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Serum immunoglobulin concentrations
after feeding maternal colostram or maternal
colostrum plus colostral supplement

to dairy calves

5 F Abel Francisco, M8, and J. D. Qrdgley I, PBD

Summary

Maternal colostrum or maternal colostrum plus
colostral supplement, composed of 2 blend of yoph-
ilized colostrum and dried whey, was fed to 32 Hal-
stein calves as soon as possible after birth (mean %
SEM = 2.0 = 0.2 hours) and, again, 12 hours later.
Mean immunoglobulin concentration in colostrum was
59.2 mg/ml; mean immunoglobulin fraction in sup-
plement was 11.4%. Serum immunoglobulin concen-
trations were measured at 0, 12, 24, 48, and 72 hours,
and ar 28 and 56 days. Hour/trearment interactions
were significant for toral immunoglobulin, 1gG,, and
IgM concentrations. Immunoglobulin concentrations
were highest at 12 hours (total immunoglobulin, IgG.,
IgM) or 24 hours (IgG;) in calves fed colostrum plus
supplement, whereas all immunoglobulin concentra-
tions were highest ar 24 hours in calves fed maternal
colostrum only. Peak mean immunoglobulin concen-
trations did not differ between treatments. Supple-
meuntation of colostrum did nor increase peak mean
serum immunoglobulin concentration, but did alter
the serum concentration-time profile from 12 to 72
hours after birth.

Calves are borm hypo- or agammaglobuline-
mic'™% therefore, absocption of colostral immuno-
globuling is essential for acquisition of passive
immunity.'** Among the most important factors that
influence passive transfer of colostral immunoglob-
ulins are age at first feeding and mass of immuno-
globulins ingested.>'® In some circumstances, sufficient
maternal colosurum may not be available within the
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first 24 hours after birth, or colostrum with low im-
munoglobulin concentration may be produced by the
dam. In thes¢ instances, products contzining immu-
noglobuling extracted from dried cheese whey or
natural colostrum have been used to replace colos-
trum or to increase immunoglobulin content of co-
lostrum.!! However, feeding excess immunoglobulin
may impair development of active immunity*'? and
reduce efficiency of immunoglobulin absorption *'*1?
Effects of these products on acquisition of passive im-
munity have not been determined, particularly when
they are fed 10 supplement colostrum containing var-
ious concenrrations of immunoglobulins, The purpose
of the study reported here was to determine whether
adding a colostral supplement to maternal colostrum
had an effect on serum immunoglobulin concéntration
in calves.

Materials and Methods

Experimental design — Thirty-two Holstein calves
(16 bulls and 16 heifers) were assigned 10 a 2% 2
factorial arrangement of sex and colostral supplemen-
tation in 2 randomized complete-block experimental
design. Calves were blocked according to birth date,
and were fcd marernal colostrum (MC) or maternal
colostrum supplemented (MC$) with 125 g of a colos-
tral supplement consisting of 2 blend of lyophilized
bovine colostrum and dried whey.”

Animal management —Pregnant cows were
housed in a drylot until 7 days before their expected
calving dares; they were then moved to 5- X 3-m stalls
bedded with sawdust. Eight cows calved in the drylot
more than 7 days before their expected calving date.
Newhorn calves were not allowed to suckle, but were
lefi with their dams for 30 to 40 minutes to allow each
dam 1o clean and stimulate its calf Calves were then
moved to the calf barn and weighed. Their navels were
dipped in 7% iodine solution, and calves were placed
in individual pens (2.5 X 1.5 m) bedded with shavings.
Pens were cleaned daily, and shavings were replaced
every other weck

* [mmuno Bae, Alleech Ing, Nicholasville, Ky.
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Maternal colostrum was hand-milked from the dam
shortly after parturition, iransported to the calf barn,
weighed, and placed into two 2-L bottles. When < 4
L of colostram was obrained from any cow, previously
obrained colostrum was added to make 4 L. Surplus
colostrum was stored at 4 C or —20 C, and frozen
colostrum was thawed with warm water before use.

Two liters of MC or MCS was fed to each calf as
soon as possible after birth, and again, 12 hours later.
After 24 hours, all calves were fed commercial milk
replacer twice daily. Commercial calf starter was of-
fered after 3 days, and water was available at all dmes.
Intake of MG, MCS, and milk replacer were recorded at
each feeding. Prevalence of scours and signs of respi-
ratory tract infections and other illnesses were re-
ported daily.

