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ABSTRACT

The purpose of this experiment was to determine if 
high ambient temperature and concentration of colostral 
immunoglobulins could have an effect on the absorption of 

colostral immunoglobulins by the calf. Neonatal calves were 
assigned to three housing environments having distinctly 
different temperatures. It was found that those animals 
assigned to the treatment having the highest ambient tempera
ture had significantly higher serum corticosteroids and 
significantly lower IgM and IgG absorption from colostrum 
by 48 hours. Although concentration of colostral immuno

globulins appeared to have no effect on the absorption of 
IgG, the percent absorption of IgM was inversely proportional 
to the colostral concentration of IgM.



INTRODUCTION

Studies have shown that the newborn calf is dependent 

on the absorption of colostral immunoglobulins for passive 
immunity and, consequently, survival. Unfortunately, many 
calves (20 to 30%) do not absorb sufficient immunoglobulins 
after ingestion of colostrum to prevent hypo
gammaglobulinemia. It is believed that a reduction in the 

death loss of calves could be obtained if those factors 
involved in the malabsorption of immunoglobulins could be 
elucidated.

During the Summer months in Arizona, dairy farmers 
experience a higher death loss in calves than in the cooler 
months of the year. Possibly, the stress produced by the 
higher ambient temperatures is affecting the ability of the 

calf to absorb the immunoglobulins necessary for their pro

tection against disease.
The following experiment was designed to determine 

if ambient temperature could have an effect on the absorption 
of the immunoglobulin fractions gamma M (IgM) and gamma G 

(IgG). It was also desired to find if concentration of 
colostral immunoglobulin would have an effect on immuno
globulin absorption.
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REVIEW OF THE LITERATURE

The bovine is unable to transfer, in utero, maternal 
proteins necessary for the immunological protection of the 
calf (Brambell, 1958) . Detectable levels of immunoglobulins 
have been found in fetal serum, but concentrations are in
adequate to insure immunologic protection. The source of this 

low fetal titer is thought to be of fetal origin (Horner et 
al., 1973). Colostral milk provided by the dam gives the 

newborn calf the means to survive until immunological com
petence can be developed (Gillette and Filkins, 1966).

Immunoglobulins found in the colostrum of the 
parturient cow are selectively transported and concentrated 

from the serum by the udder (Butler, 1969; Brandon, Watson 
and Lacelles, 19 71) . These proteins have been electropho- 
retically designated as gamma G (IgG), gamma M (IgM), gamma 
1A (IgA) globulins in terms of their counterparts in human 
serum (Murphy et al., 1964).

The largest fraction of immunoglobulins found in the 

colostrum is IgG. The fractions of IgM and IgA comprise 
approximately 20% of the total protein content (Klaus, 
Bennett and Jones, 1969) .
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Absorption of Gammaglobulins

The ability of the calf to absorb intact gamma
globulins after ingestion of colostrum does not appear to 

last beyond one day (Penhale and Christie, 19 69) . Penhale 
and Christie have reported the shutdown of the transport 
mechanism of the gut to be varied, depending upon immuno
globulin class. A relationship between molecular size and 

period of absorption can be drawn from this data. Penhale 
reports the period of absorption as 27 hours postpartum for 

IgG (mol. wt. 150,000), 22 hours for IgA (mol. wt. 170,000) 
and 16 hours for IgM (mol. wt. 900,000). As the molecular 
weight increases, the period of absorption decreases.

As well as varied absorptive time periods for immuno
globulin classes, many studies have suggested that there is 
variation in absorptive efficiency (Pierce and Smith, 196 7; 
Locke, Myers and Serge, 1964; Hammer, Kickhofen and Henning, 
1968) . The factuality of this subject is debated by Hardy

(1969). Hardy states that non-selective absorption was 

found with molecules in the weight range of IgG. The IgM 

molecule is approximately five times larger than IgG, and IgA 
is slightly larger (Eisen, 1974) .

Despite high levels of immunoglobulins in the 
colostrum, as many as 20% of calves remain hypo- 

gammaglobulinemic (Staley, Jones and Bush, 1971) . With this 
in mind, the factors influencing intestinal absorption must 

be more than a factor of time or immunoglobulin size.
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Stress and Corticosteroids 

The initial effect of corticosteroids on active 
immunity in animals is a well documented physiological phe
nomenon (Cinader, 1971). Recently, Jeffcott (1972) and 

Husband, Brandon and Lacelles (1973) , implicated elevated 
corticosteroids could reduce the absorption of immuno

globulins by the newborn calf. Halliday (1959) found that 
injection of adrenal corticosteroids decreases or terminates 
immunoglobulin absorption and increases alkaline phosphatase 
activity in the duodenal endoderm of the newborn rat.

