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ABSTRACT

One thousand Holstein-Friesian heifer calves were studied to
evaluate the effects of colostrum-derived 24 to 48 h serum Ig concen. trations on growth and survival.

The rate of growth increased as 24

to 48 h serum Ig concentrations increased.

Calves born to first-calf

heifers had higher 24 to 48 h serum Ig concentrations and gained weight
at a higher rate of gain than heifers born to 3-year-old and older
cows.

The concentration of serum Ig at 24 to 48 h in the dairy heifer

is a significant source of variation affecting average daily gain
through the first 180 d of life.

Seasonal factors were also significant

in influencing rate of gain from birth to 6 months.

Age of darn was a

significant source of variation in calf weight gains, but only for the
first 35 d of life.
Approximately 28% of the calves absorbed less than 12 mg/ml of
maternally-derived antibody.

Heifers in this category suffered a death

loss of 6.78% compared to only a 2.59% loss for heifers absorbing
greater than 40 mg/ml Ig.

Both season and age of dam were significant

in affecting the concentration of 24 to 48 h serum Ig acquired.

Forty-

nine percent of the variation in 35 d serum Ig can be attributed to the
variation found at 24 to 48 h.
The data presented here indicate that proper management of
factors influencing the absorption of colostral immunoglobulins by the
neonatal dairy heifer would enhance the replacement rearing program.
vii

INTRODUCTION
Passive immunizatiQn thrQugh the absQrptiQn Qf cQlQstral
antibodies is an impQrtant and essential prQcess fQr the well-being of
the bovine neQna.te.

The establishment Qf a PQQl Qf circulating

passively-acquir:ed immunQglQbulin (Ig) prQvides the immune protectiQn
necessary to. the calf to. assist it thrQugh its early stage Qf grQwth and
develQpment.

Fa.ilure to. absQrb adequate amQunts Qf Ig Qften results in

a high rate Qf lIIIQrbidity (3, 4, 35., 49, 60) which is a substantial
eCQnQ~ic

lQSS to. the livestQck prQducer (22).

Calves suffering frQm

disease require lextra labQr as well as the additiQnal expense Qf
antibietics and lether treatments required to. cembat the disease.

Aside

frQm the lQSS attributed to. increased labQr and supplies, anQther
damaging aspect IQf hYPQgammaglQbulinemia is that the diseased calf
Qften succumbs despite effQrts taken to. help it reCQver.

Several

authQrs have repQrted high mQrtality rates assQciated with IQW serum
Ig CQncentratiQn (6, 36, 38, 49, 57, 60).
Antigen specificity Qf absQrbed Ig is also. impQrtant in the
measurement Qf prQtective ability prQvided by the cQlQstral Ig.

A

deficiency Qf specific antibQdy CQuld explain the reaSQn why SQme
calves appearing to. have sufficient serum antibQdy die as the result
ef a pathegenic challenge.

Hewever, as determined by McGuire et al.

(36), mQst calves dying frQm infectiQns failed to. absQrb sufficient
amQunts Qf cQIQstral Ig.
I
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Pathogen-specific antibody has been demonstrated to be
impor~ant.

However, the quantity of antibody absorbed provides an

adequate measure of the success or failure of the protective influence
of passively-acquired Ig.

Thomas and Swann (59) suggested an indirect

method of protection provided by colostral antibody.

They indicated

that the passively-acquired Ig, although not specific for the pathogen
investigated , reduced the animal's susceptibility to other invasive
pathogens and thereby the effect of secondary infection.

Brignole and

Stott (6) ohserved high concentrations of serum Ig (63 mg IgG/ml and
15 mg IgM/ml) in some calves at 24 to 48 h and posed the question as to
how essential high .c oncentrations are to passive immunity.

After

determining that colostrum-derived Ig was minimal at approximately 32 d
after birth, Husband

~nd

others (21) suggested that perhaps calves

which received insufficient quantities· of antibody and even calves fed
adequate levels might be more sus-ceptible to certain diseases at this
phase of life.
When confronted with the problem of explaining how colostrum
derived Ig, which has a half-life of approximately 21 d, can have_
any direct influence on the course of diseas·e over the next 4 to 6
months, Williams et al.

(61) postulated the following idea.

They

proposed that a good initial immunity might allow an animal to support
a gradual and controlled establishment of successive pathogens so that
the immune system can produce adequate levels of specific antibody
rather than be overwhelmed by the sudden influx of large numbers of
invasive pathogens.

The diseased animal cannot utilize its nutrients

solely for growth and development since a portion of the nutrient pool
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must be devoted to inactivating and eliminating invasive pathogens as
well as repairing any damaging effects from their presence.
The influence of colostrum feeding at birth on subsequent
performance of the calf has been widely investigated (18).

Most

studies have reported improved weight gains associated with this
practice.

Benefits derived from colostrum feeding through the weaning

period include an increased availability of nutrients and also a
prophylactic effect in protecting the gut-lining from damaging
pathogens.

Both these factors have led to increased weight gains and

overall calf performance.

On the other hand, only two previous studies

(24,40), have investigated the influence of passive immunity on

postnatal growth.

Both these studies investigated only the period of

growth from birth to weaning.
The present experiment was designed to investigate the wide
range of Ig concentrations within a given herd to determine the
influence of passive immunity on the subsequent weight gain and
p2rformance of the dairy heifer from bir.th to 6 months of age.

LITERATURE REVIEW

Establishment of Passive Immunity
The bovine calf is born with little or no detectable
immunoglobulin in its serum (5, 21).

This apparent lack of serum

immunoglobulin (Ig) predisposes the newborn calf to infection unless
passive i:nununization occurs prior to exposure to pathogens.

Neonatal

passive immunization occurs via antibodies derived from the maternal
plasma.

Two systems of passive immunization exist (43):

postnatal transfer of antibody to the offspring.

prenatal and

In bovine, however,

it has generally been accepted that there is little or no placental
transfer (prenatal system} of antibody from the dam to the fetus (5).
Therefore, the calf is dependent upon the postnatal system of antibody
transfer.

The postnatal system involves the removal of serum Ig from

the maternal circulation and its concentration in the colostrum.

Upon

comsumption of colostrum by the neonate, immunoglobulins pass immunologically intact across the intestine and into the circulation.
Immunoglobulins are absorbed via the lymphatic circulation (1, 9).
Table 1 shows serum lg concentrations in the calf, resulting
from colostral Ig ingestion, which have been determined between 24 to

48 h post par tum (_7 , 13 , 21 , 2 3 , 29 , 3 4 , 3 6 , 41) .

The las t of the

colostral Ig disappear from the calf serum at 4 to 6 weeks (17, 21, 23,
29).

The half-lives for passively acquired serum IgG, IgM, and IgA

have been reported as being 21, 4, and 2.8 d respectively (28}.
4
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Although endogenous production has occurred as early as the fifth month
of gestation due to in utero antigenic challenge, normal endogenous
immunoglobulin production first occurs at approximately 4 weeks of age
(11,21,28,29,45).

Table 1.

