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Abstract:  Resistance - the body's resistance to the action of 

physical, chemical and biological agents that cause a pathological 

condition. This concept is somewhat broader than immunity, 

although they are sometimes used as synonyms. Susceptibility is a 

predisposition of the body to the action of physical, chemical and 

biological factors that lead to a pathological condition. Stability 

and susceptibility in animals of one species, as a rule, is not 

absolute, but relative.  It can be high, medium and low. In 

modern conditions, along with high productivity, it is required 

that animals have resistance to diseases and, above all, to such 

common ones as leukemia, mastitis, tuberculosis, infectious 

gastroenteritis, etc., which cause huge economic damage to 

farms. The genetic resistance of farm animals to diseases is 

caused by many genes and therefore the selection for resistance 

will be long and slow. It is necessary to operate with groups of 

animals (lines, families, related groups). In addition, it is not 

necessary to talk about absolute stability, despite the high cost of 

assessing animals. Diseases are a major constraint on the 

intensive production of animal. Selecting cattle most resistant to 

the development of infectious diseases will decrease costs of 

production and should therefore be included in the overall 

breeding objective. Such selection goals may include resistance to 

infection with a pathogen (absence of susceptibility), resistance to 

disease (no-development of disease), tolerance (capability of 

untreated individuals to maintain a reasonable level of 

productivity in the face of disease), and resilience (ability of 

affected individuals to require minimal treatment to maintain 

acceptable performance). Selection for single trait of milk yield 

for many years have led to genetic erosion of genes responsible 

for disease resistance, adaptability etc. Therefore, selection 

strategies to include these neglected traits in the selection 

objectives of dairy animals are need of the hour for sustainable 

dairy in the unpredictable climatic condition. Certainly, genetic 

selection will not solve all of our livestock disease problems. 

Therefore, management, nutrition, vaccination, culling, 

therapeutic treatment, stress reduction practices and other 

measures must accompany genetic approaches to reduce the 

impact of livestock disease on profitability and animal wellbeing. 

Keywords: disease resistance, selection, genetic improvement. 

I. INTRODUCTION 

he disease can be defined as a violation of the normal 

activity of the body.  Disease - the onset of the disease.  

By morbidity is understood the incidence of diseases in the 

population or morbidity, painful condition.  Pathogens disease 

have pathogenicity (disease), ie, the ability to parasitize the 

animal body. Pathogenicity is a hereditary trait of the 

causative agent of this species.  Virulence is the degree of 

pathogenicity in relation to animals of a certain species.  

Virulence can differ in different strains of the same type of 

pathogen. Infectious diseases in farm animals are of major 

concern because of animal welfare, production costs, and 

public health. Farms undergo huge economic losses due to 

infectious disease. The costs of infections in farm animals are 

mainly due to production losses, treatment of infected 

animals, and disease control strategies. Control strategies, 

however, are not always successful. Selective breeding for the 

animals that can mount a defense against infection could 

therefore be a promising approach. Defensive ability of an 

animal has two main mechanisms: resistance (ability to 

control the pathogen burden) and tolerance (ability to 

maintain performance when pathogen burden increases). 

When it is difficult to distinguish between resistance and 

tolerance, defensive ability is measured as resilience that is 

the ability to maintain performance during a disease outbreak 

regardless of pathogen burden. Studies have focused on the 

genetics of resistance and resilience with little known about 

the genetics of tolerance and its relationship with resistance 

and resilience. The objectives of this thesis were to: 1) 

estimate the genetic variation in resistance, tolerance, and 

resilience to infection in order to assess the amenability of 

these traits for selective breeding in farm animals, 2) estimate 

the genetic correlation between resistance, tolerance and 

resilience and3) detect genomic regions associated with 

resistance, tolerance, and resilience. Selecting cattle most 

resistant to the development of infectious diseases will 

decrease costs of production and should therefore be included 

in the overall breeding objective. Such selection goals may 

include resistance to infection with a pathogen (absence of 

susceptibility), resistance to disease (no-development of 
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disease), tolerance (capability of untreated individuals to 

