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synthesis during normal lactation, tp primarily protein transport during
the dry period. The presence of specific IgGl receptor sites on the
basal portioﬁ of these cells has been theorized (11).

Control of the selective.transport of IgGl into the mammary gland
may be‘hormonal in nature. Smith et al. (68) injected two cows and two
heifers with estrogen and progesterone at levels reported to exist at
or near parturition and caused the formation of a fluid nearly identical
to colostrum. These results suggest that changing estrogen and proges-
terone concentrations during the last 4 to 6 wk of pregnancy either
directly or indirectly exert a controlling influence on fhe selective
trahsport of IgGl from serum to colostrum.

Factors related to colostrum immunoglobulin production were
examined in an extensive study by Kruse (32). Experimental animals
consisted of cows and heifers of the Black and White Danish, Red
Danish, and Jersey breeds. A highly significant difference was found
among breeds in yield of colostrum at first milking after calving and
in the concentration of immunoglobulin in colostrum, Red Danish
animals having the highest colostrum yield but the lowest immunoglobulin
concentration. Kruse also found marked individual variation within
breeds in colostrum yield and immunoglobulin concentration. Heifers
had lower colostrum and immunoglobulin yields than cows in second and
later lactations. No effect of season of the year was found on colos-
trum yield or immunoglobulin concentration.

Oyeniyi et al. (55) followed changes in the IgG concentration in

colostrum from the first three milkings of Holstein and Guernsey cows.
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Klaus et al. (31) examined the efficiency of absorption of
individual classes of immunoglobulins. Concentrations of IgG and IgM
in blood serum collected from calves 24 h after feeding were compared
with the concentrations of these immunoglobulin classes in the colos-
trum fed. Absorption efficiencies of 49% and 60% were reported for
IgM and IgG, respectively. Results of this study led these workers to
conclude that absorption of these two classes of immunoglobulin was
non-selective -- one class of immunoglobulin was not absorbed in
preference to the other class of immunoglobulin. Brandon and Lascelles
(10) reviewed the work by Klaus et al. (31) and pointed out that their.
conclusion did not take into account the fact that relati&ely more of
the much larger IgM molecule would be retained in the blood vascular
compartment compared with IgG. Therefore, absorption estimates based
on immunoglobulin concentrations in blood would underestimate the
efficiency of absorption of IgG relative to IgM.

In subsequent work, Brandon and Lascelles (10) set up a more
exacting study to determine whether selective absorption of individual
classes of immunoglobulin occurred. Newborn calves were fitted with
lymphatico-venous shunts, and the concentrations of IgA, IgGl, IgG2,
and IgM were measured in thoracic duct lymph shortly after the feeding
of colostrum. By measuring the concentrations in this manner, the
total change in immunoglobulin concentration within the calves due to
intestinal absorption could be determined, since little time was
allowed for passage of immunoglobulins into extravascular body fluids.

The relative efficiency of absorption was determined by expressing the

32757:
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followed for a 3 wk period. Half—life as measured by the decrease in
- plasma concentration of IgGl was 19.9 days. However, the half-life as
measured by tﬁe disappearance of 125I—IgGl from the plasma was 11.5

. days. These workers suggested'that the latter half-life is closer to
the trué half—lifé because its value is not affected by endogenous
production of IgGl by the young calf.

Although colostrum immunoglobulins provide passive immunity to
the calf, their presence in the calf has a suppressive effect on the
animal's own immune system (53). In most species, the passive trans-
fer of specific antibiodies interferes with active immunization by the
speéific antigens (9). The antigen, instead of being presented to
appropriate cells for immunization, interacts with circulating maternal
antibiodies and is cleared from the animal's system.

The degree of suppression of the immune response in the young
calf appears to be related to the concentration of absorbed colostrum
immunoglobulins. Logan et al. (38, 41) found that calves with high
serum concentrations of maternal immunoglobulin did not synthesize
significant amounts of immunoglobulin until 4 wk of age. In contrast,
calves with low serum concentrations produced immunoglobulin within
1 wk of birth, while colostrum-deprived calves began to synthesize
immunoglobulins within 48 h of birth.

Studies by Logan et al. (39, 40) showed that colostrum immuno-
globulins provide both systemic protection and local intestinal
protection in the newborn calf. In addition, these actions appear to

be independent of each other. Systemically administered immunoglobulin
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colostrum volume (48).

Estimation of the amount of a specific immunoglobulin absorbed by
individual calveé by Day 2 was based on a neonatal plasma volume of 7%
of body weight (48). The amount‘of a specific immunoglobulin absorbed
was found‘by multipiying the calculated plasma volume by the Day 2
specific immunoglobulin concentration in serum.

