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Three sets of blood samples were taken from 532 beef calves of

two populations at 24 to 48 h after birth, at an average age of 164

d (at time of vaccination for infectious bovine rhinotracheitis

virus or IBRV) and at an average age of 224 d (60 d postvaccina-

tion). The first set of samples were quantified for IgGi by

single radial immunodiffusion (SRID) techniques while later samples

were all quantified for antibodies specific to IBRV by a kinetic-

based enzyme-linked immunosorbent assay (k-ELISA). The samples

taken at an average age of 164 d were also quantified for complement

C3 component in a SRID assay. Differences among the breeds of one

population were found for serum IgGi level at 24 to 48 h after

birth. Angus calves were significantly higher on average than Red

Poll and Hereford calves. In the other population, there were no

consistent differences among lines selcted for various growth traits

nor did these lines differ consistently from a randomly selected

control line. Age of dam influenced all immune traits measured.

Calves from older dams (>3 yr old) tended to have higher mean IgGi

concentrations and complement C3 levels than calves from younger

dams (3 yr old). Calves from older cows tended to have higher mean

IBRV titers at time of vaccination and had significantly lower mean

titers 60 d postvaccination than calves from younger cows. Of the



immune traits examined, male and female calves differed only in

level of complement C3. Female calves were higher for mean C3 level

than male calves. As IBRV antibody titer at vaccination increased,

IBRV antibody titer 60 d postvaccination decreased (P<.05).

Heritability estimates did not differ significantly from 0.
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INHERITANCE OF ANTIBODIES SYNTHESIZED AGAINST IBR

VACCINE AND OF COMPLEMENT C3 COMPONENT

IN WEANLING CALVES

CHAPTER 1

INTRODUCTION

The immune system of an individual protects against infection by

foreign materials or antigens. It is a complicated system of inter-

connective parts composed of many stimulators, inhibitors, effectors

and consequences.

The best studied function of the immune response is humoral

immunity. Upon stimulation by antigen, plasma cells produce immuno-

globulin proteins or antibodies of a predetermined specificity. All

antibodies produced by a single plasma cell are specific for the

stimulating antigen and closely related structures. They bind

noncovalently with any of these structures that they happen upon. As

free antigen is eliminated, stimulus for further proliferation and

differentiation of plasma cells is removed and synthesis of antibody

proteins decreases in the plasma cells (Tizard, 1982).

In addition to antibody proteins, infection by antigens is combat-

ted by an interacting group of plasma proteins called complement. The

complement system is an activator of the inflammatory response,

bringing cells of the immune system to the site of infection.

In ungulates, there is no placental transfer of antibodies to the

developing fetus as there is in humans and rodents. The young of

these species are born completely devoid of antibodies unless fetal

infection has occurred. Although the neonate's immune system is



completely functional, the animal is naive to infection and would

respond to the first exposure to an antigen with both a prolonged lag

period and low levels of antibodies. Therefore, nature has provided

another mechanism by which the neonate can receive immune protection

passively. Immunity is passed to the neonate by ingestion of colos-

trum which contains high levels of maternal antibodies or immunoglob-

ulins. For a brief time after birth, large protein molecules,

including the immunoglobulins are actively transported across the

intestinal wall intact. However, this activity is short lived,

lasting about the first 24 h of life, and absorption capacity

decreases during this time period. If the animal does not receive

this immune protection, likelihood of death is greatly increased.

Maternal antibodies received prior to closure of the intestinal

wall are equilibrated into extravascular tissue. Catabolism of the

maternal antibody proteins occurs at a slow rate so, over time, levels

of maternal antibodies decline. They are believed to be gone by 6 mo

of age. As maternal immunoglobulins decline in the body, the animal's

own immune system takes over the role of protection. Responses to

natural infections and vaccinations begin.

Disease is caused by successful infection of viruses, bacteria,

fungi or protozoa. It is estimated that cattle disease losses in the

United States added up to $5 billion in 1980 (Oltjen, 1982). Losses

from disease may result not only from mortality but also from reduced

production caused by morbidity and by subclinical infections (Gavora

and Spencer, 1983). Susceptability to disease is usually augmented by

stress (Kelley, 1980).

One approach to reducing the loss to disease is by increasing

genetic resistance. Improvement of genetic resistance requires identi-

fication of genetically superior animals and dissemination of their

genes by preferential mating. However, before a clear definition of

immune superiority is possible, associations among immune traits must

be defined in livestock. There is also a need for estimation of
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associations of immune traits with both physiological and production

traits.

Interest in genetic control of disease resistance has increased

over the last fifteen years. Extensive work in mice, guinea pigs and

poultry has shown the existance of polygenic regulation of the immune

response against a foreign antigen. However, little research has been

done in livestock species on inheritance of humoral immune response

and complement component levels.

The current experiment was designed to investigate the inheri-

tance of three immune traits in beef cattle. Concentration of serum

IgG1 between 24 and 48 h of age was quantified in two populations of

beef calves. Also, antibody response to an infectious bovine rhino-

tracheitis virus (IBRV) vaccination was measured and the level of

complement C3 component at time of vaccination was determined for each

animal. Inheritance of these traits was estimated by the intra-class

correlation between paternal half sibs. Other objectives of this

experiment were to evaluate the relationship between these three

immune traits and to examine the relationships between these measure-

ments of the immune system and growth. The importance of some environ-

mental factors affecting serum IgGi concentration, antibody response

to IBRV vaccination and level of complement C3 component were also

assessed.
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CHAPTER 2

LITERATURE REVIEW

Components of the Immune System

An organism's survival depends partially on its ability to

maintain a continous and effective defense against invasion from other

organisms. At the single cell stage, the organism is its own defender

but this often proves inadequate. At the multicellular stage, there

is specialization of defense and with advancing evolution, defense

functions increase in sophistication. In higher organisms, a complex

immune system of interconnective parts has developed. Fundamental to

all immune systems is the ability to identify self and nonself.

The main characteristic of the immune system is the ability to

detect and resist invasion of foreign substances or antigens. In

advanced organisms, responses to invasion involve the functions of

phagocytosis, cell mediated immunity and humoral immunity, although a

number of other components play a role in resistance.

Engulfment and digestion of invading antigens is called phago-

cytosis. The first stage of phagocytosis is chemotaxis or the attrac-

tion of the phagocytic cell to the foreign material or antigen. The

phagocyte then adheres to the antigen, stimulating the cytoplasm of

the phagocytic cell to flow over and around the particle. After

complete engulfment, the antigen is packaged within the cytoplasm in a

cell membrane-bound vesicle called a phagosome. The phagosome fuses

with one of the many intracellular structures containing hydrolytic

enzymes or lysosomes, forming a phagolysosome.
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Two common lyosomal enzymes are myleoperoxidase and acid hydro-

lysis. While these enzymes are usually completely destructive to the

foreign particle, some microorganisms can survive within the phago-

lysosome and may even multiple in number. Organisms resistant to

phagocytic degradation are called faculative and obligative intra-

cellular pathogens (Schultz, 1981).

Two important populations of phagocytic cells are neutrophils (or

polymorphonuclear phagocytes) and macrophages. Neutrophils are the

major white blood cells in humans (50 to 70% of white cells) but

comprise only 20 to 30% of total ruminant white cells (lizard, 1982).

They are short lived, lasting only a few days, and are scattered

diffusely throughout many tissues. Neutrophils are the first cells to

respond to invasion of the body by a foreign material. The role of

the neutrophil in acute inflammation is taken over by the macrophage

in the chronic stage of inflammation. The macrophage is a much

hardier cell than the neutrophil. In addition to destroying the

foreign particle by phagocytosis, it is also capable of processing the

antibody in such a way that stimulation of antibody production occurs.

Another component of the immune system is cell mediated immunity.

Cell mediated immunity is controlled by T lymphocytes, a class of

white blood cells. This component is involved in resistance against

tumor growth and in rejection of tissue grafts between individuals.

It is suggested to be of major importance in resistance to faculative

and obligate intracellular organisms.

Precusor stem cells of the bone marrow differentiate into T

lymphocytes or T cells after contact with special epithelial cells of

the thymus. T lymphocytes are known to secrete biologically active

soluble factors called lymphokines. One of the lymphokines, inter-

feron, has received much attention lately as a possible repressor of

cancerous growth (Pestka, 1983). Interferon's principle function in

the immune response is to inhibit viral replication. Other lympho-

kines serve as attractants for macrophages, activators of increased
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phagocytic activity in the macrophage and suppressors or activators of

cell mediated immunity. T lymphocytes comprise about 20% of total

leukocytes in humans (Sell, 1980).

Antibody proteins and plasma proteins comprising the complement

system are defined as elements of another immune system component,

that of humoral immunity. These proteins are synthesized in response

to the interaction of an antigen with macrophages, T cells and B

cells, another class of white blood cells.

B lymphocytes or B cells also develop from stem cells that

originate in bone marrow. In birds, the bursa is the organ respons-

ible for differentiation of stem cells into B cells, however the site

of differentiation is not known for mammals. Suggested sites are the

peripheral lymph nodes and the gastrointestinal lymphoid tissue (Sell,

1980), the fetal liver (Melchers, 1977) or the bone marrow (Tizard,

1982). B cells comprise 6% of total human white blood cells (Sell,

1980).

T and B cells cannot be differentiated on the basis of

morphology. However, certain cell-surface proteins and receptors

specific to each type can be used to distinguish the two cell types.

In vitro responses to certain agents called mitogens can also help

identify T vs B cells. Various mitogens have affinity for different

cell surface sugars. T cell mitogens such as Concanavalin A (frequent-

ly referred to as Con A) can stimulate T cells to divide while

bacterial lipopolysaccharides cause B cells to divide and differen-

tiate into actively secreting plasma cells. These mitogens appear to

be acting nonspecifically because no single antibody-type is synthe-

sized in response to the mitogens (Hayward and Lydyard, 1979; Symons

and Clarkson; 1980). Mitogenic response is often used as an in

vitro assay to assess immune capability (Kelly et al., 1982).

Organs of the lymph system (spleen, lymph nodes and bone marrow)

are designed for efficient removal of foreign material. Antigens are

first collected and transported to the lymph system organs from other
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parts of the body by blood and lymphatic vessels. After entering the

organs, the antigens are filtered through concentrations of B cells.

Upon stimulation by the antigens, these dense follicles of cells

develop into sites of active antibody synthesis. T cells and macro-

phages are near, ready to aid in the immune response. The antibodies

then move out of the organ via lymphatics or the blood system and

provide systemic protection.

All macrophages can ingest an antigen and digest it with hydro-

lytic enzymes but only a portion of the cells (those with 1a surface

proteins coded for by genes of the major histocompatibility complex,

Dorf et al., 1975) can process the antigen and present the antigen on

their cell membrane (Rosenthal and Schevack, 1973; Niederhuber and

Allen, 1980). This membrane-bound antigen is up to 10
4

times more

effective than unbound antigen in stimulating the immune response

(lizard, 1982). Upon encountering macrophage-bound antigen, T cells

secrete helper lymphokines which enhance the response of B cells to

the antigen. The B cells enlarge and divide repeatedly. After a few

days, B cell progeny differentiate into either memory cells or

activally secreting plasma cells. Plasma cells can synthesize as many

as 300 molecules of antibody per second (lizard, 1982). Memory cells

live for many months or years after differentiation and upon

subsequent exposures to the antigen, will secrete antibodies. Because

memory cells do not need to interact with macrophages and T cells,

antibodies appear in response to subsequent exposures much more

rapidly than to first exposure. The antibody response produced by

memory cells is referred to as an anamnestic reaction.

