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ABSTRACT 

Previous investigations concerned with the relationship of spe

cific disease protection and the concentration of immunoglobulins in the 

calf have produced variable results. Utilizing techniques for measuring 

total and pathogen specific immunoglobulin concentrations, blood samples 

from 20 neonatal calves and their respective dams were analyzed for the 

total concentrations of immunoglobulin classes G, M, and A(lgG, IgM, 

and IgA) and also the serum concentrations of pathogen specific anti

bodies of the IgG and IgM classes. 

Primiparous cows were found to have a significantly lower serum 

IgG concentration at parturition than multiparous cows. However, no 

significant difference could be found in any of the Ig concentrations 

within their colostrum or calves. By 24 hours postpartum, all of the 

calves had serum Ig concentrations equal to or greater than that found 

in the parturient cows. The calves serum Ig concentrations, both total 

and pathogen specific, were significantly correlated to the Ig concentra

tions measured in the colostrum. For the three gram negative organisms 

tested, only IgG class specific antibodies were detected. No correlation 

was found to exist between the concentrations of total IgG and the con

centrations of pathogen specific IgG in the serum of the cows or their 

calves. These results indicate immunoglobulin specificities as well as 

total concentration of antibodies should be a consideration for the 

health and well-being of the calf. 

ix 



CHAPTER 1 

INTRODUCTION 

Neonatal calf diseases have been reported to be the cause of 

a 10 to 20% average annual loss of newborn dairy calves. This prob

lem was recognized as early as 1922 and reported to be correlated with 

a hypogammaglobulinemia condition in a substantial number of the 

calves. Authors attributed this problem to the malabsorption of the 

colostral gammaglobulins by the calf soon after birth. In recent years, 

investigators have continued to elucidate the factors which influence 

the absorption of immunoglobulins and have attempted to determine the 

relationship of serum concentrations of immunoglobulins found in the 

calf and specific neonatal diseases. 

The present study was designed to determine whether the con

centrations of immunoglobulins with known pathogenic specificities 

have any relationship to the total immunoglobulin concentrations found 

in the calf following colostral feeding. In addition, these relation

ships were investigated for the immunoglobulins found in the serum of 

the parturient cow and colostral whey. 

1 
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CHAPTER 2 

REVIEW OF THE LITERATURE 

Passive Immunity 

The protection conferred to an animal through the humoral 

immune system is achieved by the active synthesis of antibodies or the 

passive transfer of maternal antibodies to the fetus or neonate. The 

development of the immune system beginning early in fetal life and by 

the end of the first trimester (in man or in the cow) the fetal immune 

system is capable of responding to antigenic stimulation (14). How

ever, the nature of the placental barrier protects the fetus from most 

antigenic exposure (65). Despite this, significant serum concentra

tions of antibodies (often higher than maternal concentrations) are 

found in the neonate (10). These antibodies are derived from maternal 

blood via the placenta (as in the human), or by consumption of antibody 

rich colostral milk as in the cow. Some species, the cat and the dog 

being examples, are able to obtain antibodies from both the maternal 

circulation and the colostrum (9). 

Immunologic Competence of the Bovine 

Although laboratory animals were the model used to establish 

principles of the immune response, the application to other species 

has been generally accepted. Researchers found the bovine followed 

the basic immunologic responses observed in man and other mammalian 

2 
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species (17). The immunoglobulin (Ig) classes of the bovine are the 

same as those found in humans, (IgG, IgM, IgA, and IgE). Comprehensive 

reviews on the subject of bovine immunity have been published by 

J. E. Butler (17) and R. D. Schultz (57). 

Bovine Colostrum 

During the last weeks of pregnancy, the cow actively transports 

serum immunoglobulins (Igs) into the mammary gland (11). Studies using 

radio-labeled IgG have confirmed the selectivity of the mammary tissue 

for specific blood proteins (35). The Ig concentration of the colostrum 

may be 13 times greater than that found in the serum (7). As colostrum 

formation progresses, there is a concomitant decrease in the concentra

tions of serum Igs in the cow (26, 54, 60). 

Penhale and Christie (51) sampled 100 pre-parturient cows and 

found a mean serum IgG concentration of 12.9 mg/ml. Of these cows, 

20 were analysed for colostral IgG, with a mean IgG concentration of 

34.1 mg/ml. The relationship of serum IgG concentration to the colos

tral IgG concentration for individual cows was not examined. The con

centration of the Igs found in the lacteal secretions decreases rapidly 

after parturation. Boyd (8) found that within 24 hours postpartum the 

concentration of the secretion was less than one-third the original 

value. By three days, the Ig concentration is at a uniform low level 

usually found in milk (55). 

Several authors (15, 32, 33, 45) have found variations in the 

Ig concentration (1.5 to 11.9% gm/kg colostrum) and the yield (.5 to 

18.3 kg) of colostrum. Some have attributed the differences to age 



and breed of cow (33). Steinbeck and Meyer (67), and Larson and 

Kendall (36) stated they found higher variation and lower yield of 

colostral Ig in first calf heifers than in cows. This was also ob

served by Husband, Brandon, and Lacelles (29). 

Passive Immunity and the Calf 

The transmission of passive immunity varies with species. In 

man and other primates, passive immunity is acquired prenatally via the 

placenta (50). The bovine calf is unable to obtain the maternal pro

teins necessary for immunological protection in this manner. The de

gree to which a calf obtains passive immunity is totally dependent on 

the consumption of the Ig rich colostrum (9). 