maintain a reasonable level of productivity in the face of 

disease), and resilience (ability of affected individuals to 

require minimal treatment to maintain acceptable 

performance). Given those definitions, selected questions 

raised by the complexity of the interrelations between a 

pathogen and its host are discussed. Animal health and well-

being have become increasingly important issues for animal 

producers and consumers. Diseases cause enormous damage 

to livestock.  In different countries and regions, the specific 

weight of various diseases is different. Thus, out of 267,000 

sick cows in Norway, mastitis caused 33.5%, ketosis -21, milk 

fever - 11.6, delayed after 4.5% of animals, a quiet heat-3, an 

ovarian cyst in 2.5, a metritis in 2.2, a digestive disorder in 

1.8, a laminitis in 1% of cows, etc. Of all cows, 18 cases of 

mastitis are diagnosed each year %, ketosis - 11,2 and milk 

fever - 6,5%.Animal diseases causing morbidity and mortality 

significantly decrease profitability of animal production. 

Antibiotics that were once widely used to prevent or treat 

animal diseases are now administered more judiciously 

because of consumer fears of residual drugs in meat products 

and microbial resistance to commonly used antibiotics. 

Because no new class of antibiotics has been developed in the 

past three decades, the continued use of antibiotics may 

become more limited. Also, there has been an emergence of 

previously unknown diseases such as BSE (Binder et al., 

1999) and emergence of infectious diseases in domestic 

livestock related to climatic changes, more intensive 

production, and transmission of diseases from wildlife to 

livestock and vice versa (Daszak et al., 2000). Current fear of 

a worldwide human influenza pandemic caused by 

transmission of avian influenza virus to humans has increased 

public awareness of a need to control animal diseases (Wong 

and Yuen, 2006). Therapeutic treatment costs for sick animals 

have continued to increase. Animal wellbeing has become a 

significant concern among consumers who expect food 

animals to be well treated, raised in idyllic environments, and 

free of disease. Consumers also expect their meat products to 

be free of residual antibiotics and therapeutic drugs. The 

resistance of animals to diseases largely depends on the 

method of selection of parents. Related mating leads to an 

increase in the homozygosity of the animal genotype, 

including the recessive alleles that cause the manifestation of 

inbred depression. Animal health is influenced by many 

factors including genetics, nutrition, age, stress, management 

system, season, pathogen dosage, immunological background, 

epidemiology, animal biological status, and many other 

variables. These factors interact, thus confounding our ability 

to understand the mechanisms of disease resistance. The 

unique aspects of Libyan dairy husbandry lies in its low to 

medium milk producing breeds, its scattered distribution, 

inadequate feeds and fodders, varying climate condition, 

suboptimal management and maze marketing. In this scenario, 

genetic improvement of dairy cattle at farmers herd is feasible 

only through usual three ‘tier’ system. Increasing the 

resistance of animals to diseases is often noted as a result of 

the transfer from one breed to another of a genetic material 

possessing a specific or combinative capacity for resistance. 

Thus, zebu breeds are highly resistant to many diseases, to 

high temperature and other extreme environmental conditions. 

Hybrids obtained from plant breeds of cattle and zebu, retain 

many of the valuable qualities of parents. Hybrid young 

animals do not suffer from dyspepsia, ringworm and other 

diseases. Adult animals do not become infected with 

tuberculosis, brucellosis, foot and mouth disease, etc. Work is 

under way to hybridize zebu with animals of dairy and 

combined breeds in order to create new breeds and types that 

combine resistance to extreme conditions and diseases that 

have good adaptive qualities and high productivity. Selection 

for disease resistance had not been in the selection objectives 

due to difficulty in trait measurements. As a result, genetic 

erosion of genes responsible for disease resistance and 

adaptability is evident through increasing susceptibility to 

various diseases of high producing animals. Therefore, to 

check the genetic death further, it is essential to induct disease 

resistance as one of the selection objectives in dairy animals 

not only to enhance the productivity but also to safeguard the 

welfare of the dairy animals. 

II. SIMPLE INHERITANCE OF STABILITY 

By this term it is understood that resistance to the disease is 

controlled by one or a few genes.  Only a few hereditary-

environmental diseases with simple inheritance are known at 

the present time. Viruss.  Chickens described autosomal 

dominant inheritance of resistance to lymphoid leukemia.  In 

this case, two levels of genetic resistance are distinguished: 

cellular resistance to viral infection and resistance to tumor 

development in virus infected birds. Bacteria.  Some strains of 

Escherichia coli (E. coli ) cause diarrhea (diarrhea) in 

newborn pigs.  However, some piglets may be resistant to 

Escherichia coli strains having K-88 antigens.  This resistance 

is due to receptors that recognize K-88 antigens.  The 

presence of receptors is a simple hereditary trait. Nematodes.  

