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ABSTRACT

Wide variations in blood serum immunoglobulins 
(Ig) and hypogammaglobulinemia in newborn calves have been 
attributed to differences in amount and time of colostral 
Ig ingestion and/or factors affecting intestinal Ig absorp
tion including stress from difficult birth (dystocia), 
heat stress and inherent factors in colostrum. This study 
was designed to determine differences in absorbed colostral 
IgG serum titers in 29 male and 15 female neonatal Holstein 
calves. The calves were fed a uniform source (frozen), of 
colostrum immediately after birth at 2% of birth weight 
followed by water, 0.2% birth weight, to rinse the nipple 
bottle. No additional feed was given in the next 24 hours 
except water at 1% of birth weight was fed at 12 hours.

A blood sample was taken, before feeding colostrum 
and 24 hours later. Calves were penned in open shaded 
shelters. Absorbed IgG serum titers were not (P >.05) 
related to sex, body weight, dystocia (9 cases) or ambient 
temperatures of 47 to 114°F. Absorbed IgG in the serum of 
the 44 calves ranged from 0.24 to 9.18 mg/ml and had a mean 
of 5,51 ± 1.83 mg/ml. Variations in serum IgG titers, among 
calves fed a uniform source of colostrum, were apparently
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related to differences in intestinal absorption and not 
to environmental stress or intrinsic factors in the colos
trum



INTRODUCTION

. Neonatal dairy calves are born virtually agamma
globulinemia . Early postnatal immunity is passively 
acquired through intestinal absorption of immunoglobulin 
(Ig) from the maternal colostrum milk. The colostral Ig 
blood titer acquired by the calf plays a major role in pro
tecting the animal from disease until its own immune system 
becomes active at about 4 weeks of age.

The mechanism whereby the calf absorbs whole im
munoglobulins from colostrum normally functions Only 
during the first 24 hours of life after which Ig absorp
tion ceases. During this period the degree of intestinal 
permeability decreases as evidenced by a gradual decline 
in the rate of Ig absorption. Thus to maximize immuno
logical benefit, calves should ingest a maximum amount of 
colostrum as early in life as possible.

However, in spite of consuming sufficient amounts of 
colostral Ig, immediately after birth, marked variations 
occur in calf serum Ig titers and some calves remain hypo
gammaglobulinemia . Accordingly increased calf mordidity 
and mortality have been related to low Ig serum levels.

Several researchers have attributed wide differences 
in calf, serum Ig titers to the amount of colostral Ig

. i  ' ■ . .



consumed. Others have suggested premature cessation of 
intestinal absorption and/or other failures of the ab- 
sorpative mechanism as possible Contributing factors. In 
previous experiments to define the cause of this phenomenon 
calves were generally fed varied amounts and/or sources of 
colostrum with different Ig concentrations. Colostrum
from individual cows has been shown to contain varying

. . - ' ' / - - v
quantities of chemical factors that influence the rate of 
intestinal Ig absorption. This study was designed to de
termine the variability in colostral Ig blood serum titers 
among newborn Holstein calves fed a uniform Source of 
colostrum in accordance with body weight.



REVIEW OF LITERATURE

Introduction
This review will be primarily concerned with the 

transmission of maternal immunoglobulin (Ig) to the neonatal 
bovine calf. References to other species will be included 
for comparative purposes. Additional information is in 
more comprehensive reviews on neonatal immunology in the 
bovine (8, 11, 27) and in other species (8, 38, 40).

Immunoglobulins 
immunoglobulins or antibodies are general terms 

that refer to a family of high molecular weight proteins 
having similar physio-chemical characteristics. Their 
primary purpose is to enhance animal resistance to disease 
by neutralizing possible toxic effects of foreign molecules 
(antigens), including bacteria, viruses etc-* that gain 
entrance to the body. That portion of their Structure which 
enables them to combine specifically with an antigen is 
called the antigenic determinant and represents the basis 
on which they are separated into classes (11).

The number of Ig classes varies .among species 
however, three classes commonly identified among mammals, 
including the bovine, have been designated IgG (subclasses
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IgG^, IgGg) igM and IgA. Accordingly igG represents about 
80-90% of the total serum Ig whereas igM and IgA each com
prise between 5 and 10% of the total amount (11, 27, 38).

Active and Passive Immunity
When an irnmunologically competant animal is first 

exposed to an antigen, antibodies designed to react spe
cifically with the invading agent are actively produced- 
Following such an antigenic response the animal normally 
acquires a long lasting resistance or "active immunity" 
wherein any subsequent exposure to the same antigen results 
in a copious production of the specific protective Ig. 
Throughout life an animal becomes actively immune to a 
great number of antigens to which it has been exposed and 
experienced an antigenic response (8).

In contrast, the newborn animal which has just 
emerged from an environment sheltered from most antigenic 
stimuli, has only a limited capacity to produce Ig. Ac
cordingly , Ig produced by the mother is transferred to the 
offspring to provide immediate protection "passive immunity 
against those antigens with which she has had immunological 
experience.

Passive immunity, while immediate, lasts only as 
long as the transferred Ig remain in the circulation. A 
half-life of 15-20 days has generally been reported for 
maternal Ig in the calf (6, 15, 17) however, low levels of



detectable antibody titer may persist for several months 
(29). Although, passive immunity is short lived it plays 
an important role in the health and survival of the neonate 
until its own active immune system is readily able to 
synthesize Ig. The latter reportedly occurs in the calf 
at about four weeks of age (1, 60).

