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ABSTRACT 

Cessation of immunoglobulin uptake by bovine neonate 

intestinal epithelial cells does not occur by four hours 

following ingestion of either one or two liters of colostrum. 

Human immunoglobulin tracer was fed to newborn Holstein-

Friesan calves at 1, 2 and 4 hour intervals following inges

tion of colostrum at birth. Serum levels of human Immuno

globulin G were measured by enzyme-linked immunosorbent assay 

using a monoclonal antibody. Human Immunoglobulin G was 

detected in the serum of all animals by 8 hours after birth. 

There was no significant difference in human Immunoglobulin 

G values between animals that were fed 1 and 2 liters of 

colostrum. There was a significant linear relationship 

between bovine and human immunoglobulin levels for treatment 

groups in which animals were fed human immunoglobulin at 1 

and 2 hours. The relationship was not significant in animals 

given the human antibody at 4 hours. 

vii 



INTRODUCTION 

Passive immunity in the neonatal calf is essential 

for survival. Acquisition of this immunity is dependent upon 

adequate absorption of colostral immunoglobulins and their 

subsequent passage into the bloodstream [1, 18, 22], It has 

been demonstrated that low levels of Ig in systemic circula

tion are associated with calf disease and death loss [1, 

22]  .  

The period of intestinal permeability to macromole-

cules is of extreme importance in determining the amount of 

colostral Ig absorption and the consequent immunological 

status of the calf. This period has been estimated to last 

from twelve to forty-eight hours after birth [1, 19]. 

In this regard, the concept of closure becomes an 

important consideration. Closure is defined as "the cessa

tion of the uptake or internalization of macromolecules via 

pinocytosis into the intestinal epithelium" [13], Further

more, Lecce et al. [13] state that when ingesta initially 

contacts the intestinal epithelial cells of the neonate, 

pinocytosis is initiated and this action stimulates the 

maturation and final uptake of ingesta by the epithelial 

cells. At the present time, there is very little substanti

ating data available about this concept. Moreover, it is 

1 



difficult to demonstrate that all or most intestinal epithe

lial cells cease pinocytosis at a given time. 

Corley et al. [5] investigated the effect of colos

trum on the intestinal absorption of E. coli in the calf. 

They showed that E. coli did not appear to enter the intes

tinal cells in those animals that had received colostrum one 

hour prior to the bacteria. It would appear from this study 

that, under certain conditions, closure might occur as early 

as one hour after the administration of colostrum. 

The objective of this study was to determine whether 

the cessation of pinocytotic uptake of immunoglobulins could 

occur within one to four hours following ingestion of colos

trum. If a substance that was given after the intake of 

colostrum could be detected in significant amounts in the 

sera of the calf, it would indicate that closure had not 

occurred and that the cells were taking up immunoglobulin at 

the time of administration. 



MATERIALS AND METHODS 

This study utilized twenty-two Holstein-Friesan 

calves made available through the cooperation of a large 

commercial dairy. At birth, prior to nursing, the calves 

were separated from their dams and randomly assigned to one 

of five treatment groups. Two additional animals were used 

as controls. The treatments involved oral administration of 

three grams of human gammaglobulin (with bovine milk as the 

carrier), following the feeding of either one or two liters 

of pooled'bovine colostrum (45 mg/ml Ig). The colostrum was 

given immediately after birth. The human gammaglobulin was 

administered at three different time periods, following 

colostrum ingestion. The treatment combinations were set up 

as follows: 

Time of Human Gamma-
Treatment Amt. Colostrum Globulin Feeding 

1 2 Liters 1 hr, after colostrum 

2 2 Liters 2 hrs. after colostrum 

3 2 Liters 4 hrs. after colostrum 

4 1 Liter 1 hr. after colostrum 

5 1 Liter 4 hrs. after colostrum 

Blood samples were obtained from all calves at birth, 

before ingestion of colostrum. Subsequently, samples were 
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obtained at 1, 2 ,  4, 8, 12 and 24 hours after the ingestion 

of human Ig. Blood samples were refrigerated immediately 

following collection. Serum was separated within 24 hours 

of collection and stored at -20°C until analysis. 

Bovine gammaglobulin levels in calf serum and colos

trum were measured by radial immunodiffusion gel procedure 

(RID) of Fahey and McKelvey (1965) [7], The calf serum was 

assayed for human IgG by direct binding enzyme immunoassay 

(ELISA). The protocol was based upon a modified version of 

the "sandwich-type" immunoassay of Maiolini and Massayeff 

[15]. The procedure involved the use of the following rea

gents: mouse anti-human IgG (a monoclonal antibody purchased 

from Miles Laboratories; goat anti-human IgG conjugated to 

alkaline phosphatase (Tago, Inc.); para-nitro-phenyl 

phosphate substrate (Sigma Chemical Company). 