There is evidence that the stability of sheep to the 

gemonchosis is inherited as a simple dominant feature.  

III. GENETIC BASIS OF DISEASE RESISTANCE 

For many years the problem of resistance to mastitis has been 

studied, but there are no unequivocal results. Herds, families 

with a different share of susceptibility to this disease have 

been created (from 8 to 65% of the livestock), which indicates 

a lack of effectiveness in the selection process. Already, the 

problem of the incidence of cows with leukemia seems to be 

eternal, to which cardinal attention is paid (whole slaughters 

of positively reacting animals are sent to slaughter), then 

indulgent, up to the exclusion of leukemia in the culling 

programs. Selection for disease resistance is much more 

complicated than selecting for production traits which can be 

measured directly or indirectly on each animal. In regards to 

selecting for disease resistance in livestock, it may not be 

ethical or cost efficient to challenge each animal with a 

pathogen to determine its level of disease resistance. 
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(Alternatives to this selection approach will be discussed 

later.) Before breeding schemes for disease resistance can be 

developed, consideration of many different scientific areas 

such as microbiology, epidemiology, immunology, host-

pathogen interaction, host biology, livestock production 

systems, etc., must be understood. For example, selection for 

animal's resistant to a particular pathogen may result in 

indirect selection for a more virulent pathogen or, 

development of highly resistant animals to one specific 

pathogen may make the animals more susceptible to another 

pathogen. Keeping the host’s immune defense system in 

homeostasis may be difficult. Also, selection for immunity 

without leading to autoimmunity may be a difficult balance to 

achieve. So far, genetic selection of animals placed emphasis 

on productivity and efficiency and has potentially reduced 

natural disease resistance. Indeed, studies have shown that as 

animal production increased, resistance to disease decreased. 

Most importantly, the economic cost of the disease must be 

sufficiently high to rationalize selecting for resistance Genetic 

selection for disease resistance may be useful against diseases 

for which neither vaccines nor therapeutics have been found. 

Selection may also be of interest for diseases due to a variety 

of pathogens infecting the host in a similar manner or 

pathway.  Organic meat production systems that cannot use 

vaccines or therapeutics may also find it economically 

important to select for disease resistance. However, selection 

for disease resistance may be unfavorable for animal 

production. If the genetic factors that improve disease 

resistance reduce production traits such as growth or feed 

efficiency, then selection for disease resistance will decrease 

production. There is sufficient evidence that such negative 

genetic correlations do exist. Milk yield in dairy cattle has a 

positive correlation with many disease traits (Simianer et al., 

1991; van Dorp et al., 1998).True resistance or resistance to 

infection reduces or prevents infection. It is sometimes called 

qualitative resistance because animals are either resistant or 

susceptible, without intermediate levels. Complete resistance 

is rare, is usually specific to an individual pathogen and is 

usually receptor-related. Examples of such complete 

resistance are K88 E. coli receptor in swine or the gene coding 

for receptor to avian sarcoma and leucosis viruses. This type 

of resistance is also called "major-gene" or "single-gene" 

resistance because animals with this type of resistance usually 

have one or a few specific, well- defined genes that confer a 

high level of resistance to the specific pathogen. Often, the 

gene gives the animal resistance to only one specific 

pathogen. If other pathogens are present, the animal needs 

different "major genes" to resist each parasite. Tolerance or 

resistance to disease describes the reaction of an animal to an 

infection.  It is often called quantitative because there are 

intermediate levels ranging from resistant to susceptible. It is 

the resistance to disease development and may be classified in 

3 categories: It may refer to a complete level of tolerance (no-

development of disease), to the ability of an animal to 

maintain a reasonable level of productivity when it is diseased 

(true tolerance), and to the ability of affected individuals to 

require minimal treatment to maintain acceptable performance 

(resilience). For example, it has been shown that 20.7% of 

holsteins experimentally challenged with the same dose of S.  

Another level of resistance is the clearance, or the ability of 

the infected host to get rid of the pathogen. It is well known 

that duration of infection may be quite different across 

different animals infected with the same infectious doses. For 

example, geometric mean duration of environmental 

streptococcal infection is 12 days with a range from 1 to 370 

days (Todhunter et al., 1995). 