Absorption of colostral immunoglobulins.

Author

Beef
or
Dairy

Bush
et al. (7)

Dairy

Edwards and
Broom (13)

Dairy -

Husband
et a1. (21)

Dairy

Ishikawa and
Konishi (23)

Dairy

Logan
et a1. (29)

Beef

McBeath and
Logan (34)

Beef

McGuire
et a1. (36)

Beef

Norman
et al. (41)

Beef

No. of
Calves

Time of Peak
AbsorEtion

IgG

Ig cone. (mg/ml)
IgH
IgA

27

24 h

*15.4

127

48 h

**31.84

1.64

1. 89

7

24 h

**18.41

6.01

2.42

23

30 h
18 h

17.72
1. 34

1. 47

23

24 h

38.1

3.11

2.96

27

24 h

30.90
28.36

2.48
4.47

2.59
3.14

187

* Total serum immunoglobulin
** IgG 1 + IgG?
*** IgG l only -

48 h

**38.1

3.0

24 h

***48.2

3.18
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Factors Affecting Serum Ig Concentration
The ability of the calf to absorb intact colostral immunoglobulins is limited to the first 24 h of life (53).

The level of

passive immunity attained is greatly influenced by the time at which
colostral intake first occurs.

Leece and Morgan (27) defined the

termination of intestinal permeability, "closure", as the "cessation of.
absorption of macromolecules from gut to blood in neonates."

Mechanisms

for this process remain obscure but it is known to occur between 24 and

36 h after birth in calves.

Stott et al. (53) reported no significant

differences in the time of closure for each of the three Ig classes.
Matte and others (33) demonstrated that as the time of feeding was
delayed through the first 48 h, the percentage of Igr, absorbed declined
rapidly.

In two separate studies, Edwards and Broom (12, 13) demon-

strated that dairy calves which failed to suckle within the first 6 h
postpartum were low in serum Ig at 48 h.

Their work supports the

findings of Kruse (25) that the high incidence of hypogammaglobulinemia
in calves is the result of too long a delay before ingesting colostrum
and that no calf is born with an inability to absorb colostral Ig.
Calves generally are fed colostrum based on volume with respect
to body size.

Kruse (25) stated that calves have the capacity to absorb

large quantities of colostrum regardless of its Ig concentration without
being overloaded.

In a study of dairy calves, Stott et al. (54)

determined that 2 liters of colostrum fed tvithin 4 h of life tv3S the
optimum amount required to achieve maximum rate of absorption.

Using

three different Ig concentrations of colostrum, Bush et al. (3)
reported that the amount of colostrum ingested rather than the IgG
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concentration was significant in influenci.n g the amount of serum I gG
absorbed.

Selman et al.

( 4 7),

in investigating the relationship of the

amount of colostrum consumed and the amount of Ig absorbed, determined
that volume of inges·ted colostrum is not a sure method of determining
subsequent serum Ig concentrations-.
Very few studies have specifically investigated the effe c t of
colostral Ig concentration on serum Ig concentrations.

However, Stott

and Fellah (_56} investigated the significance of Ig concentration in
colostrum on neonatal serum Ig , keeping age at first feeding, volume
fed, and maternal source of colostrum constant.

They reported that

both. volume and concentration are important determinants of serum Ig
concentrations.

They als-o pointed out that if the colostral Ig

concentration is low, insufficient Tg absorption occurs regardless of
the ingested volume.

Therefore, in addition to feeding adequ'a te volumes

of colostrum to the neonate, care mus·t be taken to control the
concentration of colostral Ig.
Kruse (25) suggested that part of the variation in serum I g
concentrations can be accounted for by birthweight.

The amount of vi gor

associated with birthweights may imply an effect of birthweight on
ability to nurse and subsequently absorb colostral Ig.

If this were

true, very small calves and exces-sively· large calves, which exhibit
less vigor than intermediate weigh.t calves at birth, would consequently
be found to be lower in colostrum-derived antibody . . Norman et al. ( 41)
found that birthweight did not significantly influence variation of
Ig concentration of calf serum in beef breeds.
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The role of maternal and genetic influence on levels of neonatal
serum Ig have been investigated (38, 41).

In both studies involving

various beef breeds, the authors report that as the age of dam increases
colostrum-derived serum antibody in the calf also increases.

Although

this relationship may exist, some calves from older cows remain hypogammag10bulinemic.

Logan and Gibson (30), determined that age of dam

per se didn't have a significant effect on serum Ig concentrations in
the beef calves they studied.

As further explanation, they reported

that the higher incidence of hypogammaglobu1inemia in calves of older
cows was perhaps related to the soundness of their dam's udder.

Poor

udder and teat placement was shown to delay suckling in the neonate
(48).

In investigating the effects of suckling followed by bottle feed-

ing of colostrum on Ig absorption in the neonatal dairy calf, Brigno1e
and Stott (6), suggested that mothering instinct, udder conformation,
level of vigor, and drive to suckle all playa role in the suckling
potential of the calf.

Edwards and Broom (12) found that the proportion

of dairy calves which had suckled within 6 h of birth decreased as age
of dam increased.
Norman et a1. (41) suggested that the genetic factors, breed of
sire and breed of dam, contributed to the variation in the ability of
the neonatal beef calf to acquire and absorb colostral 19.
were reported from a study involving mixed breeds of cattle.

These results
In a later

study, involving only Hereford cattle, Mugg1i et a1. (38) determined that
the selection line of calf was an important factor influencing 19G 1 concentrations in neonatal serum.

Similar genetic studies involving the

importance of these factors in dairy breeds are lacking in the literature.

9

Stott and others (51} demonstrated that ambient temperature and
humidity are two of the environmental factors involved in influencing
passive immunity levels.

Cold exposure imposed on calves did not prove

to be significant in affecting the ability of the neonate to absorb
colostral antibodies (42).

It ,vas suggested, however, that the neonate

exposed to a cold environment may remain hypo- or agammaglobulinemic due
to cold-induced physical ,veakness or failure to suckle.

In contrast,

high ambient temperature acts as a strong depressant to colostral Ig
absorption (10, 51).
Muggli et a1. 08} found a linear relationship between dam
dystocia and calf serum Ig absorption.

Increased severity of dystocia

was associated with decreased serum Ig concentration-of the calf.

Stott

and Reinhard (52) reported no significant differences in Ig absorption
in eutocial vs. dystocial calves fed equal amounts and concentrations
of colostrum.

Perhaps the difference between these two findings could

be found in the method of acquisition of the colostrum by the neonate.
Calves in the first st"udy (41) were allowed to suckle whereas those of
the second study (52) were bottle fed a constant amount of colostrum
with equal volume and concentration.

An effect of dystocia revealed

by the unwillingness of the dam to accept the suckling action of the
neonate after a difficult birth. was suggC!sted by Selman and others (48).
In a revie,v article (55), Stott concluded that induction of
hyperadrenalemia by exogenous hormones or endogenous production of
corticosteroids by the calf due to stress do not alter intestinal
absorption of immunoglobulins.

