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ABSTRACT 

An experiment was conducted to study the transport of pathogen 

specific antibody for the common calf pathogens Escherichia coll 055B 

and Salmonella typhimurium. Newborn Holstein calves were studied 

in six blocks of 20 animals each. Calves were fed either one or 

two liters of pooled colostrum; six different pooled colostrums were 

fed. The nonspecific immunoglobulin concentration of the colostrum 

ranged from 7.5 to 123.8 mg/ml for immunoglobulin G, and from .46 to 

11.19 mg/ml for immunoglobulin M. All calves were fed at 0 h post

partum, and again at 12 h. Each concentration fed was replicated 

for both volumes fed within each block. A linear relationship was 

found between colostral nonspecific immunoglobulin concentration and 

colostral pathogen specific immunoglobulin concentration for both 

isotypes. However, the data indicated that a colostrum of high 

immunoglobulin concentration does not always have a correspondingly 

high pathogen specific antibody concentration. Amount of colostrum 

did not affect the 24 h postpartum serum pathogen specific antibody 

concentration. 

vii 



INTRODUCTION 

Acquisition of passive immunity by the bovine neonate is 

dependent upon absorption of colostral immunoglobulins (Igs). Low 

serum Ig concentrations have been correlated with increased 

incidence of neonatal calf disease by several authors (Gay et al., 

1965; Boyd, 1972; McGuire et al., 1976). A primary objective of 

investigators seeking to maximize the immune protection conferred 

by colostrum has thus been the identification of factors affecting 

the absorption of colostral Igs. While many studies have attempted 

to determine the relationship of serum Ig concentration to disease 

susceptibility in the calf, the colostral Ig concentration and 

amount of colostrum fed were usually not reported in these studies; 

therefore, colostral absorption patterns were unavailable. However, 

in a study in which colostral Ig concentrations and amount of 

colostrum fed were known, Stott and Fellah (1983) reported a linear 

correlation between colostral Ig concentration and 24 h serum Ig 

concentration of the calf. 

There is limited information on the relationship between 

serum Ig concentration and pathogen specific Ig levels in the 

neonatal calf. In the few investigations made, the reported results 

vary widely. It is probable that the same relationship exists 

between pathogen specific antibodies in the colostrum and their 

absorption into the calf's serum as does that which exists between 

ingested colostral Ig and resulting serum Ig concentration in the 

1 
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calf. However, this has not been demonstrated. It is not known 

whether there is some discriminate transport of pathogen specific 

Ig from colostrum to the calf. 

The present investigation was designed to study the 

transport of specific Ig for the common calf pathogens 

Escherichia coli 055B and Salmonella typhimurium, based on the 

concentration of total (nonspecific) and pathogen specific Ig 

in the colostrum fed and the total and pathogen specific Ig 

absorbed as determined by serum concentration. 



LITERATURE REVIEW 

It is well established that the ingestion of colostrum is 

the means of transfer of maternal antibodies from the cow to the 

neonatal calf. Efforts to further define the immunological role 

and properties of colostrum have resulted in examinations of many-

factors: the effects of colostral deprivation, absorption of 

colostral Igs, the relationship of colostrum to neonatal disease, 

the effects of age at first feeding, and more recently, the effects 

of colostral Ig concentration on serum Ig.concentration in the calf. 

Many studies have demonstrated that failure to absorb 

colostral Ig, whether due to colostral deprivation, insufficient 

ingestion or feeding colostrum of low Ig concentration, results in 

a higher incidence of neonatal calf disease (Penhale et al., 1970; 

Selman et al., 1971; Boyd, 1972; Penhale et al., 1973; Logan, 1974). 

Low serum Ig concentrations have been correlated with certain 

infectious diseases in most cases reported (Gay et al., 1965; Penhale 

et al., 1970; Boyd, 1972; McGuire et al., 1976). However, the authors 

generally have not stipulated the amount or Ig concentration of the 

colostrum fed, nor has the presence or absence of pathogen specific 

Ig in the colostrum fed been noted. Absorption patterns could not 

be determined in these studies. 

Other authors have more specifically delineated that 

particular isotypes within colostrum and serum may inhibit certain 

infectious diseases, or prolong survival of calves with those 
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diseases. Logan and Penhale (1971) suggested that IgM may be the 

most protective component of serum against colisepticemia in calves 

due to its in vitro natural antibody activity against E. coli. 

Logan et al. (1974b) found that treatment of calves with serum IgM-

rich preparations in concert with intravenously administered serum 

IgM provided adequate protection against E. coli infection. This 

may be due to the primarily IgM nature of specific Ig to lipopoly-

saccharides of 0 antigen gram negative bacteria (Lo Spalluto, 1962). 

However, the IgM component must necessarily interact with the IgG 

and IgA isotypes to confer adequate overall immune protection in 

the calf (Logan et al., 1974b). 

Studies of colostral Ig absorption as reflected by serum Ig 

concentration have been predominantly concerned with maximizing 

uptake of colostral Ig by updating management practices. Authors 

have evaluated the effect of age at first feeding (Selman et al., 

1971; Stott et al., 1979a, 1979b), the amount of colostrum fed 

(McEwan, Fisher and Selman, 1970; Stott et al., 1978, 1979a, 1979b, 

1979c), and the effect of colostral Ig concentration on serum Ig 

concentration (Stott and Fellah, 1983). Stott and Fellah (1983) 

concluded in a recent study that colostral Ig concentration is of 

primary importance in acquiring a desirable level of passive immunity. 

