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ABSTRACT 

A 48 h trial was conducted using 23 neonatal, unnursed male 

Holstein calves. Calves were fed a pooled source of colostrum at 4% 

body weight at birth and 12 h postpartum. At 24 and 36 h calves were 

fed a pooled source of second milking milk at 4% body weight. Total 

urine was collected at 12 h intervals and blood samples were taken at 

birth, 24 and 48 h. Samples of urine and serum were frozen and later 

analyzed for serum Ig, serum protein, proteinuria, and urine Ig content. 

No calves were hypogammaglobulinemic at 24 or 48 h. There was no 

correlation between serum Ig, serum protein, calf weight, urine volume 

and proteinuria (p>.05). Urine samples contained no Ig activity. 
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INTRODUCTION 

Neonatal dairy calves receive little or no passive immunity in 

utero and are born agammaglobulinemic. In addition, the calf's humoral 

immune system generally does not produce sufficient antibodies during 

the first few weeks of life for adequate protection against the myriad 

of disease organisms in its environment. Therefore, the calf at birth 

must acquire initial passive immunity to disease through the ingestion 

and absorption of immunoglobulins (Ig) in the maternal first milk, 

colostrum. 

The colostral Ig are transferred intact, with other 

lacto-proteins, through the calf's intestinal wall to the blood by a 

special cellular absorptive process "pinocytosis". This unique ability 

of the neonate calf intestine to absorb whole proteins is transitory. 

The rate of absorption declines with age and ceases at about 24 h post 

partum. Therefore, ingestion of colostral Ig immediately after birth is 

crucial for low calfhood morbidity and mortality. 

However, even after consuming adequate amounts of colostral Ig 

at birth, blood Ig titers vary widely among calves and some calves 

remain hypogammaglobulinemic. Variation in serum Ig titers have been 

primarily related to differences in colostral Ig levels ingested, time 

consumed after birth and inherent physiological differences among calves 

in intestinal absorption including malabsorption and/or premature 

intestinal closure. 
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Following the ingestion of colostrum by the neonatal calf, there 

is a concomitant proteinuria during the first 36 to 48 h after birth. 

This transient appearance of protein in the urine primarily reflects 

selective clearance by the kidney of the smaller molecular weight 

colostral proteins absorbed with the Ig. However, the latter may also 

be a contributing factor to proteinuria. 

The objectives of this study with neonatal dairy calves were: 

1). to determine if proteinuria is reflective of intestinal absorption 

in relation to serum Ig titers, and 2). to ascertain if proteinuria 

contains immunologically active Ig. 



LITERATURE REVIEW 

Introduction 

This review will be concerned primarily with the passive 

transfer of immunity in the bovine, re: the ingestion of maternal 

colostrum by the neonatal calf and the consequent appearance of 

gammaglobulin or Ig in the blood and protein in the urine (proteinuria). 

Background information will be given on related subjects including 

general mechanism of the immune system, classes of Ig, active and 

passive immunity and factors influencing blood Ig titers. Also, 

comparisons will be made with other species concerning differences in 

transfer of passive immunity. Recent reviews on this subject have been 

made by Bush and Staley (14), Butler (15,16), Jeffcott (40), Larson 

(46), Logan (50) and Roy (85). 

Immunity 

Immunity is a broad term denoting resistance of the body to an 

invasive microorganism or antigen (foreign protein). The immune 

response arises from antibodies or Ig in the blood (humoral immunity) 

and/or from cellular origin (cell-mediated immunity). The latter is 

currently receiving much attention relative to its immune functions but 

its role in passive immunity has not been elucidated. 

Classes of Immunoglobulin 

Inmunoglobulins are divided into five classes IgG, IgM, IgA, 

IgD, and IgE. Immunoglobulins basically consist of light and heavy 

3 



4 

polypeptide chains. The heavy chains are distinctively different and 

give the Ig classes their specific biological characteristics. Each Ig 

is designed to bind with a specific antigen to neutralize its 

detrimental effects to the animal (101). 

Immunoglobulin G is the principle antibody in ungulates 

representing about 85% of the total antibody concentration in bovine 

serum. It provides sustaining protection against disease and is divided 

into two subclasses, IgG 1 and IgG 2 which occur in about equal 

proportions in the blood. The molecular weight of IgG 1 is 163,000 and 

for IgG 2 150,000. 

Immunoglobulin M comprises less than 10% of the serum Ig but has 

a molecular weight of 900,000. It provides the initial immune response 

to an antigenic stimulus but its reaction period is relatively short. 

Immunoglobulin A represent only a small fraction of the total 

serum Ig concentration but is the major class of antibody in external 

secretions such as saliva, tears, bronchial and intestinal mucous and in 

the milk of humans, horses and pigs, etc. It has a molecular weight of 

180,000 to 500,000. Immunoglobulins D and E have been identified but 

their specific roles are not yet known (101). 

Active and Passive Immunity 

Active immunity refers to the ability of the body's immune 

system to produce specific Ig in response to exposure to an antigenic 

stimulus. Thereafter, the animal will have "active immunity" to that 

antigen and upon future exposure will again quickly produce large 
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amounts of Ig against that particular antigen. An animal is exposed to 

numerous antigens and becomes actively immune to many throughout life. 

Although the active immune system is the body's primary defense 

against disease, it normally does not begin to function in that capacity 

until most animals are several weeks of age (10, 23). In the bovine 

this functional development occurs at 4 to 8 weeks of life (59,94). 

Therefore, for the first several weeks of life, the neonate must be 

provided with a form of immediate or "passive immunity" for protection 

against the myriad of disease organisms it may encounter until its own 

active inmune system becomes functional. 