Closure to Absorption 

The capability of the calf to absorb intact Igs from the colos

trum occurs for only a short period after birth (20, 27, 44, 61). 

Stott et al. (69) found in bottle fed calves the age of the calf before 

feeding had an influence on the "closure" time (37) of the neonatal gut 

to the absorption of colostral Igs. "Closure" which occurs at 24 hours 

for calves fed at birth, could be delayed up to 32 hours postpartum by 

depriving the calf of colostrum at early hours. According to Stott et 

al., amount of colostrum fed had no influence on the time of "closure" 

by the calf. 

Previous investigators (53) found "closure" time of the three 

Ig classes to be significantly different (27 hours for IgG, 16 for 

IgM, and 22 hours for IgA). Using a statistical procedure for cen

sored data (43) Stott et al. found no difference between the "closure" 



time of these three classes of Ig. Following "closure" there is usually 

a decrease in the concentration of Igs found in the serum. It is 

thought this is primarily due to the redistribution of the Igs between 

the systemic circulation and tissues (34). 

Maximum Serum Ig Levels 

The Ig concentration found in calf serum after colostral feed

ing is quite variable. It has been suggested the wide ranges (0.0 mg/ 

ml to 80 mg/ml) is due primarily to the age at first feeding, the con

centration of Ig in the colostrum (15, 33, 45), and the differences in 

the amount consumed, Stott et al. (69). Considering the effect 

"closure" would have on the maximum serum Ig concentration, the wide 

ranges observed are not completely unexpected. Attempts to correlate 

the colostral Ig concentrations with calf serum Ig after feeding have 

been variable (15, 16, 32, 34, 45). Without holding the age of the 

first feeding and amount of colostrum consumed constant, poor correla

tions would be predictable (49). 

Morbidity and Mortality 

Calf morbidity and mortality have been correlated with low 

serum Ig by several authors (4, 25, 30, 31, 47, 61, 63, 68). It can 

be stated that hypogammaglobulinemic calves have a higher incidence of 

scours and death than animals which are considered eugammaglobulinemic. 

Penhale et al. (52) determined neonate market calves which died of 

E. coli septicemia had mean serum levels of .8 mg/ml IgG and .2 mg/ml 

IgM. These values were significantly lower than the mean Ig values 

(7.5 mg/ml IgG and .8 mg/ml IgM) of calves showing no signs of illness. 
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The ranges of the Igs for the surviving calves (1.4 mg/ml to 12.6 mg/ml 

IgG, .2 to 2.6 mg/ml IgM) severely overlap with the calves which died 

(0.0 to 12.6 mg/ml IgG, 0.0 to 1.9 mg/ml IgM). Other authors have shown 

similar Ig range overlap in studies related to mortality (58, 64). 

These data support the previous statement, although it cannot 

be assumed that calves which aire hypogammaglobulinemic will suffer 

scours and/or die. Nor can it be said that calves which are eugamma-

globulinemic will remain healthy. 

Passive Immunity and Disease Specificity 

The attempt to correlate calf mortality due to specific disease 

agents with serum concentrations of Igs has been variable. In an exper

iment by Barber (5) no significant difference could be found in the con

centration of gammaglobulins (measured by zinc sulfate turbidity) of 

calves which died and those that survived E. coli infections. On the 

other hand, Logan et al, (39) found a close relationship between the 

amount of serum Igs (determined by radial immunodiffusion) and suscep

tibility to infection by E. coli. These and other such experiments 

(38, 40, 46) leave the reader with justifiable questions as to the true 

nature of this relationship. 

In the majority of these experiments, the immunoglobulin spec

ificity was not reported. It is now known if the colostrum fed con

tained the Igs having specific binding affinities for the pathogens 

used to challenge the calves. The quantity of maternally derived anti

bodies may be a very important factor, but the specificity of the 

antibody for infectious agents must be equally important (46). The 
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inconsistency of these experiments may be due primarily to the presence 

or absence of those specific antibodies necessary to protect the calf 

from the challenging agent. 

In another aspect of this problem, some authors have determined 

the class of antibody is the important factor in the protection against 

E. coli septicemia. Lo Spalluto et al. (41) stated that antibodies 

against gram negative enteric bacteria are predominantly IgM in nature. 

Logan et al. (40) administrating IgM rich serum both orally and intra

venously significantly reduced death loss from infections with E. coli. 

The author did not state if the IgM rich serum had been tested for 

specificities against the infectious agent used. 

The general concept obtained by reviewing the literature empha

sizes the importance of colostral feeding and the optimization of the 

absorptive process. Few authors have emphasized the specificities of 

the immunoglobulin for the protection of the calf. The relationships 

of total concentrations of serum immunoglobulins and the specificities 

of those immunoglobulins must be demonstrated in order to examine more 

precisely the immunologic protection given to the calf by the dam. 



CHAPTER 3 

EXPERIMENTAL PROCEDURES 

Sample Collection 

Neonatal calves from a local commercial dairy herd were col

lected from parturient cows for a period of two weeks (August 21 to 

September 4, 1978). The calves were removed from their dams imme

diately after birth to obtain a pre-colostral blood sample and to con

trol the amount of colostrum consumed by the calf. The cows were 

locked into stantions for blood sampling and removal of colostrum. 

The colostrum was sampled for laboratory analysis and bottled for feed

ing to the dam's calf. 