Further, these authors emphasized that age at initial colostral 

feeding, volume of colostrum fed, and colostral Ig concentration 

are probably the major factors which affect colostral Ig absorption 

(Stott and Fellah, 1983). 
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There is limited information on the absorption of pathogen 

specific Ig in the calf. Antibody specific for several pathogens 

which frequently challenge calves was measured to examine the 

relationship between concentrations of colostral pathogen specific Ig 

and serum pathogen specific Ig by Menefee (1979). Menefee (1979) 

found Salmonella typhimurium and E. coli 055:85 specific Ig concen

trations in colostral whey were significantly related to the 24 h 

serum concentrations of Salmonella typhimurium and E. coli 055:85 

specific Ig observed in the calf within the IgG isotype, but not 

within the IgM isotype. Robertsson and Carlsson (1980) also reported 

a significant correlation between concentrations of colostral pathogen 

specific antibody and calves' serum pathogen specific antibody in a 

recent examination of antibody response to a killed Salmonella typhi

murium vaccine in cattle. In the study by Robertsson and Carlsson 

(1980), antibody concentration was a reflection of amount detected 

for all Ig isotypes; class specific relationships were not determined. 

A major emphasis in the literature reviewed has been that 

feeding colostrum of high Ig concentration is of primary importance in 

conferring sufficient overall passive immunity to the calf. It has 

been suggested that variations in results of studies concerning the 

relationship of serum Ig levels and disease susceptibility in neonatal 

calves may be due to the colostral Ig concentration fed, the unique 

antibody spectrum each colostrum possesses, or a combination of these 

two factors (Menefee, 1979). Whether or not a colostrum of high Ig 

concentration necessarily contains equally high concentrations of 

specific antibody has not been shown. Additionally, whether the 
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pattern of specific Ig absorption resembles or is related to total 

colostral Ig absorption has not been fully demonstrated. An 

investigation to determine if a relationship exists between colostral 

total Ig concentration and colostral or serum pathogen specific Ig 

content, as well as between colostral specific Ig content and serum 

specific Ig concentration may further the understanding of the 

processes involved in the transfer of immunity to the neonate. 



EXPERIMENTAL PROCEDURE 

One hundred twenty newborn Holstein calves, separated at birth 

from their dams to prevent suckling, were studied in six blocks of 

20 animals each. Sufficient first-milking colostrum for all treatments 

was collected and pooled at the initiation of each block. Treatments 

1-5 consisted of feeding either one or 2 liters of colostrum of 

estimated nonspecific IgG concentrations of 75, 50, 35, 15 and 

7.5 mg/ml, respectively. Estimations of IgG concentration were made 

using a hydrometer (Fleenor and Stott, 1980), and pooled colostrum 

was subsequently diluted with whole milk to obtain treatments of 

desired concentrations. Nonspecific Ig concentrations of each 

experimental colostral treatment were later determined more precisely 

by radial immunodiffusion techniques (Fleenor and Stott, 1981). It 

was determined that calves were fed either one or 2 liters of colos

trum which varied in nonspecific Ig concentration from 7.5 to 123.8 

mg/ml for IgG, and from .46 to 11.19 mg/ml for IgM. Thus, instead of 

replicating each desired treatment concentration six times as was 

originally planned, thirty different treatments were actually fed. 

The values reported in Tables 1 and 2 for nonspecific Ig concentration 

of each treatment colostrum are results obtained by radial immuno

diffusion techniques. 

Following dilution with whole milk, the pooled colostral 

treatments were then refrigerated until fed. All calves were fed 

7 
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at 0 and 12 h postpartum, and each concentration fed (treatment 

colostrum) was replicated for both volumes fed within each block 

(2 calves per volume and per concentration fed). 

Blood samples were obtained by jugular venipuncture at 

birth (0 h) and at 24 h postpartum to determine colostral IgG and 

IgM absorption as well as absorption of E. coli 055B and Salmonella 

typhimurium specific antibodies within the IgG and IgM isotypes. 

Pathogen specific antibody was induced in response to random natural 

exposure. 

Enzyme-linked Immunoassays 

An enzyme-linked immunoassay (ELISA) technique was used to 

analyze concentration of specific antibody in both serum and colostrum. 

The ELISA procedure involves four major steps: (1) the antigen is 

immobilized or bound to a polystyrene well or tube, (2) the serum or 

colostral antibody is allowed to bind to the immobilized antigen, 

(3) an anti-Ig-enzyme conjugate is added which attaches to serum or 

colostral antibodies, and (4) substrate is then added which induces a 

color change which can be read spectrophotometrically. 

A modification of the ELISA procedure developed by Carlsson, 

Lindberg and Hammarstrom (1972) was used for detection of class-

specific antibodies to Salmonella typhimurium and E. coli 055B. The 

modification consisted primarily of using a different buffer 

suspension for the lipopolysaccharides (LPS) of each antigen, and 

extending incubation times in the first three phases of the procedure. 
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Appropriate concentrations and dilutions were determined by means of 

checkerboard titration techniques. 

Modified Procedure for the IgG Isotype 

Polystyrene wells (Gilford Cuvette-Pak, Gilford Instrument 

Laboratories, Inc.) were coated with 5 yg/ml Salmonella typhimurium 

or E. coli 055B LPS (Difco Laboratories) suspended in .125M borate 

buffer, pH 8.2, and incubated in a humidified chamber for 24 h at 37C. 

