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Breeding Cattle for Genetic Resistance to Disease
Roger T. Stone and Larry V.Cundlffl

Introduction

sistant to ticks than Bos taurus breeds and crosses (e.g., Shorthorn, Hereford, and Hereford x Shorthorn crosses). Bos indicus
breeds are also significantly more resistant to internal parasites
(gastrointestinal helminths), high ambient temperature and solar radiation, pinkeye disease, and nutritional stress than Bos
taurus breeds. They have also found resistance to ticks to be
highly heritable and, consequently, responsive to selection. In
one experiment, after just three generations of selection, resistance to ticks increased from 89 to 99 percent in an Australian lIIawarra Shorthorn herd. Resistance to ticks was
determined from the average percent mortality of female ticks
from two artificial infestations of 20,000 larvae, 14 days apart.
An immune response to infestation is involved in determining
levels of genetic resistance to ticks.
Mastitis. Dr. Robert Miller at the Beltsville Agricultural Research Center, Beltsville, Maryland (USDA, Agricultural Research Service) has estimated that losses due to mastitis add
$2 billion annually to the cost of milk production in the U.S.
Resistance to mastitis is 10 to 20 percent heritable. A possible
association between the bovine major histocompatibility genotype (BOLA) and mastitis susceptibility has been demonstrated by European scientists (Solbu and Li in Norway and
Spooner in Scotland). The major histocompatibility system is
comprised of a block of genes regulating the immune response
in all animal species, and it has been implicated in resistance
to disease in humans, chickens, rats, and mice, as well as
cattle. In cattle, indications were that one BOLA gene (type
W2) was associated with high resistance to mastitis while another gene (W'8) was susceptible to the disease.
Bloat. Genetic resistance to bloat is being investigated by
scientists at the Ruakura Agricultural Research Station, Ministry of Agriculture and Fisheries, Hamilton, New Zealand. A
foundation herd was divided into 37 highly (HS) and 32 lowly
(LS) susceptible cows on the basis of scores ranging from 0
to 4, where 0 represented no visible bloat, 1 = mild bloat, 2
= moderate bloat, 3 = severe bloat, and 4 = dangerous bloat.
Friesian and Jersey bulls that were progeny tested for high
(HS) and low (LS) susceptibility were used in the respective
herds for four years, after which the HS and LS herds were
closed. At 2 years of age, the second generation animals in
the LS herd had a mean score of .91 and those in the HS herd
had a mean score of 2.64, indicating rapid effects of divergent
selection. Eleven salivary proteins have also been separated
and quantified. Two appear to be positively correlated with
bloat, and two appear to be negatively correlated with bloat.
This would suggest that the susceptibility of bloat can be determined without producing clinical symptoms.

For many hundreds of years cattle with the greatest resistance to disease have probably survived to leave more offspring
in succeeding generations than those less resistant to disease.
Resistance to disease also may have increased indirectly
through a favorable association with other characteristics, such
as growth rate or milk yield, which have received major emphasis in genetic improvement programs in cattle. However,
except for some selection against mastitis in dairy cattle, genetic resistance to disease has not received direct emphasis
in genetic improvement programs. Greater understanding of
biological mechanisms involved in disease resistance could
lead to more effective selection of breeding stock.