Sample collection and analysis of immunoglob-
ulin concentrarion—Samples (10 ml) of colosrum were
stored at —20 C prior to analysis of IgG,, IgG,, IgM,
and IgA concentrations by radial immunodiffusion.® Co-
lostrum was diluted ¢10:1) in saline (0.9% NaCl) so-
lutionn for analysis of IgG, concentration. Colostral
supplement was reconstituted 10:1 with tap water and
2nalyzed as for colostrum, Afier 22 hours of incubation
at 22 C, diameter of precipitant rings was measured by
use of an ocular micrometer on a stereomicroscope.®
An effort was not made o derermine whether irnmu-
noglobulins in colostral supplement were inract pro-
teins or whether processing affected immunoglobulin
SIFUCLUrE.

Blood samples (10 ml) were collected by jugular
venipuncoure into evacuated conrainers without anti-
coagulanr as soon as possible afrer birth (0 hours) and
12, 24, 48, and 72 hours thereafter, and when calves
were 28 and 56 days old. Blood samples were alloared
to coagulate, and serum was obtained by centrifupzrion
(3,000 x g). Samples were stored at —20 C prior o
analysis of IgG,, 1gG,, and IgM concentrations as for
colostrum, but without dilution.

Statistical analysis—Serum immunoglobulin con-
centrations at 12, 24, 48, and 72 hours were analyzed
as a split-plot experimenta! desipn. The model used was
Yya = o + B + § + T + 5T + BSTy + H +
TH, + SHy + BW + Ig + e, where Yy, = serum
immunoglobulin concentraton; p = overall mean con-
centration; B, = effect of i*" block; 5 = effect of the
" sex; T, = effect of k™ wearmenr; 5T, = effecr of
sex/treatment interacdon; BST,, = effect of block/sex/
treatment interaction; H, effect of 1™ hour; TH, = ef
fect of trearment/hour interaction; SH, = effect of sex/
hour interzction; BW% = bady weight at birth (included
as a covariable); Ig = cumulative intake of immuno-
globulin from maternal colostrum (included as a cov-
ariable); and ey = residual. Block/sex/treatment
interaction was used 2 an error term (o test weatment
and sex main effects and sex/treatment interaction.
Analyses were conducted by use of a2 mixed model
algorithm ¢ Serum immunoglobulin concentrations at
28 and 56 days of age were analyzed as a randomized
complete block design, using analysis of covariance,

b VMRD Inc, Pullroen, Wash.
© Amecican Opteal, Buffals, NY.
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with Bw and cumulative immunoglobulin intake as
covariables, Values of P < 0.05 were considered sig-
nificant. Dara for one helfer were removed prior to
statistical analysis, because it refused to consume the
sccond feeding; therefore, least squares means are pre-
sented, '

Results

Body weight at birth ranged from 26.3 10 50.8 kg
(Table 1). Mean age at first feeding was 2.0 hours (SEM
= (.2). Ten calves refused some MC (n = 4) or MCS
(n = 6) during the first or second feeding, Any MC or
McS that was not initially consumed was consumed in
an additional feeding 2 to 4 hours later. Signs of res-
piratory tract disease were not observed during the
study. Five calves (2 that were fed MC, 3 that were fed
MCS) were treated for scours for » 1 day during the
study; 8 others were treated for 1 day only.

Mean total immunoglobulin concentraton in ¢o-
losurum did nor differ between tweatments and, for all
calves, ranged from 6.3 to 94.9 mg/ml. For all calves,
IgG,, IgG, IgM, and IpA were 85.3, 6.2, 3.4, and 5.1%,
respecrively, of mean total immunoglobulin concentra-
tion. Colostral supplement was obralned and fed in 2
lots, which contained 14.3 and 8.5% total immuno-
plobulin,

Mean cumulative intake of toral immunoglobulln
and mean cumulative intake of each isotype did not
differ by trearment (Table 2). For those calves that

Tablz 1 — Statfstics of body weight, immunoglobulin concentra-
tion of maremal colostrum, colostral supplement, and age at
first bipod sample and feeding

Vanghle n Mn Max Mean 5IM
Body welght (kg) 51 263 508 389 1.0
Age ux first feeding (h) 31 08 4.0 20 0.2
Age at fict s=ampling (h) 51 05 25 1.0 o1

Matemal colseum (mgml)
Tatal immunoglobulin 31 63 940 9.2 4.1

e 3 46 BOA 505 36
1gGa a1 oz 74 3.7 0
TgM 31 06 57 Z0 02
IgA i 01 66 30 04

Colostral supplement (%)