Adhesive plastic film covered the trays of wells to prevent evaporation 

of material in all phases of the assay. Saline-Tween 20 (Sigma) 

(.85%-.05%) was used to rinse the wells of any unbound LPS using the 

Gilford PR 50 (Gilford Instrument Laboratories, Inc.). Serum or 

colostrum samples were applied to the wells at the appropriate dilution 

in .05M phosphate-buffered saline-Tween 20 (PBS-Tween), pH 7.1, and 

incubated for 24 h at 4C. A saline-Tween wash followed to remove any 

unbound antibodies, and rabbit anti-bovine IgG-alkaline phosphatase 

conjugate (Sigma) diluted to the appropriate concentration in PBS-Tween 

was applied. Trays were incubated at 4C for 24 h, and again washed in 

saline-Tween to remove any unbound materials. A 1.0 mg/ml solution of 

p-nitrophenyl phosphate (phosphatase substrate, Sigma) in 1.0M 

2-Amino-2-methyl-l-propanol (AMP buffer, Sigma) was then added. Trays 

were incubated at room temperature for 45 minutes, then read spectro-

photometrically at 405 nm. All samples were run in triplicate, and 

each assay included both negative and positive internal controls. 
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Modified Procedure for the IgM Isotype 

Both pathogen specific IgM isotype assays were based on the 

use of a triple sandwich technique. Polystyrene wells were coated 

with 10 yg/ml pathogen LPS suspended in .125M borate buffer, pH 8.2. 

Trays were incubated in a covered humidified chamber for 24 h at 37C, 

rinsed with saline-Tween, and serum or colostral samples applied. The 

trays were then incubated at 4C for 24 h, rinsed to remove any unbound 

antibody, and goat anti-bovine IgM, prepared according to methods 

described by Campbell et al. (1970) was added to the wells at a 

1:40,000 dilution. The trays were incubated in a covered humidified 

chamber at 37C for 4 h, after which time the wells were again washed 

with saline-Tween. Rabbit anti-goat IgG-alkaline phosphatase 

conjugate (Sigma) was added at a concentration of 1:1000 at this time. 

The trays of wells were then incubated at 4C for 24 h, rinsed following 

incubation, and a 1.0 mg/ml solution of p-nitrophenyl phosphate in 1.0M 

AMP buffer was added to each well. Trays were incubated at room tem

perature for fifteen minutes, and individual wells were read spectro-

photometrically at 405 nm at the end of the incubation time. 

Internal Assay Controls 

Several controls were used per assay and per tray as indices 

of both background material other than specific antibody, and as 

negative and positive internal standards to be compared intra- and 

inter-assay. Each tray routinely contained control wells consisting 

of borate buffer only, either IgG or IgM adsorbed onto wells at a 
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concentration of 200 ng/ml, and one well in which antigen only was 

applied. No serum or colostrum samples were added to these wells, 

but the remaining phases of the assay did not differ. 

Negative controls for both E. coli 055B and Salmonella 

typhimurium were prepared prior to actual determination of specific 

antibody concentration in individual serum or colostrum samples, and 

were run concurrently with samples in each assay. 

Negative Control Preparation 

In establishing assays for Salmonella typhimurium-specific 

antibody concentration within the IgG and IgM isotypes, an effort was 

made to obtain a negative control which would reflect a sample which 

had initially been exposed to the organism and yet had failed to absorb 

an appreciable or detectable amount of antibody. To determine the 

amount of background interaction reflecting factors other than level 

of specific antibody, a bacterial culture of Salmonella typhimurium 

was obtained from another laboratory at the University of Arizona. 

Cells were washed twice with PBS (.05M, pH 7.1) then centrifuged for 

30 minutes at 2500 rpm. The supernatant was discarded, and the pellet 

retained and divided into two parts. The first part was suspended 

in a small amount of calf serum and incubated at room temperature for 

30 minutes while being stirred. It is not known whether or not the 

serum contained specific antibody. This pellet-serum mixture was then 

centrifuged, and the resultant pellet discarded while retaining the 

supernatant. The second part of the initial bacterial pellet was then 

added to the supernatant. This mixture was incubated at room 
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temperature while being stirred for 30 minutes, centrifuged, the 

resultant pellet discarded, and the supernatant retained. The 

supernatant was then passed through a sterile filter, aliquoted into 

vials and kept frozen at -20C until needed for use as a negative 

control for each assay involving this pathogen. 

As a bacterial culture of E. coli 055B was unavailable, a 

different procedure was followed in the preparation of a negative 

control for assays involving specific antibody to this organism. 

Colostrum samples were initially assayed without a negative control 

to determine which samples had high concentrations of E. coli 055B 

specific Ig. From the values obtained, serum samples from calves 

which received colostrum high in specific Ig content were assayed to 

determine if a serum sample existed which demonstrated no or low 

concentrations of E. coli 055B-specific Ig, even though high concen

trations were present in the colostrum fed to the calf. A sample 

was found to serve as a negative control by this procedure, and 

colostrum and serum samples were reassayed using an assay procedure 

which contained the full array of internal positive and negative 

controls. 

Quantitation of Standards 

Within the IgG isotype, all standards were run in comparison 

with a known standard value. Data were plotted from individual 

standard curves to determine the point at which 50 percent inhibition 

occurred, and the value of the standard sera was extrapolated from 

that point. 



13 

The quantitation procedure described by Menefee (1979) was 

followed for the IgM standards. Quantitation assays were identical 

in terms of antigen adsorption to polystyrene wells. Each standard 

serum used was then applied to the wells at a dilution previously 

determined as yielding an absorption of 1.0 at 405 nm when read 

spectrophotometrically at the end of the assay. The adsorption of 

secondary antibody (goat anti-bovine IgM) differed from the specific 

antibody assays in that only one-half the amount usually placed in 

individual wells (300 yl) was added to each well. The 150 yl of 

goat anti-bovine IgM was added at a dilution of 1:20,000. The 

remaining 150 yl consisted of free IgM ligand in varying concentrations 

(0 to 22 yg/ml). Ligand and secondary antibody thus had opportunity 

to compete equally for any available binding sites. Incubation of 

ligand and secondary antibody, as per specific antibody assays, 

consisted of 4 h at 37C. The remainder of the quantitation procedure 

did not differ from the modified procedure for the IgM isotype as 

previously described. Data were plotted to determine the point at 

which 50 percent inhibition occurred, and the value of standard sera 

extrapolated from that point. 