The ELISA involved the use of polystyrene cuvettes 

with the capacity to contain 300 yl of sample. One cuvette 

well was used per each sample. Initially, the wells were 

coated with mouse anti-human IgG, the monoclonal antibody, 

diluted in carbonate buffer (pH 9.6) at a concentration of 

1 lag per milliliter and incubated for 24 hours at 4°C. Serum 

samples containing unknown amounts of human IgG were then 

added to the wells. A set of serums with known quantities 

of antibody were run simultaneously to establish the standard 

curve. Standards and serum samples were run in triplicate 



and incubated for 24 hours at 4°C. After washing the wells, 

the goat anti-human IgG alkaline phosphatase conjugate was 

added and incubated for 2 hours at room temperature. After 

the final washing, the substrate was added at a concentration 

of 1 mg per liter. Following a suitable incubation time, 

absorbances were read on the spectrophotometer at 405 nano

meters, with the amount of color being directly proportional 

to the amount of human IgG in the sample. 

Data were analyzed by Student's t-variables for 

testing the equality of sample means [14]. The relationship 

between bovine and human Ig values was analyzed using linear 

regression according to the procedure described by Steel and 

Torrie [24]. 



RESULTS AND DISCUSSION 

The amount of human IgG in the calf serum for the 

five treatment groups is shown in Table 1. For all five 

treatment groups, human IgG was detected in the serum. 

Therefore, we can assume that closure of all absorptive cells 

did not occur in any of the animals by four hours after ini

tial colostrum was given. It is important to stress that 

our primary objective in this study was to test for the pres

ence or absence of the human Ig in the serum. 

There were two different amounts of colostrum (1 

versus 2 liters) fed initially to determine if a difference 

could be observed with respect to closure of the cells. 

Previous studies have shown that dietary factors can influ

ence the duration of intestinal absorption of macromolecules 

in certain species such as the lamb and pig [12, 13]. A 

recent study by Stott et al. showed that calves fed .5 and 1 

liter of colostrum at birth had increased Ig absorption 

following a second feeding after 17 hours. Those animals 

that were given 2 liters initially did not respond to the 

second feeding after 12 hours [29]. From the data given in 

Table 1, it appears that the animals fed both amounts ab

sorbed human Ig and closure did not occur. When analyzed 

6 



Table 

Treat 
ment 

1 

1 

1 

1 

2 

2 

2 

2 

3 

3 

3 

Absorption of Immunoglobulin Tracer (pg/ml) at Different Intervals 
(hr.) Following the Initial Feeding of Colostrum to Induce Pinocy-
totic Activity and Closure. 

Amount 
Colostrum 

fr ^ Calf Hour 1 Hour 2 Hour 4 Hour 8 Hour 12 Hour 24 (Liters) 

2 1 G/T 0 15.4 43.1 38.3 50.0 
(0) (2.3) (5.1) (9.7) (16.8) (13.5) 

2 2 G/T 0 3.8 21.1 39.2 31.3 
(.3) (1.6) (5.8) (8.5) (11-8) (9.7) 

2 3 G/T 0 3.6 33.8 37.8 36.7 
(0) (1.7) (5.1) (7.4) (12.7) (14.6) 

2 4 G/T 0 0 12.9 15.5 19.8 
(.1) (3.1) (5.8) (7.4) (8.4) (7.7) 

2 1 G/T 3.9 27.1 25.7 44.6 
(.9) (4.8) (10.6) (11.4) (9.9) 

2 2 G/T 0 38.6 78.9 87.1 
(2.2) (4.3) (7.7) (8.7) (7.7) 

2 3 G/T 0 29.9 49.0 44.6 
(3.2) (4.8) (6.8) (8.7) (9.9) 

2 4 G/T 0 36.5 27.9 29.6 
(.9) (4.3) (5.7) (7.7) (7.7) 

2 1 G/T 24.2 33.3 31.5 
(4.3) (15.3) (15.3) (15.3) 

2 2 G/T 21.8 33.3 38.8 
(4.9) (7.9) (11.6) (10.1) 

2 3 G/T 11.3 16.5 21.0 
(7.0) (10.1) (14.4) (13.3) 



Table 1. — Continued 

Treat
ment 

Amount 
Colostrum 

Fed 
(Liters) Calf Hour 1 Hour 2 Hour 4 Hour 8 -Hour 12 Hour 24 

3 2 4 G/T 
(3.1) 

26.1 
(10.1) 

46.3 
(11.6) 

60.5 
(10.1) 

4 1 1 G/T 
( .04) 

.3 
(1.7) 

5.3 
(2.7) 

25.3 
(3.1) 

