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INTRODUCTION

The fact that the 2nd World Congress on Genetics Applied to Livestock 
Production devoted both a Plenary Session and a Symposium to disease resistance 
genetics marks a "coming of age" of this d iscipline and indicates the growing 
interest of practical breeders and researchers in the utilization  of genetic 
resistance to diseases in livestock improvement. The diversity of the topics of 
the four papers in th is Plenary Session reflects the complexity of th is problem 
area.

Denise Mouton from the Biozzi group will review their work on genetic 
regulation of immuno-responsiveness relative to resistance against infectious 
diseases. Their results suggest that by using selection it  is  possible to 
modify antibody production at a general level. They also observed that the 
antigen handling by macrophages of the high antibody response selected lines was 
more favorable for antibody production but that genes regulating antibody 
responsiveness did not affect T-cell mediated immunity. However, the selection 
for high or low antibody response has not resulted in a general advantage in 
resistance to infections.

Simonsen's contribution deals with the association of histocompatibility 
genotypes and disease resistance, an area that raises hopes of possible indirect 
selection for resistance to some diseases based on easily detectable histocom
patib ility  genes or haplotypes.

M il le r 's  discussion of mastitis in dairy cattle, illu stra tes the complexity 
of etiology and defence mechanisms of a single disease, as well as the extremely 
high losses caused by th is non-lethal ailment.

Harris deals with the problem of a congenitally transmitted disease, lym
phoid leukosis in chickens. Through computer simulations, he suggests explana
tions of past experimental results that contradicted conventional quantitative 
genetic theory and suggests modifications of the theory to cover the presence of 
congenitally transmitted disease.

Because of the diversity of the field, this introduction will not only 
attempt to integrate the four contributions but w ill also point out some addi
tional aspects of disease resistance and its potential rote in the development 
of farm animals and poultry capable to meet the increasing world demands for 
meat, milk, and eggs.

ECONOMIC CONSIDERATIONS

There are two basic categories of tra its: (1) output and product quality 
tra its, such as levels of milk or egg production, growth rate, milk, egg and 
carcass composition, and (2) tra its  that affect production cost, such as age at
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sexual maturity, feed efficiency, and v ia b ility .  H isto rica lly , animal breeders 
tended to concentrate mainly on the improvement of the f i r s t  group and only more 
recently are sta rting to pay attention also to the cost-reducing tra it s.

Almost 25 years ago, Hutt (1958), one of the founders of disease resistance 
genetics in animals, pointed out that in contrast to the situation  in plants, 
there has only been a small number of cases in which genetic resistance has been 
deliberately u tilized  for the development of breeds and stra in s of domestic 
animals. There has been l i t t le  change in th is  s ituation  since and, even today, 
we can count on our fingers the instances where disease resistance has been 
deliberately used in livestock improvement. This attitude seems hardly 
ju st if ie d . The world population is  now increasing from about 4.2 b ill io n  by 
70-80 m illion  people annually. About 30 m illion  tonnes of additional staple 
foods are required annually only to stay in place, le t alone meet the growing 
demands created by the increasing affluence of the world population (Brady, 
1981). It  w ill be more and more d if f ic u lt  to meet these demands by increasing 
agricu ltura l land resources and improvement of production leve ls. Reduction of 
losses, such as through improvement of disease resistance, can be expected to 
gain in importance in animal production. Estimates of global losses due to 
diseases in livestock production are unavailable, but a few examples should 
su ffice  to il lu st ra te  the potential.

M ille r  estimates that the losses due to m astitis in the U.S.A. alone are 2 
b il l io n  do lla rs annually. Mornet (1972), in studying losses from disease in 
farm animals in France, estimated the direct costs of disease at 12 to 15% of 
the total value of animal production, which in 1969 represented a loss of F 37 
b il l io n  annually and in today's terms would be equivalent to about US $20 
b ill io n .  Corresponding annual losses to French poultry production were 
estimated by Meurier (1965) at 12% of the value of products or F 365 m illion, 
representing about US $200 m illion  today.