Transference of Passive Immunity 
to the Neonate

Provision of the newborn with maternal or passive 
immunity against environmental diseases is a common feature 
of mammals, but the mode of transfer and degree of mammalian 
innate immunity varies among species.

Each species is identified with one of three general 
categories: (I) The ruminant, horse, and pig are born
agammaglobulinemia, having little or no placentally trans
ferred immunity. Passive immunity is acquired almost 
entirely after birth via the ingestion of Ig in the 
"colostrum" milk. (II) In the rat, mouse, dog, and cat 
some transference of Ig occurs before birth via the fetal 
blood supply. Additional passive immunity is acquired 
post partum through the ingestion of colostrum (61).
(Ill) The rabbit, guinea pig, 'human and other primates 
acquire passive immunity almost entirely prenatally through 
the placental transport of IgG (61, 77).
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These differences have been explained as one of two 

opposing theories: (I) The yolk sac development theory,
and (II) the placental cell layer theory (8). In the former 
theory it is suggested that the blood level of antibodies 
at the time of birth is directly related with the develop
ment , persistence, and time of withdrawal of the yolk sac 
into the umbilical cord. The yolk sac is withdrawn into

. ' V
the umbilical cord very early in gestation in animals in 
category I. This is considered to severely limit prenatal 
Ig absorption. Animals in categories II and III have a 
high blood level of antibodies at birth and the yolk Sac 
is exposed to the uterine lumen during most of gestation.

In contrast to the above hypothesis, the more 
generally accepted "placental barrier theory" attributes 
the lack of early postnatal antibodies in agammaglobulinemic 
species to the more complex placental filtering system 
between the maternal and fetal blood circulation. This 
complexity of the placenta has been explained in terms 
of cell layers. Animals with five and six cell layers 
separating the maternal and placental circulation do not 
transfer Ig to the fetus in utero. Whereas, Ig is trans
ferred via the placenta in species with four or less 
placental cell layers.
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Colostrum Immunoglobulins 

Colostrum is the first milk or lacteal secretion 
following parturition. The albumin-globulin content is 
7-12%, compared to about 0.7% in normal milk (25, 26, 33,
44, 72). The Ig content may represent as much as 90% of 
the albumin-globulin fraction (25, 72).

Prior to parturition the cow selectively secretes 
serum IgG, IgM and IgA unchanged into the mammary gland. 
During this transfer, serum Ig levels decline while colos
trum Ig may increase up to five times the serum Ig concen
tration (9, 29, 43, 65, 72). The subclass IgGl comprises
about 80-90% of the total colostral Ig whereas the closely

lrelated IgG2 fraction, for some unknown reason, is trans
ported only in minor amounts (65, 69). In contrast, both 
IgG subclasses are apparently transported into the mammary 
gland of the sow. Only IgA generally appears in•lacteal 
secretions of man, the rabbit and mouse (11).

Following parturition, the amount of Ig in the milk 
declines preciptiously and at 24 hours post-partum is less 
than one-third of the original colostral concentration 
(7, 26, 33, 39). The importance of this change is recog
nized in calf husbandry wherein it is generally recommended 
that calves be fed only the initial colostrum milk during 
the first 24-36 hours of life in order to maximize Ig 
consumption.



Transference of Colostrial 
Passive Immunity

Since 1922 it has been known that passive immunity 
in neonatal dairy calves is acquired through the ingestion 
of colostrum (57). As previously noted the blood serum of 
the neonatal calf is essentially free of Ig. However, 
after the calf consumes colostrum, there is a rapid in
crease in serum Ig (41, 57, 72, 82). The latter has been 
observed within three hours after colostrum ingestion 
(3, 10). The Ig in colostrum and that appearing in the 
serum after its ingestion are apparently identical and have 
been identified as the agents responsible for passive 
immunity in the calf (16, 29, 35, 41, 72). Calves de
prived of colostrum have a markedly higher morbidity and 
mortality rate than colostrum fed calves (1, 36, 75),
For example when 225 calves were given colostrum, 75% 
survived, whereas only 9% of 103 Colostrum deprived calves 
lived past three weeks of age (35).

Several investigators have shown that the calf 
absorbs unchanged colostra! Ig via the tall epithelial 
cells lining the small intestine and that none is absorbed 
from the abomasum or large intestine (3, 4, 16). It is 
believed that the absorption mechanism is a micropinocytotic 
process (cell drinking), which is a means whereby large 
molecules gain entrance to certain cells (47). Subsequently
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the Ig moves out of the cells into the mesenteric lym
phatics, and passes through the thoracic duct into the 
peripheral circulation (3, 15, 32).

Evidence that little or no Ig directly enters the 
portal circulation in the calf and kid goat, was demon
strated by introducing 131-1 labelled globulin into the 
duodenum. Between 12-25% of the labelled globulin was 
recovered from the thoracic duct lymph in a 5 hour period.
No labelled globulin was found in the blood prior to its 
detection in the lymph (3). This is in contrast to smaller 
molecules of serum albumin, of which, in addition to the 
lymph, a considerable proportion is transported by the blood 
(2). In the neonatal pig, colostra! Ig are also apparently 
transported by'the lymph to the circulation (61).

Although concentration of Ig in the colostrum is a 
selective process absorption by the calf is apparently 
nonselective since IgG, IGA and IGM are taken up by the 
intestine equally well (4, 43, 65). In addition, other 
macromolecular substances including bovine serum globulins, 
serum albumin, S lactoglobulins and polysaccharides etc., 
can be absorbed intact by the intestinal mucosa in the 
newborn calf (2, 4, 18, 29) and pig (47, 60).