Passive immunity is acquired directly by the fetus in utero 

and/or by the newborn following the ingestion and absorption of 

immunoglobulins from the maternal colostrum. In 1892, Ehrlich 

recognized the difference between active and passive immunity by 

demonstrating the transference of immunity in utero in mice. While the 

newborn had never been exposed to a certain disease, they exhibited an 

immunity to the disease the same as the mother (40). 

Although passive immunity is immediate, it lasts only as long as 

the antibodies are in the blood stream. Passively acquired Ig has a 

half life of 15 to 20 days and small quantities can remain in the body 

for several months (53,60,86). 

Species Acquisition of Passive Immunity 

Rabbits, man, guinea pigs and monkeys are species that have 

normal amounts of serum Ig at birth. They receive Ig transferred 

through the placental membrane of the mother while in the womb (10,94). 
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Animals such as the rat, mouse, dog, and cat also receive maternal 

antibodies transferred in utero but, acquire additional Ig at birth from 
# 

the maternal colostrum. 

Calves, kids, lambs, foals and pigs, on the other hand, are 

species that are born agammaglobulinemic, having little or no Ig in 

their blood at birth. These animals, like the calf, can only acquire at 

most, traces of Ig in utero. There is no placental transfer of 

antibodies from the mother thus passive immunity must be obtained 

postnatally through the ingestion and intestinal absorption of Ig in the 

maternal colostrum (61,89,94). 

Theories on Acquisition of Passive Immunity in Utero 

There are two major theories concerning the differences in 

acquisition of passive immunity in utero among the species. These are 

the "placental barrier theory" and "yolk sac theory". Neither has been 

totally substantiated. 

In the placental barrier theory, the lack of transfer of Ig to 

the foal, pig and ruminant fetus is attributed to the number of 

placental cell layers separating the fetus and maternal blood supply 

(84). These species have five, as in the bovine, to six cell layers. 

In contrast, carnivores (dogs, cats), man and rodents have four or less 

cell layers and Ig are readily transferred to the fetal blood (9). 

However, Jeffcott (40) believes that even when the greater number of 

layers are present it does not necessarily mean they form a physical 

barrier between the two circulations. 

s 
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In the yolk sac theory, the blood level of antibody at the time 

of birth is directly correlated with the development and time of 

withdrawal of the yolk sac into the umbilical cord. In the newborn that 

have a high serum immunoglobulin level, the yolk sac is exposed to the 

uterine lumen during most of the pregnancy. On the other hand, animals 

with little or no serum Ig levels at birth have the yolk sac withdrawn 

into the umbilical cord early in pregnancy where there is little 

prenatal absorption (10). 

Colostrum 

Colostrum is the first lacteal secretion following parturition. 

Its greater difference in total solids, up to 27%, as compared to milk, 

12.5%, is reflected primarily in the protein content, up to 15% vs 2.5%, 

wherein 50 to 60% of the colostral protein may represent the Ig 

(1,12,21,51,88). Following the first colostral milking there is a rapid 

decline in Ig with successive milkings (35). Bush et al. (12) reported 

a decline in mean colostral Ig titers from 6% to a level of 2.4% in 24 

h. This marked change emphasizes the importance of feeding the newborn 

calf colostrum at birth and for several feedings thereafter. 

Colostrum and milk contain two basic protein groups, 

milk-specific proteins and plasma proteins (40,59). Milk-specific 

proteins are casein, 8-lactoglobulin, lactalbumin, lactoferrin and 

minor proteins such as enzymes and unidentified constituents. 

Plasma proteins are transferred essentially unchanged into the 

colostrum and can be broken down into serum albumin, ^-antitrypsin, 

acid- j-glyoprotein, B^AC-globulin and immunoglobulins G, M, and A. 
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Colostrum may contain up to five times more immunoglobulin than 

maternal blood (69). However, only IgG 1 is selectively secreted into 

the colostrum in large amounts accounting for 80-90% of the total IgG. 

Proportions of colostral Ig are similar to those in the serum with IgG 

making up 85-90%, IgM about 10% and IgA less than 5%of the Ig 

concentration (46,82). 

It has long been known that calves with a low Ig titer are more 

susceptible to disease. Smith and Little (92), in 1922 proved the 

importance of colostrum for the survival of the neonatal bovine. They 

found a 75-80% mortality rate in calves deprived of colostrum, whereas 

all calves which ingested colostrum lived. In the same year, Orcutt and 

Howe (65) reported that low Ig titer calves tended to die more easily. 

McEwan, Fisher and Selman (63) in 1970, observed a negative 

correlation between serum Ig levels and susceptibility to neonatal 

disease in 415 calves the first week after birth. Other researchers have 

found a positive correlation between low Ig and calf mortality and 

morbidity (6,11,26,38,70). In 1974, Irwin (38) found that of the very 

low Ig titer calves, eight out of ten died. 

In addition to the role of colostrum in providing systemic 

immunity to the neonatal calf, colostrum also has been reported to 

exhibit a protective function within the gastrointestinal tract (51). 

The intestinal transmission of pathogenic bacteria has been shown to 

readily occur in colostrum deprived neonatal calves, however, 

penetration of the intestinal epithelium was prevented when colostrum 

was present in the intestinal lumen (14). Colostrum fills the 
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intestinal epithelial cells and creates a protective barrier against the 

absorption of bacteria into the systemic system. 

