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CHAPTER I 

INTRODUCTION 

Disease control for domestic animals has depended on 

the use of antimicrobials, pesticides, vaccinations, 

isolation and embargo, test and slaughter or a 

combination of these (Templeton et al., 1988). 

Vaccinations, eradication and medication are useful 

methods for disease control but such methods have been 

criticized due to cost, development of resistance to 

vaccines and medications which may result in potential 

problems in human health. Eradication programs do not 

eliminate all diseases and by eradicating entire herds 

one eliminates the genetically superior animals as well 

as inferior ones. Despite these efforts, disease and 

disease control continue to have a major financial impact 

on the livestock industry (Gavora and Spencer, 1983). 

Tremendous progress has been made in improving 

livestock performance, reproductive efficiency, genetics 

and nutrition. Until recently, the genetics of immune 

responsiveness and disease resistance have been traits 

generally ignored by the livestock industry as a means of 

improving health and controlling disease in a herd. 

Animals have a natural ability to fight some diseases and 

certain animals fight disease better than others. By 

obtaining a better understanding of how disease 



resistance is inherited, we will be able to select 

animals that are resistant to disease by indentifying 

animals with superior immune responses. 

To better assess the feasibility of breeding for 

increased disease resistance by selection directly or 

indirectly, one can obtain estimates of heritabilities 

for immune responses and determine the genetic 

correlations among the immune marker traits and 

production traits. Therefore, the objectives of these 

studies were to 1) investigate genetic variability of 

immune function in growing pigs and beef cattle, 2) to 

identify relationships among immune traits and 

performance traits and 3) to calculate heritability 

estimates for selected immune traits. 



CHAPTER II 

LITERATURE REVIEW 

Immune System 

Through evolution, the immune system has 

progressively improved due to the importance in defense 

function (Mouton and Biozzi, 1980). The immune system 

has evolved the capacity to react with a very large 

number of foreign molecules while avoiding reactivity for 

autologous molecules (Bennaceraf, 1981). The cells of 

the immune system function in distinguishing "self" 

molecules from "nonself." An animal's immune system has 

the capability of recognizing 10 foreign antigens 

(Splitter et al., 1985) due to a nearly unlimited 

capacity to generate different antibodies which recognize 

and bind to many millions of potential antigens, or 

"nonself" molecules (Leder, 1982). 

The immune system of all species can be divided into 

two parts: the humoral system (ability of an animal to 

have an antibody response to an antigen) and cellular 

system (independent of antibody production). One major 

constituent of the immune system is the lymphocyte which 

differentiates into two classes of cells—T- and B-cells 

(Good et al., 1962). Other cell types such as 

macrophages and polynuclear leukocytes (neutrophils, 

eosinophils and basophils) take an active part in various 



parts of inflammatory responses associated with immune 

reaction (Sell, 1987). Null cells, which are lymphocytes 

without B- or T-cell markers take an active part in 

lymphocyte-mediated target cell killing. Cytotoxic T 

lymphocytes (CTL) and natural killer cells participate in 

the lysis of tumors; however, natural killer cells lyse 

without prior sensitization whereas CTL require prior 

sensitization before killing target cells. 

The production of immunoglobulins (antibodies) in 

the humoral immune response depends upon the interaction, 

at least, of T-cells, B-cells and macrophages (Bach et 

al., 1979; Unanue, 1984). Plasma cells (activated B-

cells) are producers of circulating antibodies. Also, 

cytokines are secreted by certain classes of activated 

immune cells to modulate antibody synthesis and cellular 

immune responses. Another soluble class of molecules are 

complement components which cause cell lysis. 

Cell mediated immunity (CMI) involves T-cells 

(Nabholz and MacDonald, 1983), macrophages (Adams and 

Hamilton, 1984), natural killer (NK) cells (Herberman et 

al., 1986) and various cell types. Macrophages, 

granulocytes and NK cells constitute a first line of 

defense, while T- and B-cell mediated immune reactions 

develop. Simultaneously, macrophages aid in the 

initiation of such responses by processing antigens, 

presenting antigens, and producing lymphokines and other 



factors with many effects, including the trapping of 

lymphocytes at sites of infection (Aim, 1987). Also, T-

cells act as effector cells in CMI and as modulators of 

cell proliferation and function. Macrophages and NK 

cells secrete cytokines and aid in killing tumor cells 

and participate in processing and presenting antigens to 

T- and B-cells during a cell mediated immune response to 

infectious diseases (Inger Edfors-Lilja, 1986). 

Granulocytes (such as neutrophils) release inflammatory 

factors and are involved in phagocytosis. Monocytes, NK 

cells and interferon-producing cells are able to 

recognize many bacteria, viruses and other microorganisms 

without prior exposure. 

Functional Role of Various Cell Types 

White blood cells consist of polymorphonculear 

leukocytes, lymphocytes and monocytes in the blood (Sell, 

1987). In humans, lymphocytes are produced in primary or 

central lymphoid organs at a high rate (10^/day) (Roitt 

et al., 1989). Granulocytes are produced in the bone 

marrow at a rate of 80 million/minute and represent about 

60-70 % of total normal blood leukocytes in humans (Roitt 

et al., 1989). 

T- and B-cells are types of lymphocytes. T-cells 

are thymus derived lymphocytes produced in bone marrow 

and circulate to the thymus (Sell, 1987). T-cells 



consist of several classes. T-helper cells aid in 

antibody formation, T-cytotoxic cells kill target cells, 

T-delayed hypersensitivity cells induce inflammation and 

T-suppressor cells inhibit immune responses. Also, T-

cells activated by antigens produce effector molecules 

that activate or deactivate other lymphocytes and 

contribute to immune-mediated inflammation. 

B-cells arise from precursors in the bone marrow and 

contain readily detectable surface immunoglobulin (Sell, 

1987) . B-cells differentiate into antibody secreting 

cells; therefore, their primary fucntion is to produce 

antibody for the humoral immune response. 

Neutrophils are polymorphonuclear leukocytes which 

represent 50 to 90% of the total white blood cells. 

Neutrophils represent over 90% of the granulocytes 

involved in phagocytosing and killing ingested 

microorganims (Roitt et al., 1989). Neutrophils are 

rapidly migrating cells which appear in areas of 

infection and tissue damage. Their granules contain a 

variety of hydrolytic enzymes called primary lysosomes. 

These enzymes digest phagocytosed organisms. Neutrophils 

are the first wave of a cellular attack on invading 

organisms and are the characteristic cells of acute 

inflammation (Sell, 1987). 

Macrophages are monocyte-derived stem cells found in 

the blood which give rise to cells of the mononuclear 



system (Roitt et al., 1989). The predominant role of 

these cells is to remove antigens and to present antigens 

to specific lymphocytes. Monocytes and macrophages are 

primarly phagocytic cells and serve to clear the site of 

necrotic debris (Sell, 1987). 

Eosinophils comprise 2-5% of circulating blood 

leukocytes in humans(Roitt et al., 1989), pigs and cattle 

(Swenson, 1984). Eosinophils appear to be capable of 

phagocytosing and killing ingested microorganisms. They 

are attracted by products released from T-cells, mast 

cells and basophils. Eosinophils release histamine and 

aryl sulphatase, which inactivate the mast cell products 

(histamines and leukotrienes). The net effect of these 

factors is to dampen inflammatory response and to reduce 

granulocyte migration into sites of invasion (Roitt et 

al., 1988). Also, eosinophils may increase greatly in 

allergic conditions, anaphylactic shock, and certain 

parasitisms. 

Basophils are very small cells which comprise less 

than 2 % of leukocytes circulating in the blood (Roitt et 

al., 1989) and less than 1 % in pigs and cattle (Swenson, 

1984). Basophils granules contain heparin. Also, they 

are one of the first cells involved in inflammation. 



Antibody Synthesis 

Antibodies belong to a group of structurally-related 

glycoprotein molecules found in the blood and 

extracellular fluids and known collectively as 

immunoglobulins (Sell, 1987). Antibodies have the 

capacity to bind specifically to an antigen. Antibodies 

are products of plasma cells (activated B-cells). 

Immunoglobulins are synthesized, assembled and 

secreted by plasma cells. The process of synthesis 

starts with the differentiation of pre-B cells into 

immunoglobulin-bearing B cells which initially exist in a 

resting, or GQ, state (Paul et al., 1987). Resting B-

cells can be activated by binding of antigen to membrane 

receptor of B-cell or T-cell/B-cell interaction (Singer 

and Hodes, 1983) . Once the B-cell has been activated it 

enters G^ phase, and undergoes clonal expansion through 

proliferation, to differentiate into Ig-secreting cells 

(Paul et al., 1987). Finally, synthesis is preceded by 

rearrangement (class switch) of immunoglobulin genes in 

order to determine the class of immunoglobulin. 

Major Histocompatability Complex (MHC) 

MHC genes play a central role in the development of 

immune responses (Dorf, 1981: Quddus et al., 1986) and 

the ability to perform specific immune responses to a 

certain antigen is under genetic control of the MHC 
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(Bennaceraf and McDevitt, 1972) . The genes of the MHC 

help regulate cell-cell interactions of various types 

within the lymphoreticular system, and thus functions as 

the so called "immune response" genes (Antczak, 1982). 

The MHC complex encodes surface molecules essential for 

cell communication and immune surveillance systems of the 

body (Bloom et al., 1988). The MHC gene products are 

thought to play a role in genetic control of immune 

responses all mammals (Antczak, 1982). 

The MHC of mammalian species contains three groups 

of genes: class I, class II and class III. Class I and 

class II genes code for cell surface recognition 

molecules and class III codes for some complement 

components. All nucleated cells express class I MHC 

antigens on their surface. Class II antigens are 

expressed on B-cells and macrophages. However, class II 

may appear on some activated cells such as activated T-

cells. In general, class I antigens are commonly 

recognized by cytotoxic T (T^) cells and specific for 

virally-infected cells whereas helper T (Th) cells 

respond to foreign antigen when it is presented with 

class II gene products (Klein, 1986) . 

The polymorphic class I and class II MHC gene 

products bind and present processed antigens associated 

with their antigen binding sites (Bjorkman et al., 1987; 

Brown et al., 1988). Class I and class II of the MHC 



play a key role in the development and regulation of the 

physiological immune response (Vaiman, 1987). The 

ability to produce an immune response is controlled by 

class II region gene (Ir) (Roy et al., 1989). 

Influence of SLA Complex 
on Immune Response 

In pigs, MHC is referred to as Swine Lymphocyte 

Antigen (SLA) complex. The SLA plays a role in a variety 

of immune functions such as immune responsiveness (i.e., 

antibody response to chicken lysozyme) (Vaiman et al., 

1978b) and control of complement-dependent hemolytic 

activity (Vaiman et al., 1978a). 

According to Mallard et al. (1989a) the SLA 

sometimes significantly influences antibody production 

and CMI to certain antigens. Superior antibody response 

to hen egg white lysozyme (HEWL) was associated with 

specific MHC (SLA) haplotypes in commercial pigs (Vaiman 

et al., 1978b) and SLA influenced antibody response to 

HEWL and (T,G)-A—L (a synthetic peptide of L-tyrosine:L-

glutamic acid-poly DL-alanine:poly-L-lysine used to 

induce antibody) in miniature pigs (Lunney et al., 1986). 

Haplotypes dd, dg and gg produced antibodies to SRBC 

and (T,G)-A—L. Miniature pigs with SLA haplotypes "a" 

and "c" responded well to (T,G)-A—L while pigs with "d" 

haplotype were non-responders (Lunney et al., 1984). 
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Vaiman et al. (1978b) showed conflicting results in which 

Large White pigs with (HIO) haplotype were low responders 

when challenged with lysozyme whereas miniature pigs with 

the "a" haplotype were high responders to lysozyme and 

(T,G)-A—L. The dg and gg haplotypes had higher primary 

but not secondary antibody response to HEWL. Also, pigs 

with these haplotypes had higher serum IgG concentrations 

(Mallard et al., 1989c). 

Complement system is important in host resistance 

through chemotaxis, lysis of target cells and cell 

activation and opsonization. Haplotypes dd, dg and gg 

had lower complement levels than other haplotypes tested 

(Mallard et al., 1989b). Mallard stated that dam and 

litter were major factors influencing serum hemolytic 

complement (CH50) activity measured at eight weeks of age 

prior to any immunization. This may indicate that, in 

miniature pigs, maternal genes located outside the MHC 

have greater influence on CH50 values than SLA genes or 

non-defined SLA haplotypes (Mallard et al., 1989b). 

Genetic differences in the immune responses of swine 

to antigens or vaccines have been repeatedly reported. 

Serum titers of following vaccination with Bordetella 

bronchiseptica (Rothschild et al., 1984a) and modified 

pseudorabies virus (Rothschild et al., 1984b) appeared to 

be regulated by genes within the SLA complex. Pigs 

expressing SLA haplotype a^(HlO)^ challenged with 
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Bordetella bronchiseptica were higher responders than 

other haplotypes tested, indicating the a^(HlO)^ SLA 

haplotype is causing enhanced antibody response 

(Rothschild et al., 1984a). Such differences may provide 

the genetic validity needed to determine associations 

between disease susceptibility and the MHC. 

Influence of BoLA Complex 
on Immune Response 

In cattle, BoLA alleles have been found to influence 

serum complement activity, immune responses and 

susceptibility to diseases (Vaiman, 1987). Variations in 

immune responsiveness seen in different breeds of cattle 

suggest some type of genetic control. Antibody response 

to various antigens, such as human serum albumin (HSA) 

(Lie, 1979), (T,G)-A—L (Lewin and Bernoco, 1986), 

Brucella abortus vaccines (Kaneene et al., 1979) and 

keyhole limpet (Kateley and Bazzell, 1978) have been 

studied. 