Halliday (1965) suggests that climatic and nutritional stress 
of the ewe may play a part in the regulation of macromole

cules absorbed by the newborn lamb.

If indeed serum corticosteroids can affect the 
absorption bf immunoglobulins, then it may be possible that 

stress may affect absorption. Physiological stress is known 
to cause an increase in adrenal cortical output (Yates, 1967).

In a previous report by Stott et al. (1976), a signif

icant difference was demonstrated between the mean IgG serum 

concentrations of calves subjected to different environments. 
Calves which were subjected to higher ambient temperatures

i

had significantly lower levels of IgG at 48 hours postpartum.

Morbidity, Mortality and Hypoagammaglobulinemia 

As early as 1922, there was a recognition of the 
close relationship between hypo-gammaglobulinemia, morbidity



and mortality in calves (Smith and Little, 1922) . The evi
dence for this relationship of low serum immunoglobulin 
levels and high morbidity and mortality has been shown many 
times by independent workers over the last fifty years. Fey 
and Margadant (1961), Gay et al. (1965), Penhale et al.
(1970), and Logan, Penhale and Jones (1972) found a close 

relationship between the amount of colostral derived immuno

globulins in claf serum and susceptibility to infection by 
Eschericia coli.

The incidence of calf scours also shows a close re
lationship with the level of serum immunoglobulins (Boyd, 
1972). Boyd, using a Fisher and Yates analysis, estimated a 

total serum immunoglobulin concentration of 14.5 mg/ml was 
necessary to protect a calf.

Penhale et al. (1970) analyzed the serum of calves 

which died of E. coli septicemia and found mean levels .of IgG 

and IgM of .8 mg/ml and .2 mg/ml, respectively. Those calves 

showing no signs of illness had a mean serum level of 7.5 mg/ 
ml for IgG and .8 mg/ml for IgM.

The Immunological Role of IgM: A Comparison

The majority of research conducted in the area of 

bovine immunology has placed a great deal of emphasis on the 
importance of IgG in protecting the newborn calf. The 

emphasis on IgG could be due to the fact that IgG is found in 

colostrum in relatively high concentrations in comparison to



IgM or IgA. It could also be due to the ease of measuring 
the calf's serum level of IgG after ingestion of colostrum. 
The immunological importance of IgM may be more significant 
to the survival of the neonate of IgG.

Since the development of assays which differentiate 
serum immunoglobulin fractions, researchers have tried to 
determined the relationship between infections with certain 

pathogenic organisms and immunoglobulin class. There has 

been substantial evidence correlating IgM with those patho

gens commonly found in claf diseases. LoSpalluto et al.

(1962) found that antibodies against gram negative enteric 

bacteria are predominantly IgM in nature. Many have shown 
IgM has an antigen binding ability some 700 times that of IgG 

for certain antigens. Where two or three IgM anti-sheep red 
cell antibody molecules are needed to fix complement on a red 
cell, some 1300 to 1900 IgG antibody molecules may be re
quired to produce one site of complement fixation and lysis 
of a sheep red blood cell. Dourmaskin (1966) and Hill and 
Robbins (1966) found the protective activity of mouse IgM 

anti-pneumococcal antibodies were some 100,000 times greater 
than that of IgG.

Logan and his colleagues found that administration of 

IgM rich serum given both orally and I.V. to hypo- 

gammaglobulinemic calves could significantly reduce death 
loss due to colisepticemia (Logan, Stenhouse et al., 1974). 

They estimated that 44.5% of the 100,000 to 200 ,00.0 calves
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which die annually in Great.Britain can be attributed to 
colibacillosis.

Robbins, Kenny and Suter (1965) experimenting with 
Salmonella typhemurium indicated IgM was more efficient than 
IgG antibodies in complement mediated bacterolysis than IgG.