Cessation of Intestinal Ig Absorption 
The unique ability of the calf to absorb large 

amounts of whole proteins through the intestinal wall is



transitory- The capacity to directly absorb colostral Ig 
ceases within about 24 hours after birth (15, 31, 49, 76)- 
No measurable increase appeared in the serum Ig of calves 
fed colostrum or isolated colostral Ig after calves were 
more than 24 hours of age (31, 49, 76).

It was suggested that the transitory nature of 
this absorption might coincide with the development of 
gastric protein digestion or with a maturation and change 
in permeability of intestinal epithelial cells (7.6) . . To. 
test these theories large amounts, of colostrum were intro
duced directly into the intestinal tracts of calves at 6 
to 18 or 48 to 60 hours of age. Subsequent appearance of 
colostral Ig in the serum of the younger but not older 
calves indicated that cessation of intestinal absorption 
was not related to gastric Ig degradation but to a change 
in the intestinal permeability.

Cessation of intestinal permeability is apparently 
not delayed and occurs even if the calf does not ingest 
colostrum or milk, etc. during the first 24 hours of life 
(15). However, the ingestion of soluble protein before 
feeding colostrum may influence intestinal Ig absorption. 
When newborn calves were fed skim milk or bovine serum 
three hours prior to feeding colostrum, there was no ab
sorption from the colostrum of a neutralizing antibody to
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foot and mouth disease but, the latter was readily ab
sorbed when only colostrum was fed (29).

Absorption of colostrol Ig will occur up to 106 
hours of age in previously unfed pigs. However, piglets 
fed colostrum or other soluble protein at birth experience 
cessation of Ig absorption or intestinal closure 12*24' 
hours postnatally or accordingly thereafter in relation to 
time of first feeding (60, 61). In the rat intestinal 
closure to intact proteins does not occur until approxi
mately three weeks after birth (13).

Closure of intestinal absorption to whole proteins 
is gradual and not abrupt. In calves, intestinal absorp
tion of Ig, as determined by a somatic antigen of p. coli, 
was reduced almost 50% at 16 hours after birth (27). When 
131-1 labeled globulin was introduced directly into the 
small intestine of neonatal calves, maximum concentration 
occurred in the lymph between 180 and 200 minutes. There
after, a gradual decline generally occurred (3).

A similar decline in the rate of intestinal Ig 
absorption in the pig suggests a progressive exposure of 
the epithelial cells to colostral Ig followed accordingly 
by cell closure (61). Intestinal Ig absorption begins in 
the anterior section and proceeds along the gut to the 
posterior portion where absorption continues as anterior 
cell closure occurs (14, 73).
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This cellular maturation or change.in permeability 

agrees with the previously suggested pinocytotic method of 
absorption which is associated mostly with primitive or 
immature type, cells (14, 47, 61). In the pig these cells 
may follow the all-or-none phenomenon in which Ig is taken 
up to the cell's capacity after which absorption c e a s e s  

and the Ig is subsequently released into the lymphatics 
(60, 61). However, it has also been proposed that the epi
thelial cells first lose their ability to release the 
absorbed Ig and thereafter experience a loss of ability 
to take up macromolecules from the intestinal lumen (14).

A seven fold increase in alkaline phosphatase 
activity has been noted in the small.intestine of piglets 
at the time of cell closure (61). A gradual increase in 
alkalin phosphatase activity was also found to be con
comitant with cell closure in the mouse and rat (30, 55). 
Whether this phenomenon is actually related to the cessa
tion of intestinal absorption or is a result of cellular 
metabolism is not known.

Injections of cortisone acetate into the mouse and 
rat (30, 55) or piglet (61) advances the time at which 
absorption ceases. Starved piglets failed to show Ig 
absorption when fed colostrum 48 and 72 hours after in
jection of cortisone whereas absorption continued up to 
106 hours in uninjected pigs (61). On the other hand, the
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injection of calves with Cortisone, adrenocorticotrophic
hormone or somatotrophin (growth hormone) did not appear
to alter intestinal permeability to Ig absorption (18, 77).

It is apparent that time and rate of cell closure 
to Ig absorption and factors affecting this phenomenon 
vary among species. The exact nature of the changes or 
factors involved in cessation of Ig absorption by the 
intestinal epithelial cells remain to be determined.

Immunological Significance of 
Calf Serum Ig Titers

In recognition of the transitory nature of in
testinal Ig absorption it is generally recommended that 
calves be fed colostrum as early in life as possible in 
order to maximize serum Ig titers and immunological benefit. 
However, in spite of consuming adequate amounts of colostral 
Ig immediately after birth, some calves remain virtually 
agammaglobulinemic (9, 27, 35, 43, 74). It has been re
ported that 10-30% of calves fed sufficient colostral Ig 
remain hypogammaglobulinemia (9, 34, 43, 82).

In correlating serum Ig titers to morbidity and 
mortality, numerous researchers have noted that calves with 
low serum Ig levels are more apt to succumb to infection 
than calves with higher serum titers (7, 23, 37, 52, 53,
62, 80, 84). A distribution of deaths and culls in relation
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to percentage of Ig in the blood serum of new born calves 
is shown in Table 1 (84).

Table 1. Distribution Of deaths and culls according to 
percentage of Ig in the blood of calves.