Cattle immunized with HSA and (T,G)-A—L show 

significant differences in immune response for different 

BoLA types. BoLA-wl6 was associated with high response 

to HSA and BoLA-w2 with low response (Lewin and Bernoco, 

1986). Also, serum antibody response to HSA and to 

(T,G)-A—L was associated with specific bovine class I 

12 



MHC (BoLA) antigens in Norwegian bulls (Lie et al., 

1986). 

Serum immunoglobulin concentrations are hertiable in 

cattle (Mallard et al., 1983). High serum immunoglobulin 

concentrations predict high specific antibody response 

(Williams and Halliday, 1980; Burton et al., 1989). 

Norman et al. (1981) showed breed differences in IgG and 

IgM levels in calves sired by different breeds of bulls. 

IgG and IgM were higher in calves sired by Hereford, 

Hereford x Angus and Tarentaise. 

Natural Disease Resistance 

An animal exposed to an infectious disease has at 

least three natural defense mechanisms (Mims, 1982): 1) 

skin and mucous membrane acting as epithelial barrier, 2) 

nonspecific immune response involving neutrophils, 

macrophages, NK cells and humoral mediators and 3) 

specific immune response. If a pathogenic organisms 

succeeds in passing the agencies constituting the first 

line of defense, and gains entrance into the body proper, 

whether or not infection takes place will depend upon the 

virulence of invading organism and upon the resistance or 

immunity of the animal (Kelser and Schoening, 194 3). 

Natural disease resistance is the inherent capacity 

of an animal to resist disease when exposed to pathogens 

without prior exposure or immunization (Templeton et al., 

13 



1988). Genetic control of the immune system to disease 

resistance is highly complex (Warner et al., 1987) and a 

major component of variation in natural disease 

resistance appears to be hertiable and passed from parent 

to offspring. 

The development of a disease by an animal is the 

result of the interaction between the genotype of the 

individual and the environment (Warner et al., 1987). 

Therefore, disease occurs when the environmental insult 

meets the genetic disposition (Warner et al., 1987). 

Most often the genetic components involved in disease 

include the immune system as well as the interaction of 

other systems of the body. Environmental component 

involved in exposure to pathogens. The immune system is 

not the only body system involved in disease resistance 

but it plays a major role in disease resistance (Gavora 

and Spencer, 1978, 1983). Genetic predisposition, 

environment, plane of nutrition, stress, endocrine and 

other systems are involved in disease resistance. 

Genetic Selection for 
Disease Resistance 

The existence of genetic variations in resistance to 

infectious diseases in domestic animals has been known 

for many years (Hutt, 1958), but breeders have not 

explored the idea despite the fact that disease is 
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responsible for considerable losses in animal production. 

Various bacteria and viruses are the cause of infectious 

disease affecting farm animals (Inger Edfors-Lilja, 

1986). Genetic resistance to disease is a likely 

component of fitness as result of natural selection 

(Cundiff, 1985). 

Susceptibility to a number of different diseases may 

be influenced by genetic factors in the host which 

operate through the host's immune response to specific 

antigenic challenges which are closely associated with 

the genes controlling the host's MHC antigens (McDevitt 

and Bodmer, 1972). Identifying genes that influence 

disease resistance may lead to a greater understanding of 

the underlying mechanism of disease resistance. Some 

diseases are classified as genetic diseases because 

animals may inherit or not inherit receptors for a 

specific antigen which results in resistance. Resistance 

to specific subgroups of Leukosis virus in chickens has 

been reported (Crittenden, 1975; Gebriel et al., 1979) 

and resistance to Haemonchus contortus in sheep was 

inherited in a dominant fashion (Loggins et al., 1966; 

Wakelin, 1978). Finally, mechanisms for resistance to 

K88''" colibacillus (E. coli) was related to genetic 

variation in the expression or non-expression of cell 

surface receptor for K88'*" E. coli on the intestinal 

epithelium (Sellwood et al., 1975; Gibbons et al., 1977). 
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Genetic variation in levels of immune response bears 

a relationship to resistance to infection (Chang and 

Hildermann, 1964; Sharma and Stone, 1972). This suggests 

that artificial selection for increase immune 

responsiveness to specific disease antigens may provide a 

means of improving resistance to these diseases (Peleg et 

al., 1976). In accordance with this, selection for high 

or low antibody in mice influences resistance to 

infectious diseases (Mouton et al., 1985). 

The ability to produce agglutinating antibodies to 

antigens has been shown to be genetically controlled. In 

1969, Gasser showed that inbred mice produce 

agglutinating antibodies to the Ea-la antigen (an antigen 

present on red blood cells of some wild mice) appeared to 

be under genetic control. In the study, Gasser took 

responding strains of mice and crossed them with non-

responding strains of mice and showed that the responder 

trait behaved as a dominant character. Therefore, the 

ability to produce antibody is under genetic control and 

was considered an all-or-none phenomenon (Gasser, 1970). 

Selection based on antibody-producing ability 

(Biozzi et al., 1980) demonstrated that this ability was 

controlled by multiple genes and can be correlated with 

other immune abilities such as antibody-producing ability 

to unrelated antigens or resistance to several diseases. 

Antibody response to SRBC is dependent on particular 
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haplotype combinations present at the MHC (Dunnington et 

al., 1989). In mice, the correlation between MHC and 

antibody response to SRBC have been investigated (Biozzi 

et al., 1972, 1975). Other animal systems which have 

been studied include guinea pigs (Ibanez et al., 1980) 

and chickens (van der Zijpp and Leenstra 1980; van der 

Zijpp et al., 1982). 

Response to genetic selection for high and low 

antibody titers to SRBC have been shown in mammals and 

birds (Biozzi et al., 1970; Ibanez et al. , 1980; Siegel 

and Gross, 1980; van der Zijpp et al., 1987). Martin 

(1989) showed that total antibody increased rapidly, 

peaked and persisted at moderate levels in lines of 

chickens selected for (HA) and low (LA) antibody in 

response to SRBC. In the LA line of chickens both the 

peak titer and persistency of titer were lower. 

Therefore, HA lines of chickens had higher titers to 

than LA lines. 

Genetic variation has been shown in chickens' 

antibody response to antigens such as Salmonella pullorum 

(Pevzner et al., 1981) Newcastle disease (Peleg et al., 

1976; Heller et al., 1981; Seller et al., 1981) 

Escherichia coli and fowl pox (Heller et al., 1981). 

Lines of chickens selected for high and low antibody 

response differed for resistance to infectious diseases. 

Mycoplasma aallisepticum, Newcastle disease, E. coli. 
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Staphvlococcus aureus (Gross et al., 1980) and Eimeria 

tenella (Martin et al., 1986). 

Differences in cell proliferation in response to 

mitogens have been shown to be associated with genetic 

strain differences in mice and rats (Williams and 

Benecerraf, 1972; Newlin and Gasser, 1973; Bosze et al., 

1979) and these differences are related to the MHC. 

Lassila et al. (1979) reported that two inbred strains of 

mice differed in PHA mitogenic response but not in ConA 

response which suggested a multigenetic control. 

In chickens, Lee and Bacon (1983) suggested a 

relationship between the PHA responsiveness and Marek's 

disease selected lines of chickens. They showed that 

inbred chicken lines 6 and N were low responders to PHA 

mitogen and resistant to Marek's disease. Whereas, lines 

7 and P of inbred chickens were high responders to PHA 

mitogen and are susceptible to the disease. 

Heritabilities of Immune Response 

Heritabilities are used describe the genetic control 

of inheritance for a particular trait. Heritability in 

the "broad sense" is the ratio of the genetic variance to 

the total variance (genetic and environment). In the 

"narrow sense" heritability is the ratio of additive 

genetic variance to the total variance; where genetic 

variance will consist of additive and dominant effects 
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(Van Vleck, 1988). The heritability of the humoral 

immune response (summarized in Tables 1 to 3) has been 

calculated in many species. 

Heritabilities of humoral immune response 

corresponds well to resistance to a disease caused by a 

particular antigen (Gavora and Spencer, 1983). 

Heritabilities of disease resistance indicates that 

disease resistance has a strong additive genetic 

component and would be most responsive to breeding for 

increased disease resistance (Warner et al., 1987). 

Heritability estimates do not indicate which gene or 

the number of genes involved in the control of a 

particular trait but if the genes have a strong additive 

genetic component. Heritability estimates provide 

information about the amount of progress that might be 

made for a particular trait in a selection program 

(Lasley, 1987). For example, Rothschild et al. (1984b) 

estimated immune response from a full-sib analysis of 

response to pseudorabies virus vaccine to be .42. This 

indicates that 42% of the total variation was due to 

additive genes and 58% is due to environment. In one 

generation, antibody titers could by increase by .084 

titer units for a selection differential of .20 and 

heritability estimate of .42. Therefore, if we knew 

heritabilities for each immune measure we would have an 
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indication of which traits would be most responsive to 

breeding for immune levels. 
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TABLE 1. SUMMARY OF HERITABILITY ESTIMATES FOR ANTIBODY 
SYNTHESIS IN MICE, CHICKENS AND CATTLE. 

Antigens or 
Vaccines Species Reference 

SRBC 

SRBC (1°) 

SRBC (IgM) 

SRBC (IgG) 

NDV 

NDV 

NDV 

NDV 

E. coli 

HRBC 

Ovalbumin 

BLV 

mouse 

mouse 

chicken 

chicken 

chicken 

chicken 

chicken 

quail 

chicken 

cattle 

cattle 

cattle 

.36 

.43 

.39 

.34 

.41 

Biozzi et al. 1970 

Claringbold et al. 1957 

van der Zijpp et al. 1983 

van der Zijpp et al. 1983 

Seller et al. 1981 

42(PHS) van der Zijpp et al. 1984 

16(MHS) van der Zijpp et al. 1984 

12 Takahashi et al. 1984 

.25 

.31(PHS) 

.48(PHS) 

.48 

Seller et al. 1981 

Burton et al. 1989 

Burton et al. 1989 

Burridge et al. 1979 

SRBC = Sheep red blood cells 

IgM 

IgG 

NDV 

HRBC 

BLV = bovine leukemia virus 

Immunoglobuline M 

Immunoglobulin G 

Newcastle disease virus (inactivated) 

Human red blood cells antibody 

1° = primary response 

2" = secondary response 

PHS = Paternal half-sib analysis 

MHS = Maternal half-sib analysis 

E. coli = Escherichia coli 
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TABLE 2. SUMMARY OF HERITABILITY ESTIMATES FOR ANTIBODY 
SYNTHESIS IN PIGS. 

Antigen or 
Vaccine Reference 

B. bronchiseptica 

B. bronchiseptica 

B. bronchiseptica 

B. bronchiseptica 

Pseudorabies virus 

Pseudorabies virus 

Pseudorabies virus 

(T,G)-A—L 

HEWL 

.10 (HS) 

.42 (FS) 

.15 (56d) 

.52 (119d) 

.05 (PHS) 

.42 (FS) 

.18 (56d) 

.11 to .45 

.35 to .89 

Rothschild et al. 1984a 

Rothschild et al. 1984a 

Meeker et al. 1987 

Meeker et al. 1987 

Rothschild et al. 1984b 

Rothschild et al. 1984b 

Meeker et al. 1987 

Mallard et al. 1989a 

Mallard et al. 1989a 

(T,G)-A—L = synthetic peptide of L-tyrosine:L-glutamic 
acid-poly DL-alanine:poly-L-lysine. 

HEWL = Hen egg white lysozyme. 

HS = Half-sib analysis. 

FS = Full-sib analysis. 

PHS = Paternal half-sib analysis. 

MHS = Maternal half-sib analysis. 

56d = 56 days of age. 

119d = 119 days of age. 
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TABLE 3. SUMMARY OF HERITABILITY ESTIMATES FOR 
IMMUNOGLOBULIN AND COMPLEMENT CONCENTRATIONS IN PIGS AND 
CATTLE. 

Immunoglobulin 
or complement species Reference 

IgG24 

IgG48 

IgG24 (calf) 

IgG36 (calf) 

IgM24 (calf) 

IgM36 (calf) 

IgGl (calf) 

IgGl (calf) 

IgG2 

IgG (total) 

CH50 (prior) 

CH50 (after) 

pig 

pig 

cattle 

cattle 

cattle 

cattle 

cattle 

cattle 

cattle 

cattle 

cattle 

cattle 

.13 

.27 

.52 

.69 

.35 

.24 

Mallard et al. 1989c 

Mallard et al. 1989c 

Norman et al. 1981 

Norman et al. 1981 

Norman et al. 1981 

Norman et al. 1981 

03 (PHS) Muggli et al. 1984 

23 (MHS) Muggli et al. 1984 

.12 

.54 

.78 

.68 

Jenesen et al. 1975 

Lie et al. 1979 

Lie et al. 1983 

Lie et al. 1983 

lgG24 = Immunoglobulin G concentration after 24 hours. 

19^35 = Immunoglobulin G concentration after 36 hours. 

IgG48 = Immunoglobulin G concentration after 48 hours. 

IgM24 = Immunoglobulin M concentration after 24 hours. 

IgM36 - Immunoglobulin M concentration after 36 hours. 

IgGl = Immunoglobulins Gl. 

IgG2 = Immunoglobulins G2. 