Unlike IgM, IgG has an important role in responding 
to antigens for a prolonged period of time. The half life of 
IgG (21 days) is much longer than IgM (4 days) and has a sub
stantially higher titer for long acting efficiency (Logan, 
Penhale and Jones, 1972). However, it would appear that for 
an immediate response to foreign bodies and those organisms 

responsible for the majority of calf loss, IgM is far superi
or to IgG in its efficiency as an antibody.

Comparison of IgA to IgM and IgG as humoral anti

bodies cannot be ascertained because of the lack of research 

relating IgA to infectious bovine systemic diseases. It is 
known that IgA antibodies are of great importance in protec- . 
tive action in external body secretions (Eisen, 19 74).
However, it is not clearly known if the calf can utilize the 
colostral derived IgA in this manner.

Physiochemical Action 

The physical structure of IgM and IgG has been 
characterized and can explain a great deal about their physio

chemical action. The molecular weight of IgM is approximate
ly 900,000, consisting of five sub-units of 180,000 each.



8
The sub-units are composed of two light polypeptide chains 

and two heavy polypeptide chains' having molecular weights of 
22,000 and 70,000, respectively (Merler and Rosen, 1966).

The point of this description is to compare the sub-units of 
IgM to the entire molecule of IgG. A physical comparison of 
these molecules will reveal the close similarity between them. 

The IgG molecule is composed of the same polypeptide chains 
as the IgM sub-unit, two light and two heavy chains with 
approximately the same molecular weight. Each IgG molecule 
has two immunologically reactive sites found on the Fab por
tion of the molecule. The IgM sub-units also have two 
similar sites found on the same portion of the molecule 
(Eisen, 1974). The physiochemical behavior of IgM can 
partially be explained by the fact that the IgM molecule con
tains five sub-units in which each are similar in structure 
and action to the entire IgG molecule. The IgM molecule 

contains ten immunologically reactive sites which can allow 

more cross-linking of the antigen-antibody complex and result 
in a more aggressive immune response. The evidence for the 
superior action of IgM towards certain pathogens clearly 
shows the importance of this immunoglobulin to the calf 
(Eisen, 1974).



EXPERIMENTAL PROCEDURE

The experiment was initiated during the summer 

months of July and August, 1974. To compare the effects of 
high ambient temperatures with less severe conditions, three 

housing treatments were devised which would give distinct 

environmental exposures.

Treatments

Treatment 1 (T^) was a long shed constructed with 
an overhead roof which protected the calves throughout the 
day from direct solar irradiation. Evaporative coolers were 
installed the length of one side. Corrugated steel sheeting 
was attached on the, opposite side to contain air flow. The 
mean daily high temperature during the experiment for T^ was 
35.3 C. Individual contiguous pens ran the length of the 

shed making two long rows on opposing walls. The individual 
pens were constructed of chain link fencing, with gates 
facing the center aisle.

Treatment 2 (Tg) was identical to T^ in its construc
tion, except that the evaporative coolers were not installed. 

The shed was left open to natural air currents while still 
protecting the calves from over-head irradiation. The mean 
daily temperature for T2 was 37.7 C.

9
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The housing obtained for treatment 3 (T^) were, 

portable calf pens. They were constructed of tubular steel 
with corrugated steel half walls and roof. This type of 
construction gave shelter to the calves from the wind and 
rain, but offered little relief from the ground radiation.
The mean daily temperature for T^ was 39.6 C .

Experimental Design
A randomized block design, as described by Hicks 

(1973), was deemed the most suitable for the experiment. 
Justification for its use was based on the known variability 
of immunoglobulin content of colostrum from cow to Cow and 
the expected variability of day to day environment due to 
weather and other conditions. The design has the ability to 

partition these variables in the analysis of variance so they 
can be accounted for and separated from variation due to 

treatment. By this separation, the effect of concentration 
of colostral immunoglobulin on their absorption of immuno
globulins by the calves can be detected.

Immediately after parturition, calves were separated 

from their dams to prevent suckling. They were then randomly 

assigned to treatments within blocks. After each block was 
completed (3 calves per block), additional blocks were filled 
until a total of thirty-six blocks were attained.

Once the calves had been assigned to a treatment, 
they were weighed and tagged for identification. A
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precolostral blood sample was then taken from the jugular 
vein and each calf was given two liters of a pooled colostrum 
set aside for that block of calves. An additional two liters 
of the same colostrum was given at 12 hours post-partum and 

again at 24 hours of age. For the remainder of the experi
ment all calves were fed milk replacer twice daily.
Additional blood samples were drawn at 48 hours and ten days 
of age.

