3 0.04+0.02 0.01+0.02 —
Pinzgauer  Full 0.00 148 13 0 8 0.09+0.08 0.06+0.06 1.00 + 0.80

R1 -27.61¢ 130 33 6 0.02+0.06 0.04+0.05 -1.00+1.06

R2 -26.534 130 0 0.00 + 0.04

C -26.53¢ 130 0 0 0 0.00+0.04 0.00+0.03 —
Braunvieh  Full 0.00 172 0 0 7 0.00+0.06 0.04+0.10 1.00 + 0.58

R1 7.494 187 23 71  0.12+0.11 0.38+0.11 -1.00 +0.22

R2 0.71 172 2 0.01 + 0.04

C 0.67 171 1 3 0 0.00+0.05 0.00+0.06 —
MARC I Full 0.00 378 34 0 21  0.09 £0.03 0.06 +0.02 1.00 + 0.25

R1 -120.39¢ 331 10 6 0.03+0.02 0.02+0.01 -0.76+0.29

R2 -117.75¢ 330 5 0.02 £ 0.01

C -117.75¢ 330 5 0 0 0.02+0.01 0.00+0.00 —
MARC II Full 0.00 349 47 0 9 0.13+0.03 0.02+0.02 1.00 + 0.37

R1 -102.66¢ 313 16 2 0.05+0.02 0.00+0.01 -1.00+0.88

R2 -100.42¢ 312 10 0.03 £ 0.02

C -102.66¢ 312 10 0 0 0.03+0.02 0.00+0.01 —
MARCIII  Full 0.00 538 140 0 32 0.26+0.04 0.06+0.02 -0.89+0.06

R1 0.02 537 140 32 0.26+0.04 0.06+0.02 -0.89+0.05

R2 52.98¢ 531 76 0.14 + 0.02

C 51.95¢ 532 75 0 3  0.14+0.02 0.01+0.01 —

2Full model includes 02, 02%at, Tae, aDd COVa mat; R1 includes 02, o2, and €ov, mat ; R2 includes o2 C restricts

the covariance between the direct and maternal effects to zero.

52 = phenotypic variance; o2 = additive genetic variance; %, = maternal permanent environmental

variance; 02,; = maternal genetic variance; h? = heritability estimate; h2,,; = maternal heritability estimate;

Tam = genetic correlation of direct and maternal genetic effects.

‘Difference in —2log likelihoods from full model within a breed group.
4The —2logL is significantly different from the full model within a germplasm group, P < 0.05.

The genetic correlations between the direct and ma-
ternal effects as estimated in the best-fitting full and
R1 models were variable and ranged from —1.00 to
1.00. Extreme correlations are not usual and were of-
ten caused by rounding error when one of the variances
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is small such as the maternal effect in most breeds in
this study.

With all breeds considered simultaneously, the best-
fitting model from the across breed analysis was R1,
which excluded only the permanent environmental ef-
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Table 4. Comparison of models to estimate variance components for incidence of infectious
bovine keratoconjunctivitis in a data set with all pure and composite breeds

Estimate®
Model*  —2logL* ag o2 of,e Olat CoVa mat h? hZ . Tam
Full 0.00 510 113 0 25 —47 0.22+0.02 0.05+0.01 -0.89 + 0.03
R1 0.00 510 113 25 -47 0.22+0.02 0.05+0.01 -0.89 + 0.03
R2 1281 507 67 0.13 £ 0.01
C 1281 507 67 0 0 0 0.13+0.01  0.00 £ 0.00 0.00 £ 0.00

aFull model includes 02, 02,41, 02, and €OV, mat; R1 includes 02, o2, and cov, may ; R2 includes o2; C includes

2 2 2 -
Oa; Opes Omats and Cova,mat =0.

52 = phenotypic variance; o2 = additive genetic variance; 02, = maternal permanent environmental

variance; 02, = maternal genetic variance; COV, mat = covariance of direct and maternal effects; h? =heritability

estimate; h2,, = maternal heritability estimate; r,,, = genetic correlation of direct and maternal genetic

effects.
‘Difference in —2log likelihood from full model.

dThe —2logL is significantly different from the full model, P < 0.05.

fect of the dam (Table 4). The estimated direct herita-
bility in the across-breed analysis was 0.22 + 0.02.
This larger heritability estimate was not surprising
because it is similar to a weighted average of the indi-
vidual breed heritability estimates. In this analysis,
the Hereford, Angus, and MARC III breeds contributed
to 52% of the across-breed sampling size and had an
average heritability of 0.26 (Table 3).