CH50 = Serum hemolytic complememt activity prior to 
immunization and after immunization. 
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CHAPTER III 

GENETIC VARIABILITY IN MEASURES 

OF BEEF CATTLE IMMUNE RESPONSE 

Abstract 

The objective of this study was to determine if a 

relationship could be found between dam and offspring 

immune measures. A secondary objective was to determine 

the relationship between dam's performance (expected 

progeny difference, EPD) and her immune measures. The 

regression coefficient between dam and offspring was 

significantly different from zero for number of white 

blood cells, indicating selection for this trait would be 

productive. White blood cell numbers were positively 

correlated with maternal EPD for birth weight (r=.34), 

weaning weight (r=.36) and yearling weight (r=.38). 

Number of peripheral lymphocytes was also correlated with 

maternal EPD for birth weight (r=.40), weaning weight 

(r=.37) and yearling weight (r=.38). These data indicate 

that selection for leukocyte numbers would be successful 

and that these traits are favorably correlated with 

measures of growth. 

Introduction 

While much is known about genetic sources of 

variation in live animal performance, body composition 
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and reproduction, relatively little is known about 

underlying genetic mechanisms of immune function. If 

immune function of domestic animals could be improved 

through selection, there could be substantial economic 

gains. 

Previous studies have concentrated primarily on 

genetics of immunoglobulin and antibody response (Muggli 

et al., 1984; Gilbert et al., 1988). These studies have 

found, generally, that the heritability of immunoglobulin 

level is low and that progress from selection for this 

trait might be slow, yet possible. We know of no reports 

of heritability estimates of numbers or metabolic 

activity of beef cattle leukocytes. Therefore, the 

objective of this work was to obtain first approximations 

of the level of heritability of leukocyte numbers and 

function and to determine if variation in these traits 

was correlated with measures of performance. Later 

studies involving greater numbers would benefit from the 

hypotheses generated in this study. 

Methods 

General. Twenty-eight purebred Angus cows and their 

calves (20 females, 8 males) were used in this study. 

Cows were 2 to 10 years old and calves were three to four 

months old and nursing their dams. Cows were fed during 

the preceding year to meet or exceed NRC recommended 

25 



nutrient requirements of beef cattle (NRC, 1984). Cows 

were grazing wheat pasture or a sudan-sorghum hybrid 

during most of the year and were fed crop residues and 

protein supplement during times of the year when no 

pasture forage was available. 

Bleeding and sample preparation. Each cow and her 

calf were bled on day 0 and day 7 (day 0 blood samples 

were used only for background antibody titer 

determinations). Blood samples were obtained via jugular 

vein using 20 ml syringes containing sodium heparin. On 

day 0, cows and calves were injected subcutaneously with 

1 ml of 40% thrice washed sheep red blood cells (SRBC). 

The blood samples were centrifuged for 20 minutes to 

separate plasma. Plasma samples were stored frozen in 

glass vials until assayed. 

Immune measures. Blood samples obtained on day 7 

were assayed for various immune measures. Blood smears 

were made using whole blood. The smears were fixed in 

methanol and stained with LeukoStat Solution I and 11^ 

for differential counts. Total white blood cells (WBC) 

were counted using a hemocytometer. 

The lymphocyte transformation assay (LTA) was used 

to determine metabolic activity of the T and B cells. 

Fifteen ml of blood were centrifuged for 20 minutes at 

^Fischer Scientific, Houston, TX 75001. 
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600 X g. Plasma was aspirated and placed in glass vials 

for later use. The buffy coat (which contains the white 

blood cells) was removed and placed in a 15 ml conical 

centrifuge tube and mixed with Roswell Park Memorial 

Institute (RPMI) 1640 medium (with sodium bicarbonate 

and gentamicin sulfate^). Ten ml of the buffy coat-RPMI 

mixture were layered onto 4 ml of histopaque and 

centrifuged at 400 x g for 40 minutes at 25 C. The 

opaque interface containing the mononuclear cells was 

aspirated and transferred to a clean, sterile conical 

centrifuge tube. The opaque interface was washed in RPMI 

and centrifuged at 600 x g for 10 minutes. The 

supernatant was removed and the cells were resuspended in 

1 ml of RPMI. The cells were counted using a 

hemocytometer. The samples were diluted in RPMI 

supplemented with 10% fetal bovine serum (FBS)^ and a 

cell concentration of 5x10^ cells/ml was obtained. 

Each sample (5 x 10^ cells/ml) was added in 

triplicate to the wells of microtiter plates containing 

100 /xl of the mitogens. Conconavilin A^ (Con A, 20 

/xg/ml) , Phyto-hemagglutinin^ (PHA, 10 /ig/ml) , and 

Pokeweed^ (PWM, 10 /xg/ml) were used as mitogens to 

stimulate B and T cell activity. The plates were 

incubated at 37 C in 5% CO2 for 66 hours. After 48 

hours, 100 /il of the supernatant were removed and 

^sigma Chemical Co., St. Louis, MO 63718 
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replaced with 100 /il of RPMI supplemented with 10% FBS. 

At 66 hours MTT (5 mg MTT/ml PBS) was added to each well 

and incubated for 4 hours at 37 C. Isopropanol/HCL was 

added to each well and mixed thoroughly by repeated 

pipetting with the octapipette. Within an hour the 

plates were read using a plate reader with a 600 nm 

filter. 

An enzyme-linked immunosorbent (ELISA) assay was 

used to determine antibody levels of bovine 

immunoglobulin G (IgG). The frozen plasma was thawed and 

used to measure IgG. Two hundred microliters of purified 

bovine IgG^ solution (2 /ig/ml in PBS) were added to each 

well of a 96 well microtiter plate. The plates were 

incubated in the refrigerator overnight. The wells of 

each plate were emptied and washed three times with 3 00 

/il/well of .05% tween/PBS. The plasma samples were 

diluted (1:3000) in .10% tween/PBS. The diluted test 

samples (12 0 /il) and standards were added to the wells in 

duplicates. Rabbit anti-bovine IgG^ was added to each 

well. The plates were incubated for two hours at room 

temperature. The wells were emptied and washed three 

times with .05% tween/PBS. Two hundred microliters of 

the enzyme linked goat anti-rabbit IgC^ linked to 

alkaline phosphate^ was added to each well and incubated 

at room temperature for 1 hour. The wells were emptied 

and washed three times with .05% tween/PBS. Two hundred 
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microliters of the substrate solution (p-nitrophenyl 

phosphate 1 mg/ml) was added to each well and incubated 

at room temperature for 30 minutes. The reaction was 

stopped by adding 2 M NaOH to each well. The optical 

density of the wells was read using the plate reader at 

405 nm and the amount of IgG present was determined based 

a on standard curve (.10 /ig/ml to 50 /ig/ml). 

Hemagglutination assay was used to determine dam and 

calf antibody response to SRBC. The plasma samples were 

thawed and heat inactivated in a 57 C water bath for 30 

minutes. The heat inactivated samples (200 /il) were 

placed in the first wells of each round-bottom plate in 

duplicates. One hundred microliters of PBS was added to 

all wells. Plates were diluted by removing 100 /il of 

each sample with an octapipette and serially diluting 

each well from left to right, discarding the final 100 

/il. To each well, 1% of SRBC was added and the plates 

were agitated for 1.5 minutes. Plates were covered and 

incubated at room temperature for 24 hours. 

The titers were determined by the sedimented cells 

forming a distinct pattern on the bottom of the wells. 

The highest dilution giving a positive reaction 

determined the titer. 

Statistical analvses and genetic parameter 

estimation. Data were analyzed by analysis of variance 

and covariance techniques employed on the general linear 
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models procedures of SAS (1985) with effects of sire and 

sex of calf investigated as potential sources of 

variation. In order to estimate heritability of various 

immune measures, the regression of offspring performance 

on dam performance was estimated and doubled (Falconer, 

1981). In cases involving negative regression 

coefficients, heritability levels were assumed to be 

zero. Residual correlations between measures of growth 

and maternal performance (in the form of expected progeny 

differences, i.e., breeding values from the American 

Angus Associations national cattle evaluation program) 

and those of immune function were also estimated using 

covariance analyses. While the number of observations in 

this study was certainly limited, the objective was to 

identify possible trends for future study. 

Results 

The relationships between cow and calf immune 

measures are presented in Table 4. A correlation (P < 

.05) was found between cow and calf total white blood 

cells and lymphocyte numbers resulting in a high estimate 

of heritability for these traits. Offspring-dam 

regression coefficients were low for LTA data, with LTA 

for pokeweed mitogen exhibiting a trend (P = .069). 

Thus, resulting heritability estimates for LTA data were 

all low or zero. 
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Correlations between EPD and cow immune measures are 

presented in Table 5. Cows' total WBC and number of 

lymphocytes were favorably correlated with EPD for birth, 

weaning and yearling weights (P < .10 or P < .05). 

Sire effects on calf immune measures are presented 

in Table 6. Sire had an effect on calves' response to 

PHA mitogen (P < .05) in the lymphocyte transformation 

assay. Sires A, B and D showed greater LTA under PHA 

mitogen than sire C. 

Gender effect on immune measures are presented in 

Table 7. SRBC titers were affected by sex of the calf. 

Male calves had higher titers (P < .05) than the heifer 

calves. Heifer calves had a higher lymphocyte response 

to PHA (P < .01) than bull calves while the response to 

ConA was higher (P < .05) in the heifers than in bulls. 

Discussion 

These data represent a first attempt at 

understanding genetic variability in leukocyte numbers 

and function in beef cattle. The primary objective was 

to generate hypotheses to be tested in later studies with 

larger numbers. Immune measures which appear to offer 

the greatest potential for selection are numbers of WBC 

and lymphocytes. On the other hand, lymphocyte 

proliferation in response to mitogens seemed to have 

little or no genetic variability. 
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Estimates of h^ were high for total WBC and numbers 

of lymphocytes. At this point, one can not say which 

direction would be desirable (selecting for a greater or 

lower number of cells). Given a positive correlation 

between leukocyte numbers and EPD values, we predict that 

more leukocytes is preferred. However, a large-scale 

selection study is necessary for this determination. 

A negative, but non-significant, correlation existed 

for WBC and lymphocyte numbers with EPD weaning weight 

maternal. This potential negative relationship between 

general maternal ability (primarily milk production) and 

leukocyte numbers should be viewed with caution at this 

stage, due to marginal significance and low numbers. 

General lack of significant differences among sires 

may simply indicate sires were fairly uniform in immune 

measures. A larger sample of sires would be desirable 

before firm conclusions should be drawn. 

Sex effects in immune measures were not consistent. 

We suspect that differences due to sex were random and 

not biologically meaningful. 
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TABLE 4. RELATIONSHIPS BETWEEN COW AND CALF IMMUNE 
MEASURES. 

Immune 
Measures 

IgG, mg/ml plasma 

SRBC titer 

Total WBC, no//il 

Lymphocytes, no//il 

Neutrophils, no//il 

Monocytes, no//il 

Eosinophils, no//il 

b* 

-.13 

-.04 

.60 

.53 

-.35 

-.05 

-.03 

Lymphocvte transormation 

CON 

PHA 

PWM 

CONA 

.00 

-.01 

.03 

.08 

SEb 

.15 

.21 

.28 

.38 

.04 

.62 

.22 

.00 

.02 

.02 

.06 

h2 

0 

0 

1.20 

1.06 

0 

0 

0 

0 

0 

.06 

.16 

** 

r 
-.17 

-.04 

.39 

.27 

-.16 

-.02 

-.27 

.11 

.13 

.36 

.24 

P 

.403 

.849 

.040 

.171 

.431 

.932 

.173 

.583 

.530 

.069 

.227 

* 
Slope between offspring and dam. 
* Correlation between offspring and dam. 
P refers to P-value associated with b- and r-values 

^Refer to list of definitions. 
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TABLE 5. CORRELATIONS BETWEEN EPD'S AND COW IMMUNE 
MEASURES. 

EPD 
Immune Birth 
Measures Weight 

IgG, mg/ml plasma 

SRBC titer 

Total WBC, no//il 

Lymphocytes, no//il 

Neutrophils, no//il 

Monocytes, no//il 

Eosinophils, no//il 

-.09 

.11 

.34+ 

.40* 

.10 

-.01 

-.17 

Lymphocyte transformation 

EPD 
Weaning 
Weight 

.03 

.01 

.36"*" 

.37"'" 

.15 

.04 

-.02 

EPD 
Weaning 
Maternal 

-.05 

-.17 

-.17 

-.19 

-.02 

-.22 

-.07 

EPD 
Yearling 
Weight 

-.02 

.20 

.38"^ 

.38''" 

.18 

.09 

-.03 

CON -.25 -.20 

PHA -.15 -.06 

PWM -.18 -.07 

CONA -.12 -.09 

••" P < .10 
* P < .05 

.20 

.27 

.23 

-.01 

-.26 

-.17 

-.17 

-.06 

EPD = Expected progeny difference estimated by National 
Cattle Evaluation program of American Angus Association, 
St. Joseph, MO (1988). 

^Refer to list of definitions. 
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TABLE 6. SIRE EFFECTS ON IMMUNE MEASURES 

Sire 

Immune 

measures A B C D 

IgG, mg/ml plasma 1.20 1.83 1.07 1.21 

SRBC titer 3.18 2.71 3.33 3.50 

Total WBC, no//il 12255 14407 11200 12343 

Lymphocytes, no//il 8888 9650 8696 9472 

Neutrophils, no//il 2885 4282 2426 2851 

Monocytes, no//il 166 151 32 429 

Eosinophils, no//il 315 325 46 83 

Lymphocyte transformation 

CON .19 .18 .11 .17 

PHA .35^ .38^ .23^ .32^ 

PWM .33 .32 .22 .27 

CONA .29 .28 .24 .25 

^'^ Means with same superscript are not significantly 
different, 
(P < .05), by predicted difference test. 