Colostrum was fed to the calf (1 liter per feeding) as soon as 

possible (less than 45 minutes after birth) and again at 12 hours of 

age. Additional blood samples were taken from the calves at 12 hours 

and 24 hours postpartum. 

Sample Preparation 

Drawn blood samples were allowed to clot and were refrigerated. 

The serum was then separated by centrifugation (30 minutes at 3,000xg), 

decanted and frozen. Colostrum samples were incubated with rennin 

(1 mg/ml) for one hour at 37°C and centrifuged to pellet the casein 

clot. The casein free whey was decanted and stored at -20°C. Immuno

globulin concentrations of blood serum and colostral whey were 

determined, 

8 
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Immunoglobulin Analysis 

Two immunologic techniques were used for the quantification of 

antibodies. Radial immuno-diffusion (RID) (24, 42) was utilized for 

quantification of the total IgG, IgM, and IgA serum and whey concentra

tions. An enzyme linked immunosorbent assay (ELISA) (19) was modified 

and utilized for detection and quantification of pathogen specific 

antibodies of the IgG and IgM class. 

Preparation of Antisera 

Anti-bovine IgG, IgM, and IgA were harvested from rabbits fol

lowing a regime of subcutaneous injections of the commercially prepared 

purified bovine proteins (18). Specificity of the antisera was deter

mined by immuno-electrophoresis of whole bovine sera. A single line of 

precipitation was accepted as proof of antigen specificity. The rabbit 

anti-bovine Ig sera were used without further purification in the 

radial immunodiffusion assays. 

Monospecific Antisera Preparation 

The use of the rabbit antisera in the ELISA required additional 

purification of the Ig fraction containing the bovine protein specific

ity. Purified bovine IgG or IgM were made insoluble by the addition 

of gluteraldehyde as described by Avrameas and Ternynck (3). The in-

solublized protein was then used as an immunosorbent in a batch-wise 

fashion. The immune serum was gently mixed overnight with the insolu-

bilized protein in a ratio of 1 ml serum to 3 mg of immunosorbent. The 

serum was then centrifuged and the non-bound material discarded. 
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The immunosorbent was then washed with .1M phosphate buffered 

saline (.85% NaCl, pH 7.0) until the supernatant had an absorbance of 

less than .04 at 280 nm. It was assumed that all non-specific material 

was removed at that time. To remove the bound rabbit anti-bovine 

gammaglobulins, a minimum volume of .1M glycine HCL buffer (pH 2.8) 

was added to the pellet and mixed for five minutes. The mixture was 

centrifuged and the supernate collected. This operation was repeated 

twice. After pooling the glycine supernates, the solution was dialysed 

against .05M PBS (pH 7.2). The material was transferred to a 

Collodian Bag Apparatus (S&S UH 100) and reduced to a volume which con

tained a minimum protein concentration of 2.5 mg/ml. The protein solu

tion was then tested for immuno-reactivity to bovine IgG or IgM on 

Ducterlony diffusion plates. 

Conjugate Preparation 

The alkaline phosphatase anti-bovine IgG or IgM conjugates 

were prepared using a modification of the technique described by 

Engvall, Jonsson, and Perlman (23). To 1.5 mg of alkaline phosphatase 

(Intestinal Type VII) Sigma Chem. Co.(59), 0.5 mg of the rabbit mono

specific (bovine IgG or IgM) gammaglobulin was added and brought to a 

volume of approximately 200yul with .05 m PBS (pH 7.2). The protein 

solution was dialysed overnight in cold (5°C) PBS to remove the ammo

nium sulfate used for the alkaline phosphatase storage. The material 

was removed from the dialysis tubing and brought to a total volume of 

500 yul with PBS. 
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Digluteraldehye (2) was then added to give a final concentra

tion of 0.27o w/v and allowed to react for two hours. The solution was 

diluted to 2 ml with PBS and dialysed against cold PBS overnight. The 

final conjugate was diluted to 10 ml with .05M Tris buffer (pH 8.0) 

containing 5% human serum albumin, .04% sodium azide, and .001M mag

nesium chloride. 

Preparation of Lipopolysaccharide 

The lipopolysaccharide (0-antigen) for Escherichia coli 055:85 

and Salmonella typhimurium were purchased from Difco Laboratories (21). 

Salmonella dublin 0-antigen was prepared from cell cultures obtained 

from Dr. Edward Bicknell, University of Arizona, Mesa Extension Lab

oratory. The organisms were cultured in a tryptose broth with a yield 

of 10 gm/liter, wet weight, After ultrasonic disruption (12), the 

bacteria cell walls were isolated according to Holme et al. (28). 

Extraction of the lipopolysaccharide (LPS) from cell walls was per

formed by the phenol/water technique of Westphal, Luderitz, and Bister 

(71). 

Assay Procedure 

The enzyme linked immunosorbent assay (ELISA) utilized for the 

detection of class specific antibodies was a modification of the pro

cedure described by Carlsson, Lindberg, and Hammerstrom (19). Sensi

tization (antigen coating) of the test wells (Micro ELISA Plate) was 

accomplished by incubating 200 jul of the LPS solution (10 /ig/ml) for a 

minimum of four hours at 37°C (Figure la). After antigen coating, the 

\ 
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wells were washed three times with .85% NaCl containing .05% Tween 20 

(59). Antigen coated wells were then filled with test sera appropri

ately diluted with PBS and allowed to incubate for two hours at room 

temperature. This incubation period allowed the antigen specific anti

bodies, if present, to bind to the antigen coated wells (Figure lb). 