Evidence for Genetic Resistance to Specific Diseases In
Cattle.
Survival. Calf mortality adds significantly to costs of beef
production, and some of the costs are related to disease. In
one review of scientific literature, survival from birth to 6 to 9
months of age averaged 91 percent in 24 beef cattle experiments and 80 percent in 11 dairy cattle experiments.Significant
genetic variation exists among breeds for survival, much of
which is associated with variation in birth weight and calving
difficulty. Within breeds, heritability (the proportion of superiority of selected parents which is passed on to offspring) of
survival from birth to weaning is low and tends to be greater
when treated as a trait of the dam (8 pct) than when treated
as a trait of the offspring (4 pct). When the large number of
causes of mortality are considered, it is not surprising that
heritability of survival (pct dead or alive) is low.
Although heritability of survival is low, effects of heterosis
(superiority of crossbreds relative to purebreds) on survival are
relatively large and important. Averaged over many experiments, calf-crop percentages weaned are increased by 3.4
percent by effectsof individualheterosison survivalof crossbred
calves and by an additional 1.3 percent by effects of maternal
heterosis on the survival of calves raised by crossbred dams.
The generally consistent estimates of heterosis among experiments and among years suggest that resistance to a number of stresses associatedwith mortalityis greater in crossbreds
than in purebreds. Evidently, extra gene combinations carried
by crossbred individuals compared to purebred individuals are
responsible for this advantage.
Longevity. Significant effects of heterosis have also been
found on longevity in beef cattle (see article in this report entitled "Effects of Heterosis on Longevity"). Effects of heterosis
increased average longevity of F, cows by 1.36 years (16 pct)
over that of straightbred Hereford, Angus, and Shorthorn cows.
Significant differences were also found among breeds for longevity. (In that study Angus lived significantly longer than Shorthorns.) Also, some of the variation among breeds in longevity
was associated with genetic resistance to disease. For example, the four cows removed from the long-term experiment
because of cancer eye were all Herefords. (Cancer eye susceptibility is known to be a highly heritable component of longevity.)
Tropicalenvironmental factors. Australian researchers in the
Division of Tropical Animal Science, CSIRO, have demonstrated that Bos indicus cattle (e.g., Brahman, Sahiwal) and
Bos indicus x Bos taurus crosses are significantly more re-
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There are a number of examples of successful selection for
resistance to specific diseases in animal species, such as mice
and chickens. However, because of the large number of diseases, successful selection for simultaneous resistance to many
diseases in animals is impossible, especially if appropriate
attention is to be given to other important production characteristics. Thus, there is a need to develop procedures to select
for general disease resistance.
Immunoglobulins. For immunity to many pathogens, young
calves are dependent on immunoglobulins passively received
from their dams in colostrum. Scientists at Oregon State University, working in cooperation with MARC, have found that
significant genetic variation exists among and within breeds of
cattle in the ability to absorb colostrol antibodies. In one experiment, breed ran kings were Angus, Red Poll, and Hereford
for immunoglobulin (lgGI) concentrations. In another experi-
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ment, calves from MARC Hereford lines (selected for weaning
weight, yearling weight, or an index of yearling weight and
muscling score) were lower in IgG, concentration than calves
from an unselected control line. The IgG, levels in the selected
lines were associated with increased birth weight and, in cows
calving at young ages, calving difficulty, and calf mortality.
Average estimates of heritability were 9 percent for IgG, concentration considered as a trait of the calf and 14 percent when
it was considered as a trait of the dam.
Antigen-antibody response. Perhaps the most encouraging
evidence that selection for disease resistance may be effective
comes from experiments with mice on selection for immunoresponsiveness which have been conducted by scientists at
the Curie Institute in Paris, France. Mice were selected for highvs low-peak antibody titers after immunization using five different regimens that involved a variety of complex natural immunogens
(I.e., red blood cells from sheep or pigeons;
Salmonella, bovine serum albumin, or rabbit gamma globulin).
Divergence of high vs low lines was significant in every case,
and heritability estimates were 20 to 22 percent. Not only was
immune response to the specific natural immunogens changed
by selection, but immune response to a variety of other bacterial and parasitic infections was related to genetic changes
resulting from selection. A high response line was more resistant to infections (e.g., P. berghei, T. cruzi, N. dubius, Rabies
virus and T. spiralis) dependent on one protective mechanism
(antibody dependent immunity), while a low response line was
more resistant to infections (e.g., S. typhimurium, Y. pestis, B.
abortus suis, L. tropica and S. mansoni) dependent on another
protective mechanism (macrophage dependent or cellular immunity). In most cases, the line that was spontaneously more
resistant also was protected to a higher degree by vaccination.
These results are somewhat discouraging from the point of
view of selection for resistance to disease in a single population. Selection for resistance to a specific infection may lead
to resistance to one group of infections but high susceptibilty
to other types of infection. In beef cattle, perhaps this complication can be overcome by use of crossbreeding systems that
exploit heterosis and choice of breeds that complement each
other when crossed. With the aid of vaccination procedures to
maintain parental seedstock populations, it may be possible
to select for one type of disease resistance in sire breeds and
another type of disease resistance in maternal breeds. If so,
genetic resistance to disease could be realized in crossbred
animals produced by mating complementary maternal and sire
breeds.

Research Approach at MARC
From the above discussion, it is likely not practical to select
for resistance to one disease after another without compromising other desirable traits. Further, for many diseases it would
be prohibitively expensive to select for resistance by experimentally infecting groups of cattle. At this point in time, the
most viable approach to identifying resistant or susceptible
animals is to define simple genetic markers that are associated
with, or linked, to the very complex genes controlling disease
resistance. The potential usefulness of such an ideal marker
is exemplified in the following hypothetical case: It is determined that animals which are type A for this marker are four
times less likely to contract pneumonia under feedlot conditions
than those which are type B for this hypothetical marker. Thus,
a bull calf that is type A would, in all likelihood, be selected to
keep as a sire over another that is type B.
Recent advances in immunogenetics and molecular biology
have made it feasible to identify simple genetic markers and
polymorph isms and to determine their relationship to disease
in cattle. The field of immunogenetics is mainly centered around
the major histocompatibility complex, which is a series of polymorphic cell surface antigens that are divided into either class
I or class II antigens. The presence or absence of certain class
I antigens have been found to be associated with numerous
human diseases and possibly with tick resistance and mastitis
in cattle. There are fewer different class II antigens, however.
Different types of these antigens are associated with the overall
immune response. Advances in molecular biology have provided the research tools necessary to detect minor variations
in the base sequences in DNA between animals. These sequence variations are also inherited as simple genetic markers
and certain ones have been identified as useful markers in
predicting the occurrence of human diseases (e.g., Huntington's disease).
The overall goal of a program to define relationships between
simple genetic markers and diseases in cattle has a major
difference if compared to a similar program in humans. That
is, very rare diseases and those occurring after reproductive
age are of minor concern in cattle but are very important in
humans. Thus, we feel that our research efforts should be
directed toward overall immune responsiveness since the most
common denominator in many cattle losses is opportunistic
infections brought about by stresses. Unfortunately, this dictates that we will not have a large data base from laboratory
species or humans from which to work. Our current and future
efforts are to combine the disciplines of molecular biology,
immunogenetics, and epidemiology to define simple genetic
markers and their relationships to disease resistance.
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