Hmvever, he further stated that
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stressful conditions imposed on the prepartum darn may alter the
neonate's ability to absorb colostral immunoglobulins.
HyPogarnmaglobulinemia in the Neonate
Hypogarnmaglobulinemia in the neonate is a very serious prohlem
facing a large number of livestock producers today.

Occurrence rate of

Ig deficient calves have been reported as high as 68% (221 but more
commonly affect approximately 25% of the given farm population (2, 29,
30, 34, 50).

Various on-farm and laboratory tests have been developed

to detect hypogarnmaglobulinemic neonates.
Ig in the neonatal calf is often
mortality rates.

report~d

The occurrence of low serum
in conjunction with increased

The range of Ig concentrations reported is wide and

somewhat inconclusive in regard to what actually constitutes hypogammaglobulinemia in the neonatal calf.
McGuire et al. (36) reported concentrations of serum Ig in beef
calves less than 9 mg/ml as constituting hypogarnrnaglobulinemia based on
mortality associated with these concentrations.

Logan et al. (29)

classified 7 of 30 calves as hypogarnmaglobulinemic based on a deficiency
in one or more of the three Ig classes.

All 7 calves were markedly

deficient in IgM, whereas, 2 had quite high IgG concentrations, 17.5
and 18.2 mg/ml.

Utilizing the zinc sulfate turbidity (ZST) test in two

separate surveys, Irwin (22) and Logan and Gibson (30), reported
hypogarnmaglobulinemic calves as having less than 20 ZST units.

In a

survey of mruiagement of hypogarnrnaglobulinemic neonates (46), Satterfield
and O'Rourke surrnized that the serum Ig concentrations of the 24 hold
ungulate should approximate those of their adult species and that a
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value less than 25% of the typical adult serum Ig concentration can
be considered hypogammaglobulinemic.
Relationship Between Passively Acquired 18 and Growth
Failure to absorb adequate amounts of maternally-derived
antibody often results in neonatal diarrhea, pneumonia, and/or other
infections

~vhich

might inhibit the growth and performancel of the calf.

Logan (31) stated that colostrum provides an im,munologicail barrier
which prevents the establishment of the microorganisms and the
resultant enteric disease.

Several authors (3, 4, 35, 49, 60) have

demonstrated that the quantity of Ig absorbed is inversely proportional
to the incidence of fatal or nonfatal neonatal diarrhea and colisepticemia.

Irwin (22) also found this inverse relationship and reported

a substantial economic loss attributed to the
calves.

h:~pogammaglobulinemic

Barber (2) stated that in the absence of a health problem,

all calves can survive and thrive despite low 19 absorptibn.

However,

where there is a health problem, hypogammaglobulinemic calves shmv
higher mortality, greater morbidity, and markedly inferior growth rates.
Any condition which interferes with the normal physiological
flow of nutrients from ingestion through utiliz.ation in maintenance
and growth is a deterrent to daily live-weightgain in thle postnatal
animal.

Curtain (10) suggested that deprivatiop of adequate amounts

of colostrum might allow the establishment of an early and high level
of parasitic infection and perhaps lead to exce.ssive, or unbalanced,
growth of the saprophytic intestinal microflora.

Thus, al condition of

this sort could lead to low weight gains in calves.

Thickett and

12
others (58), in explaining the relationship between weight gain and
colostrum status in calves, reported that although serum Ig is important
in disease incidence, it has no effect on calf performance.

Edwards

and associates (13) found similar results and stated that there were
no correlations between serum levels of any of the Ig sub-classes and
daily liveweight gain to weaning.

However, they qualified this

statement by adding that these results were not surprising since nearly
all calves in this study had adequate Ig concentrations.

In two recent

studies (24, 40), evidence has been accumulated to indicate that higher
serum Ig concentrations in post-colostral calves are associated with
increased daily liveweight gains.
Relationship Between Passively Acquired Ig and Mortality
Inadequate serum Ig concentrations at 24 to 48 h often have
fatal results.

Thornton et al. (601 reported that calves which died

from diarrhea had significantly lower Ig .concentration than other
calves.

In a study relating colostral Ig absorptive failure to

incidence of death (36), it was determined that 89% of the calves
that died within the first week had not absorbed adequate amounts of Ig
«9 mg/ml IgG ).
l

Of those dying within the next 2 weeks, 80% had

insufficient concentrations of colostrally-derived antibody.

Tennant

and others (57) reported significant differences in mortality rate of
dairy calves.

Those calves with a mean serum Ig concentration of

3.5 mg/ml had a death rate of 16.7%, while those with mean Ig concentrations of 14.6 mg/ml suffered only a loss of 3.4%.

Muggli et al.

(38) indicated that the increased risk of death due to low serum Ig
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concentrations pertained only to the first 50 d of life.

This

conclusion was based on results of calves dying during the calving
season versus those dying between the end of the calving season and
'-leaning.

They reported a difference in mean serum IgG

l

of 7.6 mg/ml

between these two groups of calves, with those dying during the
calving season having the lower concentration of serum Ig.
Selman and others (49) found an inverse relationship between
24 to 48 h serum Ig and mortality in the neonatal calf.

Other authors

support this view in reporting that hypogammaglobulinemic calves are
prone to higher death rates (57, 60).

In an effort to explain a

mortality rate of 31. 8%, McEwan et a1. (35) implicated low Ig concentrations as being associated with a "predisposition to death" from
the effects of diarrhea.

Ferris and Thomas (15) found that calves

having low Ig most often survive in low Ig herds, but many died in
high Ig herds.

Perhaps this is an indication of an interaction

between environment and various management techniques, since' their
observations resulted from 13 different herds.

MATERIALS AND HETHODS
With the cooperation of a large, commercial dairy, 1000
Holstein-Friesian heifer calves born between January 20 and September
22, 1982, were studied.

No attempt was made to alter the existing

protocol for handling heifer calves.
the following pertinent points.

This management scheme included

All heifer calves, except freemartins,

were identified with an ear tag and dam identification recorded.
Calves were allowed to suckle their dams for up to 24 h post partum.
Colostral intake, if any, during this critical period of time was not
monitored nor was any attempt made to ensure that each calf received
colostrum.

After being removed from their dams. the heifer calves were

placed in individual calf pens.

They were then fed twice per day at a

rate of two quarts per feeding of whole milk obtained from cml7s through
their first six milkings post partum.

A 16 percent protein calf-starter

ration was made available to the calves free-choice from day three post
partum through weaning.
of age.

All calves

~l7ere

weaned at approximately 35 days

At weaning. calves were grouped into pens of 16 calves for

three weeks.

They were then combined into groups of 48 calves per pen

for three weeks and finally grouped by size into lots of 96 calves per
pen.
By allowing the heifers to follow this protocol it Has possible
to obtain the Hide range of passively-acquired immunoglobulin concentrations necessary to study the effects of passive immunity on the
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dairy heifer's growth.

Also, all calves were treated indentically,

thereby eliminating any bias due tc treatment.
Data Collection
Heifer calves entered the study at 24 to 48 h

o~

age.