^Refer to list of definitions. 
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TABLE 7. SEX EFFECTS ON IMMUNE MEASURES 

Immune 
measures 

IgG, mg/ml plasma 

SRBC titer 

Total WBC, no//il 

Lymphocytes, no//il 

Neutrophils, no//il 

Monocytes, no//il 

Eosinophils, no//il 

Lymphocyte transformation 

CON 

PHA 

PWM 

CONA 

Male 

.99 

4.29 

11656 

8763 

2361 

368 

153 

.18 

.27 

.28 

.21 

Female 

1.49 

2.75 

13120 

9375 

3536 

138 

271 

.17 

.36 

.31 

.29 

P 

.12 

.03 

.28 

.66 

.12 

.11 

.55 

.69 

.002 

.34 

.02 

^Refer to list of definitions. 
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CHAPTER IV 

GENETIC VARIABILITY OF IMMUNE 

TRAITS AND PERFORMANCE 

IN GROWING PIGS 

Abstract 

The objective of this study was to determine the 

genetic variability of immune components and performance 

traits in growing pigs. Full-sib, paternal half-sib and 

maternal half-sib heritability estimates (h^) were 

calculated with the statistical model including effects 

of dam, sire, breed-block combination and sex. Estimates 

of h were calculated on data from 308 crossbred pigs 

from 15 sires and 74 dams. Numbers of white blood cells 

and leukocytes were highly heritable for full-sib 

(.62±.13) and maternal (.97±.26) half-sib analyses. WBC 

h^ of leukocytes ranged from .41±.14 to 1.11±.28. 

Immunoglobulin G (.20±.ll) and SRBC titer (.95±.25) h^ 

were moderate to high for full-sib and maternal half-sib 

analysis. Various immune measures were moderately to 

highly correlated with one another. Genetic correlations 

had high standard errors. Therefore, numbers of 

leukocytes, IgG concentrations and SRBC titers are good 

candidates for disease resistance selection programs. 
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Introduction 

Disease and disease control costs the livestock 

industry millions of dollars every year. Animal 

production efficiency can be greatly increased by 

reducing disease losses. Continous improvement has been 

made in the livestock industry in reproductive 

efficeincy, growth rate and nutrition. On the other 

hand, genetic variability of immune function have 

generally been ignored as a means for improving disease 

resistance in a herd. Until recently, little has been 

known about the inheritance of immune function. Some 

evidence exists, especially in poultry, and mice for 

polygenic inheritance of humoral and cellular inheritance 

of immune response (Gavora and Spencer, 1983). 

The ability to select for enhanced disease 

resistance is hindered due to a lack of understanding of 

disease resistance mechanisms and the existence of 

correlations between performance and immune traits. 

Obtaining this information would contribute to the 

ability to develop disease resistance for immune traits. 

In fact, indirect selection for increased disease 

resistance by selecting for enhanced immune function 

could be employed as a long term strategy. 

The objective of this study was to identify 

relationships between performance and immune traits, to 
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calculate heritability estimates and to identify 

correlations between performance and immune traits. 

Methods 

General. Three hundred and seven pigs from a four-

breed rotational cross of Landrace, Yorkshire, Duroc and 

Hampshire breeds or a commercially produced hybrid were 

used in the study. At weaning (approximately four weeks 

of age) two barrows and two gilts per litter were 

randomly assigned to nursery pens. Each pen contained 

eight pigs which consisted of two litters (two barrows 

and two gilts/litter). Pigs were vaccinated at weaning 

with 1 cc of Tylan 200 and 2 cc of Atrophic rhinitis 

bacterin. Pigs were not treated with antibiotics. Pigs 

were housed in the nursery for 10 days before any immune 

measures were taken. Throughout the study, pigs were 

feed ab 1 ibtum. While housed in the nursery, pigs were 

fed a nutritionally-balanced diet consisting of milo-

soybean meal with 20% crude protein plus vitamins and 

minerals. 

Pigs were housed in the nursery for 35 days (until 9 

to 10 weeks old). These animals remained in nursery 

groups and were moved to the growing-finishing house 

were they remained until they reached market weight (94 

kg) . Pigs were fed a milo-soybean meal ration with 16% 

39 



crude protein for 6 weeks and then their diet was 

switched to 14% crude protein. 

Performance measures. Pigs were weighed at birth, 

weaning, end of nursery, 6 weeks into growing phase (at 

this time diets were changed from growing-ration to 

finishing- ration) and at market. The animals were 

removed from the study once they reached approximately 95 

kg. Backfat was measured at the last rib approximately 2 

inches off of the spine using an ultrasound device (Renco 

Preg Alert"̂ ) . 

Bleeding and sample preparation. Each pig was bled 

on day 10, 17 and 24 after weaning (day 0 samples were 

used only for background antibody titer determinations). 

Blood samples were obtained via jugular vein using 20 ml 

syringes containing sodium heparin. On days 10 and 17 

pigs were injected subcutaneously with 1 ml of thrice 

washed 40% sheep red blood cells (SRBC). 

The blood samples were centrifuged for 20 minutes to 

separate plasma. Plasma samples were stored frozen at 

-20 C in glass vials until assayed. 

Immune measures. Blood samples obtained on day 24 

were assayed for various immune measures. Blood smears 

were made using whole blood. The smears were fixed in 

methanol and stained with LeukoStat Solution I and 11^ 

•̂ Renco Corporation, Minneapolis, MN 55401 

^Fischer Scientific, Houston, TX 75078 
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for differential white cell counts. At a 1:500 dilution, 

white blood cells (WBC) numbers were counted using a 

Coulter cell counter.^ Hemogloblin was measured at the 

same time the WBC counts were made. 

The lymphocyte transformation assay (LTA) was used 

to determine metabolic activity of the T and B cells. 

Fifteen ml of blood was centrifuged for 20 minutes at 600 

X g. Plasma was aspirated and placed in glass vials for 

later use. The buffy coat (which contains the white 

blood cells) was removed and placed in a 15 ml conical 

centrifuge tube and mixed with Roswell Park Memorial 

Institute (RPMI) 164 0^ (with sodium bicarbonate and 

gentamicin sulfate^). Ten ml of the buffy coat-RPMI 

mixture was layered onto 4 ml of histopaque 1077^ and 

centrifuged at 400 x g for 40 minutes at 25 C. The 

opaque interface containing the mononuclear cells was 

aspirated and transferred to a clean, sterile conical 

centrifuge tube. The opaque interface was washed in RPMI 

and centrifuged at 600 x g for 10 minutes. The 

supernatant was removed and the cells were resuspended in 

1 ml of RPMI. The cells were diluted 1:1500 and were 

counted using a Coulter counter. The samples were 

•^Coulter Electronics, Hialeah, FL 33010 

^Sigma Chemicals, St. Louis, MO 63178. 
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diluted in RPMI supplemented with 10% FBS^ and adjusted 

to a cell concentration of 5 x 10^ cells/ml. 

Concanavilin A"̂  (Con A, 2 0 /ig/ml) , Phyto-

hemagglutinin"* (PHA, 10 /ig/ml) , and Pokeweed"̂  (PWM, 10 

/ig/ml) were used as mitogens to stimulate B and T cell 

activity. One hundred microliters of each sample (5 x 

10^ cells/ml) was added, in triplicate to the wells of 

microtiter plates containing 100 /il of the mitogens in 

RPMI and 10% FBS. The plates were incubated at 37 C in 

5% CO2 for 66 hours. At 66 hours (3-[4,5-Dimethylthiazol-

2-yl]-2,5-diphenyl- tetrasolium bromide^ 5 mg MTT/ml PBS) 

was added to each well and incubated for 4 hours at 37 C. 

Isopropanol/HCl was added to each well and mixed 

thoroughly by repeated pipetting with the octapipette. 

Within an hour, using a plate reader with a 600 nm 

filter, plates were scanned to determine optical density. 

Lymphocyte blastogenesis in response to mitogens was 

determined by subtracting the mitogen response from the 

control (no mitogen). 

An ELISA was used to determine antibody levels (all 

3 samples) of porcine immunoglobulin Ĝ  (IgG). Frozen 

plasma was thawed and used to measure IgG. Two hundred 

microliters of purified porcine IgG solution (2 /ig/ml in 

PBS) was added to each well of a 96-well microtiter 

plate. The plates were incubated in the refrigerator 

overnight. The wells of each plate were emptied and 
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washed 3 times with 300 /il/well of .05% tween/phosphate 

buffer saline (PBS). The plasma samples were diluted 

(1:3000) in .10% Tween/PBS. One hundred twenty 

microliters of the diluted test samples and standards 

(.10 /ig to 50 /ig/ml of IgG) were added to duplicate 

wells. Rabbit anti-porcine IgG^ was added to each well. 

Plates were incubated for 2 hours at room temperature. 

The fluid was aspirated from each well. Each well was 

washed 3 times with 300 /il of .05% Tween/PBS. Two 

hundred microliters of enzyme linked goat anti-rabbit IgG 

linked to alkaline phosphate^ was added to each well and 

incubated at room temperature for 1 hour. The wells were 

emptied and washed 3 times with .05% tween/PBS. Two 

hundred microliters of the substrate solution (p-

nitrophenyl phosphate^ 1 mg/ml) was added to each well 

and incubated at room temperature for 30 minutes. The 

reaction was stopped by adding 2 M NaOH to each well. The 

optical density (405nm) of the wells was determined using 

an ELISA plate reader. The amount of IgG present was 

determined by a regression equations using a standard 

curve (.10 /ig/ml to 50 /ig/ml). 

A hemagglutination assay was used to determine pigs 

antibody response to SRBC. The plasma samples (3 

samples) were thawed and heat inactivated in 57 C water 

bath for 3 0 minutes. The heat inactivated samples (2 00 

/il) were placed in the first wells of each round-bottom 
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plate in duplicates. One hundred /il of PBS was added to 

all wells. The plates were diluted by removing 100 /il of 

each sample with the octapipette and serially diluting 

each well from left to right across the plate. The final 

100 /il was discarded. To each well, 100 /il of 1% SRBC 

was added and the plates were agitated for 1.5 minutes. 

The plates were covered and incubated at room temperature 

for 24 hours. The titers were determined by the 

sedimented cells forming a distinct pattern on the bottom 

of the wells. The highest dilution giving a positive 

reaction determined the titer. 

Statistical analysis and genetic parameter 

estimates. The statistical model used to estimate 

genetic parameters was as follows: 

Yijklmn = /i + fiij + S/Bijk + D/S/Bij^i + Sex^ + eij^imn 

where: 

/i = overall mean 

Bij = the fixed effect of the ith breed within the 

jth block, 

i = 1....4 breeds 

j = 1....9 blocks 

S/^ijk = "th® random effect of the kth sire within the 

combination of the ith breed and jth block, 

k = 1.... 15 sires 
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D/S/Bij)^l = the random effect of the 1th dam mated to 

the jth sire within the combinations of the ith breed and 

jth block, 

1 = 1 74 

Sexm = the fixed effect of the mth sex (male or 

female) of pig and, 

®jklmn ^ residual error. 

Heritability estimates (h^) were calculated for total 

white blood cells, lymphocytes, neutrophils, monocytes, 

eosoinophils, basophils, SRBC titers, IgGs and Imphyocyte 

proliferation in response to CONA, PHA and PWM using 

full-sib, paternal half-sib and maternal half-sib 

analyses (Harvey's Least Square Means Analysis, 1987) as 

well as full-sib anaylsis using Proc VarComp (SAS, 1985) 

as follows: 

Full-sib analysis 

2 (as^ + ao^) 

(ĉ S + ^S + ^e ) 

where: 

as = sire variance 

^ 2 J 

ao = dam variance 
^ 2 
OQ = error variance 

45 



Paternal half-sib 

4 (cJŝ ) 

A p A -> 

(̂ S + ^e ) 

where: 
A 2 

cJs = sire variance 
A 2 

a^ = dam variance 

Maternal haf-sib 
A ^ 

4 (ao^) 

A ^ A "5 

Phenotypic correlations and P-values were analyzed 

using Pearson correlation analysis (SAS, 1985) where as 

genetic correlations and standard errors were analyzed 

using Harvey's least squares estimates. The model 

included age covariates effects for genetic correlations 

among immune and performance traits. 

Results 

Presented in Table 8 are the number of sires, dams 

and pigs used to calculate the heritability estimates and 

correlations for the immune components. 
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Table 9 shows h^ using full-sib, paternal half-sib 

and maternal half-sib anlayses for various immune 

measures. Heritability estimates from full-sib analyses 

for total WBC , lymphocyte no//il, monocyte % and no//il 

and eosinophil % and no//il were moderately to highly 

heritable (.41±.14 to .63±.13). The h^ using maternal 

half-sib analysis for total WBC (.97±.26), lymphocytes 

no//il (1.11±.28) and monocyte % (.93±.27) were highly 

heritable. For paternal half-sib analysis, h^ for 

eosinophil % and no//il were 1.00±.28 and .99±.28, 

respectively. All other white blood cell types analyzed 

in the study were zero or lowly heritable (0 to .29±.24). 

Estimates of h^ using full-sib analysis for IgGl, 

IgG2 and IgG3 ranged from .20±.ll to .33±.12, 

respectively, whereas, maternal half-sib h were 

moderate to high for IgG measured on various days 

(.40±.23 to .611.24). 

The h^ for antibody synthesis in response to SRBC 

for full-sib analyses were low to moderate (.23±.12 to 

.47±.13) and maternal half-sib estimates were high for 

SRBC titers (.471.23 to .951.25). 