RESULTS 

Colostral Nonspecific and Pathogen Specific IRS 

Samples of experimental colostral rations fed to calves were 

analyzed both for nonspecific Ig content and pathogen specific Ig 

content. The purpose of the comparison of nonspecific colostral Igs 

with colostral concentrations of antibody to the specific pathogens 

indicated was to determine whether or not the antibody was present in 

the colostrum fed to the calf, and if so, whether there was a 

relationship between the nonspecific Ig content and the level of 

pathogen specific Ig in the colostrum. Tables 1 and 2 provide a 

direct comparison of measured nonspecific and pathogen specific Ig 

content by treatments, blocks and isotypes. Tables 3 through 14 

illustrate coefficients of determination and significance levels 

for comparisons, and were obtained using simple regression 

techniques (Nie et al., 1975). 

IgG Correlations 

2 
A positive linear relationship (r =.40, P<.001 for all blocks) 

was found in comparing nonspecific IgG and Salmonella typhimurium 

specific IgG concentrations in all six blocks (Table 3). All blocks, 

with the exception of block 4, had high coefficients of determination 

and were highly significant. If block 4 is excluded from the data as 

2 2 
atypical, the overall r increases substantially (r =.61), and the 

significance level is unchanged. 

14 



Table 1. Experimental colostral nonspecific and Salmonella typhimurium-specific Ig concentrations 
(mg/ml) by treatments, by blocks and by isotypes. 

Trmt3 Block 1 Block 2 Block 3 Block 4 Block 5B l o c k  6  

1 123.77b .02c 83.61b .04c 83.61b 

IgG 

.03° 83.61b .03° 101.03b .05C 85.79b .05' 

2 83.61 .03 59.00 .02 54.40 .03 91.77 .03 83.61 .03 71.40 .04 

3 50.18 .02 42.90 .02 42.90 .02 76.39 .07 59.00 .03 43.67 .02 

4 27.40 .02 23.71 .01 16.60 .03 46.36 .05 39.72 .02 32.47 .03 

5 15.50 .01 11.61 .01 7.50 .01 36.82 .02 31.72 .01 19.95 .01 

1 10.54 .28 7.04 .34 8.01 

IgM 

.49 6.77 .42 9.05 .69 11.19 .91 

2 5.57 .20 4.47 .18 4.22 .29 4.58 .20 7.05 .27 9.38 .55 

3 3.28 .16 3.40 .17 5.34 .28 27.33 .98 5.59 .26 5.34 .19 

4 2.68 .04 2.25 .16 1.84 .19 3.64 .58 4.02 .16 4.22 .23 

5 1.31 .05 1.10 .03 .46 .07 5.89 .11 2.10 .09 2.49 .05 

g 
Trmt represents treatment groups 1 through 5 

bTotal nonspecific Ig content 
0 
Salmonella typhimurium-specific Ig content 



Table 2. Experimental colostral nonspecific and E. coli 055B-specific Ig concentrations (mg/ml) by 
treatments, by blocks and by isotypes. 

Trmt3 Block 1 Block 2 Block .3 Block 4 Block 5 Block 6 

1 123.77b .01c 83.61b .01c 83.61b 

IgG 

.01c 83.61b .00° 101.03b .01c 85.79b .01' 

2 83.61 .01 59.00 .01 54.40 .01 91.77 .01 83.61 .01 71.40 .01 

3 50.18 .01 42.90 .01 42.90 .01 76.39 ,01 59.00 .01 43.67 .01 

4 27.40 .01 23.71 .01 16.60 .01 46.36 .01 39.72 .01 32.47 .01 

5 15.50 .01 11.61 .01 7.50 .01 36.82 .01 31.72 .01 19.95 .01 

1 10.54 .10 7.04 .21 8.01 

IgM 

.09 6.77 .07 9.05 .15 11.19 .37 

2 5.57 .13 4.47 .05 4.22 .06 4.58 .32 7.05 .39 9.38 .69 

3 3.28 .08 3.40 .03 5.34 .12 27.33 1.08 5.59 .16 5.34 .10 

4 2.68 .03 2.25 .03 1.84 .05 3.64 .10 4.01 .16 4.22 .07 

5 1.31 .01 1.10 .01 .46 .01 5.89 .20 2.10 .01 2.49 .01 

Trmt represents treatment groups 1 through 5 

bTotal nonspecific Ig concentration 

E. coli 055B-specific Ig concentration 
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Table 3. Coefficients of determination between colostral nonspecific 
IgG and colostral Salmonella typhimurium-IgG by block. 

Block Coefficient of determination Significance 

1 .53 .001 

2 .99 .001 

3 .69 .001 

4 <.01 .761 

5 .91 .001 

6 .86 .001 

Table 4. Coefficients of determination between colostral nonspecific 
IgG and colostral E. coli 055B-IgG by block. 

Block Coefficient of determination Significance 

1 .06 .318 

2 .94 .001 

3 .91 .001 

4 .36 .005 

5 .07 .272 

6 .44 .002 
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Five out of the six blocks demonstrate a negative linear 

correlation between nonspecific IgG and concentration of E. coli 055B-

2 
IgG (r =.14, P<.001 for all blocks). Blocks 1 and 5 have low 

coefficients of determination and are not significant. Block 6 

illustrates a significant positive linear correlation (Table 4), 

and if excluded from the data, the overall coefficient of determina-

2 
tion increases slightly (r =.21); the significance level is 

unchanged. 