Breed-specific solutions (unreported) were closely
related to breed incidences of IBK in Table 1. Breed-
specific solutions were deviated from the solution for
the Hereford breed (-32.5) in Table 5. Because of the
difference in the codes assigned to healthy (200) or
IBK-infected (100) calves, when an original solution
is added to the overall mean (193.5) minus 100, the
result is approximately the percentage of healthy
calves. As a result of the pairwise contrasts, significant
breed differences were detected for incidence of IBK
(Table 5). As previously concluded, Hereford calves
had a significantly higher incidence of IBK compared
with all other breeds. Although Simmental and MARC

II had lower incidences of IBK than Herefords, they
had significantly higher incidences of IBK than most
other breeds. Angus calves had a significantly lower
incidence of IBK than Simmental, MARC I, and MARC
II calves.

Increased incidence of IBK in the Hereford breed
has been associated with the absence or decreased
eyelid pigmentation, although the phenotypic correla-
tion between pigmentation and incidence of IBK is
small (-0.19; Ward and Nielson, 1979). The genetic
correlation between amount of eyelid pigmentation
and incidence of or resistance to IBK has not been
reported. The degree of bovine eyelid pigmentation
varies from none to total pigmentation. Herefords have
less pigmentation and higher incidences of IBK than
Hereford crossbreds (Ward and Nielson, 1979; Pugh
et al., 1982). Eyelid pigmentation was absent from 20
to 40% of Herefords from three different herds (Ander-
son et al., 1957). Pigmented eyelids in Herefords are
susceptible to IBK but with a lower incidence than for
nonpigmented eyelids (48 vs. 76%, Frisch, 1975; 28 vs.

Table 5. Solutions by germplasm group and t-values for contrasts for pairs of breed of sire solutions for infectious
bovine keratoconjunctivitis

Group®  Solution® ~ ANG ~ RDP  BRV ~ SIM  LIM CHA  GLB PIN M1 M2 M3
HER 0.00 16.32  4.30  10.88*  2.04*  10.27*  15.09%  11.34*  11.24*  11.31%  7.52% 1155
ANG 35.50 0.22 094  941*  0.28 0.83 0.62 0.52 2.89% 731 138
RDP 33.73 0.63  3.40%  0.09 0.51 0.47 0.43 0.76  211* 029
BRV 39.04 7.80%  1.00 0.31 0.30 0.38 2.89%  5.78% 185
SIM 5.94 7.04%  9.43*  7.89%  T.81%  651%  3.44%  T.19%
LIM 34.49 0.88 0.73 0.65 183  4.86*  0.79
CHA 37.81 0.04 0.13 3.40%  7.37T%  1.99%
GLB 37.68 0.08 271%  580% 161
PIN 37.33 2.62¢  572¢ 152
M1 27.65 3.86% 118
M2 16.94 4.78"
M3 31.41

“HER = Hereford; ANG = Angus; RDP = Red Poll; BRV = Braunvieh; SIM = Simmental; LIM = Limousin; CHA = Charolais; GLB = Gelbvieh,;
PIN = Pinzgauer; M1 = MARC I; M2 = MARC II; M3 = MARC III.
bSolutions are expressed as differences from Hereford.
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Table 6. Number and incidence (%) of infectious bovine
keratoconjunctivitis in Hereford, Angus, and their recip-
rocal crosses

Germplasm No. Incidence, %
Hereford 3,564 22.4
Angus 4,331 3.7
Hereford x Angus 970 8.9
Angus x Hereford 741 13.3

36%, Pugh et al., 1986). The heritability estimate for
eyelid pigmentation in Hereford cattle is moderately
large (0.44 + 0.13, Anderson et al., 1957; 0.27 + 0.23
and 0.55 + 0.33, Vogt et al., 1963). Selection for eyelid
pigmentation in Herefords can have only limited suc-
cess in decreasing the incidence of IBK because the
incidence is high in Herefords with pigmented eyelids.
Another genetically influenced susceptibility or con-
tributing factor may be present in the Hereford breed,
such as a decreased antibacterial efficacy of the tear
solution compared with other cattle breeds (Davidson
et al., 1993).

Heterozygosity

Incidences of IBK varied in the Hereford, Angus,
and reciprocal cross data (Table 6). Incidence was
greatest in Hereford, least in Angus, and intermediate
in reciprocal crosses. Higher incidence in Angus x
Hereford calves compared with Hereford x Angus
calves (13.3 vs. 8.9%) suggests a maternal effect re-
lated to incidence of IBK.