Serum 
% Ig

No. Of 
Calves Deaths Culls

Total
Loss % Loss

1.1 - 6.2 73 8; 4 12 16.4
6.3 — 12.0 73 2 1 3 4.1

12.1 -19.3 73 1. 1 2 2.73
19.4 - 46.7 74 0 1 1 1.35

A 1970 .farm survey in England, involving 227 calves,
showed a significant relationship between low serum Ig 
levels and a high incidence of disease- The occurrence of 
calf scours was 21.9% and of other diseases 11.4% in 
calves having below median serum ig titers in comparison 
to 5.3% and 3.5% respectively, in calves with above median 
Ig levels (7).

In the same year workers in Scotland reported a 
negative correlation between serum Ig levels and mortality 
rates.in 415 market bull calves, about one week of age.
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Figures extrapolated from a bar graph show that a mortality 
rate of 60% occurred in about 180 calves having the lowest 
serum Ig levels, 20% died in the median serum Ig group of 
about 80 calves, while only a 5% death loss occurred among 
255 calves having the highest Ig serum titers (53).

In a more recent five month field study in the 
United States, blood samples were taken from 456 newborn 
calves in 30 Michigan herds. Serum Ig levels, measured 
in zinc sulfate units, were significantly lower in calves 
that died, 5.7 units, as compared to 7.8 units in calves 
that lived (23).

Various diseases of calves including Streptococcus, 
Pasteurella and Salmonella etc., are associated with acute 
diarrhea and rapid death. However, infection due to 
Escherichia coli is the most common cause of these symp
toms (22, 27). Although morbidity in neonatal calves has 
been related to a lack of Ig against specific Strains of 
E. coli in the colostrum of some cows (27, 35, 36, 73), 
the primary pathogenic factor concerned with susceptibility 
of the calf to E. coli is hypogammaglobulinemia (27, 38).

In calves experiencing diarrhea, fecal output and 
excretion of IgG, and mortality were observed to be highest 
in calves that initially had the lowest serum Ig titers 
(24). The amount of IgG excreted was greater among
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diarrhetic calves that died versus those that survived 
but, this difference could not be correlated with changes 
in serum Ig levels.

These and other studies show that hypogammaglobu
linemia is a primary factor in the pathogenesis of disease 
in newborn calves. This relationship has prompted re
searchers to identify those factors that may influence 
serum Ig levels in the neonatal calf.

Factors Influencing Calf 
Serum Ig Titers

The initial Ig titer acquired by the neonatal calf 
has been shown to be influenced by several factors.

Amount of Colostrum ingested
It has been suggested that the wide range in serum 

Ig titers among calves is primarily due to differences in 
amounts of colostrum consumed (10, 23). However, it is 
recognized that the total amount of Ig a calf receives 
depends not only on the amount of colostrum ingested but 
also on the concentration of Ig in the colostrum (9, 44,
52).

Several studies show a positive correlation between 
serum Ig titers and amounts of colostral Ig fed (9, 10, 23, 
43, 52). In two studies (9, 10) calves were given 
specified amounts of colostrum in relation to body size.



17
Accordinglyf 50 and 68% of the variation in blood serum 
Ig levels could be attributed to differences in amount of 
Ig consumed per unit body weight-

Results of attempts to relate colostra! Ig con
centration with calf serum Ig titers have been variable.
In some (9f. 45) a positive correlation was found whereas 
others have reported no relationship between colostrum and 
serum Ig concentrations (10, 43). Three batches of colps? 
trum containing 10.5, 18.8 and 29.8 mg/ml of IgG were fed 
at two levels, to calves, according to body weight. Ab
solute amount of IgG consumed, but not its concentration 
in colostrum, had a significant effect on blood concen
tration of IgG (10).

Marked variations among individual cows in.colostrum 
yield, 1.0 - 40 lb, and colostrum Ig concentration 1.5 -
11.9%, have been reported (9, 43, 44,. 52). In addition, 
colostral yield and Ig concentration have been observed 
to differ according to breed and age of cow (44). Mean 
first lactation colostrum yields of Danish Red, Black and 
White, and Jersey heifers were found to be significantly 
lower, 11.4, 7.3 and 4.6 lb, respectively, than cows of 
the same breeds which at second and third calving produced 
20.0, 14.7 and 14.1 lb, respectively. Other investigators 
have also found higher variability and lower yield of 
colostral Ig among first-calf heifers (46, 79). These 
observations have led to the conclusion that at least some
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cases of hypogammaglobulinemia are not due to failure of 
the nursing calf to absorb Ig but instead to a lack of 
colostral Ig intake.

Time of Colostrum Ingestion
Hypogammaglobulinemia has been found to occur more 

frequently among calves not given colostrum until 6-12 
hours of age (27, 70» 74) . Of nine calves not fed colostrum 
until 10-12 hours after birth, two absorbed no Ig and three 
had very low serum levels. In contrast only 33% of calves 
fed earlier were hypogammaglobulinemic (74). These ob
servations are consonant with studies showing that rate of 
intestinal Ig absorption decreases with time after birth 
(3, 27, 45).

Environmental Stress
It is well known that the environment, especially 

weather, plays a major role in the health and well being 
of newborn calves. Seasonal patterns of morbidity and 
mortality rates are generally highest in the winter months 
(48). Surveys in England (7) and Scotland (53) revealed 
significantly lower serum Ig levels in winter versus summer 
born calves. However, in addition to climate, these dif
ferences may also reflect seasonal changes in management.
For example, during the summer grazing season the nursing 
calf obtains colostrum free choice. Whereas, in the winter
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early separation of the dam and calf with limited feeding 
of colostrum by bucket has been associated with lower serum 
Ig levels (53).