IV. PATHOGEN 

Resistance and tolerance of an animal have their counterparts 

in the microbial agent: pathogenicity and virulence. 

- Pathogenicity refers to the ability of an organism to 

cause disease (ie, harm the host). This ability represents a 

genetic component of the pathogen and the overt damage done 

to the host is a property of the host-pathogen interactions. 

Commensals and opportunistic pathogens lack this inherent 

ability to cause disease but microorganisms that are 

nonpathogens today may acquire some pathogenicity factors 

because of their rapid adaptability to the pressure factors such 

as radiation therapy, chemotherapy, or immunotherapy. 

- The virulence of a pathogen is directly related to the 

ability of the organism to cause disease despite host resistance 

mechanisms. It is the rate at which parasites exploit host tissue 

and is affected by numerous variables such as the number of 

infecting bacteria, the route of entry into the body, specific 

and nonspecific host defense mechanisms, and virulence 

factors of the bacterium. It can be expressed by the number of 

organisms needed to provoke the disease stages or by the 

number of organisms needed to cause infection. 

The above classification raises several questions that need to 

be addressed for genetic studies of infectious disease to 

advance (Lunney, 2005): 

- Is there data indicating that disease resistance is 

heritable? 

- Should research focus on resistance to any pathogen? 

- What disease phenotypes need to be targeted for best 

resistance or tolerance? 

- How much genetic data is needed? 

- Which of tolerance or resistance is the most durable? 

- How many animals should be selected? 

- Would selection for faster recovery from disease be 

an advantage? 

- How will production traits be affected by selection 

for disease resistance? 

- Should research focus on a single or multiple disease 

agents? 

- Should selection intensity be equivalent for any 

pathogen? 

 To ensure the selection for resistance, it is necessary to 

identify resistant and susceptible individuals. Without 

artificial infection, it is possible to differentiate related groups 
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and individual animals in terms of resistance and 

susceptibility to mastitis, leukemia and other diseases, because 

natural infection of animals is difficult to exclude. Resistance 

to tuberculosis, brucellosis, leptospirosis and other diseases 

can be determined only in the moribund herds. It should be 

remembered that it is difficult to determine the hereditary 

stability or susceptibility from the phenotype of individual 

animals due to the complex genetic conditioning of these 

features and the influence of environmental factors. The 

incidence rate of animals in the related group, in comparison 

with the average in the herd or in other related groups, may be 

a criterion of resistance or susceptibility. Therefore, in 

addition to mass selection, the evaluation of the families and 

genotype of the producers is based on the resistance and 

susceptibility of the offspring to diseases. Resistance to 

tuberculosis, brucellosis, leptospirosis and other diseases can 

be determined only in the moribund herds. It should be 

remembered that it is difficult to determine the hereditary 

stability or susceptibility from the phenotype of individual 

animals due to the complex genetic conditioning of these 

features and the influence of environmental factors. The 

incidence rate of animals in the related group, in comparison 

with the average in the herd or in other related groups, may be 

a criterion of resistance or susceptibility. Therefore, in 

addition to mass selection, the evaluation of the families and 

genotype of the producers is based on the resistance and 

susceptibility of the offspring to diseases. 

V. SELECTIVE BREEDING FOR RESISTANCE, 

TOLERANCE AND RESILIENCE 

Seed-cattle for resistance to mites and heat. The first and so 

far the only example of a successful cattle breeding for 

resistance to mites and heat is a new breed for the tropics, an 

Australian dairy zebu, which has been developed for 25 years. 

Its creation was dictated by the vital importance of breeding 

livestock, resistant to parasites and tropical conditions, like 

zebu, and highly productive, like European breeds, which in 

the conditions of the tropics could not be highly productive. 

The new breed is obtained by crossing zebu with European 

breeds and carries about 20-40% of zebu blood. Animals 

breeds differ endurance, strength, resistance to heat and mites, 

and productivity is at the level of contemporary European 

breeds. In the second stage (from 1962 ᴦ.), Cows of different 

European breeds were replaced by sperm of bulls, obtained 

from highly productive cows with 50% B. indices blood. 