Antibody proteins or immunoglobulin produced by the plasma cell

are composed of a basic unit about 18 x 104 Daltons in size (Leder,

1982). Each Y-shaped immunoglobulin molecule contains four poly-

peptide chains, two heavy and two light.

The constant region is located on the long arm of the Y and

specifies the class or subclass of immunoglobulin. Four major classes
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of immunoglobulins identified in almost all species are IgG, IgM, IgA

and IgE. The constant region may contain receptors for neutrophils,

macrophages and plasma cells. In addition, this region determines the

solubility and catabolic rate of different immunoglobulin classes.

The variable regions, located on the two short arms of the

molecule, are antigen specific. Only a particular antigen can bind

noncovalently to these regions.

A given plasma cell produces immunoglobulins of only one variable

region type. The parent B cell and its progeny are referred to as an

antigen-specific clone. However, through genome recombination of

constant region genes, a plasma cell switches production of immunoglob-

ulin class (Leder, 1982). Plasma cells first synthesize IgM then

later switch production to one of the other classes.

IgM is the immunoglobulin secreted upon first exposure to an

antigen (Trainin and Ungar-Waron, 1981). Upon subsequent encounters

with the antigen, very low levels of IgM are produced. IgM is also

the first immunoglobulin class to appear in the bovine fetus, detect-

able as early as 59 d of gestation (Schultz et al., 1973). Two forms

of IgM exist in the body; one form binds to the plasma cell membrane

and the other is found in serum. The membrane -bound molecule ends in

a short sequence of hydrophobic amino acids which evidently anchor the

antibody to the membrane (Leder, 1982). The serum form of IgM is a

pentamer of the basic unit, and is capable of enhancement of macro-

phage phagocytosis (opsonization), neutralization of viruses and

agglutination of cellular antigens. Because its large size precludes

its transportation across membrane barriers, IgM is rarely found on

secretory surfaces or in secretory fluids.

IgG is found in highest concentration in serum and colostrum and

is the major immunoglobulin secreted in anamnestic responses.

Ruminants possess two discrete subclasses of IgG (IgG1 and IgG2)

which differ in physical, chemical and biological characteristics

(Butler, 1981). Although IgG is able to opsonize macrophages,
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agglutinate bacteria and neutralize viruses, it is less efficient (on

a molar basis) than IgM in these biological activities.

IgA is usually found as a dimer of the basic unit, joined by a

component believed to be synthesized by secretory epithelium. It is

the major immunoglobulin found in external secretions and protects the

intestinal, respiratory and urogenital tracts, the udder and the eyes.

IgE is involved in allergic reactions. It binds to mast cells

and basophils and together with antigen, mediates release of

vasoactive agents from these cells. The principle vasoactive factor

in equine and bovine is serotonin.

The level of each immunoglobulin class varies in body fluids and

secretions. In bovine serum, equal amounts of IgGi and IgG2 are

found (Watson, 1980; Butler, 1981). Levels of bovine IgGi and

IgG2 calculated by Butler (1981) as the means of several published

values are relatively high in comparison to serum levels in

nonruminant mammals.

IgGi comprises more than 80% of total IgG (65 mg/ml of 80 mg/ml

total) in bovine colostrum (Butler, 1981). There is a rapid decline

of colostral IgGi as lactation continues (Brandon et al., 1971) and

levels as low as .5 mg/ml may be found in milk. Levels of IgA also

decrease as lactation proceeds, but the amount relative to total

immunoglobulins increases significantly (4% of colostral vs 15% of

milk immunoglobulins). The amount of IgM relative to total immunoglob-

ulins does not differ greatly between serum and colostrum (16% and

12%, respectively) but there is a decline in milk (5%).

In bovine, IgGi, IgG2 and IgM classes of immunoglobulin are

capable of an additional biological activity, that of complement

activation (Butler, 1981). When these immunoglobulins bind with an

antigen, receptors specific for one of the complement system proteins

are exposed along the constant region of the immunoglobulin.

Attachment of the first component to the immunoglobulin begins a

sequential reaction of other complement proteins. As the reaction
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proceeds, components are cleaved into smaller fragments, producing

enzymatically active forms that act on the remaining components. The

terminal form is a multimolecular complex capable of penetrating any

nearby cellular membranes. This causes an irreversible membrane

lesion through which the cell contents escape. This results in cell

lysis or death (Porter and Reid, 1978). Not only pathogenic cells are

lysed; innocent bystander cells of the body may be destroyed as well

(Sell, 1980).

Other responses besides cell lysis result from activation of the

complement system. Complement proteins and fragments of these

proteins participate in contraction of smooth muscle (vasoconstric-

tion), release of serotonin from mast cells and platelets, enhanced

phagocytosis (opsonization), and attraction (chemotaxis) and

activation of lymphocytes and macrophages (Douglas, 1983). Thus, the

complement system is an important mediator of the inflammatory

response.

An antibody-antigen complex is not the only stimulator of

complement activation. Polysaccharide capsules or cell walls from

bacteria and yeasts can activate the system by an alternative method

(Johnston, 1979). However, the consequences of activation by the

polysaccharide stimulators are the same as when activation is

stimulated by an immune complex. Thus, preformed antibodies are not

required and complement activation can occur upon first exposure to

certain antigens.

Results of several studies indicate complement is formed within

the fetus; levels increase through gestation but have not reached

adult levels by birth. Fireman et al. (1969) found levels of human

C3, C4 and C5 and total complement activity increased from 18 wk of

gestation on and reached adult concentrations by 3 to 6 mo of age.

Johnston et al. (1979) reported the activity of human infant

complement to be 60 to 100% of normal adult levels. Similar results

have been found in cattle. Barta et al. (1977) detected complement
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activity as early as the third month of gestation and activity

increased steadily until birth. These results were later confirmed by

Culbertson (1978). Triglia and Linscott (1980) found fetal bovine

serum contained 1 to 3% of adult levels of C1 and C6 and 5 to 50% of

adult levels of the remaining components except for C3. Complement C3

component was undetectable in most fetal bovine samples. Adult levels

of complement activity were not attained by calves until 6 mo of age

in a study by Rice and Duhamel (1957). There is indication of

colostral transfer of complement in pigs (Rice and L'Ecuyer, 1963),

although similar studies have not been done in cattle.

Inborn deficiencies of each of the classical components except C9

have been detected in humans (Agnello, 1978). Congenital deficiences

of C3 have also been reported in dogs (Tizard, 1982). Dogs that are

homozygous for this deficiency have no detectable C3 while hetero-

zygous dogs have C3 levels approximately half of normal. Deficiencies

of Clr, Cls, C4, C2 and C5 have been associated with increased

frequency of systemic lupus erythematous, a disease in which

antibodies are synthesized against the body's own organs and tissues.

While rare in occurrance, C3 deficiency is associated with life

threatening infections of pyogenic organisms. Reoccurrences of

gonorrhea and nemingococcal meningitis are seen in individuals

deficient in C5, C6, C7 and C8. The condition of Cl inhibitor

deficiency is known as hereditary angioneurotic edema and is character-

ized by swelling of the skin and tissues of the upper respiratory and

gastrointestinal tracts (Donaldson and Evans, 1963). Gelfand et al.

(1976) have shown androgen treatment reverses the biochemical and

clinical abnormalities of this disease, possibly by reversing

defective suppression of the autosomal dominant Cl inhibitor gene.

Genetic structural polymorphisms in human complement proteins

have been observed for C2 (Alper, 1976), C3 (Alper and Propp, 1968),

C4 (Teisberg et al., 1976), C6 (Raum et al., 1976b), C7 and C8

(Merritt et al., 1976). These allotypes were detected by gel electro-
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phoresis and isoelectric focusing in polyacrylamide gels (Lachmann and

Hobart, 1978). C2, C3, C6, C7 and C8 appear to be controlled by

single loci whereas data suggests C4 is controlled by two closely

linked loci (Alper, 1981). By familial studies of these complement

protein polymorphisms, several of the components were then mapped to

the major histocompatibility complex of humans (HLA) (Alper, 1976;

Merritt et al., 1976; Raum et al., 1976a,b; Teisberg et al., 1976;

Ochs et al., 1977).

Active and Passive Immunity

Antibody immunity can be classified as active or passive. In

active immunity, the body produces antibodies in response to a

naturally occurring infection or to an immunization with a pathogenic

organism. In passive immunity, temporary protection against infection

results because of the transfer of immune products from a resistant to

a susceptible individual. The body receives preformed antibodies by

injection of either antibody-containing serum or isolated antibodies

against a specific antigen. This type of passive immunity is

important in protection of cattle against anthrax, dogs against

distemper, cats against panleukopenia and humans against measles

(Tizard, 1982). Passive transfer of immunity using living T or B

cells is generally not useful because of rejection of the transferred

cells by the body.

Another type of passive immunity occurs between mother and young.

Although the neonate's immune system is functional at birth, antibody

levels in the first response to infection would be low (Stiehm et al.,

1979; Osburn, 1981). Therefore, the young animal is susceptible to

infection by pathogens for the first few months and risk of death is

increased if immunity is not received passively (McBeath and Logan,
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1974; Frerking and Aeikens, 1978; Myers, 1980; Muggli et al.,

1984).

To protect the newborn during this time, maternal antibodies are

transferred to the fetus or neonate. In birds, transmission of

maternal antibodies occurs via the yolk sac (Solomon, 1971). In

mammals, transmission mode of this protection is related to the

species involved and its type of placentation (Watson, 1980).

Placentae differ structurally in the number and types of cell

layers intervening between the blood of the mother and that of the

fetus. In rodents, rabbits and primates, maternal blood actually

bathes the blood vessel endothelium of the fetus or is separated from

the fetal blood by only the fetal blood vessel endothelium and a

chorionic epithelium layer. In these species, there is placental

transfer of maternal IgG1 and IgG2 to the developing fetus during

the last trimester of pregnancy (Virella et al., 1969; Morphis and

Gitlin, 1970).

Transfer of immunoglobulins occurs by both placental and

colostral routes in the dog and the cat. In these species, the

maternal blood vessel lies in contact with the chorionic epithelium

layer.

In ungulates, placental transfer of maternal antibodies does not

occur and the animal is born with negligible levels of immunoglobulin

(Husband, et al., 1972; Halliday et al., 1978) unless fetal infection

has occurred (Logan et al., 1972; Stott et al., 1975, 1979a). This

is indicative of the placental complexity in these animals. Ruminants

have four tissue layers separating maternal and fetal blood: the

uterine blood vessel, the connective tissue of the uterus, the

chorionic epithelium and the fetal blood vessel. Pigs and horses have

an additional uterine epithelial layer separating the fetal and

maternal blood.
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The lack of placental transfer of maternal immunoglobulins to the

fetus is compensated for by absorption of colostral immunoglobulins

across the neonate's intestinal wall (Bramtell, 1970; Solomon, 1971).

In the neonatal bovine, transfer of maternal immunoglobulins from

colostrum occurs primarily in the jejunum of the small intestine.