Losses from diseases are generally thought of in terms of mortality. In 
addition, morbidity and reduced production due to subclin ica l diseases cause 
additional damage that is  more d if f ic u lt  to estimate. For example, m astitis 
normally does not cause mortality and most of the losses attributed to the 
disease are due to decreased milk production. Lymphoid leukosis, a disease of 
chickens that is  the subject of H a rris ' contribution, normally causes only very 
low mortality (1 to 3%) but results in the reduction of egg production by about 
30 eggs a year, in b ro ile r body weight by about 5%, and affects negatively a 
number of other t ra it s  (Gavora et a l ., 1980, 1982). Another egg-transmitted 
pathogen of chickens, Mycoplasma gallisepticum  sim ila rly  reduces egg production 
by up to 18 eggs (Carpenter et a l ., 1980). It  would appear that the overall 
potential for the reduction of disease losses, the size  of which is  yet to be 
estimated, is  very large and ju s t if ie s  additional attention from breeders. Work 
on improvement of genetic resistance to disease needs to be done in the context 
of and in conjunction with other means of disease control, since An optimal 
combination of all measures available has the best chance-to minimize losses due 
to disease. For example, vaccination combined with genetic resistance results 
in minimal losses from Marek's disease in chickens (Gavora and Spencer, 1979).

In  deciding how much to invest in the improvement of disease resistance, a 
breeder must consider (1) the ava ilab ility  and cost of other means of disease 
control, (2) the competitive position of his stock re lative  to others, and (3) 
the expected effect of improved v ia b ility  on overall performance (Flock, 1972).
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In the past, animal breeders as a rule resorted to improvement of genetic re s is 
tance only when no other means of disease control were availab le. This attitude 
i s  questionable since, as has been argued ea rlie r (Gavora and Spencer, 1978), 
genetic resistance is  important even when other means of disease control are 
available: (1) in  populations from which a pathogen has been eradicated genetic 
resistance insures against d isastrous disease outbreaks, and (2) the overall 
survival is  better when vaccination is  combined with genetic resistance. The 
re su lts  of the Biozzi group confirm the latter finding as well.

COMPLEXITIES OF THE PROBLEM AREA

Disease resistance genetics abounds in the complexity of the problems and 
the expertise required, as well as in the many ambiguities and p it fa lls  inherent 
in  th is  research area. Genetic expression of resistance and virulence is  
conditional on the interaction of host and pathogen, and th is  re su lts in severe 
lim itations. Thus, in any genetic study, there may be contributing genes in both 
the host and the parasite which are not detected (Person, 1974).,

H isto r ica lly ,  there would appear to be, for most species, a gradual 
improvement of other means of disease control that re su lts in parallel reduction 
of natural selection fo r disease resistance. Therefore, the fate of genetic 
resistance is  becoming more and more dependent on genetic correlations of re s is 
tance t ra it s  with production characters under selection (Gavora et a !., 1974). 
Unfortunately, very l i t t l e  is  known about the d irection and size  of such 
correlations.

Work on genetic resistance to diseases requires expertise from pathology, 
genetics, and s ta t is t ic s  that is  seldom found in one person. Therefore, team 
work is  mandatory fo r progress. Unlike plant genetic ists and plant patholo
g is ts ,  animal genetic ists and veterinarians have not h is to r ic a lly  worked 
together. Although the situation  has s ign ifican tly  improved since the time when 
work on disease resistance genetics was carried on by "a few heretical geneti
c is t s  and at least two veterinarians..." (Hutt, 1958), more and closer co-opera
tion  of the two professions is  desirable.

With regards to medical genetics, Murphy (1980) stated that it  i s  fata lly  
easy to suppose that the study of genetic aspects of disease is  a t r iv ia l exten
sion of pathology or genetics and that th is  im plicit attitude may explain why so 
l i t t l e  progress has been made in genetics of disease resistance. This applies 
equally well to disease resistance genetics in farm animals and poultry.