Intestinal Absorption of Lacto-proteins 

The lacto-proteins, with specific interest in the 

immunoglobulins, are absorbed by the distal portion of the small 

intestine with no absorption occurring in the abomasum or the large 

intestine in the neonatal bovine (20,39). It is agreed by most 

sources that this intestinal absorption is essentially non-selective, 

and that IgM and IgG are absorbed with almost equal efficiency along 

with other colostral whey proteins during intestinal permeability 

(2,5,14,22,41,79). Non-selective absorption has also been reported in 

the pig (32,34,80), lamb (57), guinea pig, hamster, rabbit (47)and 

foal (40). 

This differs from the neonatal rat who has shown selective 

absorption of homologous proteins (4). When serum was fed to suckling 

rats, gammaglobulin was readily absorbed but only traces of albumin and 

other globulins passed into the circulation. 

During neonatal intestinal permeability the Ig and 

lacto-proteins are absorbed in their whole state through the intestinal 

wall by the absorptive process "pinocytosis". In pinocytosis, as 

described by Holter (36), the fluid, containing the particles to be 

absorbed, is taken up discontinuously in droplets that are engulfed by 

the cell. The process is thus morpologically, quite different from the 

usual uptake of fluid by diffusion through the cell surface. 
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The droplets containing the colostral proteins taken into the 

epithelial cells by pinocytosis are transferred across the cells in 

vacuoles. Once the vacuoles are filled, the proteins drain into the 

mesenteric lymphatics, pass through the thoracic duct and into the 

peripheral blood (2,3,12,17,20). 

The colostral Ig remain unchanged during transfer from the 

intestine to the blood (2,3,20,30,81). The entire process of 

pinocytosis transfer was studied in vitro in pigs by Pierce and Smith 

(81). Using bovine immune lactoglobulin, they could find no digestion 

of the transferred proteins. 

Bangham et al. (4) reported that in suckling rats fed 

131-I-labelled whole serum a large proportion of the protein activity 

was degraded to smaller molecules which entered the blood vascular 

capillaries and extra-cellular fluid. However, no similar degradation 

has been found to occur in calves (2,5). 

Absorbed Ig appears in blood serum approximately three hours 

after the calf ingests colostrum (5,54). Therefore, in addition to the 

previously noted protective value of colostrum in the intestinal lumen, 

it is equally critical that the calf ingest colostrum as soon after 

birth as possible so the time it exists without passive immunity is 

minimal. 

Intestinal Closure to Lacto-proteins 

The permeability of the intestinal wall to absorption of whole 

proteins is transitory, and the epithelial cells of the small intestine 

undergo a process known as closure (93). Leece and Morgan (48) define 
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closure as, "the cessation of absorption of macromolecules from the gut 

to blood in neonates." It is the general consensus that closure in the 

bovine and foal is related to age and takes place within the first 24 to 

36 h after birth (3,14,22,40,67). Closure occurs whether the calf 

ingests colostrum, milk, or any food substance or nothing at all. 

Absorption of colostrum proteins diminishes with age. Kruse 

(43) reported that by delaying feeding 2 to 20 h after birth the 

absorption coefficient was reduced linearly by 50%. Gay (30), contends 

that some calves may lose absorptive powers as early as 6 to 8 h after 

birth. 

Penhale et al. (71) correlated the independent closure of the Ig 

classes in calves fed a pooled source of colostrum at 1, 5 or 9 h after 

birth. They concluded that closure was a gradual process and regardless 

of feeding time was completed by about 16, 22 and 27 h after birth for 

IgM, IgA and IgG, respectively. Stott et al. (98,99) estimated closure 

in 210 calves at 24 h of age with a normal distribution having a 

standard deviation of approximately 4 h. As feeding time was delayed, 

the estimated time for closure was also delayed. But, closure occurred 

at a progressively increased rate with age after 12 h of life. 

Differences in closure for Ig classes were not significant. 

In swine, closure is a function of feeding and normally occurs 

at 24 to 36 h of neonatal life. However, absorption of colostrum Ig has 

been shown to continue up to 86 h (48) and as long as 106 h 

(18,49,67,68) after birth if the piglet previously intakes only water. 

However, once any protein gets into the intestinal tract, closure 

begins. Ig absorption would probably continue indefinitely, but 106 h is 



the maximum length of time the animal can survive satisfactorily on only 

water (19). Closure occurs in the guinea pig at one day, in the hamster 

about 5 days and in the rabbit at 23 days (47). 

rats and mice, have the ability to absorb antibodies and 

colloidal materials until approximately 18 days after birth (17). 

However, cortisone acetate, administered subcutaneously at 8 to 10 day 

of age alter the structure of the intestinal cells within 72 h and 

absorption ceases (17). 

Hormones appear to have no effect on the permeability of small 

intestine to globulin proteins in the neonatal bovine. Calves injected 

with adrenocorticotropic hormone, cortisone, diethylstilbestrol, and 

progesterone showed no alterations in permeability of the small 

intestine or time of closure (22). Administration of somatotropin 

(growth hormone) also did not alter intestinal permeability to immune 

proteins (94). 

Smith, Reed and Erwin (94) found that gammaglobulin infused into 

the amniotic fluid in utero was not absorbed by the bovine fetus, or if 

absorbed, the titer was not retained until birth. Two calves delivered 

by Cesarean section, two to three weeks premature, absorbed colostral Ig 

whereas a third calf not fed until 38 h after birth showed no 

absorption. Apparently premature birth has little affect on the 

absorptive state of the intestine. 

The pH in the small intestine changes as gastric glands develop. 

This has also been suggested to have an effect on closure. However, 

Halliday (31) found that commencement of digestion of solid food was not 
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responsible for closure to absorption of globulin proteins in the rat. 

This is thought to be similar in the neonatal bovine. 