In a recent Arizona, study heat stress was shown to 
depress calf serum Ig titers (81)« Three Holstein calves 
born the same day and fed a uniform source of colostrum 
according to body weight were assigned to three housing 
treatments: ;(I) in pens under.an open shade with evapora
tive cooling, (II) in pens under an open shade with no 
cooling, and (III) in individual open sided hutch pens with 
metal roofs. Average daily peak housing temperatures in

oorder of treatment were 72.4., 79.6 and 81.6 F. Mean serum 
IgGl levels 48 hours after birth, for 36 calves on each 
treatment, were 25.4, 22.0 and 18.6 mg/ml, respectively.

Specific Factors in Colostrum
Colostrum from individual cows has been shown to 

contain specific factors which influence the rate of in
testinal absorption (3, 32, 59). Absorption of Ig, via the 
epithelial cells of the small intestine, is enhanced by the 
presence of certain substances in the colostrum whereas 
in their absence the rate of absorption is extremely low. 
These accelerating factors are apparently effective only 
during the period following birth in which intestinal 
permeability normally occurs. They accelerate but, are not 
entirely responsible for Ig absorption (3, 32).
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In attempts to identify these enhancing factors 

several substances contained in colostrum have been tested. 
These include a small unidentified protein, inorganic 
phosphate, glucose -6— phosphate, lactate, pyruvate and 
butyrate. All have been shown to independently accelerate 
Ig absorption to some degree but not to the extent of whole 
colostrum (3, 32). Although histamine concentration in 
colostrum is about three times the amount in normal milk, 
it apparently does not act as an enhancement factor (59).

Intestinal Absorption
Some researchers have attributed variation in calf 

serum Ig titers to inherent differences in intestinal 
absorption (9, 43). However, results of these studies may 
have been confounded when calves Were fed varied sources 
and/or amounts of colostrum irrespective of body size»

Gestation periods of variable length are often 
suggested to be an influencing factor on intestinal Ig 
absorption and a possible cause of hypogammaglobulinemia 
but no relationship has been found in this regard (61,
74, 77). In one study, three calves were taken by Cesarean 
section 14-19 days prior to their estimated birth date and 
fed the same source of colostrum. Two of the calves fed 
colostrum immediately after delivery had normal Ig blood 
patterns. The third calf showed no Ig absorption when
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colostrum was not fed until 38 hours after delivery (77). 
Also, Ig absorption was not altered in pigs delivered 
prematurely at 100 days gestation or farrowed late at 118 
days (61) .

Whether exceptionally low serum Ig titers in calves 
fed adequate amounts of colostral Ig are due to ah absolute 
defect in the absorption mechanism, premature intestinal 
closure and/or variations in the source of colostrum fed 
has not been resolved. A defect in such a universal basic 
cellular function is said to be difficult to envisage (43). 
Nevertheless it is probable that calf serum Ig titers are 
influenced to a considerable degree by differences among 
calves in their inherent absorption ability.



PROCEDURE

This study consisted of two trials with, a total of 
44 Holstein calves. Trial I was conducted June 18 to August 
14, 1975 with 15 female and 14 male calves at the Harold 
Kuiper Dairy, Chandler, Arizona. Trial II was conducted 
February 6 to 10, 1976, with 15 male calves at the Shamrock 
Dairy, Tucson, Arizona. Experimental procedures were the 
same in both trials.

Colostrum milk from only the first milking post
parturition was collected from six Holstein cows 2-6 years 
of age. The colostrum was blended (pooled) and immediately 
frozen in one-third quart containers. The amount needed 
was thawed just prior to feeding.

The pooled colostrum was quantitatively analyzed 
for IgG content (21). A qualatative estimation of specific 
immunoglobulins in the pooled colostrum was determined by 
immunoelectrophoretic separation of the colostrum serum 
proteins. Identification was produced by reaction of the 
pooled colostrum serum proteins against rabbit anti-bovine 
whole serum (54).

Calves were taken from'their mothers prior to 
nursing. Subsequently each calf was fed a pooled source 
of colostrum milk at 2% of its birth weight followed by

22
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water at 0.2% of body weight to rinse the nipple bottle.
The calves were penned under an open shade and no addi
tional feed was given during the next 24 hours except water 
at 1% of birth weight at 12 hours.

A blood sample was taken by jugular venapuncture, 
using 10 ml vacutainers (5), before (zero hour) and at 24 
hours after feeding colostrum. The blood serum was pre
pared (8) and frozen until analyzed.

Blood serum IgG was quantitated by radial immuno 
diffusion (21)« Using this technique, calf serum was 
placed in small wells within agarose containing commercial • 
rabbit anti-bovine serum IgG • (54). Diffusion of calf 
serum into the agarose produced antigen-antibody precipitate 
rings around the wells. Diameter Of the rings reflected 
the serum concentration of the antigen bovine IgG.

Specific calf serum immunoglobulins were analyzed 
and determined by immunoelectrophocesis (12). Calf serum 
was eleetrophocetically separated on ion agar (19) and re
acted against rabbit anti-bovine whole serum (54).

Dystocia or difficult birth was defined as mild 
or severe according to the degree of physical assistance 
required and the apparent stress exerted on the calf during 
parturition. Mild dystocia was noted when delivery was 
relatively easy and a minimum of assistance was needed.
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On the other hand, dystocia was recorded as severe when 
delivery was difficult, prolonged and considerable assist
ance was required.