Since 1964 ᴦ. In addition, there were two more selectable 

characteristics. In the case of a cattle seeding, the assessment 

of resistance to heat was carried out in a room with a 

controlled climate. Subsequently, tests in such a room showed 

that during a month's stress period at a temperature of 36 "C, 

the Friesian cows' milk yield fell by 30%, and the Australian 

zebu at 40 ° C less than 5%. To test for resistance to ticks, 

each collar with a monthly interval was put on a collar 

containing 40 thousand larvae of ticks. Before maturing 

female bull mites every morning, they drove into the room 

and counted up the pincer ticks. Bulls with a smaller number 

of mites were checked for the quality of the offspring. Using 

only resistant bulls allowed to improve the resistance to mites 

by 2% per year. It was found that bulls with 1/4 of the zebu 

blood had the same resistance to mites, as well as purebred 

zebu. In the third stage (since 1968), the sperm of bulls tested 

for the quality of the offspring according to the sedentary 

characteristics were used in cooperative herds. Today the 

Australian dairy zebu is the only breed of cattle in the world 

that is seeded according to milk productivity, resistance to 

heat, mites. Silo-section for resistance to helminths. 

Helminthiases of herbivores and birds caused by nematodes of 

the genus Trichostrongylus, parasitic in abomasum and small 

intestine, are called trichosis-trongyloses. The possibility of a 

selection for resistance to trichosis-trongyles was 

demonstrated at the model site - Sheep. Outbred sheep differ 

in individual sensitivity to nematodes of Trichostrongylus 

columbri-formis. Each animal invaded 2000 larvae and led the 

selection to resistance and susceptibility for five generations. 

Resistance was determined by the relative fertility of 

helminths (the number of eggs in 1 g of feces multiplied by 

the number of days). In the animals of the initial population, 

the average relative fecundity of helminths was about 6350 

eggs. The seed culture was successful. In the fifth generation, 

the resistant line had only 60 eggs, and in the susceptible line, 

15,830. Resistance was manifested by a small number of 

helminths and their earlier expulsion from the body. Selective 

breeding for the animals that are simultaneously resistant and 

tolerant could be a pragmatic approach for controlling 

diseases and prevent production losses due to diseases in farm 

animals. The first step in developing selection strategies to 

increase the defensive response traits is to assess the presence 

of genetic variation for such traits and to quantify the 

proportion of phenotypic variance explained by genetics 

(heritability). If the heritability is large, selective breeding can 

improve the trait rapidly. It is also important to know if there 

is any trade-off between the traits. Because if for example 

resistance and tolerance are negatively correlated on the 

genetic level, improving one by selection will decrease the 

other one, unless both traits are included in the breeding goal 

and the selection index. Existence of genetic variation in 

resistance to infection has been reported in farm animals such 

as dairy cattle (Berry et al., 2011; Detilleux, 2009; Morris, 

2007; Sorensen et al., 2009), sheep (Albers et al., 1987; 

Bishop and Morris, 2007; Davies et al., 2005), pigs (Ait-Ali et 

al., 2007; Boddicker et al., 2012; Vincent et al., 2005, 2006), 

poultry (Banat et al., 2013; Janss and Bolder, 2000; Jie and 

Liu, 2011) , and fish (Gjerde et al., 2011; Verrier et al., 2012). 

Heritabilities ranged from 0.04 to 0.33.Resistance and 

tolerance are the two main mechanisms of host defense 

against infection. Resistance is the ability of a host to control 

pathogen burden by, for example, preventing the pathogen 

from entering the body or stopping the replication of the 

pathogen within the host. Tolerance is the ability of a host to 

minimize the impact of infection on performance without 

influencing the invading pathogen (Bishop, 2012; Painter, 

1958; Simms and Triplett, 1994). Improving host resistance 

will diminish the transmission of the infection in the 
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population (Bishop and MacKenzie, 2003). Tolerance can 

improve the host condition either by limiting the damages in 

host without influencing the pathogen or by limiting the 

pathogen’s virulence. Vale et al. (2014) showed that when 

there is a trade-off between virulence and transmission, 

reducing virulence without reducing pathogen burden could 

lead to pathogen evolution. Tolerance might increase 

transmission rate as well as virulence (Vale et al. 2014). 