The most acceptable model for estimating (co)vari-
ance components for incidence of IBK in Hereford, An-
gus, and their reciprocal crosses was the R1 model
(Table 7), which did not include permanent environ-
mental effects of the dams. The direct heritability esti-
mate was larger (0.38) than our previous overall esti-
mate of 0.22.

Solutions for breeds and reciprocal crosses for inci-
dence of IBK were Hereford = 0.00, Angus = 21.4,
Hereford x Angus = 16.2, and Angus x Hereford = 12.8.
The Angus breed had a significantly lower incidence of
IBK than Herefords (¢-value = 15.2). From the classical
heterosis test for purebreds based on reciprocal
crosses, the reciprocal crosses had a lower incidence
of IBK than the combined purebred parental breeds
(t-value = 3.5). Comparison of the ¢-values for the pure-
bred contrast with the heterosis contrast (15.2 vs. 3.5)
suggests a slightly negative heterosis effect on the inci-
dence of IBK, or at least that the heterosis effect is
not large. Contrasts of the reciprocal crosses for a ma-
ternal effect were suggestive of a possible maternal
breed effect (P = 0.12). The maternal breed effect on
incidence of IBK should be studied further.

Tropically Adapted Breeds

Analyses of the data with tropically adapted breeds
supports the finding of Frisch (1975) that crossbred
Bos indicus calves have a lower incidence of IBK than
crossbred Bos taurus calves. The incidence of IBK was
greater in purebred Herefords, MARC III, and cross-
bred Hereford/MARC IIT and Angus/MARC III calves
compared with other germplasm (Table 8). Crossbred
calves sired by the tropically adapted breeds (Brahma,
Boran, and Tuli) had lowest the incidences of IBK.
Statistical tests of contrasts of germplasm group solu-
tions from the REML analyses (Table 9) support these
unadjusted values. With the highest incidence
(33.6%), Herefords differed significantly from all other
germplasm groups. Herefords, MARC III, Hereford/
MARC III, and Angus/MARC III had greater inci-
dences of IBK (Table 8) and significantly differed from
calves sired by tropically adapted breeds. Tropically
adapted sire breeds did not differ for incidence of IBK.
The incidence of IBK did not differ statistically be-
tween calves from reciprocal crosses of Herefords and
Angus, and purebred Angus compared with calves

Table 7. Comparison of models to estimate variance components for incidence of infectious
bovine keratoconjunctivitis from Hereford, Angus, and reciprocal crosses

Estimate®
Model*  —2logL* 012, o2 0']239 Ooat CoVamat h? hZ . Tam
Full 0.00 996 375 0 115 -196.32 0.38£0.04 0.12+0.04 -0.95 + 0.07
R1 0.00 996 374 114 -195.31 0.38+0.04 0.11 £0.03 -0.95 + 0.04
R2 68.09¢ 985 218 0.22 + 0.02
C 68.09¢ 985 218 0 0 0.00 0.22+0.02 0.00 £0.00 0.00 £ 0.02

aFull model includes 02, 02t a%e, and cov, mat; R1 includes 02, 02, and COVa mat ; R2 includes o2; Cincludes

2 2 2 -
Oa; Opes; Omats and Cova,mat =0.

ba}% = phenotypic variance; o7 = additive genetic variance; 0%, = maternal permanent environmental

variance; 02, = maternal genetic variance; COV, mat = covariance of direct and maternal effects; h?=heritability

estimate; h2,, = maternal heritability estimate; r,,, = genetic correlation of direct and maternal genetic
effects.

‘Difference in —2log likelihood from full model.

dThe —2logL is significantly different from the full model, P < 0.05.
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Table 8. Number of calves and incidence (%) of infectious
bovine keratoconjunctivitis (IBK) in purebred, composite,
and crossbred groups, including tropically adapted

breeds

Germplasm No. Incidence
Hereford 137 33.6
Angus 286 2.1
MARC III 399 9.3
Hereford/Angus 138 2.2
Angus/Hereford 65 4.6
Hereford/ MARC IIT 192 12.5
Angus/MARC III 247 8.9
Brahman/Hereford 61 0.0
Boran/Hereford 65 15
Tuli/Hereford 64 1.6
Brahman/Angus 138 2.2
Boran/Angus 144 0.0
Tuli/Angus 150 1.3
Brahman/MARC III 227 0.0
Boran/MARC 111 237 0.4
Tuli/MARC III 275 2.2

sired by tropically adapted breeds. The large difference
between the incidence of IBK in purebred Herefords
(833.6%) and in calves sired by tropically adapted
breeds (range 0.0 to 2.2%) agrees with the results of
Frisch (1975), who reported 43.3% for 3-mo-old Here-
ford/Shorthorns compared with 6.7% for crossbred
Brahman calves.