Only

those calves that appeared healthy and free from any obvious defects
were included in the study.

"Besides being identified by the existing

ranch tag, all heifers were given an additional ear tag to decrease the
possibility of misidentification.

Information on sire and age of dam

was obtained through existing dairy herd records.
Individual body weight"s were recorded at 24 to 48 h and again
on day 35.

The weights were determined by using a portable livestock

balance-beam scale.

The scale was verified for accuracy before, during,

and after each daily use by means of a standard weight of 50 pounds.
Additional weights were taken once per week for calves between 67 and
72 d, 102 and 108 d, and approximately 180 d of age using an electronic
scale.

This scale was also checked for accuracy before, during, and

after each daily usage, verification being made through use of the
standard 50 pound weight.
Blood samples were taken from the jugular vein at 24 to 48 h to
measure the peak level of total serum immunoglobulins passively acquired.
Additional samples were taken at 35 d, a point in time when the three
major serum immunoglobulin classes have been demonstrated to be at
minimal concentrations (17, 21, 23, 29).

The 35 d sample tY"as also

drawn to investigate the possibility of a correlation between 24 to 48 h

16
and 35 d serum immunoglobulin concentrations.

All samples were

centrifuged within 24 h of collection and the serum stored at -20oc
until analyzed.
Radial Immunodiffusion Analysis
Serum samples were assayed for total immunoglobulins using the
radial immunodiffusion gel procedure (14).

All plates were incubated

20 h at 4 0 C in humidifier chambers to prevent dessication.

The

antiserum used was rabbit antibovine gammaglobulin purchased from
Pel-Freez Biologicals (44).

The standards utilized for RID plates

were from preparations of adult bovine serum quantitated by Lowry
protein determination (32) and verified by Quantitation Kits available
from Miles Laboratories (37).
A four-parameter logistic transformation (16) compiled by Kuehl
(26) for competitive ligand assays and modified for RID was used to fit
all standard curves.

Control samples were assayed in duplicate

Oll L~ch

agar plate thereby providing a quality control between RID plates.

If

the control sample was not within two standard deviations of the mean

(x =

2.677, s = 0.129), the assay was rejected and repeated.

The

coefficient of variability for all assays was 4.818%.
Statistical Analysis
Immunoglobulins
Measured factors influencing the concentration of total serum
immunoglobulin (Ig) at 24 to 48 h were analyzed using a multivariate
analysis of variance (MANOVA) statistical package (20).

Modell was

used for analysis of variance and covariance for the Ig variables:
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[1 ]
where

an observed Ig concentration for the kth calf;

Ig l]
.. k

overall population mean ;
SSN.

a fixed effect of season, seasons divided by months

l

where i

= 1, 2 , 3, ... 9,

a fixed effect of age of dam, where age was y ears

AOD.
J

grouped by first-calf heifers, 3 to 6-y ear-old cows,
and over 7 year old cows, where j = 1, 2, 3,
birthweight,

BW .. k
l]

a regression coefficient, and

bl

a random residual.

Simple linear regression analysis of variance (39) was applied
to total serum Ig concentrations at 24 to 48 h and 35 d.

Model 2 was

used to e xamine the relationship between I g concentrations at t h ese
ages.

Ig35 ..
l

where

an observed 35 d Ig concentration for the ith calf,

Ig35.
l

a
Igl.
l

=

a constant,

24 to 48 h I g c oncentration ,
a regression coefficient, and

e.
l

a random residual.

[ 2]
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Immunoglobulin Groups
Specific Ig groups were formed to look at serum Ig concentrations as a discrete effect, and thereby allowing examination of
interaction effects.

Through a process of elimination which involved

placing Ig values in groups containing 2 mg/ml concentration intervals
and computing standard deviations for each, it was possible to combine
groups with respect to their variation.

Therefore, through consolida-

tion and minimizing variation within Ig groups, the following five

~vere

selected:

less than 12, 13 to 18, 19 to 25, 26 to 40, and greater than

40 mg/ml.

Table 2 shows the five Ig groups with their corresponding

mean Ig concentrations and standard deviations at 24 to 48 h and at
35 d.

Table 2.

IG GROUP

s: 12
13-18
19-25
26-40
40

>

Mean serum Ig concentrations (mg/ml) and standard deviations
for each Ig group at 24 to 48 h and at 35 d.

N

280
157
134
197
231

24 to 48 h
6.618
14.931
20.282
31.260
54.581

S.D.
3.285
1.978
1. 846
3.962
11. 876

N

35 d

S.D.

279
156
133
197
231

13 .231
15.921
18.509
21. 587
27.896

5.303
5.240
5.279
5.825
8.085
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Weight Gains
Since weights were taken on a weekly basis, the time of
weighing did not always occur exactly on days 70, 105, and 180.

There-

fore, adjustments were made to standardize weights to the given number
of days by using the following equation:

WT

csw· - BW)
WA

X AGE + BW

[ 1]

where
WT

computed weight,

SW

sampled weight taken as close to desired age as possible,

BW

birthweight,

WA

actual age in days at weighing, and

AGE

age in days (70, 105, or 180) for desired sample.

Average daily gains were calculated using equation 2:

ADG

(WT - BW)
AGE

[2 J

where
ADG
WT

average daily gain,
computed weight from equation 1 or actual weight sampled
for 35 d weight,

Bw·
AGE

birthweight, and
age in days (35, 70, 105, or 180) for desired sample.

Measured factors influencing average daily gain were analyzed
using a MANOVA statistical package (20).

Model 3 was designed to

·

20
evaluate the factors affecting average daily gain and to study fixed
interaction effects.

[3J

where
an observed average daily gain for the lth calf,
overall population mean,
IgG

= a fixed effect of Ig concentration group where

i

i = I, 2, 3, 4, 5,

SSN.

a fixed effect of season, seasons divided by months,

J

where j = 1, 2, 3, .•. 9,
a fixed effect of age of dam, where age was years
grouped by first-calf heifers, 3 to 6-year-old
cows, and over 7-year-old cows, where k
e

ijkl

= 1, 2, 3, and

= a random residual.

In order to investigate the effect of 24 to 48 h serum Ig as a
continuous variable, on average daily gain, an analysis of covariance
was employed.

The analysis was performed using a MANOVA statistical

package (20).

Model 4 was the linear additive model used to calculate

variance and covariance components for the average daily gain variables:

~.,here

ADG .. , ~ , SSN., and AOD. are defined as for Hodel 3, and Ig .. k
1J k - \
1
J
1J

is a random Ig concentration, and b , is a regression coefficient, and
l
e

ijk

is a random residual.

RESULTS AND DISCUSSIONS
Descriptive Statistics
Data was collected and descriptive information computed for 999
Holstein-Friesian heifer calves.

Frequency tables were derived for

various parruneters within the experiment.

Month of birth was used to

determine effects of season on parameters investigated.

Figure I

illustrates the frequency distribution of calves born during each month.
A relatively low number of heifers were sampled for January,
since only the last twelve days of the month were included within the
study.