Wells were then washed as before to remove all unbound antibodies. 

The enzyme labeled anti-globulin was then diluted in PBS and 200 ul 

was added to each test well for an incubation period of three hours 

(Figure lc). Following a washing to remove the unbound enzyme complex, 

200 ul of p-nitro-phenylphosphate (1 mg/ml in .05M carbonate buffer 

pH 9.2) was addad to each well and allowed to react for 40 minutes at 

room temperature (Figure Id). For each assay run, a standard curve 

was established with a previously quantified standard serum (Figure 2). 

The change in absorbance at 405 nm is proportional to the log of the 

antibody concentration (56). 

Conjugate Testing for Specific Binding and Reactivity 

To ensure the specific binding and maximum reactivity of the 

enzyme labeled anti-globulin, the ELISA procedure was performed as 

previously described, but substituting the antigen and serum incuba

tions with a single IgG or IgM coating step. Engvall, Jonsson, and 

Perlman (23) found IgG could be used as an antigen to sensitize the 

plastic wells under proper conditions. Using this procedure, bovine 

IgG or IgM was used to antigen coat the test wells. After a three hour 

incubation period at 37°C, the wells were washed as previously described. 

The enzyme linked anti-globulin was then added and the assay was com

pleted as before. 
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When non-homologous immunoglobulin was used £or sensitization, 

there was no enzymatic activity detected following substrate addition. 

However, when the homologous immunoglobulin was used (at 5.0 ;ug/tube), 

the absorbance was approximately 2.0 absorbance units for 40 minutes 

(Figures 3 and 4). These results confirm.the mono-specificity of the 

enzyme anti-globulin complex, and demonstrate the highly reactive 

nature of the enzyme linked anti-globulin. 

Quantification of the ELISA Assay 

The quantification of the ELISA procedure was developed by 

combining the established ELISA procedure of Carlsson, Lindberg, and 

Hammerstrom (19) with the major principles of the competitive protein 

binding assay (CPB) of Murphy (48) and Abraham et al.(l). The acceptance 

of the quantitative CPB assay is based, on the following assumptions: 

(1) There is competition by the ligands for the specific binding pro

tein, i.e., thyroid binding globulin, or specific antibody prepara

tions; (2) the ligands compete with equal affinity for the limited 

reactive sites of the binding protein; and (3) the bound ligand can be 

separated from the unbound ligand. The ELISA quantitation procedure 

met all of these requirements. 

Calibration of Standard Serum for the ELISA 

Serum used for assay standardization was incubated in the 

antigen sensitized wells and washed as before to remove the non-bound 

material. The wells are now bound with a quantifiable amount of anti

gen specific antibody (Figure 5a). Prior to the addition of the 

enzyme linked anti-globulin, quantified bovine gammaglobulin (IgG or 
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IgM) was added to the wells in various concentrations (.1 ;ug/ml to 

20 jug/ml--Figure 5b). The anti-globulin conjugate was then added and 

allowed to incubate for three hours (Figure 5c). 

The bound antigen-specific IgG or IgM competes with the free 

non-specific IgG or IgM for the limited binding sites of the enzyme 

complex. Under the assumptions previously described, the enzyme com

plex binds with equal proportions of the bound and free immunoglobu

lin when the ratio of free to bound is equal. The wells were then 

washed to remove all enzyme anti-globulin complex not bound to the 

test wells. Substrate was added and incubated for forty minutes 

(Figure 5d). 

Results of a typical binding curve are shown on Figure 6. 

The percent bound to the complex is calculated by dividing the ab-

sorbance from the wells containing free Ig (B^), where ^ is equal to 

the quantity of Ig added, by the absorbance from wells having no free 

Ig added (BQ). 

When B^/Bq is equal to .50, the amount of antigen specific 

Ig (Bv), where „ is equal to the concentration of the standard sera, A X 

and the amount of free Ig (B^) are in equal concentrations competing 

for the enzyme complex. Therefore, the concentration of B^ is equal 

to that of Bx. 

The precision for quadruplicates of the quantification proce

dure was better than 95%. Subsequent quantifications of selected un

known sera were within TU of the values estimated from the standard 

serum calibration curve. Addition of the non-homologous immunoglobulin 
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(i.e., addition of IgG to the IgM system) had no effect on the bind

ing of the enzyme anti-globulin complex. 

Statistical Analysis 

Analysis of the data was accomplished utilizing the Statistical 

Package for the Social Sciences available at the University of Arizona 

Computer Center. The routines for one way analysis of variance, 

sequential multiple regression and plotting were applied to the data. 

Computed levels of significance were confirmed with tabulated values. 



CHAPTER 4 

RESULTS AND DISCUSSION 

Serum Igs for Parturient Cows 

The mean serum Igs for parturient cows (Table 1) are compar

able to those found by other authors (11, 15). Segregating the cows 

into primiparous and multiparous groupings revealed a significant dif

ference between the mean parturient serum IgG concentrations. There 

was no significant difference found between the serum IgM or IgA. It 

was also found that the coefficient of variance for the serum IgG was 

less than that for IgM or IgA. 

If it can be assumed the bovine immune system is similar to 

those systems used to describe the immune response, which has been 

demonstrated by several authors (17, 57), the observed results can be 

explained in acceptable terms. 