Serum Analysis
Serum and colostral immunoglobulin fractions, IgM 

and IgG, were quantitatively analyzed by immunoprecipitation, 
based on principles of radial diffusion in a gel media (Fahey 
and McKelvey, 1965) . Reproducibility of the determinations 

was within two percent.

Specific antisera for bovine IgM and IgG were pro
duced by the method described by Campbell et al. (1970)'.

After the bovine gamma-globulins had been precipitated with 
saturated ammonium sulfate, they were dialyzed with sodium 
phosphate buffer (.01 M, pH 7.5). Further purification of 
IgM and IgG fractions was obtained by utilizing a Sephadex 
G-200 column. Purity of the gamma-globulins was determined 
by Immunoelectrophoresis. Rabbits were used for the produc
tion of specific antisera against bovine IgM and IgG. A 
regime of subcutaneous injections of bovine immunoglobulins 
suspended in physiological saline and Freuds complete
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adjuvant (50:50) was made. The specificity of the antisera 
was determined by Immunoelectrophoresis.

Serum corticosteroid levels were determined by the 

competitive protein binding method described by Murphy (1964). 
The corticosteroid binding globulin (CBG) was obtained from 

pooled dog serum. The non-specific steroids were removed by 
elution on a Sephadex G-2 5 column with .1 M KPO^- buffer 
(pH 6.8).

Endogenous bovine CBG was removed from the test 
samples by denaturation with 100% ETOH. The samples were 

then centrifuged to remove the precipitate. Progesterone 
contamination was minimized by extraction of the progesterone 

with petroleum ether (reagent grade). Since, corticosteroid, 

recoveries from spiked serum samples was greater than 90%, 

no corrections were made.
Quality control of the assay was maintained by the 

utilization of control serum samples, with triplicate deter
minations performed in each assay.

Statistical Analysis
Analysis of variance was used to determine signifi

cance of data. If treatments were found to be statistically 
different, a least significant difference (L.S.D.) was deter

mined to compare treatment means (Steel and Torrie, I960).



RESULTS AND DISCUSSION

Experimental results are summarized in Table 1 and 
Figures 1 and 2! Table 1 shows the relationship between 
treatments, serum concentrations of corticosteroids and 
immunoglobulin fractions IgM and IgG during the first ten 
days of life. Figures 1 and 2 graphically portray the 
effects of colostral immunoglobulin concentrations on the 
percent absorption, of IgM and IgG at 48 hours post-partum.

Serum Corticosteroids 

In Table 1, the mean serum corticosteroid concentra
tions appear different between treatments at all three time 
periods. The initial precolostral blood samples (1 to 3 

hours post-partum) are significantly different between treat

ments. The serum corticosteroid level for treatment 3 (T^- 

.56.2 ng/ml) is higher (P< .05) than treatments 1 or 2 (T^-41.6 
ng/ml, T2~41.5 ng/ml). Since a major difference between 

treatments is ambient temperature, it is assumed that this 
could be the reason for corticosteroid levels being higher

in T3 ’
At 48 hours post-partum, the mean serum corticoster

oid levels are significantly lower than the levels seen at 
the 1 to 3 hour post-partum period (P<.05). Despite the

13
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Table 1. Serum concentrations of corticosteroids and 

colostrum derived immunoglobulins

Days 
Post parturn

Treatments

T1 T2 T3
Corticosteroids

ng/ml
'

0 41.6 41.5 56.2

2 * 30.6 27.2 34.7

10

L.S.D. (.05) = 8.8

16.4 14.0 31.2

IgM, mg/ml
0 0.3 0.6 0.4

2 1.8 2.0 1.5

10
L.S.D. (.05) = .35

0.9 1.0 0.9

IgG, mg/ml
0 2.9 1.9 2.8

2 22.0 25.5 18.6

10 16.5 19.4 12.8

L.S.D. (.05) = 4.4
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overall lowering of all corticosteroid levels at 48 hours, 
(34.7 ng/ml) is higher than T2(27.2 ng/ml) and (30.6 
ng/ml), although not statistically different (P>.05).

The mean serum corticosteroid level at ten days post
partum for T2(31.2 ng/ml) is statistically greater (P<.05) 
than both and T2 (16.4 ng/ml, 14.3 ng/ml). This suggests 
that the higher ambient temperature of T^ is still causing a 
greater physiological stress relative to the other treatments.