Hardy, Hockaday and Tap (34) claim that closure in piglets is 

not due to pinocytosis ceasing in the cell but the failure of the cell 

to process or release the material'. Cells lining the neonatal small 

intestine are being replaced constantly, and the new cells are not 

capable of absorption and transmission of globulin proteins . Staley 

(96) states that the cessation of transfer of material to the 

intercellular or subcellular space appears to be the dominant feature of 

closure in the bovine and not the inability of absorption. The process 

of closure apparently occurs in retrograde fashion beginning with the 

failure of the basal cell membrane to release the evacuated material 

followed by cessation of transport and uptake by the vacuolar and 

tabular system (96). Although, the end result of closure is the same, 

wide specie differences exist in the manner in which it is accomplished. 

Much is yet to be learned about this highly complex physiological 

process. 

Variance in Calf Serum Immunoglobulin Titers 

Wide variations in serum gammaglobulins, including 

hypogammaglobulinemia, have been observed in calves known to have 

consumed colostrum within a few hours after birth 

(13,41,52,53,62,95,102). Differences in serum Ig titers have been 

related to several factors including 1) amount of Ig consumed, 2) time 

of colostrum consumption, 3) intrinsic substances in colostrum, 4) 
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environmental stress and 5) genetic differences in intestinal 

absorption. 

Amount of Immunoglobulin Consumed 

Selman, McGwan and Fisher reported no instances of 

agammaglobulinemia in calves fed colostrum (87). In contrast, Klaus, 

Bennett and Jones (41) found that the degree of globulin absorption and 

serum Ig concentration varied considerably from calf to calf. They 

reported that some calves remained agammaglobulinemic despite ingestion 

of colostrum. However, in their trial, calves suckled the dam, so total 

ingestion of colostrum was not determined for each calf, thus perhaps 

some calves ingested hardly any colostrum at all. Cows with bulbous 

teats, mammary edema, mastitis, poor mothering disposition or calves of 

poor physical condition (weak, birth injury etc«) may limit the amount 

of colostrum a calf may ingest by nursing (41). 

Most researchers agree there is a positive correlation between 

the amount of colostrum and/or colostral Ig ingested and serum Ig titers 

in neonatal calves (12,13,62,93,100). Low concentrations of colostral 

Ig have been associated with low serum Ig titers (43), but other studies 

found no similar relationship (41,100). 

Bush et al.(12,13) ascertained that the absolute amount and not 

the concentration of colostral Ig ingested was most important. They 

concluded that 50 to 68% of the variation found in blood serum Ig levels 

in calves at 24 h after birth could be attributed to differences in the 

amount of colostrum consumed. More recently Stott et al. (100) 
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determined that calves fed .5, 1 or 2 liters of pooled colostrum at 

birth correspondingly had 4.5, 8.5 and 14.9 mg/ml of IgG in their serum. 

Time of Colostrum Consumption 

As previously noted in the discussion on intestinal closure, 

time of ingestion of colostrum after birth is critical to intestinal 

absorption and serum concentration of Ig in the bovine neonate 

(14,44,50,100). Absorption of colostral Ig from the intestinal lumen 

and transfer to the blood starts to diminish at 12 h after birth, 

decreasing at 20 h to nearly one-half the uptake at 2 h. Stott et al. 

(100) reported that colostrum feeding at birth produced the highest 

concentration in the serum of calves first fed pooled colostrum at 0, 4, 

8, 12, 16, 20 and 24 h of age. Serum Ig titers decreased progressively 

with each 4 h increase in feeding age. 

Intrinsic Substances in Colostrum 

Specific "enhancement factors" in colostrum play a part in the 

absorption efficiency of Ig by the small intestine (3,33). These 

substances accelerate absorption, but, like enzymes in reactions, they 

are not entirely responsible for it. Jeffcott (40) states there are 

two groups of substances, a protein fraction probably of low molecular 

weight and phosphate compounds, that seem to be important in the 

absorption of colostral immune proteins. 

Inorganic phosphate, glucose-6-phosphate, lactate, pyruvate and 

butyrate all have been shown to hasten Ig absorption (3,33). Histamine 

was thought to be an enhancement factor since its concentration is about 

three times the amount in normal milk. However, apparently it has no 
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effect on absorption (66). Balfour and Comline (3) determined that 

absorption is to a large extent dependent upon factors in the colostrum 

since Ig fed alone is poorly absorbed. 

Environmental Stress 

High temperatures, humidity and seasonal changes may also play a 

part in absorption and serum Ig variation. In a study with over 1,000 

calves, McEwan, Selman, and Fisher (63) observed a very pronounced 

seasonal variation in serum Ig concentrations, with the highest levels 

occurring during the summer and early autumn. 

Stott et al. (97) found that neonatal calves exposed to high 

summer temperatures above 37.8° C had slightly higher body 

temperatures, higher serum corticosteroids, lower serum Ig and a higher 

mortality rate. In contrast, Selman, McEwan and Fisher (87) found no 

effect of ambient temperatures as low as -8.8° C on Ig absorption. The 

seasonal effect on calves as it relates to Ig absorption, is in large a 

product of the area, and how extreme the environmental conditions and 

changes are. 

Genetic Differences in Intestinal Ig Absorption 

Agammaglobulinemia and hypogammaglobulinemia have been observed 

to occur in some calves in spite of consuming colostrum at birth 

(12,41,87,90), thereby suggesting a possible failure in the intestinal 

absorption mechanism. However, in these studies calves consumed 

individual sources of maternal colostrum and the amounts ingested were 

not known and/or were fed without regard to calf size. These 



differences precluded determining if the intestinal absorption mechanism 

per se was at fault. 