Ambient temperatures occurring during the first 
24 hours of life for each calf were obtained from local 
weather summary reports for the Phoenix-Chandler and Tucson 
areas (83).

Data for both trials were analyzed statistically 
by analysis of variance independently and combined.



RESULTS AND DISCUSSION

The blended colostrum contained an IgG concentra
tion of 77.28 mg/ml and weighed 1.035 g/ml. This Ig value 
compares favorably with other reported colostra! Ig mean 
values of 72.56 mg/ml (52) and 74.52 mg/ml (44).

The characteristic low level or lack of IgG in the 
blood serum of most calves at birth and its subsequent 
appearance in the post-colostra! serum at 24 hours can 
be readily Seen in Tables 2 and 3 and in the radial immuno
diffusion (Figure 1) and immunoelectrophocetic (Figure 3) 
patterns of calves 69 and 444. In contrast, IgG was iden
tified in 27% of the zero hour serum samples of calves at 
birth including calves 379 and 555 each of which had the 
highest initial serum IgG titers, 6.04 mg/ml (Figures 
1,2 and 3).

In order to relate the 24 hour serum IgG titer to
intestinal absorption it was necessary to differentiate
absorbed IgG from the total serum IgG concentration. 
Therefore, 24 hour IgG absorption is defined in this study 
as the 24 hour IgG titer minus the serum IgG concentration 
at birth.

The zero hour serum IgG titers detected in the 12
calves had a range of 1.74-6.04 mg/ml- and a mean value of

25
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Table 2. Serum XgG titers in calves at birth and 24 hours 

after colostrum ingestion. Trial I.
Data are in order of absorbed IgG concentration 
(total - birth) in the serum= .

Serum IgG Titers 2 4 hours (mg/ml)
Calf No. Sex Birth Total Absorbed

555 M 6.04 6.28 0.24
34 _ F 0.00 2.29 2.29
318B F 0.00 2.32 2.32
61 M 0.00 3.86 3.86
58 M 0.00 3.86 3.86
47A F 0.00 4.35 4.35
47B F 0.00 4.35 4.35

306 F 0.00 4.35 4.35
59 M 3.02 7.73 4.71

403 . F 3.67 8.60 4.93
75 F 1.74 6.76 5.02

379 M 6.04 12.08 6.04
70 M 0.00 6.04 6.04
45 F 0.00 6.04 6.04

409 M 0.00 6.04 6. 04
42 M 0.00 6.04 6.04

318A M 0.00 6.04 6.04
346 F 3.02 9.18 6.16
205 M 0.00 6.28 6.28
79 F 0.00 6.28 6.28
39 F 0.00 6.28 6.28

395 F 0.00 6.52 6.52
444 F . 0.00 6.76 6.76
69 M 0.00 6.76 6.76
419 M 0.00 6.76 6.76
426 M 0.00 7.10 7.10
62 M ' 0.00 7.49 7.49

334 F 0.00 8.69 8.69
343 F 0.00 9.18 9.18

a. A, B indicates twin calves.
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Table 3. Serum IgG titers in calves at birth and 24 hours 

after colostrum ingestion. Trial II«
Data are in order of absorbed IgG (total - birth) 
in the serum.

Serum IgG Titers 24 hours (mg/ml)
Calf No. Sex Birth Total Absorbed

406 M 0.00 3.02 3.02
401 M 1.67 5.56 3.89
402 M 4.25 8.69 4.44
409 M 2.32 6.76 4.44
414 M 2.32 6.76 4.44
412 M 0.00 4.54 4.54
415 M 0.00 4.54 4.54
410 M 0.00 5.07 5.07
403 M 0.00 5.70 5.70
405 M 0.00 5.80 5. 80
411 M 0.00 5. 80 5.80
407 M 0.00 6.76 6.76
413 M 0.00 6.76 6.76
408 M 2.42 9.90 7.48
404 M 3.02 12.08 9.06



28

Figure 1. Calf serum IgG radial immunodiffusion patterns.
Top row: Normal bovine serum IgG standard
(48.3 mg/ml) dilution precipitate rings (left 
to right) 0, 1/2, 1/4, 1/8 and 1/16 dilutions. 
Center row: Zero hour serum IgG titers. Calves 
6 9 and 444. No definite precipitate rings indi
cate little or no serum IgG at birth. Calves 
379 and 555. Precipitate rings = 6.04 mg/ml 
IgG in serum at birth. Bottom row: IgG serum
titers 24 hour post-colostrum ingestion. Pre
cipitate IgG rings for calves 444, 379, 555 and 
69 equal 6.76, 12.08, 6.28 and 6.76 mg/ml, 
respectively. Absorbed IgG (24 hour - 0 hour 
serum titer) = 6.76, 6.04, 0.24 and 6.76 mg/ml, 
respectively.
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Figure 3. Calf serum immunoelectrophoretograms.
Zero hour immunoelectrophoretograms, on the left 
side of each calf number, show little or no IgG 
in the serum of calves 6 9 and 444 whereas IgG 
is present in calves 379 and 555. Immunoelectro
phoretograms on the right side show IgG in the 
serum of each calf 24 hours post-colostrum 
ingestion.
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3.29 mg/ml.' Similar mean concentrations of Ig, 1.40 to 
2.90 mg/ml, have been reported in pre-colostral calf serum 
in other studies (9, 43, 63, 81). Very low levels of IgG 
have also been observed in some unsuckled pigs (56, 67).