Increased adrenal secretion has been shown to be 

associated with stress (Yates, 1967). The initial effects of 
high ambient temperature have been found to cause increased 
serum corticosteroids in cattle (Johnson et al., 1962). In 
this experiment, the higher serum corticosteroid levels in 
experimental animals exposed to the higher ambient tempera

tures are as might be expected for this transient period.

Precolostr a1 Immunoglobulins 

Table 1 reflects the precolostral hypo- 

gammaglobulinemic condition of the experimental calves prior ■ 
to ingestion of colostrum (IgM: T^-0.3 mg/ml, T2-mg/ml,
Tj-O.4 mg/ml; IgG: T^-2.9 mg/ml, T2-1.9 mg/ml, T^-^.S mg/ml).
Both serum IgM and IgG levels in these ranges are considered 
to be well below the level thought necessary to immunological- 

ly protect the calf (Penhale et al., 1970). Hypo
gammaglobulinemia is a condition seen in all precolostral
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calves. This was first observed by Smith and Little (1922) 
and has been observed many times since by investigators.

Serum Immunoglobulins at 48 Hours Post-Partum 

By 48 hours post-partum, the calf has completed in
testinal absorption of immunoglobulins (Penhale and Christie, 
1969) . The mean serum IgM level at 48 hours, shown in Figure 

1, reveals T^ (1.5 mg/ml as being significantly lower (P<.05) 
than the mean, serum IgM level seen for T2 (2.0 mg/ml). The 
calves of T^ (1.8 mg/ml) have a mean IgM level intermediate 

of T2 and Tj (P>.05).
The picture for serum IgG is very similar to serum

IgM at 48 hours (Table 1), The mean serum IgG level of T^
(18.6 mg/ml) is significantly lower (P<.05) than the mean 
serum level for T2 (25.2 mg/ml). Treatment 1 (T^, 22.0 mg/ 

ml) is again intermediate of T2 and T^ (P>.05).

Serum Immunoglobulins at Ten Days Post-Partum

By ten days post-partum, the mean serum IgM levels 
(Table 1) T^-0.9 mg/ml, T2-l.0 mg/ml, T^-O.9 mg/ml have all 
dropped below the peak seen at 48 hours (P<.05) and are 

approximately equivalent to each other (P>.05). The mean 

serum IgM level for all treatments is very close to the mini

mum value (0.8 mg/ml) Penhale et al. (19 70) estimated 
necessary to protect the calf.

The mean serum IgG levels at ten days post-partum 

have all decreased significatnly below the treatment levels
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measured at 48 hours (P<.05). Also, the mean decrease of 

serum IgG is proportional for all treatments and T? (12.8 mg/ 

ml) maintains a significantly lower serum IgG concentration 
(P< .05) than Tg (19.4 mg/ml) as before, At ten days post

partum, (16. 5 mg/ml) is still intermediate of the other 
treatments (P>.05) . Unlike IgM, IgG is continuing to exhibit 

significant treatment differences at a proportionally lower 
level.

Two factors could explain the lower serum IgM and a 
leveling of the treatment means around a similar value.
First, the half-life of serum IgM is about four days (Logan,- 

Penhale and Jones, 1972). The drop in the mean serum concen
tration of IgM from 48 hours post-partum to those seen at ten 

days should represent a near complete disappearance of serum 

IgM originating from colostral absorption. Secondly, the 

immune mechanism of the calves has begun to function and thus 

self produced IgM serum levels have been reached by both 
groups. Many workers have shown the developing immune system 
begins functioning with the active production of IgM at an 

early age (Logan, McBeath and Lowman, 1974). From the data 

presented by Logan, IgM production was observed as early as 
fourteen days in the calf. It appears from present data that 
active IgM production begins before ten days post-partum.

If the serum concentrations of IgM for the experimen
tal animals were to be projected for ten days (based on the 

serum IgM levels at 48 hours), they should be barely
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detectable, assuming that normal biological degradation was 

occurring. However, this is not the case as the serum con
centrations of IgM (0.9 to 1.0 mg/ml) approach those seen for 
a mature active immune system (Klaus, Bennett and Jones,
1969) .

Although passive absorption of IgM appears to be 
hindered by environmental stress, the production of IgM by 
the experimental animals does not seem to be affected (Table 
1) .