Meteorlogical information. Temperature and relative humidity data for

Brookings, South Dakota for the periods of December 24, 1975 thru May
21, 1976, and May 27, 1976 thru November 19, 1976, were obtained from
the Agricultural Engineering Department, South Dakota State University.
Variableé included average, maximum, and minimum temperature, temp-
erature range, and average relative humidity for a given sampling day.
In order to more accurately reflect the meteorlogical variables that
might have influenced serum protein components in experimental calves,
and since change(s) in these components in response to a given variable
would likely appear over time, the recorded value for each meteor-
logical variable on a given sampling day was an average of sampling
day data and data for the day preceeding it. Information on meteor-
logical variables on Day 0 was from sampling day data only.

A temperature humidity index (THI) (a means of joint evaluation of
the effects of temperature and humidity) was determined for each
sampling day. THI was calculated using the formula: THI = td -~ .58
(1 - RH) (tc.l - 58) where ty = ambient temperature in degrees Fahren-
heit, and RH = ambient relative humidity (30). Average temperature

and average relative humidity, determined as above, were used to
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of colostrum rich in IgM and IgA should have increased the probability

of calves absorbing adequate amounts of these immunoglobulins.

Calf serum protein components

Age of experimental animals influenced serum protein components
(Table 5). Total sefum protein, ¥-globulin, and specific and total
immunoglobulin concentrations increased (P<.0l) to maximum values at
Day 2, then declined with age. By Wk 2, total serum protein had
decreased to mature concentrations (5). Serum IgG concentrations
declined slowly throughout the experimental period, while IgM concen-
trations reached a minimum by Wk 3, then began to increase. Decline
of speéific immunoglobulin concentration in calf serum from Day 2 to
Wk 1 was greatest for IgA, followed by IgM then IgG.

The marked increase in total protein and specific and total
immunoglobulin concentrations in serum of calves at Day 2 is the
result of absorption of colostrum proteins, especially immunoglobulins.
Decline in the concentrations of serum protein components after Day 2
represents catabolism of absorbed colostrum immunoglobulins. Logan
et al. (41) noted different rates of decline in specific immunoglobulin
concentrations in serum of young calves. Based on these rates of
decline, half-lives of IgA, IgG, and IgM were determined to be 2.8,
21.0, and 4.0 days, respectively (41).

Increases in X—globulin and IgM from Wk 5 to Wk 10 reflect
synthesis of immunoglobulins by the calf's own immune system. Other
researchers working with colostrum-fed calves noted endogenous immuno-

globulin synthesis by approximately 4 wk of age (41). Since very
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concentrations in calf serum. However, for IgG, the amount of IgG
absorbed by Day 2 was the most important variable influencing its
concentration inlserum. These results reflect the shorter half-lives
of  IgA and IgM in relation to thelhalf-life of IgG. Concentrations of
IgA and IgM in serum.decline more rapidly with time compared to the

rate of decline in serum IgG concentration.
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APPENDIX TABLE 4. Least-squares analysis of variance of serum components.a

Serum component (SC) (sc) (sc)
Degrees ~ Degrees Degrees
of Total of of
Source freedom protein X—globulin IgG freedom IgA freedom IgM
————— mean squares (ms) ----- -(ms)- -(ms)-
Total 263 74 ' 225
Season (A) 1 .40 .19 .01 1 1.69% 3 .07
Sampling age (B) 6 15.83%% 7.62%:% 1990.00%:* 1 23.42%% 5 18.06%:*
Calving no. (C) 2 .53 10 41.08 2 1.71%% 2 .10
Sex of calf (D) 1 .00 .16 .88 1 .02 1 o4
AxB 6 «28 . Ol 41.58 1 .71 5 «L7
A xC 2 1.34 BL#%  306,47H% 2 1.16% 2 1.71%%
BxC 12 .57 .05 11.33 2 1.28% 10 .09
AxBxC 12 82 .12 29.69 2 .85% 10 . 90%::
A xD 1 .30 U1 103.09 1 +05 1 1.33
BxD 6 «21 .05 6.61 1 .03 5 .09
AxBxD 6 <10 .09 8.83 1 .07 5 +30
Error 208 b « 13 36.84 59 .26 178 .35

@Interactions C x D, AxCxD, and B x C x D not included due to incomplete cells.

.,

“F-test significant (P<.05).

“w

“F-test significant (P<.01).
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APPENDIX TABLE 5. Least-squares analysis of variance of meteorlogical variables.

Meteorlogical variables

Degrees of

Source freedom Tavg TmaX Tmin Tfluc RH THI
Total 263

Season (A) 1 90522%% 113674 70530%% 5331%% 25549%%  pug828«
Sampling age (B) 6 286 490 177 132%% 5L Q%% 289%%
A x B 6 1789 2032%% 1571%% 56 1008%% 1424
Error 250 143 158 148 38 97 97

“F-test significant (P<.01).

€9



	South Dakota State University
	Open PRAIRIE: Open Public Research Access Institutional Repository and Information Exchange
	1977

	Influence of Season on Immunoglobulin Absorption and Status in Young Calves
	Lynn Maureen Boyd
	Recommended Citation


	tmp.1500563057.pdf.ytcjd