Estimates of h^ for lymphocyte proliferation in 

response to CONA, PHA and PWM ranged from zero to 

.181.12, except the paternal half-sib estimates for PWM 

h^ was higher (.351.24). 
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Table 10-25 illustrates the phenotypic and genetic 

correlations for all immune traits. Phenotypic 

correlations among the various mitogens were moderately 

correlated (r = .42, P < .01 to r = .54, P < .01). The 

phenotypic correlations among various leukocyte % and 

numbers were highly correlated (r = .71, P < . 01 to r = 

.94, P < .01). A high negative correlation (P < .01) was 

found between lymphocyte % and neutrophil % as well as % 

lymphocytes and %monocytes. 

Phenotypic correlations for SRBC on day 0, 17 and 24 

were positively correlated with each other (r = .14 to 

.31, P < .01) and plasma IgG on day 0 and day 10 (r = 

.52, P < .01) and day 10 with 17 (r = .68, P < .01) were 

correlated. Whereas, genetic correlations between immune 

measures were mostly negative or zero. However, if a 

high positive correlation existed, the standard error was 

also extremely high. 

Table 26-31 illustrates phenotypic and genetic 

correlations among performance and immune traits. 

Phenotypic correlations were positive (P < .05) for all 

weight measures. The genetic correlations among weights 

ranged from .251.14 to .69119. Performance measures and 

immune measures were lowly correlated (r = -.24, P < .01 

to r = .32, P < .01). Genetic correlations were negative 

or zero between performance and WBC and hemoglobin and 

all other immune measures were negative or lowly 
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correlated. However, growing weight was moderately 

correlated with lymphocyte %, neutrophil % , eosinophil % 

and basophil %. Birth weight was moderately correlated 

with IgGl and highly correlated with PHA but the standard 

errors were high. Finally, genetic correlations greater 

than zero existed between SRBC2 and birth weight, weaning 

weight, end of nursery weight and growing weight. 

Presented in Table 32 are h^ for performance data 

using full-sib analyses. Estimates of h^ for birth 

weight, weaning weight, growing weight and ADG were 

1.131.13, 1.281.11, 1.321.10 and 1.281.10, respectively. 

The h for end-of-nursery weight, market weight, ADGl 

and ADG4 were highly heritable with low standard errors 

of estimates (.621.18 to .991.12). Estimate of h^ for 

backfat was .431.15. All other h^ were zero or low. 

Listed in Table 33 are phenotypic correlations among 

immune traits and ADGl, ADG5, ADG6, D230 and backfat. 

All phenotypic correlations were either negative or very 

low. Genetic correlations among these measures were 

generally negative or low. However, high genetic 

correlations were found but the standard errors exceeded 

the correlation value. 

The data in Table 34 represents genetic correlations 

between performance and immune measures. Backfat was 

highly correlated with WBC (r = .641.38) and lymphocyte 

no//il (r = 1.031.25). Eosinophil % and eosinophil no//il 
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were genetically correlated with ADG5 (r = .911.30 and r 

= .871.30) and ADG6 (r = .931.30 and r = .931.36). 

Discussion 

The immune system of an animal plays a role in 

disease resistance. Gavora and Spencer (1983) have 

suggested that development of resistance through indirect 

selection on immune response traits may be the best long 

term strategy, but this method is limited due to the lack 

of information of resistance mechanisms. 

Selection for total WBC, various white blood cell 

types, IgG and antibody response to SRBC seems possible 

due to moderate to high estimates of heritability for 

these traits. 

The h^ describes the additive genetic control of a 

particular trait. Estimates of h^ using full-sib 

analyses were moderate to high for total WBC and various 

cell types (.411.14 to .621.13), no other known estimates 

have been calculated for these traits. Biozzi et al. 

(1970) estimated heritability to SRBC in mice to be .36, 

compared with an estimate of .43 for primary response by 

Claringbold et al. 1957. Mallard et al 1989b estimated 

antibody titer to SRBC in pigs to be zero. Previous 

estimates for IgG in pigs were .13 to .27 (Mallard et 

al., 1989b) and in cattle .52 to .69 (Norman et al.,1981) 

and .54 for total IgG (Lie et al., 1979). In this study 
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antibody response to SRBC and IgG levels were moderately 

heritable. 

Most of these immune traits appear to have a large 

maternal effect which provides information that these 

traits could be controlled maternally. It is possible 

that the dam contributes highly to offspring the number 

of WBC, IgG levels and response to SRBC. The maternal 

effects in these data should be further evaluated using 

more complex analyses. 

Phenotypic correlations existed among most of the 

immune measures but most often these correlations were 

relatively low. The correlation between various cell 

types existed which is expected because cell percent 

contributes to total cell numbers (i.e., part-whole 

relationship). Genetic correlations were low and lacked 

meaning. However, high genetic correlations existed 

among some performance and immune traits but the standard 

errors were high which makes their importance unknown. 

In conclusion, these results indicated selection for 

various immune traits is possible due to high estimates 

of h^. Selection for white blood cells, immunoglobulins 

G and SRBC titers appears to be possible. Genetic 

correlations exist between performance and immune traits, 

but they are relatively low. However, when a high 

correlation existed, large standard errors overshadowed 

its significance. Possibly, with some of these 
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correlations, more numbers would cause a decrease in the 

standard error and make the genetic correlation 

meaningful. Phenotypic correlations was positive and 

negative among several immune measures. 

Selection for various immune components is possible 

and could help in disease resistance. We must determine 

if higher numbers or lower numbers of white blood cells 

will be benifical to the animal. We would suspect that 

more white blood cells is better unless such high numbers 

were associated with an active infection. 
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TABLE 8. NUMBER OF SIRES, DAMS AND PIGS USED TO ESTIMATE 
HERITABILITIES. 

Immune 
measures 

WBC 

HgB 

LY 

NE 

MO 

EO 

BA 

LYMPH 

NEUT 

MONO 

EOSO 

BASO 

IgGl 

IgG2 

IgG3 

SRBCl 

SRBC2 

SRBC3 

Sires 

15 

15 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

15 

15 

15 

15 

15 

15 

Lymphocyte Transformation 
CONA 14 

PHA 

PWM 

14 

14 

Numbers of 

Dams 

74 

74 

67 

67 

67 

67 

67 

67 

67 

67 

67 

67 

74 

74 

74 

74 

74 

74 

66 

66 

66 

Pigs 

299 

299 

266 

266 

266 

266 

266 

266 

266 

266 

266 

266 

307 

301 

298 

303 

301 

299 

267 

267 

267 

^Refer to list for definitions 
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TABLE 9. HERITABILITY ESTIMATES USING FS, PHS AND MHS 
ANALYSIS FOR IMMUNE TRAITS.^ 

Immune 
Measures 

WBC 

HgB 

LY 

NE 

MO 

EO 

BA 

LYMPH 

NEUT 

MONO 

EOSO 

BASO 

IgGl 

IgG2 

IgG3 

SRBCl 

SRBC2 

SRBC3 

FS 

.621.13 

.181.11 

.081.11 

.021.11 

.461.14 

.581.14 

.121.12 

.581.14 

.191.12 

.411.14 

.501.14 

0 

.331.12 

301.12 

.201.11 

.471.13 

.231.12 

.321.12 

h^lSE 

PHS 

.261.21 

.161.16 

.151.22 

.041.21 

0 

1.001.28 

0 

.061.21 

.291.24 

0 

.991.28 

.121.20 

0 

0 

0 

0 

0 

0 

MHS 

.971.26 

.201.22 

0 

0 

.931.27 

.161.23 

.221.24 

1.111.28 

.091.23 

.831.27 

.001.22 

0 

.541.24 

.611.24 

.401.23 

.951.25 

.471.23 

.631.24 

CONA 0 0 0 

PHA .021.1 .041.20 0 

PWM .181.12 .351.24 0 

^Harvey's least square analysis. Refer to list for 
definitions. 
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TABLE 10. PHENOTYPIC AND GENETIC CORRELATIONS BETWEEN 
WBC/HgB AND LYMPHOCYTE PROLIFERATION IN RESPONSE TO 
VARIOUS MITOGENS. 

Immune 
measures 

WBC 

HgB 

Con 

ConA 

PHA 

PWM 

WBC 

1.00 

.65 

0 

0 

-.71 

-.63 

HgB 

.14* 

1.00 

0 

0 

-1.25 

.24 

Con 

-.04 

-.05 

1.00 

0 

15.16 

-7.14 

ConA 

.11+ 

-.05 

-.02 

1.00 

0 

0 

PHA 

-.08 

-.05 

-.38 

.50 

1.00 

.81 

PWM 

-.06 

-.05 

ie* 

-.16 
•kic 

.42 

. 54 

1.00 

^Phenotypic correlations and P-values are above the 
diagonal and genetic correlations are below the diagonal 

P < .10"*" 
P < .05* 
P < .01 

^Standard errors for genetic correlations range from .50 
to 550.98. 

^Refer to list for definitions. 

55 



TABLE 11. PHENOTYPIC AND GENETIC CORRELATIONS BETWEEN 
WBC/HgB AND VARIOUS LEUKOCYTE PERCENTS. 

Immune 
measures 

WBC 

HgB 

LY 

NE 

MO 

EO 

BA 

WBC 

1.00 

.65 

.99 

-.65 

-.03 

-.25 

-.09 

HgB 

•k 

.14 

1.00 

-.47 

1.33 

0 

.84 

0 

LY 

-.11 

k 
.14 

1.00 

-.19 

-.93 

-.07 

-1.10 

NE 

.04+ 

-.11+ 

-.92** 

1.00 

.78 

-.26 

3.13 

MO 

kk 
.21 

-.04 

-.43** 

.13* 

1.00 

-.35 

.05 

EO 

.06 

-.02 

-.06 

-.0 

-.04 

1.00 

.44 

BA 

.00 

.00 

-.03 

-.06 

.17** 

-.00 

1.00 

^Phenotypic correlations and P-values are above the 
diagonal and genetic correlations are below the diagonal 

P < .10+ 

P < '^^Ik P < .01 

^standard errors for genetic correlations range from .13 
to 13.57. 

^Refer to list for definitions. 
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TABLE 12. PHENOTYPIC AND GENETIC CORRELATIONS BETWEEN 
WBC/HgB AND VARIOUS LEUKOCYTE NUMBERS. 

Immune 
measures 

WBC 

HgB 

LYMPH 

NEUT 

MONO 

EOSO 

BASO 

WBC 

1.00 

.65 

.80 

1.01 

.52 

-.14 

0 

HgB 

k 
.14 

1.00 

0 

1.55 

-.26 

.71 

0 

LYMPH 

.84 

kk 
.35 

1.00 

.87 

.31 

-.01 

0 

NEUT 

.70** 

.11+ 

kk 
.25 

1.00 

.53 

-.27 

0 

MONO 

.57** 

.04 

kk 
.25 

kk 
.52 

1.00 

-.49 

0 

EOSO BASO 

kk k 
.31 .12 

.07 .01 

kk 
.23 .06 

.16**.06 

k kk 
.15 .21 

1.00 .13* 

0 1.00 

^Phenotypic correlations and P-values are above the 
diagonal and genetic correlations are below the diagonal 

P < .10+ 

P < '^Kk P < .01 

^Standard errors for genetic correlations range from .13 
to 1.49. 

^Refer to list for definitions. 
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TABLE 13. PHENOTYPIC AND GENETIC CORRELATIONS BETWEEN 
WBC/HgB AND IMMUNOGLOBULIN G. 

Immune 
measures 

WBC 

HgB 

IgGl 

IgG2 

IgG3 

WBC 

1.00 

.65 

.20 

-.43 

-.30 

HgB 

.14* 

1.00 

0 

0 

0 

IgGl 

.04 

.05 

1.00 

.81 

-.75 

IgG2 

.12+ 

-.05 

.21** 

1.00 

-.32 

IgG3 

.02 

-.06 

.14* 

.31** 

1.00 

^Phenotypic correlations and P-values are above the 
diagonal and genetic correlations are below the diagonal 

P < .10+ 

P < '^^kk P < .01 

^Standard errors for genetic correlations range from .35 
to .70. 

^Refer to list for definitions. 
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TABLE 14. PHENOTYPIC AND GENETIC CORRELATIONS BETWEEN 
WBC/HgB AND SRBC TITERS. 

Immune 
measures 

WBC 

HgB 

SRBCl 

SRBC2 

SRBC3 

WBC 

1.00 

.65 

-.03 

.20 

.09 

HgB 

.14* 

1.00 

-.10 

-.64 

-.50 

SRBCl 

-.01 

-.01 

1.00 

.16 

.36 

SRBC2 

-.05 

-.05 

-.27 

1.00 

.71 

SRBC3 

-.05 

-.05 

kk 

.52 

.68 

1.00 

^Phenotypic correlations and P-values are above the 
diagonal and genetic correlations are below the diagonal. 

P < .10+ 
P < .05* 
P < .01 

^Standard errors for genetic correlations range from .34 
to .70. 

^Refer to list for definitions. 
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TABLE 15. PHENOTYPIC AND GENETIC CORRELATIONS BETWEEN 
VARIOUS LEUKOCYTE PERCENTS AND LYMPHOCYTE PROLIFERATION 
IN RESPONSE TO VARIOUS MITOGENS. 