Logan, Penhale and Jones (19 72) estimate the half- 
life of IgG to be 21 days. This would agree with the 

proportional decrease seen for the ten day period for all 
three treatments (Table 1). Unlike IgM, the active produc
tion of the IgG molecule in this experiment does not appear 

to occur before ten days post-parturn. Active immunity of 
IgG for the calf has been reported to begin at approximately 
five weeks (Logan, McBeath and Lowman, 1974) .

Serum Immunoglobulins and Corticosteroids

At 48 hours post-parturn there is a negative correla
tion between concentration of immunoglobulins and serum 

concentration of corticosteroids (R = -.73). When serum 
corticosteroids are found to be high in individual animals, 
immunoglobulins are relatively low. The correlation found 

between serum immunoglobulins and serum corticosteroids sug
gest the depression of serum immunoglobulin absorption could
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be due to elevated serum corticosteroids (Jeffcott, 1972), or 
that some physiological factor related to elevated ambient 
temperature with the concomitant elevation of corticosteroids 
is depressing immunoglobulin absorption.

Mortality
Mortality of neonate calves has been shown to be 

negatively correlated to serum immunoglobulin (Boyd, 19 72)".
In the present experiment death loss for was 25% (nine 
calves) by twenty days days post-partum. For the same time 
period, had lost two calves and T2 had one death. It was 
found that of those animals that had died, six animals had a 
serum IgG concentration less than .8 mg/ml. The mean serum 
IgM concentration for all deaths prior to twenty days post

partum was .8 mg/ml for IgM and 10.47 mg/ml for IgG. These 
values fall well below the treatment means measured at 48 
hours post-partum for all animals in the experiment. Penhale 
et al. (1970) found that it required 7.5 mg/ml of IgG and .8 

mg/ml of IgM were necessary for calves to be protected from 

induced colisepticemia.
It is,suggested by Jeffcott (1972), and demonstrated 

by this experiment, that stressful,situations lower the 
resistance of a newborn calf by affecting the ability of 
those animals to absorb colostral immunoglobulins. As 
pointed out earlier, IgM antibodies seem to have higher 
affinity for the pathogens common to calf disease compared to
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IgG antibodies (Klaus, Bennett and Jones, 1969; Logan,

» . . ' ' - 
Stenhouse et al., 1974). Any reduction in the ability of

a calf to absorb immunoglobulins in the first few hours of 
life, especially IgM, would be expected to increase the prob
ability of disease by certain pathogens.

Colostra! Content and Immunoglobulin Absorption
The relationship between the colostra! immunoglobu

lins (IgG and IgM) and the absorption of those 
immunoglobulin fractions, as indicated by the serum levels in 
experimental calves, is shown in Figures 1 and 2.

As shown in Figure 1, the colostra! concentration of 
IgG has no significant effect on the absorptive capacity of 
the neonate gut (R = -.21). This relationship between serum 
concentration of IgG and colostral concentration of IgG has 

been described by Kruse (1970). Since the calf is totally 
reliant on the colostral concentration of IgG for its total 

serum IgG, the importance of the calf receiving a sufficient 
quantity of colostrum is essential.

Unlike IgG, a negative correlation between the 
colostral content of IgM and absorption of IgM was found in 
the present experiment (Figure 2). The correlation coeffi
cient for this relationship was -.76. If the correlation is 
being correctly interpreted, the neonate calf is not totally 

reliant on the colostral content of IgM as was found for IgG. 
A calf receiving a colostrum low in IgM will absorb
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approximately the same quantity of IgM as one receiving a 
high quality colostrum (high in IgM concentration), if all 
other factors are constant.

Colostral concentration of IgM may,be an important 
factor in the absorption of all immunoglobulin classes by 
the calf. It appears the cells involved in the absorptive 
process can partially adjust for colostrum low in IgM. by 
increasing the total percent absorbed. Because IgM is first 

of the immunoglobulin fractions to be closed to the absorp

tive process (Penhale and Christie, 1969) , it may be 
involved in the signal which begins intestinal closure to all 

intact immunoglobulin fractions. Unfortunately, this experi

ment was not designed to detect if this variable absorptive 
process for IgM is regulated by extension of the absorptive 

period, or by increased rate.