To further investigate the latter possibility, Kuiper et al. 

(45) fed newborn calves, according to body weight, a uniform source of 

colostrum pooled from several cows. Serum Ig levels in calves at 24 h 

ranged from 0.24 to 9.18 mg/ml with a mean titer of 5.51 mg/ml. Wegner 

and Schuh (103) in a study using the same procedures, also observed a 

marked variation in serum Ig. In these studies, sex or size of calf 

were not related to serum Ig levels. These researchers concluded that 

genetic differences in intestinal absorption in neonatal calves is 

apparently responsible for a major portion of the variation in blood 

serum Ig titers. 

Proteinuria 

According to Jeffcott (40) the presence of protein in the urine 

of new-born calves was first detected by Langstein and Newberg in 1907. 

In 1924, Smith and Little (91) observed that proteinuria occurred only 

if calves had consumed colostrum and that the condition disappeared 

after the third day of life. Howe (37) in 1924 reported that the 

appearance of protein in the urine correlated with the presence of Ig in 

the blood. In 1957, Deutsch and Smith (22) showed that protein 

excretion rises from birth to about 14 h, and urinary collections after 

18 h contain very small amounts of protein. At most, proteinuria in the 

calf lasts only the first few days of life after colostrum is consumed 

(58,74,77,78). 
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Proteinuria occurs in other species besides the bovine. 

McDougall (58), in a trial comparing the proteinuria of calves, kids and 

lambs, found that proteinuria occurred regularly in lambs but was often 

absent in goats and calves. He justified the absence by suggesting that 

the colostrum ingested was perhaps, at the time, not very rich in 

proteins. However, the protein concentrations of the colostrums were 

not known. 

Physical Properties 

Proteinuria primarily represents small molecular weight proteins 

derived from colostral protein absorbed with the immune lactoglobulin. 

These lower molecular weight proteins are absorbed across the intestinal 

mucosa into the blood but unlike the larger molecular Ig are not 

retained by the kidney glomerulus (22,74,75,78). The glomerular 

membrane of the normal human adult kidney is permeable to protein with 

molecular weight less than 70,000 (7). Molecules less than 50,000 and 

in particular B-lactoglobulin have been shown by Marshall and Deutsch 

(56) to be readily filtered by the dog kidney. 

Deutsch and Smith (22) identified B-lactoglobulin as a major 

component of proteinuria in calves. Pierce and Johnson (78) contend 

that B-lactoglobulin and lactalbumin are not readily present in the 

blood of neonatal calves because they are selectively cleared from 

circulation by glomerular filtration in the kidney. On the same token, 

the high concentration of Ig in serum arises from the impermeability of 

the kidney to that protein. Pierce (76) verified that protein lost in 

the urine is almost entirely lactalbumin and B-lactoglobulin. 
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Pierce (75) intravenously injected or fed calves gelatin having 

a molecular weight of the same order of magnitude (35, 400-40,000) as 

the B-lactoglobulins. Gelatin injected during or after the period of 

gut permeability produced a transient proteinuria. But, when calves 

were fed gelatin for 56 h the pattern of protein excretion, 

characteristic for colostrum fed calves, persisted only during the 

period of intestinal permeability. He concluded that transient 

proteinuria was related to a decrease in intestinal permeability to low 

molecular weight proteins and not to changes in renal permeability. 

s Payne and Marsh (67) ascertained that the total absorptive area 

of the small intestine takes in far more gammaglobulin than the 

circulatory system will need or allow, the excess being eliminated 

through the kidneys. They concluded that very small amounts of serum 

colostral gammaglobulin spill over into the urine as the last of the 

lower molecular weight proteins are eliminated. McCarthy and McDougall 

(57) reported that proteinuria in lambs appeared to include globulin 

having an appreciable agglutinin titer. 

If proteinuria contains Ig, the latter is apparently degraded to 

such an extent it can no longer be distinguished. The limited or 

occasional presence of antibody activity and protein with 

electrophoretic mobility of gammaglobulin is to be explained probably on 

the basis of molecular degradation at some state between absorption from 

the small intestine and excretion in the urine (78). Most sources agree 

that there is little evidence of Ig in the proteinuria and that the 

major portion is B-lactoglobulin (58,76,77,78). 
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Proteinuria has been clearly identified as being related to the 

period of intestinal permeability and the appearance of colostral Ig in 

the serum of neonatal calves. However, no studies have been reviewed 

correlating serum Ig levels with protein concentration in the urine. 

The purpose of this study is to determine if proteinuria is reflective 

of serum Ig titers and accordingly variations in intestinal permeability 

to the colostral proteins. 



PROCEDURE 

Management of Calves 

The experiment was conducted from June 24, to July 30, 1981. 

Temperature and environmental conditions were uniform during the study. 

Twenty-three newborn, uhnursed, Holstein male calves were used in the 

experiment. Four calves were obtained from the University Dairy 

Research Center and 19 calves from a large commercial dairy (Shamrock 

Farms, Inc.) located about twelve miles from the university farm. 

Calving was observed to ascertain that no calves suckled prior 

to removal from their dams. Calves from the commercial dairy were 

transported immediately to the university farm. The calves were 

weighed, a blood sample taken and each calf was fed colostrum within two 

h after birth. Immediately thereafter, each calf was placed in an 

elevated digestion pen for 48 h. Observations on the occurrence of 

diarrhea and general health were recorded throughout the experiment. 