One of marry ambiguities of th is  area is  the defin it ion  of it s  subject. In 
broad terms, diseases can be categorized as those caused by (1) nutritional 
deficiencies or excesses and toxic substances in the feed, (2) genetic and 
developmental disorders, (3) stre ss, and (4) infectious agents. The efforts of 
practical livestock breeders are concentrated on the la st three categories with 
the second category of diseases requiring attention only when economically 
important d isorders occur. Inclusion of stress resistance among the concerns is  
ju st if ie d  since stress, as a syndrome resulting from exposure to a hostile  
environment (Scott, 1981), seems to be an inevitable consequence of intensive 
animal agriculture. Naturally, resistance to diseases caused by infectious 
agents from external parasites, internal parasites, bacteria and viruses to the 
recently discovered smaller and simpler than virus pathogens prions, remain the 
major concern. Thus, resistance to infectious diseases should form a major part
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of the subject of disease resistance genetics. Congenitally transmitted patho
gens such as that described by Harris, besides affecting production, also have 
direct im plications for selection. Endogenous viruses, formed by the animal 
i t s e l f  from proviruses that are a part of the anim al's genome (Crittenden,
1981), are further complicating the breeder's task. In addition, aging nega
tive ly  effects both production and defences against pathogens. As such, i t  also 
f i t s  in th is  general area and should be given consideration in e fforts to 
improve disease resistance.

The d iversity  of the pathogens is  paralleled try the defence mechanisms that 
could be broadly categorized into humoral and cell-mediated immune responses and 
non-immunological mechanisms, with each of these groups being of an overwhelming 
complexity. The contributions by the Biozzi group and by Simonsen deal with 
some aspects of disease defence mechanisms relevant for improvement of disease 
resistance.

SPECIFIC AND GENERAL RESISTANCE

Disease resistance is  only one of many aspects of livestock production 
considered in improvement programs. It  is  c learly not possible to include 
simultaneous selection for resistance to a ll or even to several specific 
diseases in an animal breeding plan. Thus, breeders, particu larly  in poultry, 
resort to "se lection for l iv a b il it y ",  perhaps the poorest defined character in 
animal breeding. It  results in specific selection for resistance against acci
dental losses, as well as for resistance to a v irus infection, and the re lative  
selection pressures depend on the incidence of the various types of losses. 
Studies of defense mechanisms in mice, such as presented by Mouton, w ill be 
instrumental in assessing the p o ss ib ility  of selection for resistance to groups 
of diseases. S im ilar research in chickens (Siegel and Gross, 1980, Gross et 
a l ., 1980) confirms the resu lts from mice, but the overall picture is  not opti
m istic with regards to general disease resistance. Selection for high antibody 
response to complex antigens did not increase resistance to infectious diseases 
in a m ultidirectional way. To an animal breeder, the situation  suggests the 
existence of negative genetic correlations that may have to be considered in the 
construction of a "General Disease Resistance Index". Fortunately, animal 
breeders are equipped to deal with unfavorable genetic correlations and have, 
through m u ltitra it selection techniques, simultaneously improved negatively 
correlated t ra it s  such as milk y ie ld  and so lid s  content and egg number and size, 
as long as the correlations are not absolute.

UNRESOLVED PROBLEMS

H eritab ility  of v iab ility  is  generally low, mainly because of a large 
environmental variance component. As pointedout recently (Ph ilipson et a l ., 
1980), it  is  a common and erroneous belief that low h e ritab ility  automatically 
implies poor prospects for genetic improvements. It  would seem useful to 
u t i l iz e  a "genetic coefficient of variation" in addition to he ritab ility  to 
characterize disease resistance t ra it s.  It  seems also like ly  (Gavora and 
Spencer, 1978) that the he ritab ility  of well defined resistance or resistance- 
related t ra it s  w ill be higher than that of total mortality. Standardization of 
challenge conditions and pathogen dosage would be also expected to reduce 
environmental variation and improve h e ritab ility . In monotocous species, such 
as cattle, most disease-caused mortality takes place early in l i fe  (from birth 
to 2 months), but, as a rule, record of performance and progeny testing systems
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sta rt recording data from a much late r age of surviving animals. In such sys
tems, introduction of complete recording of mortality w ill be c r it ic a l for any 
work to commence on the improvement of disease resistance and survival of young 
animal s.