Increased transmission rate of the pathogen is a serious threat 

for nearby populations or newcomer hosts which are not 

tolerant. Nevertheless, tolerance reduces the symptoms of the 

infection in the host. This may provide time for the immune 

system to clear the infection resulting in decreased pathogen 

burden. Tolerance could be considered as a complementary to 

other treatments for eliminating diseases and is worthy to be 

further studied. Selective breeding is an attractive option for 

disease control (Stear et al., 2001) but there is debate about 

whether to select for resistance or tolerance (Bishop, 2012; 

Morris et al., 2010). In this study, therefore, our objectives 

were: 1) to quantify genetic variation in tolerance of sheep to 

nematode infection in terms of reaction norm of body weight 

on faecal egg count and pepsinogen, and 2) to examine the 

genetic correlation between resistance and tolerance to 

nematode infection. 

VI. DISEASE FROM WITHIN 

Here, reducing the frequency of affected animals is the main 

commercial objective. In cases where the gene(s) controlling 

expression of an affected phenotype has been identified, then 

a gene test may be available, and selection can be applied to 

increase the frequency of the desirable phenotype in the 

population. If the genetic cause has not been identified, then 

removing or culling affected animals and their relatives may 

be effective, but the success depends on the disease incidence, 

and progress will become slower as the incidence falls. 

VII. INHERITANCE OF RESISTANCE AND 

SUSCEPTIBILITY 

The genetic nature of diseases with hereditary predispositions 

has been little studied.  For this group of diseases are 

characterized by: 1) poly-factorial (due to many loci) control 

of stability and susceptibility;  2) the influence of 

environmental conditions;  3) a continuous transition from the 

expressed forms of the disease to the norm, that is, from 

susceptibility to stability;  4) high prevalence, minor genetic 

differences between populations;  5) great variability in the 

age of the appearance of the brulei;  6) often a minor 

concordance in pairs of identical twins.  

 On the phenotype of animals in relation to diseases with 

hereditary predisposition can be divided into two classes: 

healthy and sick.  Animals are affected when the 

corresponding threshold T is reached by the action of active 

alleles and a certain level of environmental conditions.  

Stability or susceptibility refers to the threshold signs - these 

are the signs, the distribution of which occurs discontinuously 

in splitting, but they are inherited polyfacturally.  It should be 

remembered that hereditarily susceptible animals do not 

become ill if there is no virulent pathogen. 

VIII. METHODS OF STUDYING HEREDITARY 

RESISTANCE AND SUSCEPTIBILITY TO DISEASES 

There are several basic approaches to studying the genetic 

conditionality of resistance and susceptibility of animals to 

diseases: 1) clinical genealogical analysis.  Genealogical 

schemes of families and lines with the indication of all cases 

of diseases are made for carrying out the clinical genealogical 

analysis.  Calculate the incidence rate within the related 

groups, according to which they are compared with each other 

and with the population frequency. 2) twin analysis.  This 

method makes it possible to determine the relative role of 

heredity and environment in the etiology of the disease.  For 

this, concordance and discernance are determined. 

Concordance is the presence or absence of disease in both 

twins, and discordance is a phenomenon in which only one 

twin has this feature. 3) identification of pedigree, interlinear 

differences   .  An analysis of these differences in resistance to 

disease testifies to the role of genetic factors in the 

determination of this trait. 4) selection experiment;    If, as a 

result of the selection, resistance to the disease increases, this 

indicates the genetic conditioning of resistance and 

susceptibility. 5) population-statistical analysis;  It is used to 

study the genetics of resistance and susceptibility of 

multifactorial diseases, as well as in the study of economically 

useful traits. 6) analysis of the connection of diseases with 

marker genes, etc. An analysis of this connection is yet 

another way of proving a hereditary determination of 

resistance-susceptibility to diseases. In the study of hereditary 

stability and susceptibility, not one but a combination of these 

methods is used in a different combination.  

IX. DIRECT SELECTION 

Selection for disease resistance can occur in three different 

scenarios (Rothschild, 1998). First, animals may be observed 

in a given production system or environment for lack of 

clinical expression of a disease. Under this selection approach, 

it is assumed that the disease pathogen is constantly present. 

However, the expression of disease resistance is questionable. 