Transport within the intestinal cells is similar to the phagocytic

mechanism of neutrophils and macrophages (Staley and Bush, 1985). The

first step of this absorptive mechanism involves binding of the immuno-

globulins bathing the gut lumen to the microvillous border of

intestinal cells. This implicates the need for receptors on

intestinal cells yet intestinal absorption appears nonspecific for

class of immunoglobulin (Larson et al., 1980). Endocytosis of the

attached immunoglobulin results in an intercellular cell membrane -

bound vacuole. The vacuole moves across the cytoplasm, contacts the

lateral or basal cell membrane and releases its contents by

exocytosis. Absorbed immunoglobulins pass into the lymphatics or

blood capillaries lining the intestinal wall.

The absorptive mechanism is short-lived, lasting only 24 to 35 hr

after birth in the calf. (Husband et al., 1972; Logan et al., 1972).

Efficiency of absorption declines over this time (Stott et al.,

1979a). Termination of absorption is referred to as intestinal

closure. While uptake of several substances by neonatal pig

intestinal cells was shown to last through 14 d after birth, these

substances were not transported into the pig's circulatory system

(Clarke and Hardy, 1971). Rather, cessation of protein transfer

across the intestinal cells appears to be the cause of closure (Bush

and Staley, 1980). Staley and Bush (1985) propose that the

development of an intercellular digestive system within the jejunal

cells is responsible.

Colostral antibodies provide protection for different sites in

the calf and origins of these maternal immunoglobulins are indicative

of the sites they are to protect. Antibodies of the IgG1 and IgG2
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classes are actively transferred from the cow's blood stream to the

mammary gland by a mechanism similar to phagocytosis (Brandon and

Lascelles, 1971; Leary et al., 1982). After the neonate ingests

colostrum, these molecules are absorbed across the intestinal wall and

pass into the circulatory system. Therefore, IgG1 and IgG2

provide systemic protection in both the dam and calf.

It appears that IgM molecules are transported from maternal serum

to colostrum (Brandon et al., 1971; Newby and Bourne, 1977; Stott et

al., 1978), similar to the mechanism of concentration for colostral

IgG. Colostral IgM is absorbed into the blood system of the neonate

and also provides systemic protection.

On the other hand, nearly all colostral IgA is synthesized by

plasma cells within the mammary gland (Newby and Bourne, 1977). These

plasma cells have migrated from lymphoid nodules of the intestine

(called Peyer's patches) where they have been stimulated by pathogens

invading the intestinal tract (P armlet' and Beer, 1977). Colostral IgA

molecules are not easily absorbed by cells of the neonate's intestine,

by virtue of the large, attached secretory component. Also, the

secretory component makes IgA resistant to proteolytic digestion

within the intestine. Thus, these antibodies remain in the intestine

and protect against enteric pathogens. IgA is also ingested by the

calf via milk and continues it's protection of the calf against

enteric diseases throughout the suckling period.

Certain properties of colostrum aid in passage of immunoglobulins

across the intestine. A high buffering capacity of colostrum

minimizes protein denaturation by gastric proteases. Also, colostrum

contains a trypsin inhibitor (Lecce, 1973). Therefore, colostral

proteins are not degraded and used as a food source by the neonate but

instead reach the small intestine intact.

Many factors affecting absorption of colostral antibodies by the

young animal have been identified and have been reviewed by Bush and

Staley (1980), Roy (1980) and Stott (1980). Correlations of neonate
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serum levels of immunoglobulins and maternal colostral concentrations

of immunoglobulins are low in both cattle (Klaus et al., 1969;

McGuire et al., 1976; Norman et al., 1981) and sheep (Hunter et al.,

1977; Sawyer et al., 1977; Halliday et al., 1978). Rather, the

absolute amount of colostrum ingested may influence immunoglobulin

level in the neonate (Bush et al., 1973). Stott et al. (1979b)

suggested 2 liters of colostrum was adequate to satiate intestinal

cells of the calf and allow maximum absorption. A minimum level of 1

liter for calves was suggested by Straub et al. (1978). The size of

the litter in which a lamb is born affects the lamb's level of passive

immunity (Halliday, 1974; Hunter et al., 1977; Berggren-Thomas,

1985). As litter size increases, antibody levels decrease, possibly

because an inadequate amount of colostrum is available to each lamb.

Time of colostrum ingestion affects the levels of maternal

antibodies absorbed (Logan et al., 1974; Stott et al., 1979b). Since

absorption efficiency of the intestine declines with maturation of the

cells (Staley and Bush, 1985), any delay in colostrum consumption will

decrease levels of antibodies absorbed. In the study by Muggli et al.

(1984), increasing severity of calving difficulty was associated with

decreased concentration of IgG1 in the calf. They propose this is

due to temporary rejection of the calf by the stressed mother leading

to an increased age at which ingestion of colostrum occurs, rather

than an inhibition of protein absorption in the calf.

Calf immunoglobulin levels are reported to increase as age of the

dam increase (Frerking and Aeikens, 1978; Bradley et al., 1979;

Muggli et al., 1984). This may represent an increase in colostrum

concentration in older cows (Frerking and Aeikens, 1978; Oyeniyi and

Hunter, 1978; Larson et al., 1980; Norman et al., 1981), more total

colostrum available to the calves of these cows or better mothering by

these older, more experienced animals, decreasing the time from birth

to colostrum ingestion.
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The effect of birth weight on passive immunity is not well

defined. Nonsignificant regressions of various immunoglobulin levels

on birth weight were found in cattle (Bradley et al., 1979; Stott et

al., 1979b; Norman et al., 1981) and sheep (Berggren-Thomas, 1985).

However, Cabello and Levieux (1981) found a negative correlation

between birth weight and colostral IgG1 in serum of young lambs.

Muggli et al. (1984) reported no effect of birth weight on serum

IgG1 concentration at 24 to 48 h after birth in a selection experi-

ment Hereford population. Yet in another population of this study,

Angus calves showed an increase in IgG1 concentration as birth

weight increased (P<.05), Hereford calves increased in concentration

as birth weight increased (P<.05) and levels of IgG1 were not

affected by birth weight in Red Poll calves. Generally, sex of the

calf does not influence the serum levels of maternal immunoglobulins

(Bush et al., 1971; Sawyer et al., 1977; Norman et al., 1981;

Muggli et al., 1984).

Various breed differences have been found in cattle for immuno-

globulin levels in colostrum as well as colostral immunoglobulin

levels in the calf. Differences among dairy breeds for immunoglobulin

levels in colostrum have been reported by Muller and Ellinger (1981).

In a study conducted with Oregon State University beef cattle (Norman

et al., 1981), Hereford x Angus cows were higher in colostral IgG1

and IgM levels than Hereford cows. Calves from Hereford x Angus dams

had higher IgG1 and IgM at 24 and 36 h after birth than calves from

Hereford dams. Simmental- and Pinzgauer-sired calves were lower in

levels of IgG1 and IgM than calves sired by Hereford, Hereford x

Angus and Tarentaise bulls. Other studies have found significant

breed differences for calf immunoglobulin levels soon after birth

(Kruse, 1970; Selman et al., 1971; Muggli et al., 1984) but immuno-

globulin levels were not determind in colostrum of the dams.

Peak level of colostral immunoglobulins in the neonate is

believed to correspond to cessation of intestinal absorption (Husband
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et al., 1972; Logan et al., 1972). Concentrations of maternal

antibodies decline thereafter due to equilibration into extravascular

tissue and to catabolism of the immunoglobulin proteins (Bush et al.,

1971; Sasaki et al., 1977). As maternal antibodies disappear, the

body's own immune system takes over the role of protection. Responses

to natural infection and vaccinations begin. Yet, there is a brief

period when immunoglobulin levels are low. Estimates differ for age

at which immunoglobulins are lowest. Husband and Lascelles (1975)

found linear declines then increases in levels of IgGi, IgG2, IgM

and IgA. Minimum levels occurred at 2 wk of age. In the study by

Logan et al., (1972), minimum levels of IgM and IgG were reached at 2

to 4 wk. McGuire et al. (1976) reported lowest concentrations of

IgG, were reached at 8 wk of age, after which levels increased

toward adult concentrations.

While there are reports that disappearance of maternal antibodies

occurs by 4 mo of age (Brambell, 1970; Husband and Lascelles, 1975),

other studies have found maternal antibodies still present at 6 mo of

age (Brar et al., 1978). Wide variation exists between calves within

the same study in duration of maternal antibodies.

There is indication that newborns are capable of antibody

synthesis (Symons and Clarkson, 1980; Osburn, 1981; Trainin and

Ungar-Waron, 1981) although production may not reach adult levels. In

studies suggesting that endogenous antibody production does not begin

until later in life (Husband et al., 1972; Logan et al., 1972; Stott

et al., 1975), differentiation between active synthesis and existing

passive immunity was not done. Sasaki et al. (1976) fed calves

colostrum containing iodine-125 labeled IgGi to follow the decline

of passive IgGi and identify the time of endogenous IgGi

appearance. There was a continuous appearance of new IgGi during

the first 20 d after birth and disappearance of the labeled IgGi was

not yet complete at 20 d of age.
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Maternal antibodies passively transmitted to progeny interfere

with the active immune response in cattle (Husband and Lacelles, 1975;

Brar et al., 1978), pigs (Schipper et al., 1979; Klobasa et al., 1981)

and mice (Weiler and Sprenger, 1981). Interference by passive

antibodies results in a reduced antibody response to vaccination and

it has been suggested that a second injection be given if calves are

less than 6 mo old at time of the first vaccination (Kahrs, 1977). Yet

vaccination at a young age may still be beneficial. Although Brar et

al. (1978) found calves did not respond actively to a vaccination for

IBRV if maternal IBRV-specific antibodies were present, these calves

appeared to be sensitized to the pathogen. When given a second

injection after maternal antibodies had disappeared, they developed a

greater serologic response than that usually observed upon primary

vaccination. Schipper et al. (1979) also reported an anamnestic

response after second vaccination to IBRV in those pigs not responding

to the first because of maternal antibody interference. Brar et al.

(1978) suggested that the first vaccination stimulated production of

memory cells without production of antibodies. Other studies show

immunological memory is not susceptible to control by antibodies

(Safford and Tokuda, 1971).

Few studies have examined quantitative inheritance of ability to

acquire passive immunoglobulins from colostrum. A heritability of .38

+ .11 for colostral anti-ovalbumin antibody levels in lambs was

reported by Berggren-Thomas (1985). Norman et al. (1981) reported

high estimates for IgG1 concentration at 24 and 36 h of age (.52 +

.28 and .69 + .30, respectively) in beef calves. Muggli et al.

(1984) estimated heritability of calf serum IgG1 concentration in

two populations by paternal half-sib analysis. These estimates did

not differ significantly from 0 (.03 + .09 and .13 + .19). They

also extimated heritabilities for calf IgG1 concentration as a trait

of the dam using maternal grandsire variance components. A
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inactivated Newcastle disease virus antigen. They reported a paternal

half-sib heritability estimate of .92 + .48 for antibody response.

A heritability of .27 + .17 for anti-ovalbumin titer in ewes was

reported by Berggren-Thomas (1985). Lie (1979) reported heritability

estimates of .56 + .33 for second-injection antibody titer to human

serum albumin at 8 d postinjection in young bulls.