Immunoglobulin M 

It is generally believed that antigen specific IgM class anti

bodies are synthesized during initial antigenic exposure (6). Follow

ing exposure, a switch from IgM to IgG class antibodies is usually 

observed (22). Therefore, if IgM is an early response antibody, last

ing from days to weeks, the reproductive age of the animal (cow vs. 

heifer) would have little effect on the concentration of the serum 

IgM pool. The variance between animals, reflected in the coefficient 

22 
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Table 1. Serum immunoglobulin concentrations for multiparous 
and primiparous cows at parturition 

IgG IgM IgA 

Multiparous Mean (mg/ml) 14.0 5.0 .93 

Standard Dev. 1.8 2.7 .19 

Primiparous Mean (mg/ml) 10.1 4.7 1.00 

Standard Dev. 1.4 2,7 .30 

Total Mean (mg/ml) 12.3 4.85 .97 

Standard Dev. 1.6 2.7 .21 

% C. V. 13.0 47.0 22.5 
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of variance, would be large because of the difference in antigenic ex

posure at any given time (Table 1). 

Immunoglobulin G 

The significant difference (p^.01) found between the mean serum 

IgG for the two groups and the lower coefficient of variance (Table 1) 

would typify a prolonged response antibody. Specific IgG for known 

antigenic exposures have been found in the serum IgG pool for months 

and years in some cases (6). The difference in the mean serum IgG be

tween primiparous cows (ages 2 to 2.5 years) and multiparous cows 

(older than 3 years) may reflect the effect of age on the accumulation 

of prolonged response IgG antibodies with a resultant decrease in the 

variability in the serum concentration between cows. 

Immunoglobulin A 

The protective nature of IgA can be described as an early re

sponse protection having a specific action at the boundaries to the 

external environment (22). The IgA cells respond at the mucosal mem

branes, i.e., the lining of the gut, the respiratory tract, and the 

reproductive and urinary organs (22). Systemically circulating IgA 

reflects the antigenic exposure of the animal at its environmental 

boundaries. Therefore, the similarities of the mean serum levels of 

IgA for the two reproductive age groups and the high coefficient of 

variance is a demonstration of the early response characteristic of 

the IgA secreting cells. 
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Colostral Igs 

Colostral IgG and IgM have been shown to be derived predom

inantly from the cows circulating serum Ig pool during the last weeks 

of pregnancy (11). However, the difference seen between parturient 

serum IgG for the two age groups (Table 1) did not dictate a concom

itant difference in the colostral IgG (Table 2). The mean whey IgG 

for the two groups differed by less than 1 mg/ml (cows 78.4 mg/ml, 

heifers 79.1 mg/ml). The overall mean (78.7 mg/ml) was similar to 

previous reports (11, 32). The fact primiparous cows produce less 

volume of colostrum (33) may be the compensatory mechanism to ensure 

sufficient Igs to the calf. 

The IgG, IgM and IgA concentrations in the colostrum are sub

stantially higher than those found in the serum of the parturient cow 

with IgA showing the greatest enhancement. Colostral IgA is thought 

to be synthesized locally at the mammary (51) reflecting the environ

mental boundary protection by IgA secreting cells. This would explain 

the large concentration differential seen between serum and colostral 

IgA. 

No correlation was found between the serum Ig and the colostral 

Ig concentrations for individual cows. The concentrating effect of the 

serum Igs during the weeks before calving may decrease the probability 

of seeing a relationship, especially when a blood sample taken at par-

turation is used for the independent variable of the correlation. 
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Table 2. Colostral (whey) immunoglobulin concentrations for 
multiparous and primiparous cows 

IgG IgM IgA 

Multiparous Mean (mg/ml) 78.4 11.2 24.4 

Standard Dev. 30.3 5.5 17.8 

Primiparous Mean (mg/ml) 79.1 11.3 20.3 

Standard Dev. 20.5 5.1 9.2 

Total Mean (mg/ml) 78.7 11.2 22.7 

Standard Dev. 25.6 5.2 . 14.4 

% C. V. 33.0 46.4 63.4 
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Calf Serum Igs 

The blood samples taken immediately after birth were totally 

void of immunoglobulins. The lack of serum Igs at birth, agammaglobu

linemia, demonstrates the inability of the calf to obtain passive im

munity in-utero. Following the colostral feedings (at birth and 12 

hours postpartum) all 20 calves were eugammaglobulinemic. No signif

icant difference in serum Igs was observed at either bleeding between 

calves having multiparous or primiparous dams (Tables 3 and 4). 

These data indicate that number of births has no effect on the total 

immunoglobulin concentration obtained by the neonatal calf (given a 

constant volume of colostrum). 

IgG Correlations 

The relationships between calves serum Ig concentrations and 

the cows colostral and parturient serum Ig concentrations were deter

mined by multiple regression analysis. The correlations for the three 

classes of immunoglobulins are found on Table 5. Highly significant 

correlations (p^.001) were found to exist between the calves serum 

IgG concentrations, at both bleeding periods (12 and 24 hours post

partum), and the colostral IgG concentrations fed. The addition of the 

dam's parturient serum IgG concentration, to the regression equation 

increased the sum of squares due to regression by 15.4% at the 12 hour 

bleeding, and 12.0% for the 24 hour period. In both instances the mean 

square error was substantially reduced by the addition of the dam's 

parturient serum IgG concentration to the regression without loss of 

significance. At least 50% of the variability in the calf serum IgG 
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Table 3. Serum immunoglobulin concentrations sampled 
at 12 hours postpartum from calves of muci
parous and primiparous cows 