Animals with clinical expression of the disease may be 

identified with relative accuracy but not all healthy animals 

may be exposed to the pathogen or challenged equally. Also, 

disease exposure in natural environments is subject to 

temporal and spatial clustering of disease incidence. Diseases 

often occur in clusters of time (years, seasons, production 

cycles, etc.)  and space (herd, pasture, farm, region, etc.).   

 In years when the disease incidence is high, there can be an 

increase in the accuracy of identifying animals with a high 

probability of being disease resistant but in years of low 

incidence the accuracy will be diminished (Snowder et al., 

2005b). The second direct approach is to uniformly challenge 

all breeding stock with infection. This approach can be costly 
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depending upon the pathogen’s virulence and clinical 

expression of the disease but is a  reliable measure of disease 

resistance. This may require isolation of the population to 

prevent transmission to non-breeding stock. A third approach 

is to challenge relatives or clones of the breeding stock, 

especially if the disease has a high mortality rate.  

The advantages and disadvantages of different breeding 

methodologies can be found in the standard texts on animal 

breeding. In this section the advantages and disadvantages of 

different breeding methodologies are discussed solely with 

respect to the specific case of disease resistance. Mass 

selection, family selection and combined family and within-

family selection can all be effectively used in selective 

breeding for disease resistance depending on the 

circumstances. 

A further problem with mass selection when dealing with 

extremely virulent diseases rapid narrowing of the genetic 

variation in the population, which will restrict future genetic 

improvement and may make populations extremely vulnerable 

to other diseases. Unfortunately, several of the mass selection 

programmes that have been carried out by commercial 

operations producing their own stock have not been well 

documented. Mass selection in the absence of a particular 

disease may lead to low levels of resistance and devastation 

bythat particular disease when it is introduced.  

X. INDIRECT SELECTION 

 Infection of animals with pathogens for the identification of 

resistant and susceptible individuals is in most cases 

unacceptable. Therefore, the possibility of using indirect 

selection by genetic or biochemical markers (indicators) for 

increasing resistance to diseases is being studied. Marker 

characteristics should be characterized by: 1) sufficiently high 

(for practical use) genetic correlation with disease resistance; 

2) high inheritance; 3) high repeatability; 4) early 

manifestation - to assess the resistance of animals at an early 

age; 5) inheritance independent of environmental conditions 

(codomination, etc.). One of the indicators of resistance to eye 

and eyelid cancer in the Hereford cattle is pigmentation 

around the eyes. In conditions of intense solar radiation, 

animals with pigmentation on the eyelids and around the eyes 

are less likely to develop eye cancer than white-headed 

individuals with unpigmented eyelids. Genetic resistance or 

susceptibility to pigmentation can be determined at 3 months 

of age. It is proposed to conduct selection in Hereford cattle 

for the type of animals having a pigmented ring around the 

eyes. If both parents are not affected by cancer after 4 years, 

the incidence of their offspring is 3 times lower in comparison 

with the descendants of sick parents. 

XI. SELECTION ON RESILIENCE TO INFECTIONS 

Although selection for increased tolerance seems to be still 

challenging because of lack of pathogen burden, our study 

shows that using EBV for resilience  is an effective way to 

increase tolerance by selection and at the same time also 

improving resistance. This is in contrast to Albers et al. 

(1987), who concluded that the heritability of resilience is too 

small to obtain direct selection responses to  mass selection. 

Indeed mass selection will yield small selection responses in 

resilience (Kolmodin and Bijma, 2004; Sae-Lim et al., 2015), 

but using information of sibs that are infected and not infected 

can greatly increase the selection responses in resilience, as 

observed in this study. 

An important drawback of using the EBV for resilience is that 

resilience is a ‘black-box’: the emphasis on tolerance and 

resistance depends on the parameters. Furthermore, obtaining 

correct measures of the contemporary group mean may be 

statistically challenging and may lead to biased estimates of 

the genetic variance in resilience, especially to disentangle 

genetic trend from the contemporary group means (Knap and 

Su, 2008). If contemporary groups are large, which is 

generally the case in pig breeding, bias is expected to be small 

or absent. Mixed model estimates of contemporary group 

means could be used (Rashidi et al., 2014; Silva  et al., 2014). 

In previous studies, we showed that such contemporary group 

means could be used well to detect disease outbreaks (Mathur 

et al., 2014; Rashidi et al., 2014). Another drawback is that 

the EBV for resilience will mainly pick up resistance and 

tolerance to epidemic diseases. For endemic diseases, the 

approach is less useful because there are continuously animals 

infected and therefore the contemporary group mean is not a 

good indicator for presence of infections. In those cases, 

presence or absence of infection at animal level could be used 

as a covariate in the random regression model. 