IgM Correlations 

Significant positive linear correlations were observed 

between concentrations of nonspecific IgM and levels of both pathogen 

specific antibodies in the colostrum. This relationship exists in 

all blocks for both pathogen specific antibodies, with each block 

demonstrating high coefficients of determination and significance 

levels. The correlation between nonspecific IgM and Salmonella 

typhimurium-IgM is slightly lower (r =.66, P<.001 for all blocks) than 

2 
the correlation between nonspecific IgM and E. coli 055B-IgM (r =.75, 

P<.001 for all blocks). Coefficients of determination and significance 

levels of individual blocks for Salmonella typhimurium and E. coli 055B 

are listed in tables 5 and 6, respectively. 
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Table 5. Coefficients of determination between colostral nonspecific 
IgM and colostral Salmonella typhimurium-IgM by block. 

Block Coefficient of determination Significance 

1 .83 .001 

2 .90 .001 

3 .95 .001 

4 .67 .001 

5 .81 .001 

6 .94 .001 

Table 6. Coefficients of determination between colostral nonspecific 
IgM and colostral E. coli 055B-IgM by block. 

Block Coefficient of determination Significance 

1 .44 .001 

2 .86 .001 

3 .62 .001 

4 .92 .001 

5 .31 .010 

6 .67 .001 
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Colostral Nonspecific and Serum Pathogen Specific Igs 

The colostral nonspecific Ig concentration of experimental 

colostral treatments fed to calves in each of the treatment groups in 

all blocks were compared with the calves' 24 h serum pathogen specific 

Ig concentrations to determine if any relationship existed. The mean 

serum concentrations of specific Ig observed are listed by block, amount 

of colostrum fed, and isotype in Tables 15 and 16 for Salmonella 

typhimurium and E. coli 055B specific Ig, respectively. 

IgG Correlations 

Nonspecific colostral IgG concentrations were found to have 

a predominantly linear positive correlation with both Salmonella 

2 typhimurium (r =.54, P<.001 for all blocks and amounts fed), and 

2 
E. coli 055B concentrations (r =.59, P<.001 for all blocks and amounts 

fed). Amount of colostrum fed (one or two liters) had no significant 

effect on serum concentrations of these antibodies. 

In comparing nonspecific colostral IgG with serum Salmonella 

typhimurium specific IgG concentrations, blocks 1, 2, 3 and 5 are 

highly linear for both amounts fed (Table 7). The relationship in 

block 4 better fits a cubic (1 liter feeding), and quadratic (two 

liter feeding) response. In block 6, a cubic response is also 

evident for one liter feedings. 

Serum E. coli 055B-IgG concentrations reflect a positive 

linear relationship with nonspecific colostral IgG in calves fed one 

liter of colostrum only; the correlation is predominantly quadratic 

for calves fed 2 liter amounts (Table 8). 



Table 7. Correlation between colostral nonspecific IgG and serum 
Salmonella typhimurium-IgG concentrations by block. 

Block Amount Fed Response 
2 
r Significance 

1 1 Linear .62 .007 

1 2 Linear .67 .004 

2 1 Linear .86 .001 

2 2 Linear .86 .007 

3 1 Linear 

00 

.001 

3 2 Linear .61 .007 

4 1 Cubic .81 .014 

4 2 Quadratic .86 .003 

5 1 Linear .82 

i—H o
 
o
 

5 2 Linear .85 .001 

6 1- Cubic .59 .003 

6 1 Linear .85 .001 



Table 8. Correlation between colostral nonspecific IgG and serum 
E. coli 055B-IgG concentrations by block. 

2 Block Amount Fed Response r Significance 

1 1 Linear .61 .008 

1 2 Linear .46 .030 

2 1 Linear .69 .003 

2 2 Quadratic .52 .074 

3 1 Linear .87 .001 

3 2 Quadratic .54 .096 

4 1 Linear .37 .062 

4 2 Quadratic .70 .051 

5 1 Linear .52 .029 

5 2 Quadratic .68 .018 

6 1 Cubic .73 .037 

6 2 Cubic .93 .001 
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IgM Correlations 

A positive linear correlation was found between colostral 

nonspecific IgM and serum Salmonella typhimurium-IgM concentrations 

2 (r =.50, P<.001 for all blocks and amounts fed). Amount of colostrum 

fed to calves had no significant effect on concentration of serum 

Salmonella typhimurium-IgM. Table 9 illustrates the relationship on 

an individual block basis. 

No correlation can be demonstrated between colostral nonspecific 

2 IgM and serum E. coli 055B-IgM concentrations (r =.17, P>.05 for all 

blocks and amounts fed). However, significant positive correlations 

were found in individual blocks (Table 10). 

Colostral and Serum Pathogen Specific Igs 

Colostral pathogen specific Ig concentrations were compared 

with calves 24 h postpartum serum pathogen specific Ig concentrations 

to determine if any relationship existed. 

Concentrations of colostral Salmonella typhimurium specific 

IgG (Table 1) ranged from 7.0 to 52.6 yg/ml; E. coli 055B-IgG concen

trations (Table 2) ranged from .20 to 10.6 yg/ml. Colostral Salmonella 

typhimurium-IgM concentrations (Table 1) ranged from .03 to .98 mg/ml, 

and colostral E. coli 055B specific IgM concentrations (Table 2) ranged 

from .01 to 1.08 mg/ml. Similar concentrations of colostral Salmonella 

typhimurium and E. coli 055B specific IgG were reported by Menefee 

(1979) . 



1 

1 

2 

2 

3 

3 

4 

4 

5 

5 

6 

6 
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Correlation between colostral nonspecific IgM and serum 
Salmonella typhimurium-IgM by block. 

it Fed Response 2 
r Significance 

1 Linear .81 .001 

2 Linear .87 .001 

1 Linear .67 .004 

2 Linear .71 .002 

1 Linear .81 .001 

2 Quadratic .82 .006 

1 Cubic .71 .046 

2 Quadratic .55 .138 

1 Quadratic .90 .001 

2 Linear .26 .131 

1 Linear .74 .003 

2 Linear .80 .001 



Table 10. Correlation between colostral nonspecific IgM and serum 
E. coli 055B-IgM concentrations by block. 