IgG IgM IgA 

Multiparous Mean (mg/ml) 12.5 3.4 5.2 

Standard Dev. 5.9 1.5 1.9 

Primiparous Mean (mg/ml) 9.4 2.8 5.0 

Standard Dev. 2.7 1.3 1.9 

Total Mean (mg/ml) 11.9 3.1 5.1 

Standard Dev. 5.0 1.5 1.9 

% C. V. 42.0 48.3 36.5 
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Table 4. Serum immunoglobulin concentrations sampled at 
24 hours postpartum from calves of multiparous 
and primiparous cows 

IgG IgM IgA 

Multiparous Mean (mg/ml) 19.2 4.4 5.9 

Standard Dev. 7.9 2.3 2.3 

Primiparous Mean (mg/ml) 14.6 4.8 4.8 

Standard Dev. 5.2 1.5 1.4 

Total Mean (mg/ml) 17.4 4.5 5.5 

Standard Dev. 7.2 2.0 2.1 

% C. V. 41.3 44.4 38.1 



Table 5. Stepwise multiple correlations for concentrations of calf serum immunoglobulins 

Dependent 
Variable 

Independent 
Variable 

R2 MSE F value Prob.* 

12 hours Whey IgG .545 12.2 21.59 .001 
postpartum Dam's serum IgG .699 8.5 19.81 .001 

Calf serum 
IgG 24 hours Whey IgG .487 28.10 17.11 .001 

postpartum Dam's serum IgG .609 22.70 13.75 .001 

12 hours Whey IgM .170 3.1 1.75 •204t 
Calf serum postpartum Dam's serum IgM .187 2.2 1.22 .331 
IgM + 

24 hours Whey IgM .132 3.79 2.75 .114, 
postpartum Dam's serum IgM .227 3.57 2.51 .111+ 

12 hours Whey IgA .593 1.49 26.20 .001 
Calf serum postpartum Dam's serum IgA .620 1.56 8.72 .001 
IgA 

24 hours Whey IgA .488 2.42 17.20 .001. 
postpartum Dam's serum IgA .525 2.52 5.90 .006 

* p^listed value 
+ variable is a non-significant contributor 
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concentration could be attributed to the concentration of IgG found in 

the colostrum fed. 

These results are supportive of the data published by other 

authors (13, 15). It is interesting that the parturient blood sample 

from the cows had such a significant contribution to the regression 

when no relationship could be found between the colostral IgG concen

tration and the dam's serum IgG. However, the prediction equation was 

greatly improved by the addition of this parameter. 

IgM Correlations 

Unlike IgG, no significant relationship was found between the 

calf serum IgM and colostral IgM at either bleeding (Table 5). Simi

lar observations have been reported in a publication by Stott and 

Menefee (70). They found IgM to be absorbed with greater efficienty 

when colostral IgM concentrations were low. As the colostral content 

of IgM decreased there was not a concomitant decrease in the concentra

tion of serum IgM following colostral feeding. The range of colostral 

IgM in the present experiment was not wide enough to demonstrate this 

relationship. Addition of dam's serum IgM to the regression had no 

significant effect. 

IgA Correlations 

The concentration of colostral IgA was found to be signifi

cantly correlated to both the 12 hour and 24 hour calf serum concen

tration of IgA (Table 5). The dam's serum had no contribution to the 

regression. Considering the secreatory nature of IgA, reflected in the 

low variability in the dam's serum IgA as compared to the colostral IgA 



32 

(Tables 1 and 2), it is not completely unexpected to find no contribu

tion to the regression by dam's serum IgA. 

Investigators have observed large variability in the capacity 

of calves to absorb Igs from colostral sources (32, 46, 58, 62). Specu

lation as to why there are such large differences between calves have 

included both dam and calf sources (15, 33, 34). Staley, Jones, and 

Bush (66) stated 10 to 20% of neonate calves fed colostrum remain hypo

gammaglobulinemic. None of the calves in the present experiment were 

found to be hypogammaglobulinemic after ingestion of the Ig rich colos

trum. Although many factors influence the optimization of the absorp

tive process (69), it is the author's opinion that if calves receive 

colostrum within the first few hours of life, absorption of Igs is 

assured. 

Pathogen Specific Antibodies for Parturient Cows 

The blood samples taken from parturient cows were analyzed for 

IgG and IgM class antibodies having specificities for cell wall antigen 

(O-antigen) of Salmonella typhimurium, Salmonella dublin, and 

Escherichia coli 055. Nineteen of the 20 cows tested had no detectable 

IgM class antibodies for the three pathogenic Oantigens. 

The IgM specific antibodies found in the one cow were specific 

for Salmonella typhimurium and were detected at a very low level. The 

assay procedure was rechecked for specific activity, as previously 

described, and found to be functioning normally. It is probable the 

absence of IgM class antibodies is due to the switch from early re

sponse antibodies (IgM) to prolonged response antibodies (IgG) during 

the animals exposure to these common pathogens (6). 
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Immunoglobulin G class antibodies specific for the three anti

gens were detected. The mean serum pathogen specific (PS) IgG values 

for dam's parturient blood are found in Table 6. Unlike total IgG, no 

statistical difference could be found for the PS IgG's between multi-

parous and primiparous cows. If there was a relationship between total 

IgG and PS IgG's a difference would have been seen. A simple linear 

regression of the two parameters indicated total IgG could not be used 

to predict parturient serum concentrations of PS IgG. 