Nguyen (1984) injected sheep at 7 to 8 mo of age with chicken red

blood cells and measured antibody titer 7 d after immunization. By

combining four values of heritability determined by the regression of

offspring on sire, the regression of intra-sire offspring on dam, the

regression of offspring on midparent and the intra-class correlation

between paternal half-sibs, a heritability of .70 + .13 was

estimated. Maternal effects on antibody response were undetectable.

Few correlation estimates between antibody response and

production are available. In poultry, Marek's disease resistance was

negatively correlated with egg weight and adult body weight, yet egg

production and age at sexual maturity were favourably correlated with

this resistance (Gavora and Spencer, 1978). In a bidirectional

selection experiment in chickens for high and low antibody titers

against sheep erythrocytes at 5 d postinjection, Siegel et al. (1982)

reported that females of the low antibody titer line were heavier at

28 d of age, commenced egg production at earlier ages and had less

defective eggs than females of the high antibody titer line. However,

no difference existed for egg weight, and mortality after 140 d of age

was greater in the low line than in the high line.
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CHAPTER 3

INHERITANCE AND INTERACTIONS OF IMMUNE TRAITS

IN BEEF CATTLE

Summary

Three sets of blood samples were taken from beef calves at 24 to

48 h after birth, at an average age of 164 d (at time of vaccination

for infectious bovine rhinotracheitis virus or IBRV) and at an average

age of 224 d (60 d postvaccination). The first set of samples were

quantified for IgG1 by single radial immunodiffusion (SRID)

techniques while later samples were all quantified for antibodies

specific to IBRV by a kinetic-based enzyme-linked immunosorbent assay

(k-ELISA). The samples taken at an average age of 164 d were also

quantified for complement C3 component in a SRID assay. The calves

were from two populations at the Roman L. Hruska U. S. Meat Animal

Research Center in Clay Center, Nebraska, comprising 367 calves from

the four lines of the Selection Experiment Hereford population and 165

calves (79 Angus, 40 Herefords and 46 Red Polls) from the Germ Plasm

Utilization (GPU) herd. Among the Selection Experiment Herefords, the

randomly selected control line was on average higher in IgG1 concen-

tration than the line selected for increased yearling weight (P<.01).

Angus calves had higher mean levels of serum IgG1 between 24 and 48

h after birth than Hereford and Red Poll calves (P<.05). As age of

dam increased within the Selection Experiment Hereford population,

calf IgG1 concentration increased. In the GPU herd, calves from

older dams (> 3 yr old) tended to have higher mean IgG1 concentra-
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tions than calves from younger dams (3 yr old). The randomly selected

line of the Selection Experiment Herefords was significantly higher in

mean IBRV antibody titer at vaccination time than the line selected

for an index of yearling weight and muscling score. The index line

had a higher mean titer than the line selected for increased weaning

weight 60 d postvaccination (P<.05). In the GPU population, no

differences among breeds were found for IBRV titer at time of

vaccination nor did breeds differ in titers 60 d postvaccination.

Calves from older cows tended to have higher mean IBRV titers at time

of vaccination and had significantly lower mean IBRV titers 60 d post-

vaccination than calves from younger cows. In the Selection

Experiment Herefords, as IBRV antibody titer at vaccination increased,

IBRV antibody titer 60 d postvaccination decreased. Neither lines nor

breeds differed in levels of complement C3. Female calves were higher

in mean C3 levels than male calves (P<.05). Calves from older cows

had higher mean levels of C3 than calves from younger cows (P<.05).

Heritability estimates were not significantly different from 0 for all

immune traits in both populations except the estimate of IBRV antibody

titer at time of vaccination in the GPU population (.58 + .30).

Phenotypic correlations were low and generally nonsignificant among

immune traits and between the immune traits and growth traits.

(Key Words: Cattle, Genetics, Colostral Immunity, IBR/IPV Virus,

Antibodies, Complement.)

Introduction

Traditionally, antibody proteins and proteins comprising the

complement system are defined as elements of the humoral immune

system. Antibodies are synthesized in response to infection or immuni-
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zation of a foreign material or antigen. In conjunction with other

immune response functions, antibodies aid in removal of the invading

material. The two types of antibody immunity are active and passive.

In active immunity, the body produces antibodies in response to immuni-

zation and infection. In passive immunity, the individual receives

preformed antibodies that are produced by another's immune system.

Passive immunity exists between mother and young. In ungulates, there

is active absorption of maternal immunoglobulins from colostrum across

the intestinal wall of the neonate (Bush and Staley, 1980). The

absorptive mechanism is short-lived, lasting only 24 to 35 h after

birth in the bovine (Husband et al., 1972; Logan et al., 1972) with

efficiency of absorption decreasing over this time (Stott et al.,

1979). Maternal immunoglobulins help provide protection against

pathogens for the neonate until it's own immune system is functioning

adequately.

Another element of the immune response is complement, a series of

plasma proteins (Johnston and Stroud, 1977). Upon activation,

complement components interact in an ordered sequence and mediate an

inflammatory response as well as cause irreversible membrane lesions

and lysis of invading cells (Douglas, 1983). Complement C3 is the

major component and its cleavage to form C3a and C3b is the central

reaction of the complement system.

Fetal complement first appears in cattle at 3 mo of gestation

(Barta et al., 1977). Levels increase through gestation and reach

adult levels around 6 mo of age (Rice and Duhamel, 1957). Few environ-

mental or genetic factors related to bovine complement component

levels have been identified.

Interest in the quantitative genetic control of antibody response

to immunization with a foreign material or antigen has increased over

the last fifteen years. Biozzi et al. (1970) reported significant

response in mice to selection for high and low antibody levels against

sheep and pigeon red blood cells given in alternating generations.
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Studies in cattle (Lie, 1979), sheep (Nguyen, 1984; Berggren-Thomas,

1985)and poultry (Siegel and Gross, 1980; Pevzner et al., 1981; van

der Zijpp et al., 1983) have indicated the existence of low to high

genetic variation for immune response against an antigen. In these

studies, heritability estimates ranged from .14 + .10 to .70 +

.13.

Infectious bovine rhinotracheitis virus (IBRV) causes respiratory

disease in cattle. Incidence of this disease is influenced by stress

and rate of shedding of the virus by infected animals. Vaccination is

given around 6 mo of age to combat the pathogenicity of this virus.

There is indication that antibodies specific for IBRV existing at time

of vaccination interfer with the vaccination response (Brar et al.,

1978).

This study was designed to estimate genetic variation among and

within selection lines and breeds for IgG1 concentration at 24 to 48

h of age, for antibody titers specific to IBRV at time of IBRV vaccina-

tion and 60 d postvaccination, and for complement C3 level at time of

vaccination. Also, some potential environmental sources of variation

(eg. sex of calf, age of calf and of dam, inbreeding of calf and of

dam and birth weight) affecting these immune traits were examined and

associations among immune traits and between these immune traits and

growth were studied.

Material and Methods

Populations. At three different times in 1982, blood samples

were obtained from beef calves at the Roman L. Hruska U. S. Meat

Animal Research Center (MARC) in Clay Center, Nebraska. These calves

belonged to one of two populations; 367 calves were from the

Selection Experiment population and 165 calves (79 Angus, 40 Herefords
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and 46 Red Polls) were from the Germ Plasm Utilization (GPU) herd.

The Selection Experiment Herefords came from four separate lines,

established in 1960 and maintained as one population at MARC since

1971. These lines have been selected for weaning weight (WWL),

yearling weight (YWL) and an index of yearling weight and muscling

score (IXL). Each of these selection lines is composed of 130 cows

and 6 sires. The fourth line is a randomly selected 215-cow, 10-sire

control line (CNL). A more detailed report of the population and of

management and selection procedures was presented by Buchanan et al.

(1982). The GPU calves were part of a larger project designed to

evaluate heterosis retention and selection response in composite

populations of beef cattle. Angus, Hereford and Red Poll calves

included in the study were some of the straightbred controls that have

been maintained for breeds included in the composites.

Management. During the 1982 spring calving season (March 23 to

April 28), blood samples were collected from 532 calves between 24 and

48 h of age. Blood samples were taken from these same calves at an

average age of 164 d. Also at this time, they were weighed and a

modified live vaccine of infectious bovine rhinotracheitis virus

(IBRV) and parainfluenza type 3 (PI3) virus was administered intra-

muscularly. Thirty days postvaccination, calves were weaned, weighed

and placed in the MARC feedlot. The final blood samples were obtained

from the calves approximately 30 d after weaning, at an average age of

224 d.

Laboratory Analyses. Blood samples were allowed to clot at

room temperature and centrifuged at 1100 X g for 10 min. Serum was

removed and stored at -20 C.

The 24 to 48 h serum samples were assayed for IgG1 concentra-

tion by single radial immunodiffusion (SRID) gel procedures (Fahey and

McKelvey, 1965). Five dilutions of an IgG1 protein standard were

included on each plate of the assay, allowing estimation of mg

IgGi/m1 serum for each sample. The later serum samples were assayed
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for titers of antibodies specific to IBR virus by a kinetic-based

enzyme-linked immunosorbent assay (k-ELISA) (Barlough et al., 1983).

Five serum standards, previously quantified for serum neutralization

titer to IBRV using serum neutralization techniques, were included on

each plate of the assay. A standard curve was constructed for each

plate and a predicted serum neutralization titer (expressed as a

reciprocal of the dilution of serum-virus neutralization antibodies)

was determined for each sample. Linear quantitative data were

collected using the k-ELISA technique and converted to a continous

scale of titers, circumventing serial dilutions of test serums as used

in the serum neutralization technique. The serum samples taken at an

average age of 164 d were also assayed for complement C3 component by

SRID gel procedures (Gewurz and Suyehira, 1980). In addition to the

sample sera, five dilutions of a serum standard were assayed on each

plate. The level of C3 in each test serum was expressed in serum

units (SU) relative to the serum standard. The amount of C3 in the

serum standard was defined as one hundred serum units (SU).

An intra-assay coefficient of variation (CV) was obtained for

each assay as the average of the CV's among sample duplicates (SRID

assay for IgG1 level) or among sample quadruplicates (k-ELISA assay

for IBRV-specific antibodies and SRID assay for complement C3 level).

An interassay serum standard was included on each plate of each assay.

Each assay's repeatibility over time was evaluated by the CV of this

standard within the assay.

Statistical Analyses. The distributions of IgG1 at 24 to 48

h of age, IBRV antibody titer at time of vaccination, IBRV antibody

titer at 60 d postvaccination and complement C3 level at time of

vaccination did not differ from normality. Statistical analyses for

these immune traits were done by analysis of variance (Harvey, 1975).

Data from Selection Experiment and GPU populations were analyzed

separately.
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In preliminary analyses, all two-factor interactions were

included in the model. However, none were important and all were

dropped from subsequent analyses. In additional analyses of serum

IgG1 concentration, linear and curvilinear effects of birth weight

were analyzed within line or breed as potential sources of variation.

In the analyses for IBRV titers at vaccination and 60 d postvaccina-

tion and complement C3 level at vaccination, linear and curvilinear

effects of birth weight within line or breed, serum IgG1

concentration within line or breed and age of calf were analyzed as

potential sources of variation. Linear, quadratic and cubic effects

of inbreeding of dam and calf on all immune traits were analyzed as

covariates in the Selection Experiment Hereford population. All

regression polynomials were sequentially tested and eliminated if not

significant.