During the summer months of July, August, and September,

conception rates drastically decline for dairies located in Arizona,
due to the hot environment.
for the

few~r

The drop in conception rate could account

number of calves born during April, May, June, and July.

In order to maintain milking numbers and production levels, the dairy
purposely breeds replacement heifers to freshen during the slow period.
The illustration found in Figure 2 describes the composition of
cows by age for the herd.

As is shown, an overwhelming number of

animals freshening into the herd are first-calf heifers.

The average

age of cows at the time of this study was 3.86 years, indicating that
the majority of the milking cows were in their first 'and second
lactations.

Perhaps this factor could influence the quantity of

colostrum available for newborn calves.

Other effects of age of dam

have also been implicated, as influencing the immunoglobulin status of
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Distribution of calves born to darns at various ages.
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calves (38, 4n, particularly in herds where calves were allowed to
nurse their dflms (6, 121, 30, 48).
born to older cows (

~:7

Due to such few numbers of calves

y) and the large proportion of calves from

first-calf he;i.fers, thel age of dam effect was analyzed by grouping
calves from 3 to 6-year'-old cows into a second, and calves from cows
7 years or olper into a third group.

These groups are indicated on

the graph in 'Figure 2.
Heans for weight at each sampled age are given in Table 3.
Average birth'weight for this study (85.07 Ibs.) is in accord with the
average for the Holstein breed.

As the calves got older, standard

deviations for each weight became larger.
the largest amount of variation (334.09

Calves at 180 d of age show

± 42.74

Ibs.).

The differences

in standard deviation as demonstrated indicate differences in grml7th
rates for individual calves.

A mean weight of 334.09 lbs. is well

below the 400 lbs. recdmmended for Holstein heifers at 180 d.

Table 3.

AGE
35
70
105
180

BIRTH
DAYS
DAYS
DAYS
DAYS

Me~n

weight Glbs.) at each sampled age.

N

x

S.D.

minimum

999
996
984
971
884

85.07
108.10
154.46
202.37
334.09

10.98
11.13
18.17
28.74
42.74

51.00
71.00
97.81
112.00
181. 79

maximum
124.00
149.00
215.48
306.06
460.24
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Table 4 shows the overall mean of average daily gain (ADG) for
each growth period along with corresponding standard deviations and
ranges.

Average daily gains for the first three growth periods are

well below those expected of a calf which is to reach 400 lbs. at 180 d.
In order to attain a 180 d weight of 400 lbs. the dairy calf must
average 1. 75 lbs. per day gain from birth, given a birthweight of 85 Ibs.

Table 4.

Average

GROWTH PERIOD
BIRTH-35 d
35-70 d
70-105 d
105-180 d

dai~y

gains Clbs.} for each growth period.

N

x

S.D.

minimum

996
984
971
884

0.659
1.324
1. 366
1. 751

0.184
0.372
0.501
0.371

0.000
0.098
-1. 350
0.073

maximum
1. 314
2.725
2.816
3.076

The average 24 to 48 h total serum Ig content for all calves
25.71

± 19.06

~.,as

mg/ml with a range of 0.05 to 108.27 mg/m1. Hean serum Ig

concentrations reported here are in accord with average 24 to 48 h
serum Ig concentrations reported by others in dairy calves (7, 21. 23).
Other authors have reported relatively high concentrations of Ig
absorbed by 24 to 48 h in both beef and dairy calves (6, 13, 36).

The

results of this study support the view of Kruse (25) in that calves
apparently have the ability to absorb large quantities of Ig without
overloading their systems.

Whether or not the large quantities of

absorbed Ig are utilized as the biological entities they were designed
for, or if there is an optimum level beyond which these Ig molecules
are degraded and enter the amino acid pool, remains to be elucidated.
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A clue to this relationship might be found in the levels of total serum
19 measured at 35 d, a point at which maternally-derived antibody is at

a minimum.

Mean 35 d serum 19 concentrations were 19.41

in this study with a range from 2.04 to 55.55 mg/ml.

±.

8.25 lllg/mi

Further investi-

gation of this relationship would be beneficial.
Data tabulated in Table 5 depict the average daily gain within
each 19 group by growth periods.

The table illustrates the fact that

although the total variation of weight gain within each growth period
is small, there appears to be an increase in average daily gain from the
lower 19 group to the highest level.

This increase is demonstrated for

each growth period, suggesting that there is an influence of 24 to 48 h
serum 19 concentations on weight gain in the dairy heifer.

For all

grmvth periods, calves absorbing less than 12 mg/ml total serum 19
gained less than calves attaining a higher serum 19 concentration at

24 to 48 h.
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. Table 5.

Average daily gains (lbs.) and standard deviations for
each growth period by Ig groups (mg/m1).
Ig Group

GROWTH
PERIOD
B-35d

N

ADG
S.D.
35-70d

N

ADG
S.D.
70-105d

N

ADG
S.D.
105-180d

N

ADG
S.D.
B-70d

N

ADG
S.D.
B-105d

i'l'

ADG
S.D.
B-180d

N

ADG
S.D.

> 40

S 12

13-18

19-25

279
.609
. 176

156
.660
.168

133
.691
.189

275
1.269
.379

152
1.297
.393

133
1.324
.378

194
1. 345
.351

230
1. 390
.354

269
1.252
.505

151
1. 375
.551

131
1. 381
.479

192
1.423
.451

228
1.438
.494

242
1.689
.360

139
1. 721
.352

116
1. 770
.345

176
1. 750
.393

211
1.830
.378

275
.940
.222

152
.980
.236

133
1.008
.224

194
1.006
.208

230
1.044
.214

269
1.045
.245

151
1.114
.246

131
1.139
.238

192
1.146
.220

228
1.175
.231

242
1.317
.225

139
1.372
.217

116
1.400
.222

176
1. 396
.216

211
1.447
.208

26-40
197
.663
.189 .

231
.698
.185
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Factors Influencing Average Daily Gain
Factors contributing to the variation in average daily gains of
heifer calves were measured by a multiple analysis of variance as
described for Model 3 (pg. 20).
season, and age of dam.

These factors include Ig. group,

Information pertaining to the analysis of

variance for each growth period is given in Appendix A.

As explained

previously, combining Ig concentrations into discrete Ig groups provides
the means for examination of interaction effects between the sources
of variation investigated.
Colostrum-derived serum Ig is a significant source of variation
affecting average daily gain at all -periods of grmvth measured.

Data

presented in Table 5 (pg. 27) demonstrates a positive relationship
between Ig groups and weight gain.

Average daily gains within each

growth period increased as Ig concentration increased.
Another significant source of variation affecting average daily
gains is season.

As with serum Ig, season was significant in all growth

periods measured.

An interaction effect between serum Ig concentration

and season

~vas

also examined but

relationship affe

~ing

~vas

daily gain.

not found to be a significant
The parameter, season, is a very

broad category as applied in this analyses.

As such, it

~vas

expected

to be significant and also to account for a relatively large portion of
the variation investigated.
The influence of age of dam on average daily gains Ivas significant from birth to 35 d.