The mean serum concentration of PS IgG for E. coli 055 (.54 

/ig/ml) was significantly lower (p-£.05) than that of Salmonella 

typhimurium (2.7 jug/ml). The concentration of PS IgG for Salmonella 

dublin (1.45 /ig/ml) is intermediate of the other two and statistically 

indistinguishable from them. Because pathogen specific antibody test

ing is totally random, no relationship between PS IgG's should be con

sidered unless testing for Ig cross-reactivity. 

Colostral PS IgG 

The colostral whey was found to contain PS IgG's in mean con

centrations which were six to eleven fold greater than that found in 

the parturient serum (Table 7). No statistical difference was found 

between the colostral concentrations of PS IgG's for multiparous and 

primiparous cows (p^.05). The colostrums were found to be absent of 

PS IgM for the three antigens tested. These results confirm colostral 

Igs are concentrated from colostrum from the cow's serum (11). The 

colostral PS IgG concentrations were tested for correlation with the 

parturient serum PS IgG concentrations to determine if any relation

ships existed between them. Highly significant correlations (p^.001) 
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Table 6. Serum pathogen specific immunoglobulin G concentrations 
for multiparous and primiparous cows at parturition 

S. dublin S. typhimurium E. coli 

Multiparous Mean (ug/ml) 1.3 2.2 .45 

Standard Dev. .9 .86 .56 

Primiparous Mean (jug/ml) 1.7 3.5 .68 

Standard Dev. .58 1.9 .34 

Total Mean (ag/ml) 1.45 2.7 .54 

Standard Dev. .80 1.5 .49 

7o C. V. 55.1 55.5 90.7 
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Table 7. Colostral (whey) pathogen specific immunoglobulin G 
concentrations for multiparous and primiparous cows 

S. dublin S. typhimurium E. coli 

Multiparous Mean Oug/ml) 17.6 12.0 6.1 

Standard Dev. 22.3 8.5 6.1 

Primiparous Mean (jug/ml) 14.5 23.6 6.2 

Standard Dev. 11.9 18.8 5.7 

Total Mean (jug/ml) 16.4 16.6 6.14 

Standard Dev. 18.5 14.3 6.15 

% C. V. 112.8 86.1 100.1 
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were found to exist between parturient serum PS IgG's and the colos-

tral whey PS IgG's for two of the three antigens tested (Table 8). 

As mentioned before, no relationship between the total IgG for the two 

parameters could be found. 

It is the author's opinion the significant relationships for 

PS IgG's were found despite the non-correlation of total IgG because 

of the specificities under investigation. The presence of any one 

specific population of immunoglobulin is dependent on antigenic ex

posure, Therefore, the range of specific antibody concentrations in 

a sample population could be large, reflecting diverse antigenic ex

posure. Indeed the range of PS IgG, reflected in the °L CV, is much 

greater (average 83% for serum and colostrum--Tables 6 and 7) than the 

C.V. for total IgG (237»--Tables 1 and 2). Total IgG, being a summation 

of PS IgG's, would represent an average of the specific IgG concentra

tions, and therefore be less variable between animals. The extreme 

range of PS IgG's would make the detection of a correlation more prob

able when the individual animal variability for producing colostrum is 

also high. 

Calves Serum PS IgG 

Colostrum, being the only significant source of Ig's for the 

neonatal calf,determines which particular specific antibodies the calf 

will have. The PSIgM's for the three antigens tested, absent in the 

cow's serum and colostrum, were also absent from the calves serum at 

12 and 24 hours postpartum. 



Table 8. Linear correlations for concentrations of colostral (whey) 
pathogen specific immunoglobulin G 

Dependent 
Variable 

Independent 
Variable 

2 
R F value Prob.* 

Whey PS IgG 
for 
Salmonella dublin 
(Sd) 

Cow serum PS IgG 
(Sd) 

.115 2.35 .143 

Whey PS IgG 
for 
Salmonella 
typhimurium (St) 

Cow serum PS IgG 
(St) 

.534 20.69 .001 

Whey PS IgG 
for 
Escherichia coli 
(Ec) 

Cow serum PS IgG 
(Ec) 

.527 20.07 .001 

* p^listed value 
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The mean serum PS IgG's for calves at 12 and 24 hours are found 

in Tables 9 and 10. No statistical difference could be found in the 

mean serum PS IgG's at either bleeding period between the calves having 

multiparous and primiparous cows. Final serum concentrations of the PS 

IgG's (24 hours postpartum) in calves were greater than or equal to the 

PS IgG concentrations found in the parturient cow serum (Table 6). 

The circulating levels of pathogen specific antibodies protect 

the neonate from systemic infection from pathogens. However, the pres

ence of these passively obtained antibodies can suppress the activation 

of the neonatal immune system by pathogenic exposures (65). The dif

ference between passive immune suppression by the PS Ig's must be a 

delicate balance dictated by the chance of specific exposures. 

PS Ig Correlations 

Colostral and parturient serum concentrations of PS IgG's were 

examined for correlation with the calves 12 and 24 hour PS IgG concen

trations to determine if any relationships existed. As was found for 

total IgG (Table 5), PS IgG concentrations of whey had a significant 

effect on the final PS IgG concentrations found in the calf following 

colostral feeding (Table 11), for both S. dublin and E. coli antigens. 