The final mathematical model for each immune trait within each

population included line or breed of calf, sire within line or breed,

sex, age of dam and the highest order of polynomial that was signifi-

cant for each covariate. All effects were assumed fixed except sire

within line or breed. The mean square for sire within line or breed

was the error term for line or breed, respectively. The residual mean

square was for testing all other sources of variation. Mean squares

from analyses of the final model for each immune trait within each

population were used to compute sire variance components for deriving

paternal half-sib heritability estimates.

Phenotypic and genetic correlations among the immune traits were

determined in a single analyses within each population. The model

used included the effects of line or breed, sire within line or breed,

sex of calf and age of dam.

Weights at time of vaccination and at weaning and average daily

gains from birth to these two weights were included as dependent

variables in additional analyses to obtain phenotypic correlations and

genetic correlation estimates between the immune traits and growth.
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Pairwise comparisons among breeds, selection lines and dam age

groups were made using Bonferroni t statistics (Gill, 1978).

Results

The intra- and interassay coefficients of variations for the

IgG1 SRID, the IBRV-specific antibody k-ELISA and the complement C3

SRID assays were 7% and 10%, 4% and 20%, and 8% and 15%, respectively,

indicating satisfactory assay repeatability between sample duplicates

and over time. The average coefficients of determination (r
2

) for

standard curves of each assay were .96, .96 and .94, respectively.

Passive IgGl. Although no precolostral samples were taken,

IgG1 measured on calves at 24 to 48 h after birth was assumed to be

of colostral origin. The overall least-squares mean IgG1 concentra-

tions at 24 to 48 h after birth in the Selection Experiment Herefords

and the GPU herd were 26.0 + .6 and 33.6 + 1.3 mg/ml, respectively

(tables III.1 and 111.2). Among the Selection Experiment Hereford

lines, the randomly selected control line had the highest mean passive

IgG1 concentration and was significantly higher than the yearling

weight line (table III.1). In the Germ Plasm Utilization herd,

breeds differed in calf IgG1 level at 24 to 48 h of age (table III.

2) with Angus calves being significantly higher than Red Poll and

Hereford calves in mean concentration of passive IgGl.

Male and female calves did not differ in passively-acquired

IgG1 levels (tables III.1 and 111.2). Calf IgG1 level at 24 to 48

h of age increased as age of the dam increased (tables III.1 and

111.2). This increase as age of dam increased was significant in the

Selection Experiment Herefords. In the GPU population, Angus calves

increased in IgG1 level as birth weight increased (P<.1), Hereford

calves decreased in IgG1 concentration as birth weight increased
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(P<.1) and level of IgGi in Red Poll calves was not affected by

birth weight (table 111.4). Birth weight did not affect levels of

IgGi in the Selection Experiment Hereford calves.

IBRV Antibody Titer. The randomly selected control line had

the highest mean titer of IBRV antibodies at vaccination and was

significantly higher than the line selected for an index of yearling

weight and muscling score. Sixty days postvaccination, the index line

was highest in mean IBRV titer and differed significantly from the

line selected for weaning weight (table III.1). Levels of IBRV

antibodies at vaccination did not differ among Angus, Hereford and Red

Poll calves, nor did breeds differ in antibody titer postvaccination

(table 111.2).

Male and female calves did not differ in IBRV antibody titers at

either time of measurement (tables III.1 and 111.2). Calves from

older cows tended to have higher mean titers of IBRV antibodies at

vaccination than calves from younger cows (tables III.1 and 111.2).

In the Selection Experiment Hereford population, mean titers 60 d post-

vaccination decreased significantly as age of dam increased from 2 to

4 yr and greater. Within the GPU herd, calves from 3 yr old cows had

higher mean postvaccination titers than calves from cows 4 to 7 yr of

age (P<.01). The quadratic regressions of IBRV titers at vaccination

and at 60 d postvaccination on passive IgGi were significant in both

populations (table 111.3 and 111.4). As passive IgGi concentration

increased to 50 mg/ml, IBRV antibody titer at vaccination increased

and IBRV antibody titer 60 d postvaccination decreased. As passive

IgGi increased above 50 mg/ml, antibody titer at vaccination

decreased while antibody titer 60 d postvaccination increased.

Several regressions of IBRV titer 60 d postvaccination were signifi-

cant in the Selection Experiment Hereford population (table 111.3).

As IBRV titer at vaccination increased, a linear decrease in post-

vaccination titer occurred (P<.05). Postvaccination titer increased

as calf age increased (P<.01). As dam inbreeding increased to 4%, a
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very slight increase in titer 60 d postvaccination was found. Dam

inbreeding greater than 4% up to 12% was associated with a decrease in

postvaccination antibody titer.

Complement C3 Level. No differences were found among lines of

the Selection Experiment Hereford population (table III.1) or breeds

of the Germ Plasm Utilization herd (table 111.2) in levels of

complement C3.

Female calves were significantly higher in mean complement C3

level than male calves in both populations (tables III.1 and 111.2).

Calves from younger cows (2 and 3 yr of age in the Selection

Experiment Hereford and the GPU populations, respectively) were

significantly lower in mean C3 level than calves from older cows (4 to

9 yr old in the Selection Experiment Herefords and 4 to 7 yr old in

the GPU herd). Inbreeding of the calf significantly affected C3

levels in the Selection Experiment Herefords (table 111.3). As

inbreeding increased to 5%, there was a slight increase in complement

C3 level (5 serum units). As inbreeding increased above 5% to 9%, C3

level decreased (18 serum units). Within the GPU herd, as birth

weight increased, Angus calves increased in C3 level (P<.05) while Red

Poll calves decreased in C3 level (P<.1). Level of C3 was not

affected by birth weight in Hereford calves (table 111.4).

Heritability. Heritability estimates for the immune traits,

presented in table 111.5, were determined by intra-class correlations

among paternal half sibs. All estimates were low and nonsignificant

except the estimate for IBRV titer at time of vaccination in the GPU

herd (.58 + .30).

Correlations among Immune Traits. Phenotypic correlation

coefficients among the immune traits are presented in table 111.6. In

calves of the GPU population, an increase in passive IgG1 at 24 to

48 h of age was associated with an decrease in IBRV antibody titer 60

d postvaccination (P<.05). There was also a negative association

between passive IgG1 and IBRV titer at vaccination in the Selection
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Experiment Herefords but this correlation was nonsignificant. In the

Selection Experiment Hereford population, an increase in IBRV titer at

vaccination was associated with a decrease in IBRV titer 60 d postvac-

cination (P<.05). This correlation was negative but nonsignificant in

the GPU population.

Estimates of genetic correlations among immune traits are not

presented. Negative sire component estimates were found for both IBRV

titers and for complement C3 level in the Selection Experiment

Herefords, making estimation of genetic correlations in this

population impossible. Genetic correlations in the GPU population had

very large standard errors associated with them and therefore, were of

dubious value.

Correlations between Immune Traits and Growth Traits.

Correlations between humoral immune traits and weights at approximate-

ly 164 d of age and at weaning and average daily gains from birth

through approximately 164 d of age and from birth through weaning were

determined in both populations. In the Selection Experiment

Herefords, all phenotypic correlations between passive IgG1 and

growth traits were significant. These correlations ranged from .15 to

.23. Correlations between passive IgG1 and growth traits ranged

from .04 + .14 in the GPU herd and were not significant. For IBRV

antibody titers at vaccination time and 60 d postvaccination, the

phenotypic correlations ranged from -.01 to .08 and from -.07 to .08,

respectively, and were preponderantly positive but not significant in

either population. For complement C3, the phenotypic correlations

ranged from .00 to .14. Only the correlation between C3 level and

weight at approximately 164 d of age within the Selection Experiment

Hereford populations was significant.

In the Selection Experiment Hereford population, negative sire

component estimates were found for both IBRV titers, C3 level and

several of the growth measurements. Thus, genetic correlations in
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this population were not estimable. In the Germ Plasm Utilization

herd, genetic correlations had very large standard errors.

Discussion

Rankings of the Selection Experiment Hereford lines for immune

traits were inconsistent. Only the randomly selected control line had

higher means for two traits, that of passive IgG1 concentration and

titer of IBRV antibodies at vaccination.

Breeds of the GPU population differed only in levels of passive

IgG1. Angus calves had significantly higher means than Red Poll and

Hereford calves. Angus calves were observed to be more active during

the first 24 h after birth than calves of the other two breeds. This

may have decreased the time from birth to colostrum ingestion and so

increased immunoglobulin absorption in the Angus calves.

Male and female calves differed only in level of complement C3.

Female calves were higher for mean C3 in both populations. No reason

for this sex difference is available.

As titer of IBRV antibodies at time of vaccination increased,

titer 60 d postvaccination decreased, suggesting the vaccine was

neutralized by antibodies present at vaccination. Existing antibodies

at vaccination may have been of maternal origin. Several factors

support this idea. In both populations, as 24 to 48 h postpartum

IgG1 concentration increased, an increase in titer of IBRV

antibodies at vaccination was found. Both IgG1 and IBRV antibodies

are components of colostral immunoglobulins, the former being

antibodies of a specific subclass and the later being antibodies

specific to an antigen (IBRV). Bovine neonate absorption of different

colostral immunoglobulin classes and specificities have been found

dependent only on quantity in the colostrum (Fleenor and Stott, 1983).
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It may be that calves exposed to high levels of colostral IgG1

acquired high colostral titers specific to IBRV as well. These IBRV

antibodies may not have been completely catabolized, leaving some

still present at vaccination.

As age of the calf increased, IBRV antibody titer at 60 d postvac-

cination increased. This may be because younger calves would have had

less time to catabolize colostral immunoglobulins and therefore, more

maternal IBRV antibodies may have been present to neutralize the IBRV

vaccine. A lower response in younger calves would be expected 60 d

later. Older calves may have had less passive antibodies left at time

of vaccination, less interference with the vaccine, and have higher

titers 60 d later.

Age of dam had an influence on all humoral immune traits

measured. As age of dam increased, calf IgG1 level at 24 to 48 h of

age increased. This may represent an increase in immunoglobulin

concentration in colostrum of older cows (Frerking and Aeikens, 1978;

Norman et al., 1981), more total colostrum produced by the older cows

or better mothering by the older, more experienced dams decreasing the

time from birth to colostrum ingestion (Muggli et al., 1984). Calves

from older cows had higher titers of antibodies specific to IBRV than

calves from younger cows. It is possible that more colostral

antibodies were present at vaccination in calves from older cows

because higher titers of IBRV antibodies as well as higher levels of

IgG1 were available to them at birth. The age of dam effect was

also significant for postvaccination IBRV antibody titer, with calves

from older cows having lower levels than calves from younger cows. If

calves from older cows, that is calves with higher titers of residual

IBRV antibodies at vaccination, had greater neutralization of the

vaccine, a lower response would be measured in these calves 60 d

later.