Colostrum Feeding 

Colostrum, the first milking post-parturition, was collected 

from six cows at the university dairy. The colostrum was blended, 

stored in 3.8 liter containers, frozen, and thawed prior to feeding as 

needed. Milk from the second milking postpartum was handled in the same 

manner. Colostrum and the second postpartum milk were fed via nipple 

bottle at 4% of each calf's body weight per feeding. Calves were fed 

21 
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colostrum at the initial feeding and 12 h later. Second postpartum milk 

was given at the 24 and 36 h feedings. 

Sample Collection 

A blood sample was collected prior to initial feeding and 

thereafter at 24 and 48 h. Blood was taken from the jugular vein in 10 

ml Vacutainers® and immediately refrigerated.. The clotted blood was 

centrifuged and the serum pipetted into vials and frozen at -20 C until 

analyzed. 

Calves were allowed to urinate spontaneously during the trial 

except the prepuce was manually manipulated to initiate micturation at 

the end of the 48 h collection period. Urine was filtered through glass 

fiber and collected in glass bottles with .5% formaldehyde added for 

preservation. Urine volume was measured at 12, 24, 36 and 48 h., 

filtered a second time through glass fiber and aliquot samples frozen 

for analysis. 

Sample Analysis 

Blood and urine samples were assayed for Ig concentration by 

means of the radial gel diffusion test (25,27,29,83). In this test, 

agarose containing a commercial rabbit anti-bovine Ig sera was poured 

onto glass plates. Samples of the calf serum, urine and standard 

samples of known Ig concentration were placed in small wells cut in to 

the agarose. The plates were then incubated 12 h at 4° C in humidifier 

chambers to prevent drying. Diffusion of Ig in the samples and 

standards into the agarose produced antigen-antibody precipitate rings 

around the wells. Diameter of the rings was used to determine the 
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concentration of bovine Ig in the samples as compared to the standards. 

The precipitin rings were measured using a dark field viewer equipped 

with an ocular micrometer. 

Bio-Rad protein determinations were run on all urine and blood 

samples (8,55). Purified bovine (Bio-Rad) IgG which was quantitated by 

Bio-Rad protein was used as a primary standard for all Bio-Rad protein 

determinations. Samples were serially diluted with distilled water. 

Bio-Rad protein determinations were read on a Beckman model VU 8 

spectrophotometer. 

Statistical Computations 

A four parameter logistic transformation compiled by Kuehl (42) 

for competitive ligand assays and modified by Fleenor (28) for RID was 

used to fit all standard curves. Controls were within two standard 

deviations. Data was analyzed partly by two statistical computer 

packages, SPSS (64) and BMD1R (24). 



RESULTS AND DISCUSSION 

No difficulty was encountered in feeding each calf its 

required amount of colostrum. All calves received colostrum within one 

to two h after birth. Calves exhibited no health problems although two 

calves had mild cases of diarrhea during the latter part of the urine 

collection period. Birth weight of calves ranged from 31.3 to 48.1 kg 

with a mean of 41.3 kg (appendix table 6). 

Blood Serum Immunoglobulin and Protein 

Mean precolostral calf serum Ig and protein values are in Table 

1. Individual values are listed in appendix tables 4 and 5. 

Eighteen calves had no serum Ig. Five calves had an Ig titer of 

0.9 to 6.7 mg/ml at birth. The occurrence of Ig in the serum of some 

calves at birth is not uncommon. Similar concentrations of Ig have been 

reported in the precolostral serum of calves in other studies 

(41,45,73,88,97,100). Low levels of Ig have also been observed in 

newborn unsuckled pigs (80) and foals (40). 

Ig increased in the serum of all postcolostral calves from zero 

to 24 h. The 24 h range of serum Ig was 5.4 to 35.6 mg/ml with a mean 

of 12.7 mg/ml. This finding differs from several studies wherein some 

calves remained agammaglobulinemic following the ingestion of colostrum 

(12,41,87,90,100). 

The 48 h postcolostral range of serum Ig was 6.1 to 35.6 mg/ml 

with a mean of 13.1 mg/ml. These values were almost the same as the 24 
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Table 1. Mean serum Ig and serum proteins (mg/ml) in calves from 0 to 
48 h 

Hour Mean Range S. D. 

Serum Ig 

0 0.5 0.0 - 6.7 1.4 

24 12.7 5.4 - 35.6 6.7 

48 13.1 6.1 - 35.6 6.4 

Serum Protein 

0 53.3 38.1 - 61.0 6.3 

24 65.3 52.0 - 68.9 10.3 

48 68.9 43.0 - 86.0 8.1 
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h serum Ig concentrations. However, 48 h serum Ig levels increased in 

some calves but decreased in others irrespective of their individual 24 

h titer. Klaus, Bennett and Jones (41) also reported little difference 

in 24 and 48 h mean Ig serum values. 

Wide serum Ig variations among individual calves and low serum 

Ig concentrations in some calves in this study, have also been reported 

in postcolostral calves by other researchers (14,44,45,53,54,63). These 

marked serum Ig variations and hypogammaglobulinemia have been 

attributed largely to differences in amounts of colostral Ig consumed 

per unit body weight (14,63,44) and/or intrinsic factors in the 

colostrum of individual cows (3,33,66). It has also been suggested that 

low concentrations of serum Ig levels in postcolostral calves may result 

from a failure in the intestinal absorption mechanism (14,63). 

Calves in this study were fed a uniform source of colostrum in 

relation to body weight. No correlation could be found between body 

weight or amount of colostral Ig consumed and serum Ig levels at 24 and 

48 h. These findings agree with those of Kuiper (45) who concluded that 

variations in serum Ig titers among calves fed a uniform source of 

colostrum per unit body weight were largely related to differences in 

intestinal absorption and not to intrinsic factors or amount of Ig 

consumed. 