However, this influence was not evident in

subsequent growth periods as no significance

~vas

found.

The possibility
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of an interaction between maternally-derived serum Ig concentration and
age of darn was investigated to help explain the significance found
during the first 35 d of life.

However, analysis of variance revealed

no significant relationship between these parameters.
Analysis of variance as prescribed by Model 3 was beneficial in
determining that discrete groups of colostrum-derived serum Ig concentrations are a significant influence on average daily gains.

Hith this

analysis it was possible to determine the effect of fixed concentrations
of serum Ig on 1iveweight gain as well as examine any interaction
which might occur.

Since no interaction was found between these fixed

groups of Ig and either season or age of darn, it was deemed appropriate
to investigate the relationship between the continuous spectrum of
naturally-occurring, passively-acquired serum Ig concentrations and
daily weight gain.

Model 4 (pg. 20) was employed to combine the analysis

of variance for the discrete variables, season and age of dam, with the
regression analysis of variance for the continuous variable, 24 to 48 h
serum Ig.

Analysis of covariance tables are given in Appendix B for

each growth period measured.
Colostrum-derived, circulating serum Ig in the Holstein heifer
is a significant source of variation affecting daily gain through the
first 180 d of life.

For each growth period measured, 24 to 48 h serum

Ig concentration was a significant factor influencing the average daily
gain achieved by heifer calves.

Table 6 illustrates the relationship

between 24 to 48 h serum Ig and daily 1iveweight gain, as measured
through the regression coefficient ..
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Table 6.

Regression coefficients for each growth period.

Growth Period

bl(lbs./d)

S.E.

Probability

B-35d
35-70d
70-l05d
105-180d
B-70d
B-l05d
B-180d

.0175
.0344
.0565
.0199
.0261
.0367
.0279

.0042
.0078
.0116
.0086
.0047
.0054
.0052

" .000
.000

.000

.021
.000
.000
.000

Results of this study are in accord with those of Nocek et al.
(40) and Kim (24) in that higher concentrations of colostrum-derived
serum Ig in calves are associated with increased daily liveweight gain
through weaning.

However, data in Tables 5 and 6 along with the

analyses of variance and covariance presented provide evidence that the
effect of colostrum-derived, 24 to 48 h serum 19 concentration on
average daily gain extends beyond the period of weaning.

In fact, this

influence is noticeable through at least the first 180 d of life.
Proper growth and development through this first 6 months is critical
to the subsequent growth, development, reproduction, and production of
the dairy heifer.
In both Models, 3 and 4, season was significant with regards to
its effect on average daily gain for all periods of growth through
180 d.

Specific causes for the influence of season on average daily

gains are difficult to delineate from this study.

Many environmental

influences on the calf are the result of the climatic conditions
present.

Stressful conditions due to heat, cold or high humidity,
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increased exposure to a wider range of pathogens , and inclement
weather conditons resulting in a decreased nutrient intake- are a few
factors involved in growth rates that are als·o related to seasonal
variations.

Therefore, the concept of s·easonal influenc e on growth

rate en compasses a wide range of factors, as is indicated by the large
mean square values obtained in the analys·is· of variance .

For all but

one period of growth sampled, thos·e calves born in the month of August
gained the least amount of wei.ght.
only to August calves for the lowest

Calves born in July were second
av~rage

daily gains.

The fact

that calves born during July and August, two of the hottest months of
the year, gained the least amount of weight from birth through 180 d
demonstrates the impact of adverse conditions as· they affect the animal
in its early stages of growth and development.

Proper management must

be employed to help offset disruptive influences such as poor

environ~

men tal conditions and insufficient Ig abs·orption .
Age of dam was determined to be a significant influen ce on
daily gains for the period of growth from birth to 35 d on 1y .

Heifer

calves from first--calf h.e ifers gained weight from birth to 35 d at a
higher rate than calves from 3-year...-Dld and older cows
.630 and .651 lbs./dl.

c. 703

lbs. I d vs.

It is of interest to note that these calves

from 2-year-Dld cows attained a higher 24 to 48 h serum Ig concentration
than calves from older cows· (29. 360 mg/ml vs·. 25 . 637 mg/ml).
results further emphasize the effect of
weight gain.

colostrum~derived

These

serum Ig on

The influence of the dam on the calf through the first

few critical weeks is a very real concept, as· demons·trated by the
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higher 24 to 48 h serum 19 concentrations and greater average daily
gains from birth to 35 d of calves from 2-year-old cows versus calves
from older cmvs.
Several authors have reported the inverse relationship between
the quantity of 19 absorbed and the incidence 'of disease (3, 4, 22, 35,
49, 60}.

Logan (31) stated that colostrum provides an immunological

barrier which prevents the establishment of microorganisms and the
resultant enteric disease.
these statements.

Data accumulated in this study supports

The influence of high concentrations of serum 19

at 24 to 48 h has clearly been felt on average daily gains, as evidenced
by the fact that calves with higher serum 19 had higher growth rates
than calves with lONer serum Ig.
Survival
Table 7 provides a descriptive summary of the effects of 24 to
48 h serum 19 concentration on survival.

Of the 999 heifers involved

in the study, 43 died, resulting in an overall death rate of 4.3%.
Upon closer examination of the data, it becomes apparent that the
greatest proportion (44.19%) of those calves dying within the first
180 d came from calves absorbing less than 12 mg/ml of colostrumderived antibody.

Overall mortality rate of calves from the lmvest Ig

group was 6.78% compared to 2.59% for those calves from the highest
19 group.
Of the 43 dead calves, only four (9.3%) died within the first
35 d of life.

During the next three grmvth periods. death losses

increased greatly from 11 to 13 (25.58% to 30.23%), and finally to 15
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calves (34.89%).

increased risk of death, due to 1m., serum Ig

An

concentrations, pertaining only to the first 50 d of life was
described by Muggli et al. (38) for beef calves.

Other authors have

found an inverse relationship between 24 to 48 h serum Ig concentrations
and mortality (49, 27, 60) but report no apparent age limitation.

From

the present study, there is no doubt that the levels of serum Ig are
important in determining the mortality rate for a given herd.

Data

presented here indicate that hypogammaglobulinemic calves at 24 to 48 h
suffered the fatal effects of low serum Ig through at least the first
180 d of life.

In fact, the effects of hypogammaglobulinemia appear

to be more pronounced as the calf gets older, since 8 of the 15 calves
(53.33%) dying between 105 and 180 d had 24 to 48 h serum Ig concentrations less than 12 mg/ml.

Perhaps this is due to the increasing

exposure to harmful effects of the environment.
Table 7.

Summary of calf mortality.

GROWTH PERIOD
B-35 d
35-70 d
70-105 d
105-180 d
No. of calves
died
No. of calves
started
Mortality, %

<12

Ig GrouE (mg/ml)
13-18
19-25
26-40

1
4
6
8

1
4
1
2

1

19

8

280
6.78

157
5.09

>40
1

3
2

Total
Calves Died
4
11

I

2
3

13
15

4

6

6

43

l35
2.98

197
3.04

231
2.59

999
4.3

2
1
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Factors Affecting Serum Ig Concentration
To facilitate the investigation of factors which might influence
the concentration of 24 to 48 h serum Ig attained by the calf, it
became necessary to combine th,e concepts of both analysis of variance
and of regression.