While the appearance of small amounts of Ig in the 
serum of some calves at birth is not uncommon the exact 
nature of its occurrence is not known. Although the newborn 
calf is immunologically immature, limited Ig production has 
been demonstrated in utero (20, 22, 78) arid during the first 
few days of life (8, 41, 63). Small amounts of Ig have also 
been observed to be synthesized in the fetal human (28), 
lamb (58, 71), rat and chicken (68).

Transplacental transfer of Ig in the pig has been 
reported (42). The condition has been attributed to damage 
of the placental barrier by infection and to mechanical 
or functional defects that may allow maternal blood or 
body fluids to enter the fetal circulation during gestation 
or parturition. These studies indicate that the bovine 
fetus may acquire low levels of serum Ig through antigenic 
stimulus or an unusual transfer of passive immunity during 
gestation.

However, irrespective of its occurrence, the initial 
serum IgG concentration in the 12 calves apparently had 
little or no subsequent effect on intestinal absorption 
(Table 2)» Their 24 hour absorbed IgG serum concentrations
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ranged from .24-9«06 mg/ml and had a mean value of 5.07
mg/mlo These data were not significantly different (P >.05) 
from the range, 2.29-9.18 mg/ml, and mean, 5.68 mg/ml 
IgG absorption values of the other 32 calves. It is also 
of interest to note that in the two calves having, the . 
highest initial serum IgG titers, calf 379 had 6.04 mg/ml 
of absorbed IgG in the serum at 24 hours whereas calf 555 
had only 0.24 mg/ml (Table 2) (Figures 1, 3).

These observations agree with results of other calf 
studies (9, 43), wherein initial serum Ig could not be 
related to post-colostral serum Ig levels. They are also 
consonant with findings that intestinal Ig absorption in 
piglets was not altered by high Ig blood levels produced 
by the injection of fractionated colostral Ig into the 
peritoneal cavity (61). It appears that intestinal absorp
tion of Ig is markedly altered only when the epithelial 
cells are exposed to Ig or other soluble protein from the 
direction of the intestinal villi and not the capillary 
bed.

In Trial I, the absorbed IgG mean serum titers 
for male and female calves were 5.52 and 5.57 mg/ml, 
respectively (Table 2). Since these values were not sta
tistically different (P >.05), the data were compared to 
Trial II, without regard for sex, to determine the effect 
of climate on the absorbed IgG serum concentrations.
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As previously reviewed, heat stress in Arizona has 

recently been shown to depress ig serum concentration in 
calves 48 hours of age (81). In the present study maximum 
ambient temperatures ranging from 92 to 114°F occurred 
during the first 24 hours of life for calves in Trial I. 
Minimum and maximum mean values accordingly were 78.6 and

o105.6 F. In contrast peak temperatures during Trial II 
ranged from 60 to 74°F with minimum and maximum mean values 
of 51.6 and 69.0°F, respectively. Despite these differences 
in seasonal temperatures, the absorbed IgG serum values were 
similar for calves in both trials. The means and standard 
deviations for absorbed IgG in Trial I, 5.54 +1.88 mg/ml 
and Trial'll, 5.45 ± 1.56 mg/ml were not different (P 
>.05). However, in Trial I calves were not exposed to the 
more severe heat stress conditions experienced by calves in 
the metal roofed hutch type pens (81).

Since climate apparently had little overall effect 
on the serum IgG titers of calves in this study the data 
for Trials I and II were combined (Table 4). The absorbed 
IgG mean serum value and standard deviation for the com
bined data of the 44 calves was 5.51 ± 1.83 mg/ml. Seventy 
percent of the calves had absorbed IgG serum values between 
4,0 and 7.0 mg/ml, with approximately 16% being greater 
than 7.0 and 14% less than 4.0 mg/ml (Table 4).
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Table 4. Absorbed IgG and percent of ingested IgG in the

serum of calves 24 hours after colostrum ingestion 
relative to sex> birth weight and dystocia.
Trials I and II.
Data are in order of absorbed IgG in the serum.

Birth Absorbed IgG Titer
Calf Wt. % of IgG.

Trial No. Sex (lb) Dystocia mg/ml Ingested

I 555 M 66 .24 1.5
I 34 , F 82 2.29 14.3
I 31 SB F 63 2.32 14.4

II 406 M 117 severe 3.02 18.8
I 61 M 90 3.86 24.0
I 58 M 80 3.86 24.0

II 401 M 78 3.89 24.2
I 47A F 65 mild 4.35 27.1
I . 47B F 70 mild 4.35 27.1
I 306 F 114 4.35 27.1
II 402 M 101 4.44 27.7
II 409 M 94 mild 4.44 - 27.7
II 414 M 88 4.44 27.7
II 412 M 110 4.54 28.3
II 415 M 71 4.54 28.3
I 59 M 89 4.71 29.3
I 403 F 75 4.93 30.7
I . 75 F 79 5.02 31.3

II 410 M 113 5.07 31.6
II 403 M 99 mild 5.70 35.5
II 405 M 98 5. 80 36.1
II 411 M 100 5.80 36.1
I 379 M 84 6.04 37.6
I 70 M 61 6.04 37.6
I 45 F 81 6.04 37.6I 409 M 86 6.04 37. 6
I 42 M • 90 6.04 37.6
I . 318A M 73 6.04 37.6
I 346 F 97 6.16 38.4
I 205 M 92 6.28 39.1
I 79 F 79 6.28 39.1
I 39 F 58 mild 6.28 39.1
I 395 F 94 6.52 40.6
I 444 F 58 6.76 42.1
I 69 M 103 mild 6.76 42.1
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Table 4. (.Continued) .