The difference of absorption seen between the two 
immunoglobulin classes support the evidence for selective 

absorption. The fact that Hammer, Kickhofen and Henning 

(1968) ; Locke, Myers and Segre (1964) ; and Fey and Margadant 
(1961) found IgM less efficiently absorbed than IgG may be 

explained by the process found to be at work here. If the 
immunoglobulin content of the colostrum used in their studies 
were of a high concentration, with respect, to IgM, the per

cent absorption would seem relatively low in comparison to 
IgG. The fact that the different immunoglobulin classes are 

absorbed over various periods of time after birth (Penhale
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and Christie, 1969) suggests there is discrimination in the 
intestinal absorption of these macro-molecules. Certainly 
the results of this experiment would indicate that there is 

discrimination in the absorption of the different fractions.



SUMMARY

Environmental stress has been shown to be a signifi
cant factor in the absorption of both IgM and IgG. It 

appears that stress developed by high ambient temperatures 
and, possibly the elevated serum.corticosteroids, signifi
cantly reduces the absorption of both immunoglobulin 
fractions.

Further, the results of this experiment suggest that 
IgM is being selectively absorbed by the neonate gut, and 

that the calf can partially adjust for low colostral content 

of IgM by increasing the total IgM absorbed.

25



REFERENCES

Boyd, J . W. 1972. The relationship between serum immuno
globulin deficiency and disease in calves: A farm
survey. The Veterinary Record, 90:645.

Brambell, F. W. 1958. The passive immunity of the young 
mammal. Biological Reviews, 33:488.

Brandon, M. R., D . L. Watson and A. K . Lacelles. 1971. The
mechanism of transfer of immunoglobulins into mammary 
secretions of cows. Australian Journal of Experi
mental Biology and Medical Science, 41:613.

Butler, J . E . 1969. Bovine immunoglobulins : A review. J.
Dairy Sci., 52:1895.

Campbell, D . H ., G. S. Justine, C. E . Natalie and H. S.
Dieter. 1970. Methods in Immunology. (2nd Ed.).
W. A. Benjamin Inc., New York.

Cinader, B . 1971. Regulation of Antibody Response. C. C. 
Thomas Publisher, Springfield, Illinois.

Dourmaskin, H. 1966. Comparison of the behavior of IgG and 
IgM anti-Forssman antibodies in agglutination, 
haemolsis and cytolysis. Immunology, 11:521.

Eisen, H. N. 1974. Immunology: An introduction to Molecu
lar and Cellular Principles of the Immune Response. 
Row and Harper, Hagerstown, Maryland.

Fahey, J . L. and E . M. McKelvey. 1965. Quantitative deter
mination of serum immunoglobulins in antibody-agar 

. plates. J . Immunology, 94:84.
Fey, H. and A. Margadant. 1961. Hypogammaglobulinemia, in

coli sepsis in the calf. Pathologic Microbiologia,
24:970.

Gay, C. C ., N. Anderson, E. W. Fisher and A. D . MeEwan.
1965. Gammaglobulin levels and neonatal mortality 
in market calves. Veterinary Record, 77:148.

26



27
Gillette, D . D . and M. Filkins. 1966. Factors affecting 

antibody transfer in the newborn puppy. Amer. J. 
Physiol., 210:419.

Halliday, R. 1959. The effect of steroid hormones on the
absorption of antibody by the rat. J. Endocrin., 
18:56.

Halliday, R. 1965. Failure of some hill lambs to absorb
maternal gammaglobulin. Nature, 205:614.

Hammer, D. K., B. Kickhofen and G. Henning. 1968. Molecular 
classes and properties of antibodies in cattle serum 
and colostrum synthesis during the primary and 
secondary response to protein antigens. Eur. J. 
Biochem.,6:443.

Hardy, R. N. 1969. The influence of special chemical
factors in the solvent on the absorption of macro- 
molecular substances from the small intestine of the 
newborn calf. J. Physiol., 204:607.

Hicks, C. R. 1973. Fundamental Concepts in the Design of
Experiments. (2nd Ed.). Holt, Rinehart and Winston, 
Inc., New York.

Hill, W. C. and J. B. Robbins. 1966. Horse anti-pneumoccal 
immunoglobulins. II. Specific mouse protective 
activity. Proc. Soc. Exp. Biol, and Med., 123:105.

Horner, G. W., R. H. Johnson, D. P. Dennette and W. R. Lane.
1973. A serological study of bovine foetal immuno
globulins. Aust. Vet. J., 49:325.