The PS IgG specific for Salmonella typhimurium was an exception 

to this. Dam's serum PS IgG concentration was the only contributor at 

either bleeding period. The presence of bacteria in the colostrum, or 

in the neonatal gut, might be the explanation for the lack of correla

tion with the colostral whey. If the pathogen specific antibodies con

tained within the neonatal gut came in contact with the respective 
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Table 9. Serum pathogen specific immunoglobulin G concentrations 
sampled at 12 hours postpartum from calves of multi-
parous and primiparous cows 

S. dublin S. typhimurium E. coli 

Multiparous Mean (jug/ml) 1.88 2.3 .31 

Standard Dev. 2.61 1.8 .43 

Primiparous Mean (>ug/ml) 1.01 2.2 .54 

Standard Dev. .99 1.4 .27 

Total Mean (Aig/ml) 1.53 2.3 .40 

Standard Dev. 2.12 1.6 .38 
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Table 10. Serum pathogen specific immunoglobulin G concentrations 
sampled at 24 hours postpartum from calves of multi-
parous and primiparous cows 

S. dublin S. typhimurium E. coli 

Multiparous Mean Oug/ml) 2.86 3.3 .68 

Standard Dev. 3.6 .2.2 1.20 

Primiparous Mean (Aig/ml) 1.88 3.9 .78 

Standard Dev. 1.88 2.3 .46 

Total Mean (*ig/ml) 2.47 3.5 .72 

Standard Dev. 3.00 2.2 .96 



Table 11. Stepwise multiple correlations for concentrations of calf serum immunoglobulin G 

Dependent 
Variable 

Independent 
Variable 

MSE F value Prob, 

Calf serum 12 hours Whey PS IgG 
Dam's serum 

(Sd) .908 .434 178.8 .001 
PS IgG for postpartum 

Whey PS IgG 
Dam's serum PS IgG (Sd) .911 .473 54.9 .001 

Salmonella 
dublin 24 hours Whey PS IgG (Sd) .778 2.16 68.9 .001 
(Sd) postpartum Dam's serum PS IgG (Sd) .787 2.34 19.6 .001+ 

Calf serum 12 hours Whey PS IgG 
Dam's serum 

(St) .266 2.24' 1.9 .164+ 

PS IgG for postpartum 
Whey PS IgG 
Dam's serum PS IgG (St) .215 2.13 4.9 .039 

Salmonella 
typhimurium 24 hours Whey PS IgG (St) .370 3.53 3.1 .055 
(St) postpartum Dam's serum PS IgG (St) .302 3.48 7.8 .012 

Calf serum 12 hours Whey PS IgG (Ec) .654 .057 16 .10 
PS IgG for postpartum Dam's serum PS IgG (Ec) .635 .057 31 .38 
Escherichia 
coli 24 hours Whey PS IgG 

Dam's serum 
(Ec) .666 .322 36 .05 

(Ec) postpartum 
Whey PS IgG 
Dam's serum PS IgG (Ec) .681 .310 28 .30 

.001+ 

.001 

.001 

.001 

* p<listed value 
+ variable is a non-significant contributor 



antigen, binding would occur and essentially remove that antibody from 

that being absorbed with a resultant decrease in the relationship be

tween the concentration of PS IgG found in the calf serum. This sug

gests the calf is receiving specific protection from the colostrum at 

the level of the gut independent of the absorptive process. 

No relationship could be found between the calves serum con

centrations of total IgG or IgM and the pathogen specific IgG or the 
i 

absence of PS IgM in the neonatal calves. These results may be a clue 

to the variable results found by authors attempting to correlate total 

Ig serum concentrations and specific disease protection. A colostrum 

may confer a blood concentration of total Ig's which could be consid

ered eugammaglobulinemic but as the results of this experiment indicate, 

this does not insure the calf is "eugammaglobulinemic" for one or sev

eral specific pathogens. If the dam was not exposed to a strain of 

Salmonella dublin (for example) the calf would most likely be vulner

able to any exposure to this particular organism. 

In a dairy herd which was considered closed, meaning no outside 

animals were being introduced into the native herd, the pathogenic ex

posures teo the cow would probably be sufficient to give the calf ample 

specific protection. However, the practice of bringing in replacement 

heifers (usually within weeks of calving) could expose the native herd 

with non-native pathogens which could cause an increase in morbidity 

and mortality of the native calves. The calves from the non-native 

heifers would also be at a disadvantage. The heifers calving within a 

few weeks of shipment would not have the time to build specific immuno

globulin titers to the native pathogens and consequently not be able to 
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pass those specific antibodies to their calves. The results of this 

experiment indicate immunoglobulin specificities as well as total con

centration of antibodies should be a consideration for the health and 

well being of the calf. 



CHAPTER 5 

CONCLUSION 

The literature concerned with neonatal calf loss has repeated

ly stressed the need of the calf to obtain adequate colostrum during 

the early hours of life. This fact has been emphasized to such a degree 

it leaves the distinct impression that the absorption of colostrum is 

the one major consideration to be taken in the acquisition of passive 

immunity by the newborn calf. 

Maximizing the absorptive process of Igs is indeed of major 

importance to health and well-being, however it must also be empha

sized the immunoglobin pool received by the calf has a limited number 

of specificities which are dictated by the immunological experience of 

the cow. Closed environments such as found on commercial dairy herds 

should remain closed to the outside exposures or at least the manage

ment should try to minimize the exposures of non-native pathogens to 

the cows during the last weeks of pregnancy. Awareness of antibody 

specificities could induce practices which would decrease the morbidity 

and mortality of newborn dairy calves. 
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