In an additional laboratory analysis, titers of IBRV-specific

antibodies at 24 to 48 h after birth were quantified for approximately
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18% of the calves. The mean titers were 27.4 + .6 and 37.9 + 3.2

in the Selection Experiment Hereford and Germ Plasm Utilization

populations, respectively. If calves lost these IBRV colostral

antibodies at the rate of one half their remaining antibody titers

every 82 d, the titers found in this study at vaccination would be

expected. However, if the half-life of these proteins was this long,

the antibodies must be extremely resilient to proteolytic decay. In

the study by Brar et al. (1978), a half life of 21 d was estimated for

IBRV-specific antibodies in calves known to be free from natural

infection of IBRV. If 21 d were the rate of decay for antibodies in

calves of this study, disappearance of colostral antibodies would be

complete by 63 d of age and response to IBRV infections would begin.

Multiple exposures to IBRV can be expected in cattle herds as large as

the Selection Experiment Hereford and GPU populations. Thus, while

many factors indicate that some of the antibodies existing at

vaccination are of maternal origin, a portion of these antibodies may

have been synthesized in response to natural infections.

Antibodies specific to IBRV measured 60 d postvaccination may

have been antibodies synthesized in response to the vaccination or

they may have been uncatabolized antibodies remaining in the body

since time of vaccination.

In the GPU population, breeds were affected by birth weight

differently. As birth weight increased, levels of IgG1 at 24 to 48

h of age and complement C3 at 164 d of age increased in Angus calves.

In Herefords, an increase in birth weight was associated with a

decrease in passive IgG1 yet birth weight did not influence C3

levels. In Red Poll calves, birth weight did not affect the level of

serum IgG1 but a decrease in level of complement C3 was seen as

birth weight increased. No explanation for these results is

available.

Heritability estimates for passive IgG1 at 24 to 48 h of age

were .00 + .10 and .15 + .23 in the Selection Experiment Hereford
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and Germ Plasm Utilization populations, respectively. Thus, these

estimates were much lower than the heritabilities obtained by Norman

et al. (1981) for calf IgGi level at 24 and 36 h of age (.52 + .28

and .69 + .30, respectively). Heritabilities of -.01 + .08 and

.01 + .20 were estimated for IBRV antibody titer 60 d

postvaccination in the two populations. Therefore, this study was

also lower than the moderate heritability (.56 + .33) for bovine

immune response against an antigen (human serum albumin) estimated by

Lie (1979). The nonsignificant heritability estimates obtained in

this study indicate that improvement of these immune traits through

genetic selection would be difficult.

Although low, the phenotypic correlations among immune traits

support the hypothesis of vaccine neutralization by residual colostrum

antibodies presented in the previous discussion. The phenotypic

correlations between the immune traits and growth traits were low but

positive. A healthy calf may result from higher immune levels and so

grow better.
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TABLE III.1. LEAST-SQUARES MEANS AND STANDARD ERRORS FOR LINE, SEX AND
AGE OF DAM EFFECTS ON IMMUNE TRAITS IN SELECTION EXPERIMENT HEREFORDS

Effect n

Passive

IgGi (mg/ml)

IBRV Titer at

vaccinationa

Postvaccination

IBRV titera

Complement

C3(SU)
b

Overall 367

Lines
WWL 86

YWL 88
IXL 69

CNL 124

Sex
Male 190
Female 177

Age of dam
2 yr 97

3 yr 92

4-9 yr 178

26.0 + .59

25.7 + 1.17fg
22.4 -+- 1.16f

26.8 ;1.30fg
28.9 ;1.01g

25.3 + 83d
d

26.6 7 .83

f
20.3 + 1.13,
26.6 ; 1.1,
31.0 ; .84"

4.8 + .15

.30de

4.7 74.- .21 de
, .....d

4.4 + .34,
5.4 71. .26'

4.8 + .22A
d

4.7 ---1: .21"

4.3 + 32
d

- d
4.6 + .30
5.4 -; .23e

13.8 + .39

12.4 + .77
d

-; .77de

15.1 q-- .85e
T. .68de

13.9 + .55d A

13.7 -; .54"

17.1 + .80
f

14.4 -+- .7q

9.9 -; .58

82.3 + .74

83.4 + 1.46d
82.8 ; 1.48'd

81.6 71.63d
81.6 ; 1.36

78.9 + 1.03
f

85.8 ;1.04g

d
80.7 + 1.40,,
81.4 ; 1.437
84.9 T1.04'

a
Titer of serum-virus neutralization antibodies to IBRV.

b
Serum unit.

c
Line abbreviations are weaning weight (WWL), yearling weight (YWL), index of
yearling weight and muscling score (IXL) and randomly selected control (CNL).

d'eMeans within the same trait and effect with no superscript in
common differ (P<.05).

f'g'hMeans within the same trait and effect with no superscript in
common differ (P<.01).
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TABLE 111.2. LEAST-SQUARES MEANS AND STANDARD ERRORS FOR BREED, SEX AND
AGE OF DAM EFFECTS ON IMMUNE TRAITS IN GERM PLASM UTILIZATION CALVES

Effect n

Passive

IgG1 (ng/ml)

IBRV titer at

vaccination
a

Postvaccination

IBRV titera

Complement

C3(SU)b

Overall

Breed
Angus

Hereford
Red Poll

Sex

Male
Female

Age of dam
3 yr

4-7 yr

165

79

40

46

89
76

56

109

33.6 + 1.27

38.9 + 1.83- d
28.4 + 2.35,
33.4 7 2.46"

d
33.3 + 1.68A
33.8 T 1.82"

d
33.4 + 2.05,
35.2 -1- 1.61"

4.6 + .40

4.3 + .55,
d

5.2 + .70:1

4.4 -7 .69"

d
4.5 + .46,
4.8 T .49"

d
4.0 + .52A
5.0 T. .44"

8.8 + .40

d
8.9 + 53

d

8.9 + .78,
8.6 7 .72"

d
8.3 + .54,
9.3 7 .60"

9.9 + .67;
8.0 ; .51

77.2 + 1.37

d
79. + 1 98

d
75.1 7 2.49,
76.6 + 2.62"

c
74.4 + 1.75c
79.9 -7 .88"

74.1 + 2.04c
79.2 7- 1.63

a
Titer of serum-virus neutralization antibodies to IBRV.

b
Serum unit.

c'dMeans within the same trait and effect with no superscript in common differ
(P<.05).

a'fMeans within the same trait and effect with no superscript in common differ
(P<.01).
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TABLE 111.3. REGRESSION COEFFICIENTS AND STANDARD ERRORS ON
IMMUNE TRAITS FOR SELECTION EXPERIMENT HEREFORDS

Y = bo + bl (X) + b
11

(X)
2

Y X b
1

b
11

IBRV titera Passive

at vaccination IgGi (mg/ml)

Postvaccination Passive

IBRV titera IgG1 (ng/m1)

Postvaccination IBRV titera

IBRV titera at vaccination

Postvaccination Age of

IBRV titera calf (d)

Postvaccination Inbreeding

IBRV titera of dam (%)

Complement Inbreeding

C3 (SU)c of calf (%)

.03 + .02 -.0012 + .006*

-.07 + .04* .004 + .002**

-.30 + .14**

.12 + .05**

-.08 + .18 -.10 + .04**

-1.3 + .6** -.44 + .22**

aTiter of serum-virus neutralization antibodies to IBRV.

b
Nonsignificance determined in previous analyses so effect was
not included in this model.

c
Serum unit.

* P<.1.
**P<.05.
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TABLE 111.4. REGRESSION COEFFICIENTS AND STANDARD ERRORS ON
IMMUNE TRAITS FOR GERM PLASM UTILIZATION CALVES

Y = bo + bl (X) + b
11

(X)
2

b
11

X b
1

Passive

IgG1 (mg /ml)

Birth

weight (kg)

Angus .15 + .08*
_a

Hereford -.19 T- .13*
Red Poll .07 -T- .11

Pooled .01 + .06

IBRV titerb Passive

at vaccination IgG1 (mg /ml) .02 + .02 -.003 + .001**

Postvaccination Passive

IBRV titer
b

IgG1 (mg/m1) -.10 + .03** .003 + .001**

Complement

C3 (SU)c

Birth

weight (kg)

Angus .25 + .08**
Hereford .00 .13

Red Poll -.15 .11*

Pooled .03 + .06

a
Nonsignificance determined in previous analyses so effect was
not included in this model.

bTiter of serum-virus neutralization antibodies to IBRV.

c
Serum unit.

* P<.1.
**P<.05.
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TABLE 111.5. HERITABILITY ESTIMATES AND STANDARD ERRORS
FOR IMMUNE TRAITS

Trait h
2

Passive IgGi level
Selectid Experiment Herefords .00 + .10
Germ Plasm Utilization herd .15 7+" .23

IBRV titer at vaccination
Selection Experiment Herefords .00 + .09
Germ Plasm Utilization herd .58 -T. .30**

Postvaccination IBRV titer
Selection Experiment Herefords -.01 + .08
Germ Plasm Utilization herd .01 -T .20

Complement C3 level
Selection Experiment Herefords -.01 + .08
Germ Plasm Utilization herd .24 T- .25

**P<.05.
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TABLE 111.6. PHENOTYPIC CORRELATIONS AMONG IMMUNE TRAITS

Trait

IBRV titera Postvaccination Complement

at vaccination IBRV titer
a

C3(SU)
b

Passive IgG1 (mg/ml) .02c -.05 .02

.05 -.22** -.06

IBRV titera at vaccination -.15** .07

-.03 .02

Postvaccination IBRV titera -.04

-.04

aTiter of serum-virus neutralization antibodies to IBRV.

b
Serum unit.

c
Upper value pertains to the Selection Experiment Hereford population
and lower value pertains to the Germ Plasm Utilization population.

**P<.05.
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APPENDIX I

Kinetic-based Enzyme-linked Immunosorbent Assay (k-ELISA)

Reference:

Barlough, J. E., R. H. Jacobson, D. R. Downing, K. L. Marcella, T.
J. Lynch and F. W. Scott. 1983. Evaluation of a computer-assisted,
kinetics-based enzyme-linked immunosorbent assay for detection of
coronavirus antibodies in cats. J. Clin. Microbiol. 17:202.

I. Preparation of infectious bovine rhinotracheitis virus (IBRV) and
control antigens: crude purification and density gradients.

Materials:

Madin-Darby bovine kidney (MDBK) cells (control antigen,
inoculation for IBRV antigen)

Confluent monolayers of MDBK cells in 490 cm
2

roller bottles.
MDBK cells from American Type Culture Collection, Rockville, MD
20850, no. ATCC CC122. Corning polystyrene roller bottles from
VWR Scientific, San Francisco, CA 94120, no. 62404-370.

Stock IBR virus (inoculation for IBRV antigen)

IBR virus of predetermined concentration.

F 15 Plus (stock IBRV diluent)

F15 powder (MEM - Earle's base)
Na pyruvate
LAH (10X)
Pen-strep (100X)
NaHCO

3
H2O

4 liters
38.4 g

40 ml

400 ml
40 ml

4.0 g
3520 ml

Mix until dissolved. Adjust pH to 7.10 with NaOH. Filter.
Sterilize.

Lactalbumin hydrolystate (LAH) (10X)

Lactablumin hydrolystate
H2O

1 liter
50 g

1000 ml



Dissolve LAH in H90. Pour 400 ml in 16 oz bottles and place
bottles in pan with a layer of water covering the pan bottom.
Autoclave for 20 min at 15 lb.