2 Block Amount Fed Response r Significance 

1 1 Linear .61 .008 

1 2 Cubic .29 .604 

2 1 Linear .20 .196 

2 2 Linear .55 .014 

3 1 Linear .65 .005 

3 2 Linear .86 .001 

4 1 Cubic .67 .071 

4 2 Quadratic .40 .278 

5 1 Quadratic .84 .004 

5 2 Cubic .79 .017 

6 1 Linear .65 .005 

6 2 Linear .62 .007 
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Serum concentrations of Salmonella typhimurium specific IgG 

ranged from 0 (not detected) to 49.11 yg/ml; E. coli 055B specific IgG 

from 0 to 19.9 yg/ml. Within the IgM isotype, serum concentrations 

of Salmonella typhimurium specific Ig varied from 0 to 13.51 mg/ml; 

E. coli 055B specific IgM from 0 to 2.01 mg/ml. 

IgG Correlations 

2 
A highly significant positive linear correlation (r =.73, 

P<.001 for all blocks and amounts fed) was found between colostral and 

serum concentrations of Salmonella typhimurium specific IgG. All six 

blocks demonstrate a positive linear relationship for both (one and 

two liter) amounts fed (Table 11). In most cases, the coefficient of 

determination for the two liter amount is higher than that for the 

one liter amount fed. However, amount fed has no significant effect 

on concentration of serum pathogen specific antibody at 24 h postpartum. 

Coefficients of determination for individual blocks (Table 11) are 

2 generally higher than the r value for all blocks combined. 

Additionally, significance levels for individual blocks are slightly 

lower than the value obtained for all blocks combined, but are 

comparable. 

2 
Conversely, a significant negative correlation (r =.4:1, 

P<.001) was found between colostral and serum concentrations of 

E. coli 055B-IgG when all blocks and amounts fed were considered. 

The correlation is linear for calves receiving one liter colostral 

feedings in four out of six blocks. Blocks 1 and 6 exhibit a 
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Table 11. Coefficients of determination between colostral and serum 
Salmonella typhimurium-IgG concentrations by block and 
amount fed. 

Block Amount Fed Response 2 
r Significance 

1 1 Linear .37 .063 

1 2 Linear .26 .133 

2 1 Linear .76 .001 

2 2 Linear 

00 

.001 

3 1 Linear .88 .001 

3 2 Linear .82 

rH O
 
o
 

4 -1 Linear .52 .019 

4 2 Linear .68 .007 

5 1 Linear 00
 

.001 

5 2 Linear 

00 

.001 

6 1 Linear .71 .002 

6 2 Linear .94 .001 
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quadratic response in those calves receiving one liter colostral 

feedings. No definite pattern emerges for calves fed two liters of 

the experimental colostral rations (Table 12). Among the 2 liter fed 

calves, blocks 1 and 4 exhibit a negative linear response; however, 

values are not significant. Block 2 demonstrates a negative cubic 

response. Blocks 3, 5 and 6 exhibit a quadratic response that is 

positive for blocks 5 and 6, and significant for blocks 5 and 6 only. 

As demonstrated by correlations between colostral and serum IgG 

concentrations of Salmonella typhimurium, colostral amount fed has no 

significant effect on level of serum pathogen specific antibody to 

E. coli 055B present at 24 h postpartum. 

IgM Correlations 

Concentrations of colostral and serum Salmonella typhimurium-

2 IgM exhibit a highly significant positive correlation (r =.58, P<.001 

for all blocks and amounts fed) in five of the six blocks. Block 4 

demonstrates a positive quadratic response, but is not significant for 

either amount fed. No specific response pattern appears for either the 

one liter or two liter feedings. Amount fed has no significant effect 

on level of serum specific antibody to Salmonella typhimurium-IgM at 

24 h postpartum. Table 13 lists coefficients of determination on 

an individual block basis. 

Similarly, concentrations of serum E. coli 055B-IgM are 

positively correlated with colostral concentrations of E. coli 055B-

2 
IgM; however, the relationship is insignificant (r =.15, P>.05 for 

all blocks and amounts fed) when all blocks are combined. Individual 
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Table 12. Coefficients of determination between colostral and serum 
E. coli 055B-lgG concentrations by block and amount fed. 

Block Amount Fed Response r2 Significance 

1 1 Quadratic .59 .045 

1 2 Linear .29 .107 

2 1 Linear .66 .004 

2 2 Cubic .63 .092 

3 1 Linear .74 .001 

3 2 Quadratic .56 .084 

4 1 Linear .48 .026 

4 2 Linear .01 .876 

5 1 Linear .04 .617 

5 2 Quadratic .68 .019 

6 1 Quadratic .60 .040 

6 2 Quadratic .79 .004 
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Table 13. Coefficients of determination between colostral and serum 
Salmonella typhimurium-IgM concentrations by block and 
amount fed. 

Block Amount Fed Response 
2 
r Significance 

1 1 Cubic .90 .002 

1 2 Cubic .92 .001 

2 1 Cubic .85 .007 

2 2 Cubic .81 .014 

3 1 Quadratic .92 .001 

3 2 Quadratic .89 .001 

4 1 Quadratic .15 .589 

4 2 Quadratic .21 .562 

5 1 Linear .92 .001 

5 2 Quadratic .27 .327 

6 1 Cubic .98 .001 

6 2 Cubic .94 .001 



blocks have higher coefficients of determination, and are in most 

cases significant (Table 14). As in the case of Salmonella typhi-

murium-IgM, the response of all blocks combined could not be 

characterized as linear, quadratic or cubic. Amount fed has no 

significant effect on concentration of E. coli 055B-IgM present 

in serum obtained at 24 h postpartum. 
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Table 14. Coefficients of determination between colostral and serum 
E. coli 055B-IgM concentrations by block and amount fed. 