The analysis of variance provided the means from

which information related to the discrete factors (season and age of
dam) might be gathered.

Through regression analysis of variance the

factor of birthweight, a continuous variable, could also be investigated.
The analysis of covariance allows for the combination of these two
concepts.

Therefore, Model 1 as described previously (pg. 17).

~.".as

employed to investigate the two discrete variables, season and age of
dam, and the continuous variable, birthweight.
The analysis of variance for the effects of season, age of dam,
and birhtweight on 24 to 48 h serum Ig concentrations is located in
Appendix C.

Results from this study indicate that there is no signifi-

cant relationship between birthweight and 24 to 48 h serum Ig concentrations. As further evidence that no relationship exists, Table 8 shat.,s
the average birthweights and standard deviations for eac:. Ig grou!l.

In

four of the five Ig groups, mean birthweights are almost identical, as
are their standard deviations.
Norman et al. (41).

This finding is in agreement

~.".ith

They found that in' beef calves birthweight was

not a significant factor influencing variation associated with Ig
concentration of calf serum.
beef, similarities exist
others (41).

Despite breed differences, dairy vs.

bet~.,een

this study and that of Norman and

Both studies involved measurement of serum Ig concentra-

tions of calves after they were allowed to Suc.kle their dams.

The fact

35
that some dairymen allow their calves to suckle rather than bottle feed
colostrum could be a common denominator between beef and dairy calves.
In order to determine specifically the true relationship between
birthweight and Ig absorption, such factors as method of feeding,
quantity and quality of colostrum, and time of first ingestion are
factors which should be held constant.

However, evidence presented

in this study does not indicate a significant effect of birthweight
on 24 to 48 h serum Ig concentrations in dairy heifers.

Table 8.

Average birthweight (lbs.) for each Ig Group.

N

Birthweight

S.D.

280
157
134
197
231

84.92
84.75
84.61
86.62
84 . 39

11.388
11.021
11.240
10.587"
10.566

Ig Group

s:: 12
13-18
19-25
26-40
>40

Range
54 . 00
51.00
60.00
62.00
56.00

to
to
to
to
to

115.00
108.00
121.00
124.00
113.00

Age of dam as it relates to the levels of passive immunity
acquired by the calf has been discussed in the literature.

Level of

vigor and drive to suckle, two factors associated with age of dam, have
been implicated as affecting the level of passive immunity (6, 12, 13,
25).

In the dairy calf, the level of vigor can partially be related

to the ease of parturition, i.e., eutocial calves having more vigor
due to less stress than dystocial calves.
Muggli et al.

In suckled beef calves,

(38) reported increased severity of dystocia as being

associated with decreased serum Ig concentrations in the calf at
24 to 48 h.

Selman and others (48) suggested an unwillingness by the
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dam to allm., suckling by the neonate after a difficult birth.

Results

of this study support the idea that age of dam is a significant source
of variation for 24 to 48 h serum Ig concentrations.
relationship

be~een

Ho~.,ever,

a

age of dam and birthweight as they affect passively-

acquired serum Ig concentrations' does not exist since no significance
was found for the covariate

birth~.,eight.

Through observation of a dairy herd, Edwards and Broom (12)
reported that the proportion of dairy calves which had suckled
6 h of birth decreased as age of dam increased.

~.,ithin

The data presented in

this study tend to support this observation for dairy calves since the
mean 24 to 48 h serum Ig concentration for calves from first-calf
heifers was higher than that observed for calves from older cows.

Table

9 shows the mean serum Ig concentrations for calves at 24 to 48 h within

each age of dam category.
Table 9.

Calf serum Ig concentrations (mg/ml) by age of ,dam (AOD).

AOD
2 y

3-6 y

?7

y

N

24 to 48 h Ig

S.D.

317
430
48

29.36
24.79
26.48

10.435
18.103
18.517

The decrease in serum Ig concentrations associated with
increasing age of dam can be attributed to various concepts of
increasing age.

As demonstrated by Edwards and Broom (12) and sup-

ported by results of this study, the first 6 h of life are critical in
determining the ultimate level of colostral Ig absorption.

The sooner

37

the calf ingests colostrum, the greater its chances are of attaining
adequate serum 19 concentrations.

Delays in ingestion of colostrum

have been associated with poor udder conformation (6, 30, 48), often
associated with increasing age.

A dilution of concentrated colostral

antibodies within the mammary just prior to parturition in high producing older cows may also contribute to decreased passive immunity
levels.

Also associated with high producing cows is the factor of

prepartum milk leakage, thereby decreasing colostral Ig concentration.
Seasonal effects on passive immunity levels in the neonatal
bovine have been described as relating to the method of management (35)
and ambient temperature (10, 13, 42, 51}.

Relating seasonal variation

in serum Ig content to management protocols is not a valid assumption
since other variables such as confined housing and increased supervision or human intervention are often associated with changes in
management techniques.

In two separate studies, Edwards and Broom (13)

and Olson et al. (42) described the influence of a cold environment on
neonatal Ig absorption capabilities.

They both determined that cold-

stress did not have a physiological influence on Ig absorption, but
rather, an effect of causing a delay in time of first suckling, i.e. as
temperatures decreased, increased latency to stand and actively seek
the teat was observed.

A more important climatic condition concerning

dairies in Arizona and throughout the Southwest is that of heat stress.
Stott et al. (51) in measuring the influence of environment on passive
immunity levels of neonatal dairy calves in an Arizona herd, reported
that high ambient temperatures act as a depressant to colostral
antibody absorption in the neonatal calf.
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As analyzed in this study, season is a significant source of
variation for 24 to 48 h serum Ig concentrations.

However, in contrast

to what Stott et al. (51) found, these results revealed a higher mean
serum Ig concentration (29.54. mg/ml). for calves born during the hotter
months of the year, June through September, than for calves born from
January through May (23.37 mg/ml}.

The differences found between these

two studies could be due to the fact that the amount of colostral intake
was limited for the first 12 h for calves in the study conducted by
Stott et at. (51), whereas calves were allowed to suckle in this study.
That is, during the hotter months. calves were more apt to ingest
larger quantities of colostrum to satisfy their thirst than that which
calves in the study by Stott et al. (51) were allowed to ingest.
Relationship Between Serum Ig Levels at 24 to 48 hand 35 d
Regression analysis of variance was used to determine the
influence of
the calf.

Ig on 35 d serum Ig concentrations in

passively-~cquired

The simple linear regression model, Model 2 (pg. 17), was

used as previously described.

A plot of the data and regression

equation are given in Figure 3.

The analysis of variance shows that

49% of the variation·associated with 35 d serum Ig concentrations is
due to the Ig concentrations found at 24 to 48 h.
The precise physiological importance of this positive linear
relationship is beyond the scope of this study.