Immune 
measures 

LY 

NE 

MO 

EO 

BA 

CON 

CONA 

PHA 

PWM 

hY 

1.00 

.34 

-.69 

-.10 

-.84 

1.86 

0 

-1.03 

-1.53 

NE 

-.92 

1.00 

-.09 

-.09 

1.40 

-.85 

0 

1.07 

.68 

MO 

-.43** 

.13* 

1.00 

-.40 

.05 

-.93 

0 

-.30 

.29 

EO 

•-.06 

-.06 

-.04 

1.00 

.44 

.18 

0 

.42 

.71 

BA 

-.03 

-.06 

CON 

.04 

-.06 

.17**.02 

-.00 

1.00 

0 

0 

-.16 

.52 

.05 

.08 

1.00 

0 

0 

0 

CONA 

-.01 

-.03 

.08 • 

.05 

-.03 -

-.02 • 

1.00 

0 

0 

PHA PWM 

.02 .01 

.05 -.02 

k k 

-.22 -.14 

.04 -.01 

kk k 

-.19 -.14 
kk kk 

-.38 .16 

.50**.42** 

L.OO .54** 

.81 1.00 

^Phenotypic correlations and P-values are above the 
diagonal genetic and correlations are below the 
diagonal. 

P < .10+ 
P < .05* 
P < .01** 

^Standard errors for genetic correlations range from .55 
to 3.72. 

^Refer to list of definitions. 
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TABLE 16. PHENOTYPIC AND GENETIC CORRELATIONS BETWEEN 
VARIOUS LEUKOCYTE PERCENTS AND LEUKOCYTE NUMBERS. 

Immune 
measures LY NE MO EO BA LYMPH NEUT MONO 

LY 1.00 -.92**-.43**-.06 -.03 .40** -.71** -.41** 

NE -.19 1.00 .13* -.06 -.06 -.41** .71** .14* 

MO -.93 .78 1.00 -.04 .17**-.05 .26** .87** 

EO -.07 -.26 -.35 1.00 -.00 .03 -.01 -.00 

BA -1.10 3.13 .05 .44 1.00 -.02* -.03 .13* 

LYMPH 1.07 -1.40 -.32 -.22 -.32 1.00 .20** .14** 

NEUT .89 -1.21 -.04 -.31 .40 .87 1.00 .31** 

MONO -.15 -.12 .52 -.49 -.14 .31 .53 1.00 

^Phenotypic correlations and P-values are above the 
diagonal and genetic correlations are below the diagonal. 

P < .10+ 
P < .05* 
P < .01** 

^Standard errors for genetic correlations range from .13 
to 13.57. 

^Refer to list for definitions. 
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TABLE 17. PHENOTYPIC AND GENETIC CORRELATIONS BETWEEN 
VARIOUS LEUKOCYTE PERCENTS AND NUMBERS. 

Immune 
measures 

LY 

NE 

MO 

EO 

BA 

EOSO 

BASO 

LY 

1.00 

-.19 

-.93 

-.07 

-1.10 

.28 

0 

NE 

-.92 

1.00 

.78 

-.26 

3.13 

-.74 

0 

MO 

-.43** 

.13* 

1.00 

-.35 

.05 

-.41 

0 

EO 

-.06 

-.06 

-.04 

1.00 

.44 

.97 

0 

BA 

-.03 

-.06 

.17** 

-.00 

1.00 

.40 

0 

EOSO 

-.08 

-.05 

.02 

.93 

.04 

1.00 

0 

BASO 

-.05 

-.04 

.18** 

.05 

.94** 

.13* 

1.00 

^Phenotypic correlations and P-values are above the 
diagonal and genetic correlations are below the diagonal 

P < .10+ 

P < '^Kk P < .01 

^Standard errors for genetic correlations range from .03 
to 13.57. 

^Refer to list for definitions. 
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TABLE 18. PHENOTYPIC AND GENETIC CORRELATIONS BETWEEN 
VARIOUS LEUKOCYTE PERCENTS AND IMMUNOGLOBULIN G. 

Immune 

measures LY NE MO EO BA IgGl IgG2 IgG3 

LY 1.00 -.92**-.43**-.06 -.03 .11+ -.01 -.06 

NE -.19 1.00 .13* -.06 -.06 -.09 .02 .05 

MO -.93 .78 1.00 -.04 .17** .03 -.00 -.07 

EO -.07 -.26 -.35 1.00 -.00 -.10+ -.01 .10 

BA -1.10 3.13 .05 .44 1.00 -.15* -.07 -.03 

IgGl 0 0 .14 -1.84 -.28 1.00 .20**.14** 

IgG2 0 0 -.18 .20 .23 .81 1.00 .31** 

IgG3 0 0 .54 -1.37 -.52 -.75 -.32 1.00 
^Phenotypic correlations and P-values are above the 
diagonal and genetic correlations are below the diagonal. 

P < .10+ 

P < .01 

^Standard errors for genetic correlations range from .35 
to 13.75. 

^Refer to list for definitions. 
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TABLE 19. PHENOTYPIC AND GENETIC CORRELATIONS BETWEEN 
VARIOUS LEUKOCYTE PERCENTS AND SRBC TITERS. 

Immune 
measures 

LY 

NE 

MO 

EO 

BA 

SRBCl 

SRBC2 

SRBC3 

LY 

1.00 

-.19 

-.93 

-.07 

-1.10 

.52 

-.94 

-.29 

NE 

-.92 

1.00 

.78 

-.26 

3.13 

-.47 

.50 

-.05 

MO 

kk 
-.43 

k 
.13 

1.00 

-.35 

.05 

-.49 

.46 

-.13 

EO 

-.06 

-.06 

-.04 

1.00 

.44 

.28 

.23 

.41 

BA 

-.03 

-.06 

SRBCl 

.03 

-.05 

kk 
.17 .01 

-.00 

1.00 

0 

0 

0 

.20** 

.00 

1.00 

.64 

.23 

SRBC2 

.05 

-.02 

k 
-.15 

-.03 

.04 

.20 

1.00 

1.16 

SRBC3 

.06 

-.05 

k 
-.12 

.12 

.03 

kk 
.14 

kk 
.31 

1.00 

^Phenotypic correlations and P-values are above the 
diagonal, genetic correlations below the diagonal. 

P < .10+ 

P < .01 

^Standard errors for genetic correlations range from 
13.57 to .13. 

^Refer to list for definitions. 
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TABLE 20. PHENOTYPIC AND GENETIC CORRELATIONS BETWEEN 
VARIOUS LEUKOCYTE NUMBERS AND LYMPHOCYTE PROLIFERATION IN 
RESPONSE TO VARIOUS MITOGENS. 

Immune 

measures LYMPH NEUT MONO EOSO BASO CON CONA PHA PWM 

LYMPH 1.00 .25**.25**.23**-.01 -.03 .06 -.07 -.04 

NEUT .87 1.00 .52**.16** .06 -.07 .05 -.05 -.07 

MONO .31 .53 1.00 .15* .21**-.03 .11+-.17*-.15* 

EOSO -.01 -.27 -.49 1.00 .13* .04 .05 -.06 .00 

BASO 0 0 0 0 1.00 .06 -.03 -.20**-.10 

CON 0 0 0 0 0 1.00 -.02 -.38**.16 

CONA 0 0 0 0 0 0 1.00 .50 .42 

PHA .71 -.27 -.33 0 0 0 0 1.00 .54 

PWM -.89 -1.41 -.57 0 0 0 0 .81 1.00 
^Phenotypic correlations and P-values are above the 
diagonal and genetic correlations are below the diagonal. 

P < .10+ 

P < .01 

^standard errors for genetic correlations range from .39 
to 
1.07. 

^Refer to list for definitions. 
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TABLE 21. PHENOTYPIC AND GENETIC CORRELATIONS BETWEEN 
VARIOUS LEUKOCYTE NUMBERS AND IMMUNOGLOBULIN G. 

Immune 
measures 

LYMPH 

NEUT 

MONO 

EOSO 

BASO 

IgGl 

IgG2 

IgG3 

LYMPH 

1.00 

.87 

.31 

-.01 

0 

.09 

-.47 

.01 

NEUT 

kk 
.25 

1.00 

.53 

-.27 

0 

.19 

-,11 

.28 

MONO 

.25** 

.52** 

1.00 

-.49 

0 

.69 -

.08 

-.36 

EOSO BASO 

kk 
.23 -.01 

kk 
.16 .06 

k kk 
.15 .21 

1.00 .13* 

0 1.00 

1.20 -3.31 

-.40 2.66 

.74 -3.74 

IgGl 

.08 

-.05 

'-.00 

-.09 

k 
-.15 

1.00 

.81 

-.75 

IgG2 IgG3 

.07 -.00 

.09 .05 

.02 -.05 

.01 .08 

-.06 -.04 

-.27**.52** 

1.00 .68** 

.32 1.00 

^Phenotypic correlations and P-values are above the 
diagonal and genetic correlations are below the diagonal. 

P < .10+ 

P < '^^kk 
P < .01 

^Standard errors for genetic correlations range from .34 
to 98.70. 

^Refer to list for definitions. 
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TABLE 22. PHENOTYPIC AND GENETIC CORRELATIONS BETWEEN 
VARIOUS LEUKOCYTE NUMBERS AND SRBC TITERS. 

Immune 
measures 

LYMPH 

NEUT 

MONO 

EOSO 

BASO 

SRBCl 

SRBC2 

SRBC3 

LYMPH 

1.00 

.87 

.31 

-.01 

0 

.26 

.22 

.44 

NEUT 

kk 
.25 

1.00 

.53 

-.27 

0 

-.14 

.50 

.10 

MONO 

.25** 

.52** 

1.00 

-.49 

0 

-.44 

.37 

-.29 

EOSO 

.23** 

.16** 

.15* 

1.00 

0 

.44 

.12 

.53 

BASO 

-.01 

.06 

kk 
.21 

k 
.13 

1.00 

-.33 

.34 

.16 

IgGl 

.08 

-.05 

'-.00 

-.09 

-.15* 

1.00 

.16 

.36 

IgG2 IgG3 

.07 -.00 

.09 .05 

.02 -.05 

.01 .08 

-.06 -.04 

-.27**.52** 

1.00 .68** 

.71 1.00 

^Phenotypic correlations and P-values are above the 
diagonal and genetic correlations are below the diagonal 

P < .10+ 
P < .05* 
P < .01** 

Standard errors for genetic correlations range from .33 
to 1.10. 

^Refer to list for definitions. 
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TABLE 23. PHENOTYPIC AND GENETIC CORRELATIONS BETWEEN 
LYMPHOCYTE PROLIFERATION IN RESPONSE TO VARIOUS MITOGENS 
AND IMMUNOGLOBULIN G. 

Immune 
measures 

CON 

CONA 

PHA 

PWM 

IgGl 

IgG2 

IgG3 

CON 

1.00 

0 

0 

0 

-4.07 

-1.72 

1.12 

CONA 

-.02 

1.00 

0 

0 

0 

0 

0 

PHA 

-.38 

.50 

1.00 

.81 

1.09 

-.04 

.10 

PWM 

kk 
.16 

kk 
.42 

kk 
.54 

1.00 

1.78 

.48 

.84 

IgGl 

.07 

-.02 

-.03 

-.03 

1.00 

.81 

-.75 

IgG2 

-.08 

.05 

.06 

.15* 

.20** 

1.00 

-.32 

IgG3 

-.03 

-.05 

-.03 

kk 
.16 

kk 
.14 

kk 
.31 

1.00 

^Phenotypic correlations and P-values are above the 
diagonal and genetic correlations are below the diagonal 

P < .10+ 
P < -05*^ 
P < .01 

^Standard errors for genetic correlations range from .34 
to 14.99. 

c Refer to list of definitions. 
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TABLE 24. PHENOTYPIC AND GENETIC CORRELATIONS BETWEEN 
LYMPHOCYTE PROLIFERATION IN RESPONSE TO VARIOUS MITOGENS AND 
SRBC TITERS. 

Immune 
measures 

CON 

CONA 

PHA 

PWM 

SRBCl 

SRBC2 

SRBC3 

CON 

1.00 

0 

0 

0 

0 

0 

0 

CONA 

-.02 

1.00 

0 

0 

0 

0 

0 

PHA 

-.38 

.50 

1.00 

.81 

-.10 

-.59 

-.48 

PWM 

kk 

.16 
kk 

.42 

. 54 

1.00 

.21 

.55 

.57 

SRBCl 

.16** 

.09 

-.02 

.09 

1.00 

.16 

.36 

SRBC2 

.21 

.05 

.12+ 

.12+ 

-.27 

1.00 

.71 

SRBC3 

.31** 

.11+ 

.10 

kk 

.17 
kk 

.52 
kk 

.68 

1.00 

^Phenotypic correlations and P-values are above the diagonal 
and genetic correlations are below the diagonal. 

P < .10+ 

P < .01 

^Standard errors for genetic correlations range from .34 to 
1.20. 

^Refer to list for definitions. 
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TABLE 25. PHENOTYPIC AND GENETIC CORRELATIONS BETWEEN 
IMMUNOGLOBULIN G AND SRBC TITERS. 

Immune 
measures IgGl IgG2 IgG3 SRBCl SRBC2 SRBC3 

. 0 4 

. 0 9 

. 11+ 

- . 2 7 * * 

1 . 0 0 

. 0 6 

. 1 8 

. 1 0 

. 5 2 * * 

. 6 8 * * 

IgGl 1.00 .20** .14** .04 

IgG2 .81 1.00 .31** .12* 

IgG3 -.75 -.32 1.00 -.00 

SRBCl .05 .20 .81 1.00 

SRBC2 -.29 -.34 .20 .16 

SRBC3 -.06 .02 .61 .36 .71 1.00 

^Phenotypic correlations and P-values are above the 
diagonal and genetic correlations are below the diagonal. 