Block Amount Fed Response 
2 
r Significance 

1 1 Linear .36 .066 

1 2 Quadratic .49 .134 

2 1 Cubic .62 .104 

2 2 Linear .60 .009 

3 1 Cubic .76 .028 

3 2 Cubic .92 .004 

4 1 Quadratic .12 .651 

4 2 Cubic .35 .594 

5 1 Cubic .83 .023 

5 2 Cubic .92 .001 

6 1 Quadratic .96 .001 

6 2 Quadratic .73 .011 
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Table 15. Mean serum concentrations of Salmonella typhimurium specific 
Ig by block, amount fed, and isotype. 

Block Amount Fed 
Mean Serum 
IgG Isotype 

Concentration 
IgM Isotype 

1 1 5.479a 1.451b 

1 2 10.038 1.667 

2 1 10.354 .790 

2 2 14.619 .803 

3 1 9.139 4.005 

3 2 16.694 7.554 

4 1 16.458 3.531 

4 2 27.891 5.824 

5 1 8.588 2.964 

5 2 13.056 4.053 

6 1 12.543 3.543 

6 2 14.976 4.396 

aSalmonella typhimurium-IgG values are in yg/ml. 

^Salmonella typhimurium-IgM values are in mg/ml. 



Table 16. Mean serum concentrations of E. coli 055B-specific Ig 
(yg/ml) by block, amount fed, and isotype. 

Mean Serum Concentration 
Block Amount Fed IgG Isotype IgM Isotype 

1 1 5.038 51.528 

1 2 9.640 128.378 

2 1 7.767 369.588 

2 2 8.877 226.445 

3 1 4.543 120.879 

3 2 5.976 94.150 

4 1 3.330 207.689 

4 2 4.327 395.313 

5 1 2.749 334.795 

5 2 3.363 335.413 

6 1 3.333 152.562 

6 2 2.145 327.306 



DISCUSSION 

The primary objective of this study was to examine the effect 

of colostral concentrations of both nonspecific Ig and Ig specific for 

the common calf pathogens Escherichia coli 055B and Salmonella typhi-

murium on absorption of antibodies specific to these organisms in the 

neonatal calf. 

The relationship of colostral nonspecific Ig concentration to 

colostral concentration of Salmonella typhimurium and E. coli 055B is 

linear for both isotypes, IgG and IgM, examined. With the exception of 

E. coli 055B specific Ig in the IgG isotype, colostral concentrations of 

pathogen specific Ig to these organisms are positively correlated with 

colostral nonspecific Ig concentrations for all blocks and within 

blocks. This suggests that, at the time this study was undertaken, 

as the concentration of nonspecific colostral Ig increased, there was 

a corresponding increase in colostral concentrations of Salmonella 

typhimurium specific Ig for both the IgG and IgM isotypes, and in 

E. coli 055B specific Ig for the IgM isotype. This was not true of 

E. coli 055B specific IgG, however. 

The negative correlation found between colostral concentrations 

of nonspecific Ig and E. coli 055B specific IgG may be due to one or 

more cows contributing to the pooled colostrum not possessing 

significant amounts of E. coli 055B antibody in the IgG isotype. If 

this is true, the pre-diluted pooled colostrum would have been 

35 



36 

uniformly low in antibody specific for E. coli 055B within the IgG 

isotype. 

Whole milk, obtained from the bulk tank to which a large 

group of cows contributed, was subsequently added to dilute the 

pooled colostrum to desired treatment concentrations of nonspecific Ig. 

It is possible that the milk used as a diluent contained E. coli 055B 

antibody in the IgG isotype. Although milk has been shown to be 

generally low in nonspecific Ig content (Stott, Fleenor and Kleese, 

1981), E. coli is such a prevalent environmental pathogen that it is 

possible that systemic levels remain continuously detectable in the 

herd examined. Thus, as greater volumes of milk were required to 

dilue the pooled colostrum to the lower desired nonspecific Ig concen

trations, the concentration of E. coli antibody would have increased 

in the lower nonspecific Ig treatments while remaining low in the 

higher nonspecific Ig treatments which did not require considerable 

dilution. 

It is also possible that the negative correlation observed 

is a reflection of a characteristic of the E. coli 055B antibody in 

the IgG isotype, i.e., E. coli 055B antibody may be found in greater 

concentrations at lower colostral nonspecific IgG concentrations. 

The E. coli assays were repeated in triplicate to verify 

the relationship observed. It was not possible to assay the antibody 

level in milk obtained from the bulk tank as no samples of that 

component had been taken. 
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Amount of colostrum fed (one or two liters) did not affect the 

24 h postpartum serum concentration of pathogen specific Ig to 

Salmonella typhimurium or E. coli 055B for both the IgG and IgM iso-

types in all blocks and within blocks. This finding contrasts with 

the highly significant correlation between amount of colostrum fed and 

the resultant 24 h serum Ig (nonspecific) concentrations observed by 

Stott and Fellah (1983). It appears that despite the overall positive 

linear correlation found between colostral nonspecific Ig and 

colostral Salmonella typhimurium and E. coli 055B specific Ig concen

trations, feeding colostrum high in nonspecific Ig concentration will 

not guarantee absorption of Ig to the pathogens examined, even though 

high levels of specific Ig to these organisms is present in the 

colostrum fed. Perhaps the lack of correlation observed between amount 

fed and resultant serum pathogen specific Ig concentration is 

indicative of a discriminate transport system for pathogen specific Ig. 