The estimated direct heritability for incidence of
IBK among crossbred Bos indicus and Bos taurus
crossbred calves was moderate (0.20 + 0.06). Across
years, incidence of IBK did not vary greatly between
pasture locations, so spatial clustering effects were
likely negligible.

Results of this study suggest that calves sired by
tropically adapted breeds have a lower incidence of
IBK than some purebred and crossbred types but not
lower than all Bos taurus germplasm. Physiological,
biological, and epidemiological factors associated with
these breed differences should be investigated. Genetic
response to selection for decreasing the incidence of
IBK will be slow because of low incidence and low
heritability for most breeds. One exception would be
for the Hereford breed, which has a high incidence and
moderate heritability estimate. Breed selection may
be more effective for decreasing the incidence of IBK,
but it would need to be balanced by other breed charac-
teristics. For example, the crossbred calves sired by
tropically adapted breeds evaluated in this study were
more resistant to IBK than most other Bos taurus
groups, but they may have less desirable carcass char-
acteristics (Crouse et al., 1989).

Implications
This study is one of only a few to report genetic

parameters associated with the incidence of infectious
bovine keratoconjunctivitis. Low heritability esti-

Table 9. Solutions by germplasm group and t-values for contrasts for pairs of germplasm group solutions for infectious bovine keratoconjunctivitis®

AM3 BRxH BOxH TUxH BRxA BOxA TUxA BRxM3 BOxM3 TUxM3

HM3

M3 HA

ANG

Solution®

Germplasm

7.0%
0.4

7.2%
0.0

8.3%
0.1

7.0%
0.1

7.1%
0.2

7.4%
0.6

6.6%
0.1

6.7%
0.1

7.8%
0.5

5.8%
2.9%
0.2
2.5%
1.5
1.2

4.8%
3.7%
1.0

4.0%
2.2%

6.4%
1.0
1.6
0.6

6.4% 7.5%
0.4

3.5%

8.2%

0.0
29.0

Hereford

ANG

2.7%
0.1

2.9%
0.4
0.9

4.0%
0.5

2.6%
0.2

2.9%
0.5

2.7%
0.2

2.2%
0.2

2.4%
0.4
0.9

3.2*
0.9

2.7%

20.5

MARC III
HA

27.8

0.5

1.0 0.8 1.1

3.4%
2.6*

0.5
0.3

0.7

14
3.7%
2.9%

25.6

3.1%
2.3%
0.9
0.5
0.4

0.1

3.5%
2.7%

0.5

4.4%
3.5%

0.5

3.1%
2.4%
0.6
0.2

3.3%
2.4%
1.1
0.6
0.3

2.7%
2.0%

0.5

2.9%
2.2%

0.3

30.9

HM3

AM3

27.4

29.3

BRxH

0.0 0.1 0.2

0.3

0.2

29.6

BOxH

0.1

0.2
0.8
0.1

0.0
0.4

29.7

TUxH

0.5

0.7

29.1

BRxA

0.6
0.5
0.6

0.3

0.3

28.6

BOxA

0.1

0.2

28.6

TUxA

0.0

27.6

BRxM3
BOxM3
TUxM3

0.4

17.9

20.1

Angus; M3

Boran/Hereford;

Tuli/MARC III.

Brahman/Hereford; BOxH

Boran/MARC III; TUxM3

Angus/MARC III; BRxH

Brahman/MARC III; BOxM3

Hereford/MARC III; AM3

Tuli/Angus; BRxM3

Angus/Hereford; HM3

Boran/Angus; TUxXA

xpressed as differences from Hereford.

Hereford/Angus; AH

Brahm;n/Angus; BOxA

MARC III; HA

Tuli/Hereford; BRxA

PSolutions are percent units e

2ANG

TUxH
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mates and low incidences of infectious bovine kerato-
conjunctivitis in most breeds suggest that even with
single-trait selection, the rate of genetic improvement
for decreasing the incidence of this disease will be slow.
Breed differences for resistance to infectious bovine
keratoconjunctivitis may be important to some produc-
ers and in some management systems. The signifi-
cantly higher incidence of infectious bovine keratocon-
junctivitis in Herefords compared with all other breeds
and crossbred types may be investigated in the future
to establish biological and physiological reasons for
differences in susceptibility among breeds.
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