An important advantage of using the EBV for resilience is that 

it is aiming to select for general resilience (Guy et al., 2012). 

Multiple diseases may decrease the contemporary group 

means. Therefore, selection on the EBV for resilience will 

target general disease tolerance and resistance rather than 

specific disease resistance or tolerance. In addition to 

diseases, there may be other environmental factors that 

decrease performance, such as heat stress (Bloemhof et al., 

2008) or seasonality (Sevillano et al.). It is likely that general 

mechanisms related to dealing with stress situations are 

involved. In laboratory species, heat-shock proteins are found 

to be controlling effects of stress (Queitsch et al., 2002; 

Sangster et al.,  2008). Genome-wide associations can help 

unravelling the genetic background of resilience (Sell-Kubiak 

et al.; Silva et al., 2014). 

XII. THE NEAR FUTURE 

Selection procedures are needed that ensure that selected 

stock will perform well commercially: this normally means 

the ability to survive an epidemic. Presently selection for 

disease resistance in designed breeding schemes is normally 

carried out based on survival recorded in controlled challenge 

tests. Moss et al. (2005) point out the difficulties of 

developing challenge tests that provide useful information for 

developing populations resistant to specific pathogens under 
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commercial conditions. Their design should be such that they 

(i) emulate a natural outbreak in the ponds and (ii) evaluate all 

the defense mechanism of the shrimps. In order to emulate a 

natural pond outbreak in a challenge test, it is necessary to 

identify the natural infection pathways of the disease so as to 

establish an infection protocol that closely mimics them. 

Selection procedures depend on the nature of the disease and 

there is no standard protocol that can be recommended for 

shrimp diseases in general. Anew protocol is required for each 

disease. The experience with Taura, in several breeding 

programmes, indicates that effective protocols can be 

developed and used within on going breeding programmes. 

Techniques such as marker assisted selection are postulated as 

useful; nevertheless they can only be deployed when protocols 

have been established to detect resistant individuals or 

populations, and closely linked markers identified. In the 

particular case of resistance that increases survival of animals 

in the presence of a disease in an extremely prolific species 

such as shrimps, with a relatively short growth cycle, looking 

for marker genes may provide little advantage. It is after all 

very simple to infect large numbers of animals and simple 

select the survivors.  

We do not know at this time to predict whether or not 

selection for disease resistance can be effective in livestock. 

Basic research into the complexities underlying diseases will 

likely reveal effective approaches for many disease problems. 

The potential seems great for identifying breeding stock that  

is healthier because of their immune responsiveness. Although 

it may be difficult to select for animals resistant to a wide 

range of diseases, it may be possible to breed or identify 

animals that are genetically more responsive to anti-viral 

vaccines or other therapies. 

XIII. CONCLUSION 

Selection for disease resistance is directly related to its effect 

on growth and survival: the objective is not disease resistance 

but rather the impact that disease resistance will have on the 

desired performance characteristics of the selected stock, 

Diseases can directly affect both growth and survival. To 

develop breeding measures to combat the spread of various 

diseases, it is necessary to use integration methods for 

studying genotypes of various breeds of cattle in the 

relationship of susceptibility to disease, adaptability, 

suitability for industrial technology. 

Effective use of the developed system of genetic control of 

diseases, which includes the following elements: selection of 

animals by phenotypic and genotypic markers, by origin, by 

season of birth, according to karyotype assessment of animals, 

by indicators of natural resistance and other indicators. 

In this study, we showed that using EBV for resilience in 

absence of pathogen burden recorded led to favorable 

responses in resistance and tolerance to infections. The 

selection responses in resistance and tolerance depended on 

the heritability of resistance and tolerance and the genetic 

correlation between resistance and tolerance. If resistance and 

tolerance were unfavorably correlated, responses decreased, 

especially in resistance.  Although using EBV for resilience 

resulted mostly in favorable responses in resistance and 

tolerance, more genetic gain could be achieved when 

pathogen burden is recorded. Selecting on resilience is 

targeting, however, general resilience rather than specific 

tolerance to a certain disease. 
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