Mean serum protein in precolostral calves increased from 53.3 

mg/ml to 65.3 mg/ml at 24 h and 68.9 mg/ml at 48 h after initial (zero 

h) feeding of colostrum. These values compare favorably with results of 

McEwan, Fisher and Selman (63) who found mean serum protein levels of 44 

mg/ml in precolostral calves and 70 mg/ml at 72 h postcolostral feeding. 
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Tennant et al. (102) also reported similar serum protein levels 

in calves allowed to nurse their dams up to 3 days after birth. Serum 

protein means and individual ranges were, respectively, 56 mg/ml and 

40-80 mg/ml at birth, 64 mg/ml and 47-91 mg/ml at 24 h and 66 mg/ml and 

48-91 mg/ml at 48 h. 

Although serum protein levels among calves generally increased 

following ingestion of colostrum, there was no correlation between serum 

protein and Ig levels (p>.05). In addition, protein measurements in 

some precolostral calves were higher than in some postcolostral calves. 

Accordingly, Tennant et al. (102) found higher serum protein levels 

among some colostrum deprived calves versus calves fed colostrum. On 

the other hand, Pfeiffer et al. (72) reported increases in total serum 

protein and Ig concentration were significantly correlated in neonatal 

beef calves. However, the correlation decreased greatly in calves with 

low serum Ig levels. 

Tennant et al. (102) also found a slight decrease in calf serum 

albumin concomitant with colostrum ingestion and a rise in serum Ig from 

zero to 24 h. In contrast, McEwan, Fisher and Selman (63) found no 

change in serum albumin levels after calves were fed colostrum. 

Proteinuria 

Mean calf proteinuria values at 12, 24, 36 and 48 h are in table 

2. Individual calf urine protein data are in appendix table 3. 

Proteinuria occurred in all calves postcolostral feeding. This 

concurs with the findings of other workers (22,91,37,78,74). However, 



Table 2. Mean urine protein (mg/ml) in calves from 0 to 48 ' 

Hour Mean Range S. D. 

0 - 1 2  3.7 0.0 - 6.2 2.0 

12 - 24 4.4 1.1 - 7.4 2.0 

24 - 36 4.1 1.0 - 8.2 2.5 

36 - 48 2.5 0.7 - 6.4 1.3 
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McDougall (58) reported that proteinuria appeared in 90% of calves 

suckling their dams but only 29% of bucket fed calves. 

Calves had a mean proteinuria of 3.6 mg/ml and a range of 0.0 to 

8.2 mg/ml in the 48 h collection period following ingestion of 

colostrum. Other researchers (58,74,78) have reported higher values but 

the amounts and sources of colostrum fed to the calves varied and total 

urine volume was not obtained from all calves. 

Pierce (78) and Pierce and Johnson (74) reported proteinuria 

levels of 2 to 20 mg/ml up to 36 h and 4.4 to 21 mg/ml through 56 h 

respectively, in postcolostral hand fed calves. McDougall (58) found 

urine protein concentrations ranging from trace amounts to about 30 

mg/ml at sampling intervals through 50 h in calves nursed by their dams 

or bucket fed colostrum. 

In this study, a mean proteinuria of 3.7 mg/ml occurred at 12 h, 

4.4 mg/ml at 24 h, 4.1 mg/ml at 36 h and 2.5 mg/ml at 48 h. This 

correlates with the findings of Pierce (74) who observed an increasing 

rate of postcolostral urine protein excretion up to 17-26 h, with 

diminishing levels to 40 h. Proteinuria was not correlated with 

colostrum consumption, body weight, serum protein and serum Ig (p>.05). 

Accordingly, proteinuria could not be related to possible malabsorption 

or differences in intestinal absorption of colostral protein, since no 

calf in this study remained postcolostral agammaglobulinemic. 

No Ig activity was found in any urine sample. This agrees with 

Pierce (74,76,77) and Pierce and Johnson (78) who in detailed studies 

could find no evidence that immune lactoglobulin significantly 

contributed to proteinuria. However, it was suggested that small 



amounts of Ig might be present in degraded forms (78). McDougall 

concurred with these observations and identified an electrophoretic slow 

moving component in calf urine that could be degraded immune 

lactoglobulin (26). 

It could not be determined if Ig is responsible for 

postcolostral proteinuria. If proteinuria contains Ig it has been 

altered or degraded to such an extent that it cannot be readily 

identified by the physicochemical and immunological methods used. On 

the other hand, the likelihood of colostral Ig being rapidly degraded 

and excreted so as to represent a major portion of proteinuria does not 

seem physiologically prudent considering its immunological importance to 

the health and well being of the neonatal calf. 



APPENDIX A 

TABULAR DATA 
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Table 3. Urine volume, total protein and protein concentration in 
individual calves from 0 to 48 h 

Calf No. Period Volume Concentration Average Total 
Concentration Protein 

hours ml mg/ml mg/ml mg 

1 24 405 6.4 2542.6 
36 165 1.0 154.1 
48 122 2.0 246.1 

Total 692 4.3 2942.8 

2 12 329 6.2 2039.8 
24 184 4.6 846.4 
48 300 1.4 417.6 

Total 813 4.1 3303.8 

3 24 634 2.1 1331.4 
36 195 1.2 227.8 
48 337 2.5 858.8 

Total 1166 2.1 2418.0 

4 12 617 1.0 615.2 
48 740 2.2 1605.8 

Total 1357 3.0 2211.0 

5 12 115 1.2 136.0 
24 177 4.8 853.0 
48 459 2.7 1247.6 

Total 751 3.0 2236.6 

6 48 925 3.1 2873.1 
Total 925 3.1 2873.1 

7 12 178 1.9 341.0 
36 1044 2.9 3005.7 
48 480 1.1 520.8 

Total 1702 2.3 3867.5 

8 12 480 3.5 1700.6 
24 400 5.4 2167.2 
36 730 4.0 2936.1 

Total 1610 4.2 6803.9 
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Table 3.—Continued 