However, the data

presented demonstrate that the concentration of serum Ig at 35 d is, to
a large extent, dependent upon the passively-acquired antibody concentrations attained by 24 to 48 h.

Maternally-derived antibody has a
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The relationship between serllm Tg concentrations at 24 to 48 h
and 35 d (mg/ml).
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significant role in providing protection to the calf.

Insufficient

serum Ig concentrations at 24 to 48 h could necessitate an immune
response by the calf before it is immunologically capable of handling
an invasion of pathogenic organisms.

Illnesses often associated with

such invasions detract from the normal growth and development of the
calf.

Calves with adequate serum Ig are often able to inactivate

pathogenic invasions earlier than calves with lower serum I g which
must mount an immune response in defense.

Therefore calves having

adequate serum Ig will continue to grow normally and not be deterred
as would calves with insufficient Ig.

Williams et al.

(61) p ostulated

the idea that a good initial immunity might allow an animal to support
a gradual and controlled establishment of successive pathogens so that
the immune system

~an

produce adequate levels- of specific antibody

rather than be overwhelmed by the sudden influx of large numbers of
invasive pathogens.

Therefore , through the process of a successful

transfer of colostral antibody, although not necessarily pathogenspecific, the calf is able to c ontinue to g row at a normal rate
throughout a critical period of growth and development .

CONCLUSION
Colostrum-derived 24 to 48 h serum Ig concentration and season
were significant sources of variation affecting average daily gain from
birth to 180 d.

Average daily gains increased as 24 to 48 h serum Ig

concentrations increased.

Calves from first-calf heifers had greater

24 to 48 h serum Ig concentrations and gained weight at a higher rate
of gain than heifers born to 3-year-old and older cows.

The influence

of age of dam on average daily gain was also significant but only
for the first 35 d of life.
Of the 999 heifers studied, 28.02% failed to absorb sufficient
amounts ( <12 mg/ml) of maternally-derived antibody.

Calves in this

category suffered a death loss of 6.78% compared to only a 2.59% loss
for heifers absorbing greater than 40 mg/ml Ig.

Season and age of dam

were significant in affecting the concentrations of serum Ig acquired.
Calves from first-calf heifers attained higher serum Ig concentrations
at 24 to 48 h than calves from older cows.
A large portion of the variation in 35 d serum Ig can be
attributed to variation at 24 to 48 h (r2 = .49).

Further investigation

into how this relationship influences calf performance is suggested.
There are many factors which influence mortality, morbidity,
growth, and performance of the calf.

Several of these factors can be

controlled by various management practices.

In light of the data

presented, it would be advantageous to increase the proficiency of
41
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management schemes to provide the best possible care for the young
calf.

The data further reveal that proper management of factors

influencing absorption of colostral immunoglobulins by the neonatal
dairy heifer would enhance the replacement rearing program.

APPENDIX A
ANALYSIS OF VARIANCE FOR MODEL 3
Analysis of variance for the growth period Birth to 35 d.

Variable
19 Group

Season
Age of Dam
Residual (error)

DF

MS

4
8
2
682

.277
.158
.315
.030

F
9.106
5.194
10.361

Probability
,.000
.000
.000

Analysis of variance for the growth period 35 to 70 d.

Variable

DF

MS

F

19 Group
Season
Age of Dam
Residual (error)

4
8
2
672

.327
2.944
.045
.104

3.150
28.389
.434

Probability
<: .01L.

.000
.648

Analysis of variance for the growth period 70 to 105 d.

-Variable
][g Group
Season
Age of Dam
Residual (error)

MS

F

Probability

4

.733

8

1. 767

2
663

.067
.228

3.218
7.760
.293

(".012
.000
.746

DF
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Analysis of variance for the growth period 105 to 180 d.

Variable
19 Group

Season
Age of Dam
Residual (error)

DF

MS

F

Probability

4
8
2
590

.511
1".505
.135
.116

4.401
12.960
1.164

« .002
.000
.3l3

Analysis of variance for the growth. period Birth to 70 d.

Variable
19 Group

Season
Age of Dam
Residual (error)

DF

MS

F

Probability

4
8
2
672

.280
.894
.042
.038

7.447
23.779
1.118

<: .000
.000
.328

Analysis of variance for the growth period Birth to 105 d.

Variable
19 Group

Season
Age of Dam
Residual (error)

DF
4
8
2

663

MS

F

Probability

.403
.592
.004
.050

8.037
11.818
.073

« .000
.000
.929
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Analysis of variance for the growth period Birth to 180 d.

Variance

DF

MS

F

Probability

Ig Group
Season
Age of Dam
Residual (error)

4
8
2
590

.357
.423
.017
.041

8.637
10.236
.401

<.000
.000
.670

APPENDIX B
ANALYSIS OF COVARIANCE FOR MODEL 4
Analysis of covariance for the growth period Birth to 35 d.

Variable

DF

MS

F

Probability

Season
Age of Dam
Regression (Ig)
Residual (error)

8
2
1
765

.159
.297
.464
.030

5.259
9.805
15.329

, .000
.000
.000

Analysis of covariance for the growth period 35 to 70 d.

Variable

DF

MS

F

Probability

Season
Age of Dam
Regression (Ig)
Residual (error)

8
2
1
755

2.889
.051
1.864
.103

28.011
.497
18.074

,.000
.608
.000

Analysis of covariance for the growth period 70 to 105 d.

Variable

DF

MS

F

Probability

Season
Age of Dam
Regression (Ig)
Residual (error)

8
2
1
746

1.711
.079
4.509
.229

7.487
.348
19.727

«.000
. 706
.000
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47
Analysis of covariance for the growth period 105 to 180 d.

Variable

DF

MS

F

Probability

Season
Age of Dam
Regression (rg)
Residual (error)

8
2
1
673

1.560
.125
.572
.113

13.767
1.105
5.048

( .000
.332
.025

Analysis of covariance for the growth period Birth to 70 d.

Variable

DF

MS

S2ason
Age of Dam
Regression (rg)
Residual (error)

8
2
1
755

.862
.036
1.043
.037

F
23.115
.967
27.946

Probability

< .000
.381
.000

Analysis of covariance for the growth period Birth to 105 d.

Variable
Season
Age of Dam
Regression (rg)
Residual (error)

DF
8
2
1

746

MS
.547
.003
1.953
.050

F
10.958
.055
39.155

Probability
<.000
.947
.000
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Analysis of covariance for the growth period Birth to 180 d.

Variable

DF

MS

F

Probabilitz

Season
Age of Dam
Regression (Ig)
Residual (error)

8
2
1
673

.420
.015
1.044
.041

10.213
.375
25.381

,.000
.687
.000

APPENDIX C
ANALYSIS OF COVARIANCE FOR MODEL 1
Analysis of variance for factors affecting 24 to 48 h serum Ig levels.

Variable

DF

Season
Age of Dam
Birthweight (regression)
Residual (error)

8
2
1
768

MS
2086.90
2258.lf1
433.65
347.20

49

F

Probabili.ty

6.01
6.50
1.25

" .000
.002
.264
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