Improvement of general disease resistance is  a very ambitious goal i f  
viewed as an attempt "to  improve on evolution". However, viewed as an effort to 
speed up the adaptation of animals to modern production conditions, it  appears 
le ss formidable. To undertake the task, much more knowledge of defence mechan
isms, the ir in terre la tionsh ips and relationships to disease resistance and to 
production t ra it s  w ill be needed in order to formulate breeding techniques and 
strategies fo r achieving th is  complex goal. While the parallel evolution of a 
s in g le  host and pathogen has been studied in plants, where i t  resulted in the 
"gene-for-gene" re lationsh ip  hypothesis (e.g. Person, 1959), very l i t t l e  is  
known about the paralle l evolution of a host and multiple pathogens, an 
understanding of which is  essential for general disease resistance.

Systems of defence mechanisms that phenotypically behave as quantitative 
t ra it s ,  such as described in the Biozzi group and Simonsen contributions, seem 
to often involve only a re lative ly  small number of lo c i. This gives us hope 
that, in a re la tive ly  near future, they may be manipulated to the benefit of 
mankind. They would appear to be prime candidates for the application of new 
techniques of molecular genetics that may result in quantal leaps forward in 
th is  area.

SUMMARY

The four papers in the Plenary Session on Disease Resistance are integrated 
with other aspects of th is  area. The requirements fo r feeding a growing world 
population from limited land resources are expected to emphasize the need to 
reduce losses, such as from animal disease, representing a large potential. 
Disease resistance genetics, charged with th is  task, is  very complex in terms of 
expertise required, disease resistance mechanisms and the ir inheritance, 
multiple pathogens involved, and correlations of resistance and production 
t ra it s .  Improvement of general, rather than specific, resistance to disease 
seems desirable.

Mechanisms of resistance are dealt with in papers on genetics of immuno- 
responsiveness and histocom patibility. A th ird  paper on m astitis in dairy 
cattle  il lu s t ra te s  the staggering economic losses as well as the complexity of a 
s ing le  non-lethal disease. The fourth paper discusses congenitally transmitted 
pathogens and the ir  consequences in improvement programs. Major problems facing 
th is  area of genetics are low he ritab ility  of v ia b ility  and the development of a 
strategy fo r the improvement of general disease resistance. In th is  effort, 
employment of molecular genetics is  foreseen.

RESUMEN

Las cuatro presentaciones en la Sesion Plenaria sobre Resistencia a las 
Enfermedades estan integrados a ciertos aspectos de esta area. La necesidad de 
alimentar a una. creciente poblacion humana a partir de lim itados recursos de 
t ie rra  cu ltivable, acentua la importancia de reducir la s perdidas por enfer
medades en los animales. Genetica de la resistencia a las enfermedades, trata 
con esta tarea, muy compleja en terminos del conocimiento que se requiere sobre

147



1 os mechanismos de resistencia a las enfermedades y su herencia, la presencia de 
multiples patogenos im plicadosy las correlaciones de la resistencia  con los 
rasgos de produccion. Mejoramiento de la re sistencia  general, mas bien que el 
mejoramiento de la resistancia especifica parece ser mas deseable.

Los mecanismos de resistencia a las enfermedades son tratados en las 
presentaciones sobre la genetica de immuno-respuesta e histocompatibilidad. Una 
tercera ponencia sobre M astitis  en ganado productor de leche, ilu st ra  las 
importantes perdidas economicas, asi como la complejidad de una simple no letal 
enfermedad. La cuarta presentacion discute sobre patogenos transm itidos con- 
genitamente y sus consecuencias en los programas de mejora animal. Los mayores 
problemas a los que se enfrenta esta area de la genetica, son la baja heredabi- 
1 idad de la sobrevivencia y el desarrollo de una estrategia para el mejoramiento 
de la resistencia  general a las enfermedades, en este esfuerzo, el uso de la 
genetica molecular es previsto.
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