Trial
Calf
No. Sex

Birth
Wt.
(lb) Dystocia

Absorbed
mg/ml

. IgG Titer 
% of IgG 
Ingested

I 419 M 65 6.76 42.1
II 407 M 98 6.76 42.1
II 413 M 105 mild 6.76 42.1
I 426 M 71 7.10 44.2
I 62 M 83 7.49 42.6

II 408 M 105 7.49 42.6
I 334 F 75 mild 8.69 54.1

II 404 M 98 9.06 56.4
I 343 F 75 9.18 57.2

a. Percent of total IgG ingested present in the
serum.

b. A, B indicates twin calves.
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There were not significant (P >.05) differences in 

serum pattern of absorbed IgG with respect to the following 
independent variables; sex, body weight, and dystocia 
(Tables 4 and 5). Since calves in this experiment were fed 
a specified amount of pooled colostrum per unit body weight 
there was no relationship between amounts of colostrum con
sumed and subsequent serum levels of IgG. In contrast, when 
calves were fed different amounts of colostrum, other 
workers found that 50 and 68% of the variation in blood 
serum Ig levels could be attributed to differences in amount 
of Ig consumed per unit body weight (9, 10).

Although nine calves encountered some difficulty 
during birth only one calf experienced severe dystocia 
(Table 4). The calf (number 406), was apparently injured 
and had great difficulty standing on its rear legs. It 
also had the lowest IgG serum titer, 3,02 mg/ml, of the 
nine calves in this category.

The amount of ingested IgG present in the serum at 
24 hours was determined for comparison with other studies 
(9, 52). A plasma volume of 93 ml/kg of body weight at 72 
hours of age (51) and the 24 hour concentration of absorbed 
IgG per milliliter of serum were used to calculate the 
total absorbed IgG contained in the serum 24 hours after 
colostrum consumption. The figure is expressed as a per
cent of the total colostral IgG ingested (Table 4).
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Table 5. Absorbed IgG range and mean serum titers in

calves 24 hours after colostrum ingestion rela
tive to sex, birth weight and dystocia. Trials 
I and II.

Absorbed IgG Titer No . Of -- *---— -- -a---  ■ -a
Calves Range Mean

Sex
Males 29 0.24 - 9.06: 5.51
Females 15 2,29 - 9.18 5.52

Birth Wt. (3 subgroups)
58 - 79 (lb) 17 0.24 - 9.18 5.46
80 - 99 (lb) 18 2.29 - 9.06 5.64

100 - 117 (lb) 9 - 3.02 - 7.49 5.36
Dystocia

Dystotic 9 3.02 — 8.69 5.60
Non-dystotic 35 0.24 - 9.18 5.49

a. Means within groups did not differ (P >.05).
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Between 1.5% and 57.2% of the IgG consumed could 

be accounted for in the serum of individual calves at 24 
hours. The mean value for all calves was 34.3%. This 
figure is comparable to those obtained in a similar manner 
by other workers who reported mean absorption efficiencies 
of 45% (9) and 25% (52) in the serum of calves at 24 and 
72 hours of age, respectively. During the first 72 hours 
of life the intravascular or plasma volume of the calf has 
been observed to expand approximately 40% and produce a 
dilution effect of plasma constituents in association with 
liquid consumption (51). This may account for the higher 
absorbed IgG serum concentrations obtained at 24 hours in 
this study and by other workers (9) in comparison to the 
lower value reported at 72 hours (52). It is also recog
nized that time of blood sampling does not always coincide 
with peak concentration of serum Ig which may range between 
12 and 48 hours of age (9).

Another factor that gives rise to an apparently 
low intestinal Ig absorption efficiency based on serum 
values is that no measure is made of Ig in the extravascular 
pool. When the latter factor was estimated by the above 
workers (52), using an extravaScular to intravascular ratio 
of 1.2/1.0, the Ig absorption efficiency was 55% compared 
to the serum value of 25%. In the present study, using the 
same ratio, total IgG absorption efficiency was 75.5%.
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Proteinuria has been reported to occur in newborn 

humans, puppies, foals and ruminants following the inges
tion of colostrum or milk, etc. (8, 40, 50). The presence 
of protein in the urine of calves coincides with the 
appearance of Ig in the setum during the period of in
testinal permeability and declines to minimum levels fol
lowing the cessation of intestinal Ig absorption (8, 18,
64). Accordingly, this phenomenon has been suggested to 
influence serum Ig levels via the circulatory clearance of 
Ig by the kidney (9, 66). However, the principle con
stituent of proteinuria in the calf has been shown to 
arise mainly from the low molecular Weight colostra! pro
teins absorbed with Ig (64) . Apparently little if any 
whole or degraded materials resembling colostra! Ig normally 
appear in the urine of the newborn calf.

Results of this study indicate that variations in 
IgG concentrations in the serum of calves fed a uniform 
source of colostrum must be attributed largely or entirely 
to differences in intestinal absorption and not to intrinsic 
factors in the colostrum. Therefore, in spite of the gen
erally recommended practice of insuring that calves consume 
colostrum immediately after birth, some calves will remain 
hypogammglobulinemic irregardless how other variables re
lated to serum IgG are controlled. Further, studies to 
identify the cause for the wide variations in efficiency 
of intestinal IgG absorption in dairy calves are needed.
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