Toral immmunaglobulin 2 9.5 143 ND ND
g6, 2 487 117 KD ND
156y 2 0.7 1.2 ND N
IgM 2 04 05 KD ND
IgA 2 0.3 03 D ND

ND = not determined,

Table 2=Leasr-squares means of cumulative immunoglobLlin
intake by caives fed matemal colosrurn (MO of matemnal co-
lostrim supplemented (MCS) with 125 g of colostral suppls-
ment

IMMUNo- Colostrum Supplement
globutin (g} MC MCs 3EM MCS SEM
Firge [ecdlng
g0, 100.4 09.7 a5 124 0.4
IeG, 75 7.7 10 14 0.1
IgM 43 34 0.4 07 0.1
Total 1122 1108 o0 145 04
Second feeding
16, 19868 1987 150 24.5 0.6
IgG; 148 15.2 18 28 ol
IgM 8.6 6.7 0.8 13 .1
Toral 2222 2205 170 287 06
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received colostral supplement, the supplement pro-
vided a mean additional 14.5 and 14.2 g of immuno-
globulins at the first and second feedings, respecrively.

Serum immunoglobulin concentrations in all calves
prior to feeding were less than the limlts of detection
by radial immunodiffusion (0.11, 0.12, and 0.08 mg/ml
for IgGy, 1gG,, and IgM, respectively), although small
precipitant rings were observed. One MC calf and 1
MCs calf were hypogammaglobulinemic (serum IgG +
IgM concentration < 5 mg/ml) at 24 hours. Peak mean
serum immunoglobulin concentration was not signifi-
candy different between calves fed MC and calves fed
MCS,

When analyzed by analysis of covariance, using 8W
and cumulative immunoglobulin intake from maternal
colostrum as covarables, hour/freatment interactions
were significant for total immunoglobulin, IgG,, and
IgM concentrations (Table 3). Orthogonal polynomials
were used o discriminate linear, quad-ratic, or cubic
effects of hour within each treatment. In all cases, or-
thogonal polynomials indicated different serum con-
centration-time profiles for calves fed MC vs calves fed
MCS. Mean serum IpG, concentration in calves fed MC
followed a cubic partern, and peaked at 18.70 mg/ml
at 24 hours. In calves fed MCS, no effect was significant,
indicating that mean serum IgG, concentration did not
change after peaking a2t 14.02 mg/ml ar 12 hours.

Mean serum IgGy concentration in calves fed MC
increased in a quadratic manner for 24 hours, then
remained unchanged for the nexx 48 hours. In calves
fed MCS, mean serum Ig(, concentration increased 1o
1.83 mg/ml at 24 hours, then decreased to 1.45 mg/ml
by 72 hours. Quadratic and cubic effects were signifi-
cant for IgM in calves fed MC, whereas no coefficients
were significant in calves fed MCS.

A sex/hour interaction was sipnificanr for serum
IgM concentration (Table 4). Mean serum IgM con-
centration in heifers increased 1o 2.24 mg/ml by 24
hours, whereas mean serum IgM concentration in bull

Table 3-—Least-squares mearis* of Serurn irmmuno-
lobulin concentration in catves fed MC or MMCS

ls;:\%p;'gnd Concentration [mg/mi}
dme {h MC MCS SEM
IgGot
12 14.38 14.02 215
24 18.70 13.00 192
48 1419 13.50 1,08
72 13.13 1387 195
Igt;
12 1.30 141 0.20
2 1.8 1.83 019
48 LG8 1.56 019
7z 156 145 019
gMt
12 153 147 0.21
24 2.06 145 0.20
48 162 140 0.20
7 149 1.27 0.20
Testalt
12 17.02 16.60 236
2 22.60 16.22 216
48 17.54 1632 2.20
72 16.28 1580 219
* Covariately adjusted for Body weighe at bimh and cumu-
Lethe Immunoglobulin iomke fom matermal eolosoram, + Sig-
nificant hour/earment Interaction (P < 0.05),
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Table 4 —Lleast-squares means* of serum IgM con-
gentration In heifers and butt cahves

Sampie Concentration img/mi)
time {h} Heifers Bull calves SEM
12 173 130 0.22
24 224 126 0.20
48 172 130 020
72 155 111 0.20
* Covariarely sdjusted for body welght at birh and cumu-
larve 1gM Ineake from macemsl colastrum.