30.3 
(4.1) 

22.4 
(3.1) 

4 1 2 G/T 
(2.3) 

0 
(3.9) 

.4 
(4.9) 

26.9 
(6.4) 

36.2 
(9.2) 

33.0 
(10.4) 

4 1 3 G/T 
(0) 

.8 
(.2) 

23.1 
(2.3) 

M/S 41.4 
(6.4) 

44.9 
(7.7) 

4 1 4 G/T 
(1.2) 

1.1 
(4.3) 

19.4 
(7.7) 

39.9 
(9.2) 

41.6 
(8.1) 

36.4 
(9.2) 

5 1 1 G/T 
(4.5) 

35.8 
(8.1) 

31.9 
(10.4) 

34.0 
(10.4) 

5 1 2 G/T 
(3.4) 

35.7 
(4.5) 

93.9 
(10.4) 

88.2 
(9.2) 

5 1 3 G/T 
(4.2) 

3.6 
(5.1) 

18.2 
(4.2) 

14.7 
(5.1) 

5 1 4 G/T 
(5.1) 

27.7 
(5.1) 

51.4 
(5.7) 

56.0 
(5.1) 

G/T = given tracer 
M/S = missing sample 
Bovine-Ig values in ( ) mg/ml 

oo 
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statistically, the variances did not differ significantly for 

human IgG values at 12 and 24 hours between treatment groups 

1 and 4, and between treatment groups 3 and 5. The mean 

values for the Ig at 12 and 24 hours did not differ signifi

cantly when analyzed with Student's t-variables for testing 

the equality of sample means between treatment groups 1 and 

4, and 3 and 5. 

It was essential to show that human Ig mixed with 

bovine colostrum would be absorbed on an equal basis with the 

bovine Ig. Figure 1 depicts the absorption curves for human 

and bovine Ig in two animals fed the two different amounts of 

colostrum containing the same amounts of human Ig (3 grams). 

It is important to emphasize that the two animals are not 

acting as controls for anything in particular, only to demon

strate that the human Ig would be absorbed in patterns 

similar to bovine over a period of time. 

As shown in Figure 1, the 3 grams of human IgG in 

1 liter reached peak levels of absorption within 4 hours. 

This was most likely due to the higher concentration of the 

Ig and the fact that 1 liter was mueh more rapidly absorbed 

than 2 liters. The same amount of Ig diluted in 2 liters of 

colostrum took up to 24 hours to reach peak levels of uptake. 

It appears that the absorption was more efficient for the 

more concentrated ration. Stott and Fellah [25] demonstrated 

in a recent study that the concentration of Ig in colostrum 
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is a major factor in absorption. They were able to show a 

linear relationship between concentration and uptake in the 

calf for both IgG arid IgM. Previous workers have placed more 

emphasis upon the amount of colostrum fed rather than the Ig 

concentration. For the uptake of the bovine Ig in the two 

animals, the curves appear quite similar. This is most likely 

due to the fact that the concentration of bovine Ig in the 

colostrum was the same even though the amount of colostrum 

was different. 

Linear regression was used to determine if a signifi

cant correlation between human and bovine Ig values could be 

shown between the animals in each treatment group. Coeffi

cients of determination showed a significant correlation 

between bovine and human values for treatment groups 1, 2 

and 4. The relationship between the two treatments 3 and 5 

was not significant (see Table 2). 

Previously, the cessation of absorption of macromole

cules from gut to systemic circulation in neonates was termed 

"closure" [12]. It is now known that there are two phases in 

the absorption of macromolecules from the intestine into the 

blood: (a) uptake or internalization within intestinal epithe

lium, and (b) transport or subsequent expulsion of the macro

molecules into systemic circulation [13]. Because cessation 

of uptake can occur, yet transport into the blood can continue, 

it has been proposed that "closure" be defined as the cessation 



Table 2. Coefficients of Determination.a 

Treatment r2 P Significance 

1 ,77 < .001 S 

2 .29 < .05 s 

3 .02 > .05 NS 

4 .51 < .001 s 

5 .28 > .05 NS 

a. In comparing human IgG and bovine Ig in 
calf sera. 
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of internalization of macromolecules via pinocytosis into 

epithelial cells [13]. 

It appears that the calf is similar to the pig in that 

closure does not occur simultaneously in all cells lining the 

intestine [10, 11]. In the piglet, closure follows a definite 

pattern in which intestinal cells in the proximal region of 

the gut lose -their ability to absorb macromolecules. Closure 

then proceeds through the jejunum and finally, the ileum at 

2-3 weeks of age [10, 11]. 