Calf No. Period Volume 

hours ml 

Concentration 

mg/ml 

Average 
Concentration 

mg/ml 

Total 
Protein 

tng 

10 

11 

12 

13 

14 

15 

16 

12 
24 
48 

Total 

24 
48 

Total 

12 
24 
36 
48 

Total 

24 
Total 

12 
24 
36 
48 

Total 

24 
36 
48 

Total 

24 
36 
48 

Total 

12 
24 
36 
48 

Total 

105 
227 
584 
916 

302 
356 
661 

274 
293 
398 
250 
1215 

549 
549 

62 
217 
229 
249 
757 

440 
141 
255 
836 

227 
365 
342 
934 

268 
259 
228 
80 

835 

0 .0  
2 . 2  
1.9 

6.2 
6.4 

3.6 
3.2 
2.9 
1.3 

5.7 

1.0 
5.0 
3.4 
2.0 

6 . 8  
8 . 2  
1 . 2  

7.4 
8.0 
5.4 

4.0 
4.9 
6.4 
3.5 

1 . 8  

6.3 

2.8 

5.7 

2.9 

5.3 

6.9 

4.9 

0 .0  
498.9 
1109.6 
1608.5 

1864.9 
2310.2 
4175.1 

979.8 
929.1 
1137.1 
326.8 
3372.8 

3122.2 
3122.2 

62.5 
1091.9 
782.0 
511.2 
2474.3 

2992.9 
1157.3 
294.5 

4444.7 

1678.9 
2912.7 
1857.1 
6448.7 

1060.2 
1278.9 
1462.2 

280.6 
4081.9 
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Table 3.—Continued 

Calf No. Period Volume Concentration Average Total 
Concentration Protein 

hours ml mg/ml rag/ml rag 

17 24 810 4.8 3905.0 
48 355 3.1 1104.0 

Total 1165 4.3 5009.0 

18 24 710 1.6 1150.9 
48 875 3.8 3295.3 

Total 1585 2.8 4446.2 

19 12 226 2.0 447.0 
24 398 1.3 524.6 
48 560 1.3 738.1 

Total 1184 1.4 1709.7 

20 12 176 5.3 935.3 
24 490 7.0 3417.3 
48 366 3.3 1197.6 

Total 1032 5.4 5550.0 

21 24 434 3.8 1652.3 
36 106 4.5 477.6 
48 276 2.2 607.8 

Total 816 3.3 2737.6 

22 12 345 0.5 156.9 
24 288 1.1 319.7 
48 228 1.8 412.5 

Total 861 1.0 889.1 

23 36 1056 2.4 2498.5 
48 482 0.7 332.6 

Total 1538 1.8 2831.1 
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Table 4. Serum blood proteins (mg/ml) of individual calves at 0, 24 and 
48 h 

Calf number hour 
0 24 48 

1 49.8 85.9 86.1 
2 57.1 69.2 70.6 
3 59.7 78.9 74.1 
4 58.1 61.6 75.4 
5 60.9 65.2 66.7 
6 51.0 -* 43.1 
7 54.9 53.4 66.8 
8 51.5 72.4 67.8 
9 58.7 65.1 69.9 
10 53.6 72.2 72.2 
11 53.6 68.9 73.8 
12 45.3 69.3 69.4 
13 38.1 48.9 63.0 
14 51.7 52.4 60.7 
15 47.2 78.2 58.1 
16 66.1 77.2 83.0 
17 53.9 63.9 68.4 
18 52.7 52.7 61.3 
19 46.3 67.7 73.8 
20 52.7 69.6 70.6 
21 56.8 56.7 65.9 
22 58.4 57.5 70.9 
23 45.3 49.5 47.4 

* Sample not obtained. 



Table 5. Serum IgG titers (mg/ml) of individual calves at 0, 24 and 48 h 

Calf number hour 
0 24 48 

1 .0 7.7 8.6 
2 .0 17.1 12.7 
3 .0 24.2 24.2 
4 .0 12.7 12.7 
5 .0 14.7 12.7 
6 .0 * 6.1 
7 .0 11.1 11.1 
8 .0 11.1 12.7 
9 .0 11.1 7.7 
10 1.4 12.7 9.9 
11 1.5 8.8 9.9 
12 .0 11.2 14.6 
13 .0 5.7 7.0 
14 1.5 9.9 11.2 
15 .0 14.6 14.6 
16 .0 9.9 19.7 
17 .0 9.9 14.6 
18 .0 9.9 11.2 
19 .0 7.9 9.9 
20 6.7 35.6 35.6 
21 .0 9.5 9.5 
22 .0 5.4 9.5 
23 .9 19.3 8.4 

* Sample not obtained. 



Table 6. Calf Body Weights (kg) 

Calf number Weight 

1 35.4 
2 39.9 
3 44.5 
4 39.5 
5 33.6 
6 33.6 
7 35.4 
8 48.1 
9 31.3 
10 34.0 
11 43.5 
12 40.4 
13 42.6 
14 41.7 
15 48.1 
16 44.9 
17 45.1 
18 41.3 
19 44.9 
20 39.0 
21 47.6 
22 39.0 
23 48.1 
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