Pen-strep (100X)

Penicillin powder
Streptomycin sulfate
H2O

1 liter
S.95 g
13.2 g
1000 ml

62

This 100X stock contains 10,000 ug Pen/ml and 10,000 ug Strep/ml.

Donor calf serum (feeding cells)

Sonicator cell disruptor

Use microtip at 4.5 output. From Heat Systems of Ultrasonics,
Inc.

Centrifuges

Low-speed centrifuge such as Universal model UV centrifuge, from
IEC International.

High-speed centrifuge such as Super Speed model J2-21 centrifuge,
from Beckman.

Ultracentrifuge such as Model L8-70 ultracentrifuge, from Beckman.

Rotors (for ultracentrifuge)

Fixed angle rotor such as 50.2 . Serial no. 1072, from Beckman.
Swing arm rotor such as 28 SW. Serial no. 862, from Beckman.

Centrifuge tubes

Conical 250 ml polypropylene centrifuge tubes (for IEC
centrifuge). From VWR Scientific, San Francisco, CA 94120, no.
21008-770.

50 ml Oak Ridge Type polycarbonate centrifuge tubes (for Super
Speed centrifuge). From VWR Scientific, San Francisco, CA 94120,
no. 21009-342.
30 ml Oak Ridge Type polycarbonate centrifuge tubes (for
ultracentrifuge). From VWR Scientific, San Francisco, CA 94120,
no. 21009-320.

Polyallomer tubes (for potassium tartrate gradient). Size 1" in
diameter x 3.5". From Beckman, no. 326823.
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Syringes (preparing gradients and collecting visible light
scattered bands)

B-0 Luer-Lok syringes 5 cc. From Becton-Dickson, no. 805L/S.
B-D Luer-Lok syringes 10 cc. From Becton-Dickson, no. 5604.

Canula or 6" needle (preparing gradients)

Needles (collecting visible light scattered bands)

Yale hypodermic needles 22 gauge 1.5". From Becton-Dickson, no.
5156.

TEN buffer (gradients, antigen pellet suspension, dialysis of
control antigen)

1 liter
Tris 1.21 g
EDTA disodium salt dihydrate .37 g
NaCl 8.76 g
Distilled H2O 1000 ml

Adjust pH to 7.50 with HC1.

20% sucrose (gradient)

Sucrose Merck (saccharose)
TEN buffer

% potassium tartrate solution (gradient)

For 15%, potassium tartrate
For 25%, potassium tartrate
For 35%, potassium tartrate
For 45%, potassium tartrate
TEN buffer

100 ml

20 g
100 ml

100 ml

15 g
25 g
35 g
45 g

Tare beaker on scale. Add g of potassium tartrate for particular
solution. Add TEN buffer until 100 g. Mix. Filter through
Wattman No. 1 paper.

Refractometer (concentration of antigen crude preparation)

Dialyzer tubing (dialysis of control antigen)

Dialyzer tubing size 1.75" wide and 1.125" diameter. From VWR
Scientific, San Francisco, CA 94120, no. 25225-260.
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Clips (dialysis of control antigen)

4 tubing clips.

Polyethylene glycol chips (dialysis of control antigen)

Carbowax PEG 20,000. P-162.

Procedures:

1. Pour off media from roller bottles containing MDBK_Flls.
Using F15 Plus as diluent, dilute stock IBRV to 10 and

inoculate 10 ml into roller bottles. Absorb virus 1 to 2 h on
roller. Pour off virus from bottles and feed with 45 ml of
2% donor calf serum in F15 Plus. Place back on roller for 2
d. Harvest at 4+ CPE and freeze for future use.
Note: Uninfected MDBK cells are used for the control
antigen. Preparation of both IBRV and control antigens are
the same but separate through step 14.

2. Thaw virus-infected (control cell) cultures. Shake hard
while thawing to dislodge cells from walls of culture
vessels. Using the sonicator cell disruptor, sonicate the
suspension for two 30 s bursts. Avoid heating the suspension
by placing beaker in crushed ice.

3. Clarify the crude virus (cell control) suspension at 1800 rpm
for 20 min in the IEC centrifuge using the Corning 250 ml
centrifuge tubes. Pour off supernatant and set aside.

4. Resuspend pellets in 20 ml of the supernatant fluid and
sonicate for 30 s. Reclarify the suspension at 1800 rpm for
20 min in the IEC centrifuge. Pool the supernatant with
supernatant from step 3.

5. Divide supernatant into eight 50 ml Oak Ridge Type
polycarbonate centrifuge tubes. Clarify at 6500 rpm for 30
min in the Beckman Super Speed centrifuge. Remove
supernatant carefully and discard pellets.

6. Prepare 20% sucrose solution. Add 20 ml of supernatant to 12
30 ml Oak Ridge Type polycarbonate centrifuge tubes.
Carefully underlay 3.5 ml of 20% sucrose solution using a 5
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ml syringe fitted with a 6" needle or canula.
Ultracentrifuge at 27,000 rpm for 1.5 h in the 50.2 rotor.

7. Discard supernatants. Wash pellet slightly with TEN buffer
to remove residual sucrose. Drain by gently tapping inverted
tube on paper towel. Resuspend all pellets in a small volume
(5 ml) of TEN buffer by vigorous titration with a Pastuer
pipette. Sonicate for two 30 s bursts.
Note: The antigen may be frozen at this point.

8. Prepare 15%, 25%, 35% and 45% (weight/weight) potassium
tartrate solutions. Prepare potassium tartrate gradients 12
h in advance of ultracentrifugation as follows:

a. Add 9 ml of 15% potassium tartrate solution to each of six
Beckman polyallomer centrifuge tubes.

b. Underlay 9 ml of 25% potassium tartrate solution in each
tube using a 10 ml syringe fitted with a 6" needle or
canula.

c. Underlay 9 ml of 35% potassium tartrate solution in each
tube using the same syringe.

d. Underlay 8 ml of 45% potassium tartrate solution in each
tube using the same syringe.

e. Place in refrigerator undisturbed for 12 h.

9. Sonicate antigen from step A7 for two 30 s bursts.

10. Estimate the concentration of the antigen suspension with a

refractometer and dilute it to 1.5% with TEN buffer.

11. Layer 2.0 ml of diluted antigen on each potassium tartrate
gradient. Balance polyallomer tubes, gradient and antigen by
layering sterile mineral oil on top.

12. Ultracentrifuge at 25,000 rpm for 12 to 16 h in the 28 SW
rotor.

13. Collect visible light scattered bands by piercing the tubes
with a 5 cc syringe fitted with a 20 gauge needle and drawing
the band (2 to 3 ml) into the syringe.

14. Pool the bands and dilute 4X in TEN buffer.
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15. For IBRV antigen (ultracentrifuge)

a. Pellet the diluted virus bands at 27,000 rpm for 1.5 h in
30 ml Oak Ridge Type polycarbonate tubes using the 50.2
rotor.

b. Resuspend the virus pellets in 2 to 3 ml of TEN buffer.
Sonicate. Store at -70 C.

15. For control antigen (dialysis)

a. Using disposable surgical gloves, unroll 10" of dialysis
tubing. Cut and place in a beaker of distilled H2O for
10 min.

b. Place 2 clips at one end of the tubing, avoiding folds.
Pour in diluted control antigen bands. Close top of
tubing with remaining 2 clips. Place filled tubing in
distilled H2O for 10 min.

c. Pour off distilled H90. Replace with cold TEN buffer.
Dialyze in refrigerator for 2 h.

d. Replace TEN buffer with cold TEN buffer. Dialyze in
refrigerator overnight.

e. Remove filled tubing from TEN buffer and place in surgical
pan. Pour polyethylen glycol chips over and around
tubing. Allow chips to reduce liquid content by half.

f. Wash off chips with deionized H20. (Will rehydrate
slightly).

g. Place tubing in beaker and dialyze with cold TEN buffer
in refrigerator for 4 to 6 h.

h. Pour control antigen into beaker. Sonicate vigorously,
keeping liquid cold.

i. Centrifuge to remove floculant material. Store at -70 C.

II. Determination of protein concentration

Materials:

Bio-Rad reagent concentrate

From Bio-Rad Laboratories, Richmond, CA 94804, no. 500-0006.
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Protein standard

Albumin 5.0 gidl
Globulin 3.0 g /dl
Total protein 8.0 g /dl

From Sigma Diagnostics, St. Louis, MO 63178, no. 540-10.

Spectrophotometer

Such as B and L Spectophotometer. VWR no. 2234-106.

Cuvets

From VWR Scientific, San Francisco, CA 94120, no. 57975-204.

Procedures:

1. Turn on spectrophotometer. Set to 00595.

2. Dilute 12 ml Bio-Rad reagent concentrate in 48 ml distilled H2O
(a 1:5 dilution). Filter through Wattman No. 1 paper.
Note: Discard diluted reagent after 2 wk.

3. Prepare five dilutions (.2 mg/ml, .4 mg/ml, .6 mg/ml, .8 mg /ml

and 1.0 mg/ml) of protein standard in TEN buffer.

4. Prepare four dilutions (1:2, 1:4, 1:8 and 1:16) of antigen
preparation in TEN buffer.

5. Place .1 ml of diluted standards and diluted antigens in clean,
dry cuvets. Place .1 ml of TEN buffer in "blank" cuvet.

6. Add 5.0 ml of diluted Bio-Rad reagent to each cuvet.

7. Vortex but avoid excess foaming. Allow all standards and samples
to sit for at least 5 min but less than 1 h.

8. Blank spectrophotometer using reagent "blank". Read standards
and samples.

9. Plot protein concentration (ugiml) of standards vs 00595.
Determine prediction equation for standard curve.

10. Determine predicted concentration (ug /mi) times dilution factor
for each diluted sample. Determine the mean for predicted
concentration (ug /ml) of the four diluted samples.
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3. Add 100 ul of IBRV to each well of odd numbered columns and
add 100 ul of control antigen to each well of even numbered
columns of an EIA plate. Dilutions of IBRV are distributed

as shown below.
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4. Cover plate securely with parafilm and place in refrigerator
at 4 C for a minimum of 48 h.

5. Remove coated plate from refrigerator. Fill wells with TEN

buffer via a wash bottle. Invert plate and shake out TEN

buffer. Repeat at least twice. Tap plate dry on paper

towel.

6. Dilute known positive serum 1:100 in ELISA diluent.

7. Add 100 ul of diluted serum to each well except rows E and F.
Rows E and F receive diluent only.

8. Proceed from Step 5 through Step 17 of V. ELISA assay.

Obtain a kinetic slope for each dilution of IBRV antigen.
Note: Rows A through E receive conjugate. Row F receives no

conjugate.

9. Plot IBRV antigen concentration (X) vs kinetic slope (Y).

The curve should appear in shape like the one below. The

optimum concentration of IBRV is that concentration showing
saturation and yet least variation.
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III. Determination of proper concentration of antigen.

Materials:

Purified IBRV and control antigens

Determination of protein levels has been completed. (See II.
Determination of protein concentration.)

Sonicator cell disruptor

Known positive serum

Preferably with a serum neutralization titer of 1:32 or
higher.

Carbonate buffer (.05M)

Na9Co
3

NaMCO
Distqled H2O

Adjust pH to 9.5 using 5M NaOH.