P < .10+ 
P < .05* 
P < .01** 

^Standard errors for genetic correlations range from .34 
to .74. 

^Refer to list for definitions. 
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TABLE 26. PHENOTYPIC AND GENETIC CORRELATIONS BETWEEN 
PERFORMANCE MEASURES AND WBC/HgB. 

Immune 
measures 

WBC 

HgB 

BW 

WW 

ENW 

GW 

WBC 

1.00 

.65 

-.30 

-.28 

-.22 

.17 

HgB 

k 
.14 

1.00 

0 

0 

0 

0 

BW 

-.04 

.06 

1.00 

.56 

.29 

.25 

WW ENW 

.02 -.06 

.13* .24** 

kk kk 
.45 .31 

kk 
1.00 .65 

.48 1.00 

.42 .69 

GW 

-.11+ -

.32** 

.29** 

.55** 

.11 

1.00 

MW BF 

-.04 .06 

.13* -.10 

.09 -.01 

.18**-.04 

kk 
.27 .04 

kk 
.42 .03 

^Phenotypic correlations and P-values are above the 
diagonal and genetic correlations are below diagonal. 

P < .10+ 

P < .01 

^Standard errors for genetic correlations ranged from .17 
to .70. 

^Refer to list for definitions. 
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TABLE 27. PHENOTYPIC AND GENETIC CORRELATIONS BETWEEN 
PERFORMANCE TRAITS AND VARIOUS LEUKOCYTE PERCENTS. 

Immune 

measures LY NE MO EO BA BW WW ENW GW 

LY 1.00 -.92**-.43**-.06 -.03 .05 .09 .19** .20** 

NE -.19 1.00 .13* -.06 -.06 -.08-.11+-.18**-.19** 

MO -.93 .78 1.00 -.04 .17**.03 -.06 -.09 -.13** 

EO -.07 -.26 -.35 1.00 -.00 .04 .15* .10 .11+ 

BA -1.10 3.13 .05 .44 1.00 -.02 .04 .02 .05 

BW .06 -.01 -.00 -.04 .07 1.00 .45**.31**.29** 

WW -.24 .34 -.03 .13 .03 .56 1.00 .65**.55* 

ENW .19 -.15 -.24 .34 2.95 -.12 .48 1.00 .77** 

GW .37 .34 -.06 .33 3.79 .24 .42 .69 1.00 
^Phenotypic correlations and P-values are above the 
diagonal and genetic correlations are below the diagonal. 

P < .10+ 

P < '^^kk 
P < .01 

^Standard errors for genetic correlations range from .13 
to 170.85. 

^Refer to lists for definitions. 
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TABLE 28. PHENOTYPIC AND GENETIC CORRELATIONS BETWEEN 
PERFORMANCE TRAITS AND VARIOUS LEUKOCYTE NUMBERS. 

Immune 
measures LYMPH NEUT MONO EOSO BASON BW WW ENW GW 

LYMPH 1.00 .25** .25** .23** .06 .00 .10 .07 .05 

NEUT .87 1.00 .52** .16** .06 -.10 -.06 -.14*-.15* 

MONO .31 .53 1.00 .15* .21**.01 -.05 -.10 .14* 

EOSO -.01 -.27 -.49 1.00 .13* .03 .13* .07 .08 

BASO 0 0 0 0 1.00 -.02 .02 -.00 .02 

BW .08 -.26 -.06 -.06 1.20 1.00 .45**.31**.29** 

WW -.28 -.0 -.09 -.22 .89 .56 1.00 .65**.55** 

ENW .12 -.23 -.40 .07 .44 .29 .48 1.00 .77** 

GW -.21 -.23 -.40 -.07 .44 .24 .42 .69 1.00 

^Phenotypic correlations and P-values are above the 
diagonal and genetic correlations are below the diagonal 

P < .10+ 

P < '^^kk 
P < .01 

^Standard errors for genetic correlations range from .17 
to 1.10. 

^Refer to lists for definitions. 
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TABLE 29. PHENOTYPIC AND GENETIC CORRELATIONS BETWEEN 
PERFORMANCE TRAITS AND LYMPHOCYTE PROLIFERATION IN 
RESPONSE TO VARIOUS MITOGENS. 

Immune 

measures CON CONA PHA PWM BW WW ENW GW 

CON 1.00 -.02 -.38**-.16**-.08 -.10 -.11+ -.10 

CONA 0 1.00 .50** .42**-.13*-.24**-.14*-.07 

PHA 15.16 0 1.00 .54** .01 -.14*-.09 .00 

PWM -7.14 0 .81 1.00 .03 -.04 -.13* -.00 

BW 0 0 .67 .08 1.00 .45**.31** .29** 

WW 0 0 .02 .13 .56 1.00 .65** .55** 

ENW 0 0 .08 .21 .29 .48 1.00 .77** 

GW 0 0 -.08 .25 .24 .42 .69 1.00 

^Phenotypic correlations and P-values are above the 
diagonal and genetic correlations are below the diagonal. 
P < .10+ 
P < .05 
P < .01** 

^Standard errors for genetic correlations range from .17 
to 550.98. 

^Refer to lists for definitions. 
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TABLE 30. PHENOTYPIC AND GENETIC CORRELATIONS BETWEEN 
PERFORMANCE TRAITS AND IMMUNOGLOBULIN G. 

Immune 
measures 

IgGl 

IgG2 

IgG3 

BW 

WW 

ENW 

GW 

IgGl 

1.00 

.81 

-.75 

.30 

-.27 

-.36 

-.31 

IgG2 

.20 

1.00 

-.32 

.08 

.21 

.01 

-.04 

IgG3 

.14* 

.31** 

1.00 

-.40 

.15 

.13 

-.04 

BW 

.06 

.02 

.03 

1.00 

.56 

.29 

.25 

WW 

.04 

.21 

.20 

kk 
.45 

1.00 

.48 

.42 

ENW 

.09 

.02 

.03 

.31** 

.65** 

1.00 

GW 

.04 

.02 

.05 

.29 

kk 
.55 

,11 

.69 1.00 

^Phenotypic correlations and P-values are above the 
diagonal and genetic correlations are below diagonal. 

P < .10+ 
P < .05* 
P < .01** 

^Standard errors for genetic correlations range from .31 
to .56. 

^Refer to lists for definitions. 
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TABLE 31. PHENOTYPIC AND GENETIC CORRELATIONS BETWEEN 
PERFORMANCE TRAITS AND SRBC TITERS. 

Immune 
measures 

SRBCl 

SRBC2 

SRBC 3 

BW 

WW 

ENW 

GW 

SRBCl 

1.00 

.16 

.36 

-.21 

-.35 

-.22 

-.17 

SRBC2 

-.27 

1.00 

.71 

.33 

.44 

.43 

.41 

SRBC3 

kk 
.52 

kk 
.68 

1.00 

.12 

-.04 

.23 

.17 

BW 

-.02 

.09 

.06 

1.00 

.56 

.29 

.24 

WW ENW 

k k 
-.14 -.15 -

.01 .01 

-.10+-.10+ 

kk kk 
.45 .31 

1.00 .65** 

.48 1.00 

.42 .69 1 

GW 

.06 

.11+ 

.05 

.29 

kk 
.55 

,11 

.00 

^Phenotypic correlations and P-values are above the 
diagonal and genetic correlations are below the diagonal 

P < .10+ 

P < .01 

^Standard errors for genetic correlations range from .18 
to .36. 

^Refer to lists for definitions. 
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TABLE 32. HERITABILITY ESTIMATES USING FULL-SIB ANALYSIS 
FOR PERFORMANCE MEASURES.^ 

^Harvey's Least Square Analysis 

^Refer to list for definitions. 

h^lSE 

Performance 
measures Full-sib 

BW 1.131.13 

WW 1.281.11 

ENW .771.26 

GW 1.321.10 

MW .951.13 

BF .431.15 

ADGl .991.12 

ADG2 1.281.10 

ADG3 .391.13 

ADG4 .621.18 

ADG5 .211.15 

ADG6 .221.16 

D230 0 
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TABLE 33. PHENOTYPIC CORRELATIONS AMONG PERFORMANCE AND 
IMMUNE COMPONENTS.^ 

Immune 
measures 

WBC 

HgB 

LY 

NE 

MO 

EO 

BA 

LYMPH 

NEUT 

MONO 

EOSO 

BASO 

IgGl 

IgG2 

IgG3 

SRBCl 

SRBC2 

SRBC3 

^Pearson 

P < .10+ 

P < .01 

ADGl 

-.01 

k 
.12 

.08 

-.11+ 

-.00 

. 1 1 + 

.05 

-.07 

-.08 

-.02 

.09 

.03 

-.03 

.14* 

.15* 

-.17** 

-.01 

-.15* 

correlation. 

Correlation coefficients 

ADG5 

-.10 

.20 

.25** 

-.18* 

-.29 

.04 

-.04 

.09 

-.15+ 

-.22** 

.02 

-.04 

.15* 

-.02 

-.05 

-.08 

-.03 

-.06 

SAS, 1985. 

ADG6 

-.08 

.18* 

.25** 

-.17* 

-.31** 

.03 

-.05 

.10 

-.13 

-.23 

.01 

-.04 

.17 

-.01 

-.07 

-.08 

.00 

-.05 

D230 

.08 

-.10 

k 
-.18 

.12 

.21 

-.04 

.01 

-.07 

.10 

k 
.16 

-.03 

.00 

-.09 

-.04 

-.07 

:io 

-.04 

.03 

BF 

.06 

-.10 

.12+ 

-.08 

k 
-.14 

.01 

.05 

.05 

.06 

.09 

.00 

.03 

-.02 

.01 

.01 

.02 

.12+ 

.12** 

'Refer list of definitions 

78 



TABLE 33 (con't). 

Immune 
measures 

CON 

CONA 

PHA 

PWM 

^Pearson 

P < .10+ 

P < .01 

ADGl 

-.07 

-.24** 

-.14* 

-.03 

Correlation coe: 

ADG5 

-.15 

-.07 

.11 

.04 

correlation, SAS, 

ADG6 

-.17 

-.05 

.14 

.04 

1985. 

fficients 

D230 

-.01 

-.04 

-.07 

-.06 

BF 

.01 

.07 

.12+ 

-.06 

'Refer to list for definitions. 

79 



"^S!!^^ ^^' GENETIC CORRELATIONS AMONG PERFORMANCE AND 
IMMUNE COMPONENTS.^ 

Correlation coefficientslSE 

Immune 
measures ADGl ADG5 ADG6 D23 0 BF 

WBC -.591.44 -.151.45 -.071.45 .171.49 .641.38 

HgB -1.1011.7 .1911.0 .4011.1 -.3011.3 1.5512.2 

^^ -.331.50 .39149 .351.47 -.081.59 1.081.32 

NE .311.48 -.451.53 -.491.54 .231.55 -.991.64 

MO -.091.59 -.28164 -.231.64 -.061.68 -.231.64 

EO .301.41 .911.30 .931.30 -1.011.54 .171.59 

BA -.081.56 .011.59 .071.60 -.171.66 -.661.46 

LYMPH -.591.44 -.031.46 .031.46 .181.51 1.031.25 

NEUT 0 0 0 0 0 

MONO -.371.54 -.081.57 .011.56 -.111.61 .161.57 

EOSO -.151.47 .871.36 .931.36 -1.021.60 .251.49 

BASO -.431.92 .301.90 .451.93 -.5711.2 1.251.23 

IgGl .131.36 -.431.57 -.511.57 

IgG2 .7511.8 2.9716.7 2.8016.3 

IgG3 .201.36 -.091.55 -.171.54 

SRBCl -.441.55 1.021.84 1.121.83 

SRBC2 -.111.43 -.231.64 -.191.63 0 -.371.51 

SRBC3 -.501.45 .371.66 .511.64 0 -.141.53 

^Harvey's least square analysis. 

Refer to list of definitions. 

0 

0 

0 

0 

-.071.43 

-.0811.3 

-.171.43 

.521.58 
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TABLE 34 (con't) 

Correlation coefficientslSE 

Immune 

measures ADGl ADG5 ADG6 D230 BF 

CON .141.44 -.411.72 -.451.72 0 -.161.31 

CONA -.271.56 -.671.87 -.631.83 0 .331.60 

PHA -.211.49 .051.75 .051.73 0 .251.54 

PWM .201.54 .201.81 .161.80 0 .081.62 

^Refer to list of definitions. 
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CHAPTER V 

OVERALL DISCUSSION AND CONCLUSIONS 

Several immune components such as number of white 

blood cells, leukocyte types, immunoglobulin G and anti

body response to SRBC's seem to be controlled at least 

partially by genetics. Heritability estimates from full-

sib and maternal half-sib analyses were moderate to high 

for these immune componenents. Using offspring-dam 

regression, h^ for white blood cell numbers for beef 

cattle (1.20) and pigs (.62) were highly heritable. In 

pigs, maternal half-sib analysis, h^ was .97 for total 

white blood cells. Lymphocyte numbers were highly 

heritable for beef cattle (1.02) and (.58) for pigs. In 

addition, maternal half-sib h^ in pigs was even higher 

for lymphocytes (1.11). Numbers of circulating 

monocytes, neutrophils, and eosinophils are moderately to 

highly heritable in pigs, but in beef cattle, these 

immune components were zero. This could be due to the 

small sample size used to calculate the heritability of 

these traits in cattle. 

The h for total white blood cells and various 

leukocyte types indicate that selection is possible. 

Knowing whether more or less numbers of white blood cells 

would be beneficial to the animal would be advantageous. 