E. coli 055B within the IgG isotype demonstrated a positive linear 

relationship (r =.59, P<.001 for all blocks and amounts fed) between 

concentrations of colostral nonspecific Ig and serum E. coli 055B-IgG 

only in calves receiving one liter colostral feedings. Calves 

receiving two liter colostral feedings exhibited a postive quadratic 

response. This suggests that while the amount of colostrum fed did 

not influence serum concentrations of E. coli 055B in the IgG isotype, 

it may have influenced the pattern of specific Ig absorption. The 

quadratic response has been associated in previous studies with the 
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absorption of IgM (Stott and Menefee, 1978; Stott et al., 1979; Stott 

and Fellah, 1983). 

A significant positive linear correlation exists between 

concentrations of colostral nonspecific IgG and serum IgG Salmonella 

typhimurium and E. coli 055B concentrations. This relationship was also 

observed for Salmonella typhimurium for the IgM isotype. However, no 

correlation was found between concentrations of nonspecific colostral 

2 IgM and serum IgM E. coli 055B concentrations (r =.17, P>.05) when all 

blocks were evaluated together. Individual blocks demonstrated 

significant positive relationships when examining the E. coli 055B 

serum IgM levels, but did not follow any particular absorption pattern. 

The low coefficients of determination suggest that absorption of 

colostral pathogen specific Ig to E. coli 055B and Salmonella typhi

murium may be independent of colostral nonspecific Ig concentration 

even when the specific Ig is present in the colostrum. 

In an experiment undertaken concurrently (Stott and Fellah, 

1983) in which the colostral and serum samples measured for presence 

of nonspecific Ig were identical to the samples quantitated for 

specific Ig in the present study, the effect of colostral Ig concen

tration on the absorption of Ig in the neonatal calf was evaluated. 

The study by Stott and Fellah (1983) demonstrated that serum IgG 

concentrations in the calf 24 h after colostral feeding had a positive 

linear relationship to colostral IgG concentrations fed; serum IgM 

concentrations exhibited a quadratic response. Since the samples 

measured were identical to those in the present study, it was possible 



to determine whether the same relationship exists between colostral 

and serum pathogen specific Ig as that observed to exist between 

colostral and serum nonspecific Ig concentrations. The relationship 

between concentrations of pathogen specific Ig in the colostrum and 

serum is much like the relationship between concentrations of non

specific Ig in the colostrum and serum in terms of a model system. 

Stott and Fellah (1983) found colostrum and serum nonspecific Ig 

concentrations to be significantly correlated, with high coefficients 

of determination. With the exception of Salmonella typhimurium in 

the IgG isotype, the corresponding relationship examined in this study 

is not supported by data which would suggest this relationship to be 

unequivocably true. Individual blocks provide supportive data, but 

when all blocks are considered, coefficients of determination are low. 

It appears that the presence of specific antibody in the colostrum does 

not guarantee the absorption of that specific antibody by the calf. 

Serum and colostral concentrations of Salmonella typhimurium 

and E. coli 055B specific Ig were also quantitated in an earlier 

study by Menefee (1979) of the herd examined in the present investi

gation. Data compiled by Menefee (1979) allow an assessment to be 

made as to whether or not the relationships observed in the present 

study exist over time in the same herd. For the IgG isotype, similar 

concentrations of E. coli 055B and Salmonella typhimurium were 

reported. In the study by Menefee (1979), a significant positive 

correlation was found between colostral concentrations of E. coli 055B 

and 24 h postpartum serum concentrations within the IgG isotype, but 
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was not evident for Salmonella typhimurium. In this investigation, a 

significant positive linear relationship was found between colostral 

and serum Salmonella typhimurium specific IgG, but E. coli 055B-IgG 

demonstrated a negative linear correlation. Further, Menefee (1979) 

reported the absence of Salmonella typhimurium and E. coli 055B 

specific Ig within the IgM isotype for both colostrum and 24 h postpartum 

serum. In this study, specific Ig to both pathogens was present in 

the colostrum and serum for the IgM isotype, and a significant positive 

2 
correlation (r =.58, P<.001 for all blocks) was exhibited by Salmonella 

typhimurium specific IgM. The reversal of pathogen specific Ig 

relationships previously noted to exist in the herd, as well as the 

presence of pathogen specific Ig in the IgM isotype, clearly indicate 

that the relationship between colostral and serum Salmonella typhimurium 

and E. coli 055B specific Ig is not static over time. It seems probable 

that just as nonspecific Ig concentrations appear to cycle from higher 

to lower levels in the cow, pathogen specific Ig concentrations may 

cycle within the herd. While the herd in question is a closed herd, 

replacement heifers grown out in feedyards in Idaho and California 

are commonly brought into the herd two to three weeks prepartum. The 

pathogenic nature of the herd's environment may be affected by this 

practice. It is also possible that these pathogens are in existence 

predominantly at the herd site, and that replacement heifers must form 

antibody against the challenges presented by their new environment. 

When a new group of animals is brought into the existing herd, a new 
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cycle of response may be initiated, thus causing variations in 

concentrations of pathogen specific Igs. 

Much has been written about the immunological role of colostrum 

and its importance to the neonatal calf. It has been assumed that if 

the calf received colostrum of high Ig concentration that such 

colostrum would confer immunological protection of a broad nature to 

the calf. The present study has shown that a colostrum of high Ig 

concentration will not always have a correspondingly high concentration 

of antibody to a specific pathogen when antibody is induced by random 

natural exposure. Additionally, even if the colostrum has a high 

concentration of pathogen specific Ig to a given pathogen, the 

pathogen specific Ig may well follow an absorption pattern that is 

unique. It remains to be determined what constitutes a sufficient 

level of pathogen specific Ig in the colostrum and serum to confer 

an adequate degree of protection to the calf against a given 

pathogen. 

As the experiment was being conducted at a large commercial 

dairy, certain limitations were placed on the length of time the 

calves were available for study, the types of pathogens which could 

be introduced into the environment, and on ability to follow the 

health history of a given animal. 
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