EIA plate

Costar flat bottom EIA plate, no. 3590.

ELISA diluent

TEN buffer plus .2% TWEEN 20.

Parafilm (for covering plate)

Parafilm 2" wide from VWR Scientific, San Francisco, CA 94120,
no. 52858-076.

Procedures:

1. Sonicate IBRV and control antigens to break up particulate
material.

1 liter
1.59 g
2.93 g
1000 ml

2. Prepare 2 ml aliquots of IBRV to contain 1, 2.5, 5, 7.5, 10
and 15 ug protein/ml using .05M carbonate buffer as diluent.
Prepare a 5 ml aliquot of control antigen to contain 5 ug
protein/ml.
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IV. Coating plates.

Materials:

Purified IBRV and control antigens

Determination of the optimum dilution has been completed. (See
III. Determination of proper concentration of antigen.)

Sonicator cell disruptor

Carbonate buffer (.05M)

Na Co3
Na CO
Distqled H2O

Adjust pH to 9.5 using 5M NaOH.

EIA plate

Costar flat bottom EIA plate, no. 3590.

1 liter
1.59 g
2.93 g
1000 ml

Parafilm (for covering plate)

Procedures:

1. Sonicate IBRV and control antigen to break up particulate
material.

2. Dilute IBRV and control antigens in .05M carbonate buffer to
the optimum dilution determined above.

3. Add 100 ul of IBRV to each well of odd numbered columns and
add 100 ul of control antigen to each well of even numbered
columns of an EIA plate.

4. Cover the plate securely with parafilm and place in
refrigerator at 4 C for a minimum of 48 h.
Note: Plates are functional as long as they are not allowed
to dry.

V. ELISA assay: determination of serum sample titer.

Materials:
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Test sera

Seven test sera per plate.

Standard sera

Five sera of predetermined serum neutralization (SN) titer.
There should be a negative control, low control (SN 1:4 to 1:6),
moderately low control (SN 1:11 to 1:15), moderate control (SN

1:18 to 1:24) and high control (SN >1:36). These should be
alliquoted so repeated freezing and thawing can be avoided.

TEN buffer

1 liter
Iris 1.21 g
EDTA disodium salt dihydrate .37 g
NaC1 8.76 g
Distilled H2O 1000 ml

Adjust pH to 7.50 with HC1.

ELISA diluent

TEN buffer plus .2% TWEEN 20. Mix fresh each day.

Coated EIA plate

Use plates coated as in IV. Coating plates.

Wash bottle containing TEN buffer

Parafilm

Parafilm 2" wide from VWR Scientific, San Francisco, CA 94120,
no. 52858-076.

CO2 incubator

Set at 37 C.

Microtiter plate reader

Reader such as Titertek Multiskan Mc from Flow Laboratories.
Reader set at 414 nm, blanked on air one half h before use.

Peroxidase-labeled rabbit antibovine IgG conjugate

From Jackson ImmunoResearch Laboratories, Inc., Avondale PA.
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Citrate buffer

Citric acid monohydrate
Distilled H2O

Adjust pH to 4.0 with 4M NaOH.

A BTS

2-2'azino-di-(3-ethylbenz-thiazaline-6-sulfonic acid). From

Sigma Chemicals Co., St. Louis, MO 63178, no. A 1888.

30% hydrogen peroxide

From Sigma Chemicals Co., St. Louis, Mo 63178, no. H 1009.

Stopwatch (for timing of absorbance readings)

100 ml

100 ml

Procedures:

1. Dilute test sera and standards at 1:100 in ELISA diluent for
a total volume of 2 ml (20 ul of serum in 2 ml diluent).

2. Remove coated plate from refrigerator. Fill wells with TEN
buffer via a wash bottle. Invert plate and shake out TEN
buffer. Repeat at least twice. Tap plate dry on paper
towel.

3. Add 100 ul of each test serum and each standard serum to four
IBRV antigen and four control antigen wells as shown in the
diagram below. When adding serum to wells, add to the
adjacent columns of IBRV and control antigens rather than
entire columns or rows (ie. Al, A2, 81, B2, Cl, C2, Dl, D2).
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4. Add 100 ul of ELISA diluent to the conjugate control and
serum control wells.

5. Seal tightly with parafilm. Incubate at 37 C in CO2
incubator for 1 h.

6. During this 1 h period, turn on the microtiter plate reader
and blank it.

7. Wash plates as before at least three times. If suds are
apparent from the presence of TWEEN, wash a fourth time. Tap
dry.

8. Dilute peroxidase labeled rabbit antibovine conjugate 1:1500
in ELISA diluent for a total volume of 10 ml (6.7 ul
conjugate in 10 ml diluent). Mix fresh for each plate.

9. Add 100 ul of diluted conjugate to each well with the
exception of the conjugate control. As before, add diluted
conjugate to adjacent columns of IBRV and control antigens
rather than by entire rows or columns.

10. Seal tightly with parafilm. Incubate at 37 C in CO2
incubator for .5 h.

11. Wash plates as before at least three times.

12. Rinse a small bottle with citrate buffer. Tap dry.

13. Prepare 10 ml of substrate solution in the rinsed bottle as
follows:

a. Dilute 75 ul of ABTS in 10 ml of citrate buffer.

b. Dilute .1 ml of 30% stock H202 in .9 ml citrate
buffer.

c. To make substrate solution, mix 25 ul of diluted H 02
(3%) in 10 ml of diluted ABTS. Wait 60 s to see
spontaneous color change occurs. If so, contamination
occurred and substrate should be remixed.
Note: It is important that the substrate solution is
used immediately and a new solution is prepared for each
plate. ABTS will undergo a spontaneous color change over
time.
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14. Immediately after preparation, add 100 ul of substrate
solution to each well by columns, starting with Column I.
Start stopwatch upon filling of the last well.

15. Tap side of plate as advancing to microtiter plate reader.

16. Take 3 absorbance readings within 5 min of substrate
addition.

17. Calculate predicated SN titer for each sample as follows:

a. Determine mean absorbance of the four control antigen
wells (except standards 4 and 5 with three wells) for
each time reading for each test sera and sample. This is
the control antigen mean.

b. Within a time reading, subtract the control antigen mean
from the absorbance of each IBRV well for each sample and
standard. This is the corrected (for nonspecific
binding) absorbance.

c. Determine a regression coefficient for each serum and
standard by plotting time (X) vs corrected IBRV
absorbance reading (Y). Each regression will include
four corrected absorbances (three for standards 4 and 5)
at three different readings. This is the kinetic slope
of each standard and test serum.

d. Calculate a standard curve (regression) for each plate
using the kinetic slopes for the five standards (X) vs

the SN titer of the 5 standards.

e. Using the prediction equation from Step 17d, determine
predicted SN titer for each serum, using each serum's
kinetic slope determined from Step 17c.
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APPENDIX II

Single Radial Immunodiffusion (SRID) Assay

References:

Fahey, J. L. and E. M. McKelvey. 1965. Quantitative determination
of serum immunoglobulins in antibody-agar plates. J. Immunel.
94:84.

Gewurz, H. and L. A. Suyehira. 1980. Complement. In: N. R. Rose
and H. Friedman (Ed.) Manual of Clinical Immunology (2nd Ed.).
Amer. Soc. for Microbiol., Washington D.C.

Materials:

5X Veronal buffer

NaCl (crystal)
Na 5,5 diethyl barbiturate
Distilled H2O

Adjust pH to 7.35 with 1N Hcl.

.1M EDTA buffer

Na
2
H EDTA
2

DistTlled H2O

Adjust pH to 7.65 with 2N NaOH.

.1M sodium azide buffer

Na azide
Distilled H2O

EDTA-Veronal buffer

5X Veronal buffer
.1M EDTA buffer
.1M sodium azide buffer
Distilled H2O

1 liter
11777-
5.1 g

1000 ml

500 ml

18.6 g
500 ml

500 ml

3.25 g
500 ml

1 liter
200 ml
100 ml

50 ml

650 ml



Agar

Agarosea
EDTA-Veronal buffer

1 late

8 ml
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a
SeaKem ME agarose from FMC Corporation, Marine Colloids
Division, Rockland, ME 04841.
Note: If antiserum is in fluid state, it is necessary to adjust
amount of buffer used. Final agar concentration must be 1.2% for
best results.

Mold for agar

Base and cover glass plates 107mm x 82mm x lmm
U shaped metal frame lmm thick
Seven binder clips 32mm wide

Pipette (application of agar-antibody)

10 ml pipette

Well bore (cutting wells in the agar)

3 mm i.d. bore. From Miles Research Products, Miles
Laboratories, Inc., Elkhart, IN 46515.

Micropipette (application of serum sample to agar well)

5 ul disposable Drummond Wiretrol micropipettes. From VWR
Scientific, San Francisco, CA 94120, no. 53480-356.

Incubator (incubation of plates in a humid atmosphere)

Calibrated RID viewer (measurement of immunoprecipitate rings)

From Transidyne General Corporation, Ann Arbor MI 48106.

Rabbit anti-bovine C3

At an appropriate dilution (1:40) in EDTA-Veronal buffer to cause
immunoprecipitate ring diameters of < 15 mm.
From Cappel Scientific Division of Cooper Biomedical, Inc.
Malvern, PA 19355, no. 0102-0602.

Serum sample
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At two dilutions (1:24 and 1:28) in EDTA-Veronal buffer.
Duplicates of each dilution of each sample are run on the same
plate.

Serum standard (determination of standard curve)

One serum at five dilutions (1:32, 1:28, 1:24, 1:20 and 1:17) in
EDTA-Veronal buffer. Duplicates of each dilution are run on each
plate of each assay. Alliquots of the standard should be made so
only what is used in one day is thawed.

Interassay standard (determination of interassay coefficient of
variation)

One serum at one dilution (1:28) in EDTA-Veronal buffer.
Duplicates are run on each plate of each assay.

Procedures:

1. Make EDTA-Veronal buffer.

2. Preheat water bath to 54 C.

3. Make 1.2% agar solution. Dissolve agarose in EDTA-Veronal
buffer by heating in pressurized cooker for 10 min. Place
agar in the water bath until cooled to 54 C (about 5 min).

4. Add agar to warmed (54 C) antisera. Stir thoroughly.

5. Pipette agar-antisera mixture directly into the center of
warmed molds. Approximately 8 ml of this solution is
required to fill mold.

6. After agar has solidified (5 to 7 min) loosen the top edge of
gel with a razor blade. Remove binder clips and slide cover
plate off the agar.
Note: Plates may be stored in incubator over night. Remove
clips and place mold in ziplock plastic bag. Do not remove
cover plate or metal frame.

7. Cut circular wells in agar with the 3 mm bore. Remove gel
plugs with aspirator.

8. Apply 5 ul of the appropriate standards and diluted serum
samples into each well using Wiretrol micropipettes.

9. Incubate plates in the incubator for 48 h.



78

10. Measure the distance of migration for each immunoprecipitate
ring using the calibrated RID viewer.

11. Determine the concentration of serum samples. Construct a
standard curve for each plate as a linear regression of the
logarithm of standard dilutions on immunoprecipitate ring
diameters. Using these prediction equations, a predicted
serum unit value can be determined for each test serum. One

hundred serum units (SU) is defined as that amount of C3 in
the serum standard.