Selecting for numbers and types of white blood cells 

would be positive because these cells play an important 
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role in an animal's immune response. Selection for these 

traits would be efficient because these traits are highly 

heritable and the selection process would be relatively 

fast. 

Immunoglobulins (.20 to .33 h^ by FS, .40 to .61 h^ 

by MHS) and antibody response to foreign antigens such as 

SRBC (.23 to .47 FS, .47 to .95 MHS) were moderate to 

highly heritable in pigs. These estimates are similar to 

previous estimates. Biozzi et al. (1970) estimated SRBC 

h^ of .36 in mice and Claringbold et al. (1957) estimated 

the primary response in mice to SRBC to be .43. In 

contrast, estimates in pigs for SRBC antibody titer by 

Mallard et al. (1989b), were zero. In beef cattle, h^ 

estimates went to zero, but previous estimates using 

human red blood cells as an antigen were .31 for paternal 

half-sib and .48 to ovalbumin (Burton et al., 1989). 

Estimates of h^ for antibody synthesis against B. 

bronchiseptica and Atrophic rhinitis have been estimated 

to be .42 for full sibs analyses (Rothschild et al., 

1984a, b) and .52 at 119 days of age in response to 

bronchiseptica (Meeker et al., 1987). These 

heritabilities provide more information that selection 

based on high and low antibody titers is possible. In 

pigs, selection for IgG and SRBC seem possible and may be 

good traits upon which to base a selection program. 
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Antibody synthesis provides an animal a defense mechanism 

against invading organisms. 

Hemoglobin concentration was lowly heritable. One 

would not want to select for a trait with low levels of 

heritability because it would not be efficient or cost 

effective due to slow and inefficient progress. 

Selection for lymphocyte proliferation in response 

to various T- and B-cell mitogens may not be possible 

because heritability estimates were generally zero or 

low. Paternal effects may play a role in this response 

due to the fact that a sire difference was detected in 

beef cattle. Heritability estimates in pigs for 

lymphocyte proliferation in response to various mitogens 

were low with high standard errors. 

Heterosis represents hybrid vigor in an animal. 

Since the immune response is related to vigor, in 

general, we would expect immune components to be 

heterotic. Heterosis may play a role in these lowly 

heritable traits; therefore, these traits should not be 

excluded in a breeding program if they have heterotic 

effects. An unpublished study by McGlone et al. (1988, 

unpublished), indicated that crossbred pigs showed a 

great degree of heterosis for lymphocyte proliferation in 

response to mitogens. 

Occassionally, in both cattle and pig data sets 

heritability estimates were over one. This could be a 
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reflection of the small sample size especially in the 

beef cattle study and(or) maternal effects could be so 

great that the dam variance inflated the estimates. 

Also, when calculating variances for full-sib analysis 

the variances are multiplied by two and by four for 

maternal half-sib analysis which may inflate the h^ if 

these variances are large. 

Phenotypic correlations were moderate to high among 

total white blood cells and various leukocyte types 

however, in some cases (such as among cell numbers) 

negative correlations existed. These negative 

correlations seem reasonable in some instances because an 

inverse relationship exist between various leukocytes. 

For example, lymphocytes and neutrophils are negatively 

correlated meaning that as lymphocyte numbers go up 

neutrophil numbers go down. Immunoglobulins G levels 

measured on different days were most often positively 

correlated with one another but correlation coefficients 

were low to moderate. Antibody titers measured on 

various days were positively correlated. This may 

indicate that animals with higher background titers 

and (or) levels of IgG will have lower responses when 

challenged. An exception was that background titers on 

day 10 and day 17 were negatively correlated in pigs. 

Heritability estimates have been calculated in pigs 

for various stages of growth. Nordskog et al. (194 5) 
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estimated heritability for gain to be .18 (28 d 

postweaning) , .28 (56 d postweaning) , .39 (84 d 

postweaning) and .45 (112 d post-weaning). Estimates of 

h for backfat at 105 kg were estimated to be .76 and .58 

at 135 kg (Kuhlers and Jungst, 1982). Full-sib 

heritability estimates for BW, WW, GW and ADG2 were 

highly heritable but were over one. Also, h^ estimates 

for ENW, MW, ADGl and ADG4 were highly heritable. 

Estimates for BF, ADG3, ADG5 and ADG6 were moderately to 

lowly heritable. Most of these estimates were higher 

than previous estimates but this could be due to the 

number of animals used to calculate these estimates 

and(or) the model used to anaylze the data. 

Also, moderate to high correlations existed among 

the performance measures which is logical since one 

expects animals with a higher birth weight to have a 

higher weaning weight and so on. Phenotypic correlations 

between performance and immune traits were relatively low 

and(or) negative. Neutrophils were negatively correlated 

with end of nursery weight and growing weight. IgG day 

17 and 24 were positively correlated with weaning weight. 

SRBC and mitogenic responses were negatively correlated 

with birth weight, weaning weight, end of nursery weight 

and growing weight. Estimates of h^ for various measures 

of average daily gain were mostly zero or negative. 
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Genetic correlations between the immune components 

were variable. Some of these correlations were positive 

and high while others were negative or low. Genetic 

correlations among measures of performance were most 

often positive with high standard errors. 

The correlation between performance and immune 

components is somewhat unclear. Some of these 

correlations were negative but relatively low indicating 

the lighter and slower growing pigs had a higher immune 

response. However, in other cases there were several 

performance and immune components which were positively 

correlated with one another but the standard errors were 

high. In particular, backfat thickness was positively 

correlated with white blood cell numbers and lymphocyte 

numbers which indicates fatter pigs had higher numbers of 

white blood cells and lymphocytes. Other positive 

correlations existed between cell types, antibody titers 

and IgG with different stages of gain but large standard 

errors were found. Also, SRBC titers on day 17 were 

moderately positively correlated with body weights. 

Maternal half-sib analyses for h in pigs indicated 

that various immune traits may be controlled maternally, 

with few exceptions. Identifying dams with superior 

immune responses for these highly heritable components 

may be an advantage and may play a major role in the 

immune response of their offspring. 
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In conclusion, one must be cautious in selecting for 

immune components because in some cases there seems to be 

a negative relationship among immune traits and 

performance. However, positive relationships exist. If 

a larger study could be done to evaluate the genetic and 

phenotypic correlation between performance and immune 

traits the relationships might become more clear. 

Future Studies 

It may be feasible in a future study to identify the 

genes which code for these highly heritable immune 

components. Once these genes are identified, then these 

superior animals could be used in a selection program. 

The offspring from these matings could be tested and 

superior animals would be identified. 

A larger study could be performed (which would 

depress standard errors) to determine if these genetic 

and phenotypic correlations are real. If performance and 

enhanced immune response are negatively correlated, maybe 

lines of animals with superior performance could be 

crossed with lines of animals with superior immune 

response. Genetic parameters are extremely important in 

determining how successful selection would be. 

Due to the existence of negative phenotypic and 

genetic correlations between performance and immune 
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immunity because a healthier pig in the long run will 

cost less to rear. Also, one may select for both 

superior performance and immune response if they are 

willing to accept slow progress. 

Finally, breeding high and low lines of cattle and 

pigs for various immune components may be a possible 

study in the future. Having animals that vary in their 

immune response will help gather more information. 
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TABLE 35. VARIANCE COMPONENT ESTIAMTES UTILIZED TO 
COMPUTE GENETIC PARAMETERS.^ 

Immune 
measures 

Variances 

Among Sires Among Dams Error 

WBC 

HgB 

LY 

NE 

MO 

EO 

2999327.47 

15.08 

2.69 

0.00 

0.00 

0.73 

3178379.50 

0.00 

0.00 

0.00 

2.76 

0.09 

^Harvey's least square means analysis 

^Refer to list for definitions. 

14179655.32 

357.72 

111.62 

94.71 

9.53 

2.03 

BA 

LYMPH 

NEUT 

MONO 

EOSO 

BASO 

IgGl 

IgG2 

IgG3 

SRBCl 

SRBC2 

SRBC3 

0.00 

163728.64 

329781.84 

0.00 

22077.17 

0.00 

331577.99 

0.00 

0.00 

0.00 

0.00 

0.00 

0.01 

2810081.69 

103245.62 

113184.16 

45.82 

0.00 

1484066.11 

1633095.60 

702875.85 

0.66 

0.34 

0.45 

0.19 

7336212.56 

4133458.50 

435649.07 

66817.15 

4691.77 

9266194.20 

9103155.60 

6386125.13 

2.01 

2.55 

2.41 
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TABLE 36. VARIANCE COMPONENT ESTIMATES UTILIZED TO 
COMPUTE GENETIC PARAMATERS FOR LYMPHOCYTE 
TRANSFORAMTION.^ 

Mitogen Sire 

Variances 

Dam Error 

CON 14.42 0.00 13611.31 

CONA 

PHA 

PWM 

0.00 

78.95 

739.68 

0.00 

0.00 

0.00 

28915.93 

8049.75 

7652.63 

^Harvey's least square means analysis 

'Refer to list for definitions. 
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TABLE 37. PROC VARCOMP REML HERITABILITY ESTIMATES USING 
FULL-SIB ANALYSIS. 

Immune 
Measures Full-sib 

WBC 

HgB 

LY 

NE 

MO 

EO 

BA 

LYMPH 

NEUT 

MONO 

EOSO 

BASO 

IgGl 

IgG2 

IgG3 

SRBCl 

SRBC2 

SRBC3 

Lymphocyte Transformation 
CONA 

PHA 

PWM 

. 5 4 

. 0 5 

1 . 2 0 

. 3 2 

. 4 5 

. 3 6 

. 0 1 

. 5 5 

. 1 0 

. 2 9 

. 2 6 

. 0 4 

. 3 4 

. 2 4 

. 3 3 

. 3 0 

. 1 6 

. 5 9 

. 0 2 

. 0 3 

. 1 3 

R̂efer to list for definitions 
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TABLE 38. VARIANCE COMPONENT ESTIMATES UTILIZED TO 
COMPUTE HERITABILITY ESTIMATES.^ 

Variances 

Error 
Immune 
measures 

WBC 

HgB 

LY 

NE 

MO 

Sire 

0.00 

0.15 

109.84 

8.72 

1.55 

Dam 

5225396.42 

0.00 

9.63 

7.83 

1.20 

EO 

BA 

NEUT 

MONO 

EOSO 

BASO 

IgGl 

IgG2 

IgG3 

SRBCl 

SRBC2 

SRBC3 

0.46 

0.00 

LYMPH 2851484.36 

211891.10 

74723.76 

8434.49 

1994.54 

1.90 

0.82 

0.61 

0.31 

0.09 

0.21 

0.00 

0.00 

0.00 

0.00 

0.00 

2026.80 

0.00 

0.00 

0.44 

0.61 

0.00 

0.12 

0.67 

14885684.02 

5.29 

78.86 

86.75 

9.51 

2.12 

0.18 

7532232.02 

4221632.91 

441241.29 

70669.85 

80.36 

9.13 

9.41 

6.11 

1.74 

2.32 

2.13 

C) 

C) 

:M) 

D) 

C) 

C) 

C) 

C) 

C) 

C) 

C) 

C) 

C) 

C) 

D) 

C) 

C) 

D) 

^Proc VarComp REML analysis. 

^Refer to lists for definitions 
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TABLE 39. VARIANCE COMPONENT ESTIMATES UTILIZED TO 
COMPUTE HERITABILITY ESTIMATES FOR LYMPHOCYTE 
TRANSFORMATION.^ 

Mitogen Sire 

Variances 

Dam Error 

CON 

CONA 

PHA 

PWM 

0.00 

0.00 

136.17 

541.62 

0.00 

325.82 

0.00 

0.00 

13240.65 (C) 

26985.16 (C) 

7763.78 (C) 

7537.78 (C) 

^Proc VarComp REML analysis. 

^Refer to lists for definitions. 
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TABLE 40. NUMBER OF OBSERVATIONS, MEANS, STANDARD 
ERRORS, AND COEFFICIENT OF VARIATION FOR IMMUNE TRAITS. 

Immune 
measures 

Total, WBC no//il 

Hemoglobin 

Lymphocytes, % 

Neutrophils, % 

Monocytes, % 

Eosinophils, % 

Basophils, % 

Lymphocyte, no//il 

Neutrophil, no//il 

Monocyte, no//il 

Eosinophil, no//il 

Basophil, no//il 

IgGl, mg/ml plasma 

IgG2, mg/ml plasma 

IgG3, mg/ml plasma 

SRBCl titer 

SRBC2 titer 

SRBC3 titer 

N 

299 

299 

266 

266 

266 

266 

266 

266 

266 

266 

266 

266 

307 

301 

298 

303 

301 

299 

T.Ymphricyte transformation 
ConA mitogen 

PHA mitogen 

Pokeweed mitogen 

267 

267 

267 

Mean 

15736.29 

10.79 

62.02 

30.41 

6.23 

1.35 

.15 

9800.40 

4857.64 

1029.44 

220.34 

23.51 

4.86 

4.45 

4.43 

1.85 

1.44 

3.30 

183.49 

66.60 

41.66 

SE 

288.90 

.14 

.68 

.62 

.23 

.09 

.03 

212.45 

137.64 

49.11 

17.37 

4.62 

.21 

.22 

.17 

.08 

.10 

.11 

10.46 

6.23 

5.98 

CV 

31.75 

22.98 

17.83 

33.04 

60.69 

115.61 

317.11 

35.36 

46.21 

77.80 

128.61 

320.63 

75.83 

85.32 

67.21 

80.99 

120.32 

59.35 

93.21 

153.08 

234.43 

Refer to list of definitions. 
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