Husband, A. J., M. R. Brandon and A. K. Lacelles. - 1973. The 
effect of corticosteroids on absorption and endo
genous production of immunoglobulins in calves.
AJEBAK 5 : 707.

Jeffcott, L. B. 1972. Passive immunity .and its transfer
with special reference to the horse. Biol. Reviews, 
47:439.

Johnson, H. D., A. C. Ragsdale, I. L. Berry and M. D.
Shanklin. 1962. Effects of various temperature 
humidity combinations in Holstein dairy cattle. Mo. 
Agr. Exp. Sta. Res. Bull., 791.

Klaus, G. G., A. Bennett and E. W. Jones. 1969. A quantita
tive study of the transfer of colostra! 
immunoglobulins to the newborn calf. Immunol. 16:293.



28
Kruse, V. 1970. A note on the estimation by simulation

technique of the optimal colostrum dose and feeding 
time at first feeding after calves birth. Anim. Prod. 
12:627.

Locke, R. F ., W. L . Myers and D . Segre. 1964. The immuno
logic behavior of baby pigs. Intestinal absorption 
and persistance of 6.6 S and 18 S antibodies of ovine 
origin and their role in the immunologic competence 
of baby pigs. J . Immunol., 93:576.

Logan, E . F ., D . G. McBeath and B . G. Lowman, 19 74. Quanti
tative studies on serum immunoglobulin levels in 
suckled calves from birth to five weeks. The Veteri
nary Record, 91:418.

Logan, E . F ., W. J. Penhale and R. A. Jones. 1972. Changes 
in the serum immunoglobulin levels of colostrum fed 
calves during the first 12 weeks post-partum. Res. 
in Vet. Med., 14:394.

Logan, E. F ., A. Stenhouse, D. Ormrod, W. J . Penhale and M.
Armishaw. 1974. Studies on the immunity of the calf
to colibaccillosis. The prophylactic use of pooled 
serum IgM rich fraction under field conditions. The 
Veterinary Record, 94:386.

LoSpalluto, J,, W. Miller, B. Dorward and C . W . Fink. 1962.
The formation of macroglobulin antibodies. J. Clin. 
Invest., 41:1415.

Merler, E. and F . S. Rosen. 1966 . The gammaglobulins. The 
structure and synthesis of the immunoglobulinsNew 
England J . Med., 275:526.

Murphy, B . E . 1964. Application of the property of protein-
binding to the assay of minute quantities of hormones 
and other substances. Nature, 201:679.

Murphy, F. A., 0. Aaluhd, J . W. Osebold and E. J . Carroll.
1964. Gammaglobulins of bovine lacteal secretions. 
Archives Biochem. and Biophys., 108:230.

Penhale, W. J. and G. Christie. 1969. Quantitative studies 
on bovine immunoglobulins. Adult plasma and colos
trum levels. Res. Vet. Sci., 10:493.'

Penhale, W. J ., G. Christie, A. D . McEwan, E. W. Fisher and 
I. E . Selman. 1970. Quantitative studies on bovine 
immunoglobulins. Brit. Vet. J ., 126:30.



29
Pierce, 

Robb ins

Smith, 

Staley,

Steel ,

Stott,

A. E. and M . W. Smith. 1967. The intestinal absorp
tion of pig and bovine immune lactoglobulin and human 
serum albumin by the newborn pig. J . Physiol., 190:1.

J . B ., K. Kenny and E. Suter. 1965 . The isolation
and biological activities of rabbit gamma M and gamma 
G anti-Salmonella typhimurium antibodies. J . Exp.
Med., 122:385.
'. and R. B. Little. 1922. The significance of 
colostrum to the newborn calf. J . Exp. Med., 41:81.

T. E ., E. W. Jones and L. J . Bush. 1971. Maternal 
transport of immunoglobulins to the calf. J . Dairy 
Sci., 54:1323.
R. G. and J . H. Torrie. 1960. Principles and Pro
cedures of Statistics'. McGraw-Hill Book Co., Inc.,
New York.
!. H ., F . Wiersma, B . E. Menefee and F . R. Radwanski. 
1976. Influence of environment on passive immunity 
in calves. J . Dairy Sci., 59:1306.

Yates, E. F . 1967. The Adrenal Cortex, Physiological
Control of Adrenal Secretion. Pp. 133-184. Little, 
Brown Co., Boston.



1 7 4 6