Corley et al. [5] attempted to invesiigate the influ

ence of colostrum on the transepithelial migration of Esche

richia coli in the intestine of the newborn calf. In these 

studies, calves were given either E. coli in saline, E. coli 

in colostrum, or E. coli in saline one hour after ingestion of 

1 liter of colostrum. The organism was not detected in the 

mesenteric lymph nodes of calves that received the colostrum 

one hour prior to the bacteria. Electron microscope studies 

of the intestinal tissues showed no evidence of penetration 

of the intestinal epithelium by E. coli in calves that 

received the colostrum prior to, or along with the bacteria. 

While the results might suggest that there was a reduction in 

uptake of the organism by the cells in those animals receiv

ing colostrum, other investigators have suggested that the 

immunoglobulins themselves may exert a local effect upon 

certain enteric organisms, thus preventing their adherence to 
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the intestinal wall and reducing their viability [19]. Thus 

it is not known whether the reduction in the transport of the 

E, coli was due to cessation of pinocytosis, or some effect 

that the immunoglobulins had upon the organism. 

Our laboratory was interested in observing what kind 

of results could be obtained with the use of some kind of a 

tracer protein. We were interested in determining whether a 

lack of uptake by the endocytes could be observed at certain 

times following the ingestion of colostrum. To eliminate the 

possibility of a local effect exerted upon a bacterial tracer 

a non-bovine antibody was selected. It was necessary to use 

an antibody that could be absorbed by the calf on an equal 

basis with bovine antibodies, as well as being identifiable 

and quantifiable in the serum. Staley et al. demonstrated 

that human serum proteins are nonselectively absorbed by the 

intestinal epithelial cells of newborn calves [23]. In 

Staley's study, newborn calves were given human serum protein 

human gammaglobulin, and human albumin by intragastric 

instillation. Of the three, human gammaglobulin was the 

largest component absorbed. Based upon this information and 

the availability of a mouse anti-human IgG monoclonal anti

body, human IgG was selected as the appropriate tracer anti

body for the study. 

A current model of the absorption and transfer of Ig 

suggests that pinocytotic activity of intestinal epithelial 
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cells is stimulated by contact with ingested colostrum. It 

follows that for maximum absorption, enough colostrum must be 

ingested initially to contact and stimulate all cells lining 

the small intestine. Previous studies have shown that 

dietary factors can influence the duration of intestinal 

uptake of macromolecules in certain species such as the lamb 

and pig [11, 12]. A recent study demonstrated that calves 

fed .5 and 1 liter of colostrum at birth had increased Ig 

absorption following a second feeding after 17 hours. Those 

animals that were given 2 liters at birth did not respond to 

the second feeding after 12 hours [29]. If the possibility 

exists that closure could occur within a few hours of colos

trum intake, in activated cells, it is conceivable that in 

the animals fed 2 liters of colostrum cessation of pinocy-

tosis could have occurred much earlier than 12 hours. 

In our study there were two different amounts of 

colostrum fed initially to determine if a difference could be 

detected with respect to uptake of the human Ig by the intes

tinal cells. It was of interest to see if cessation of pino-

cytosis might occur more readily when 2 liters were fed 

initially, rather than 1 liter. As shown by the results 

obtained, there was clearly uptake of the human Ig at 1, 2 

and 4 hours post-colostrum in animals fed both amounts. 

Using statistical analysis, there was no significant differ

ence between the two groups. However, if absorption is 
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related more to concentration of Xg rather than amount of 

colostrum, it seems reasonable that there would be no sig

nificant difference between those fed one and two liters 

because the. concentration of bovine Ig was the same. It is 

important to emphasize, however, that our primary objective 

in the study was not to assess the quantity of human IgG 

in the calf sera, but to determine its absence or presence 

in the blood. If absent, it could be assumed that uptake 

of the Ig did not occur and that it was most likely due to 

cessation of pinocytotic activity of the intestinal epithe

lial cells. Our results clearly show that in all animals 

fed human Ig following colostrum, there was uptake of the 

immunoglobulin by the intestinal cells. Obviously, it 

cannot be determined what portion of the cells were actually 

absorbing the Ig; however, it can be assumed that closure 

did not occur and that some cells, at least, were still 

engaged in pinocytotic activity. 

It is clear that the activity of the intestinal epi

thelial cells is crucial in determining the immunologic 

status of the neonatal calf. Immunoglobulins play a very 

important role, both systemically and locally. The period 

of time during which the cells are able to absorb macro-

molecules is essential for adequate intake. It is also 

important to minimize the amount of time that the cells are 

permeable to passage of various pathogenic organisms. Thus, 
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further elucidation of the mechanisms involved in cell clo

sure would provide extremely valuable information. It would 

be most desirable to insure adequate Ig intake in the 

shortest period of time, therefore achieving immune protec

tion, yet reducing pathogen entrance into systemic circulation 
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