Table 5—Lleasr-squares rneans* of SenJm immuno-
globutin concentration at 28 and 56 days of age in
caves fed MC or MCS

sample gme Concentratdon {ma/mi)
ang isotype MK M5 SEM
28d
IeG, 1082 0,22 0.96
[gGs 1.04° 0.50* 0.05
IgM D.56" 0.65° 0.03
Toul 1240 1081 1.01
56d
1gG, B.50 752 0.58
1g5; 1.41 1.37 010
IgM Q75 0.64 0.05
Tatal 10.77 951 0.58
&b Megny in the same mow with different superseripy differ
(F < 0.06).
See Table 3 for key.

Table &6—Least-squares rmeans* of serum Immuno-
glabuiin concentration at 28 and 56 days of age in
haifars and bull calves

Cencenrratlon {mg/mif
Sample time Bull
and isotype Heifers cahes 3EM
8d
IgG, 1133 a7z 0.8
IgG; 1.08 oanr 0.05
IgM 063 0.58 0.03
Toral 1299 10.23 1.00
56 d
184G, 10.85 943 0.60
IgG, 141 137 0.10
M 075 0.64 0.0%
Taoal B.67 746 0,59
* Means in the same row with differenc superscripes differ
(P < 0.01).
See Table 3 for key.

calves did not vary after 12 hours. For cach sampling
time, however, mean serum 1gM concentration was
higher in heifers than in bull calves,

Mean serum [gG; concentration ar 28 days of age
tended o be lower and serum IgM concentraton tended
o be higher in calves fed MCS than in calves fed MC
(Table 3); however, the differences were not signifi-
cant, and there were no differences between groups at
56 days of age. Effects of sex on serum IgG, concen-
tration at 28 days of age were significant, and sex tended
to influence total serum immunoglobulin concentra-
tion and IgG, concentration at 28 days of age, but not
significantly (Table 6).

Discussion

Serum immunoglobulin concentration-time pro-
files in calves fed MCS may have been altered because
of changes in uptake of immunoglobulin by intestinal
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cpithelium, altered ourflow of immunoglobulin from
serum into extravascular tissues, or a change in vas-
cular pool size. Michanek et 21'7'® suggested that large
amounts of immunoglobulin consumed ar a first meal
may initiate cessarion of macromolecular absorption,
thereby reducing efficlency of absorption of subse-
quent meaks. Loss of imnmunoglobulins from serum once
a threshold immunoglobulin concentrarion is reached,
thereby malntaining or lowering serum immunoglob-
ulin concentration, has been reported in mice'® and
human beings,?® but not in cartle.'® If such a threshold
did exdist, the relatlonship between serum immunc-
globulin concentration and immunoglobulin intake
should be curvilinear. In this study, regression of the
natural logarithm of serum IgG, concentration at 24
hours on IgG, intake indicated significant linear and
quadratic coeficlents (log of serum IgG, concentration
at 24 hours [mg/ml] = 0.777 + 0174 X IgG, intke
(g — 3.38E-% X IgG, inuke? r* = 0.49). On the
other hand, serum IgG, concentration at 24 hours was
not related o IpG, intake, and serum IgM concentra-
tion was linearly related o IgM intake (log of serum
IpM concentration at 24 hours [mg/ml] = —0312 +
0.087 x IgM intake (g); 7 = 0.38). Other
investigators™1° have reported that the relationship be-
tween serum IpG concenteation and IgG intake i linear
within the ranges of immunoglobulin they fed, which
supgests that a serum threshold does not exisr and thar
inrestinal uptake is not altered when immunoglobulin
consumption is increased. The relarionship berween
immunoglobulin intake and absorption is not well
understood.

The significant sex/hour interaction on serum IgM
concentratlon (Table 4) was independent of BW, as BW
and intake of IgM were included in the model as cov-
ariables. Additional research is indicated to corroborate
or refute this observation,

At 28 days of ape, mean serum IpG, concentration
tended to be lower in calves fed MCS than in calves fed
MC, although differences were not significant. That only
IgG, concentrarion at 29 days of age was affected by
feeding MCS suggests that immunoglobulin supplemen-
tation to meaternal colostrum did not markedly influ-
ence development of active immunity in calves 2!

Provision of additional immunaglobulin by colos-
tral supplementation did nor significantly increase mean
serum immunaglobulin concentration. However, calves
in this smdy were fed 4 L of colostrum with high im-
munoglobulin concentration at optimal rimes (2 and
14 hours after bicth), It is not known whether colostral
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supplements will be of benefit when colostrum is un-
available, when colostrum is of particularly poor qual-
iy, or when management practices are not oprimal.
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