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ABSTRACT

The purpose of this experiment was to determine the concentra-
tions of serum immunoélobulins in heifer ‘calves left with their dams to
suckle for 12 to 26 hours following parturition. All calves were bottle-
fed one liter pooled colostrum approximately six hours éfter separation
from their dams. The effect of this feeding on serum Ig concentrations
was also measured.

Serum IgG and IgM concentrations were quantitated by radial
immunodiffusion. Neérly one~third of 983 calves left to suckle their
dams had virtually no serum immunoglobulins. After bottle-feeding,
one-tenth remained agammaglobulinemic. Less than 4% of all calves and
less than 14% of agammaglobulinemic calves died before two months of
age. After bottle-feeding, average serum Ig concentrations of the
'calves that died were significantly lower than for‘éalves that survived
two months.

The unexpected low death loss among agammaglobulinemic calves.
suggests that bott1e=feeding colostrum may be beneficial to the calf
even if no additional colostral Ig's are absorbed. This agrees with
previous findings of local immune activity of‘colostral Ig within the

gut.,

vi



CHAPTER 1
INTRODUCTION

The transfer of passive immunity from mother to young via the
colostrum has been the subject of numerous studies iﬁ the last two
decades. Its importance. to the health of the boviﬁe neonate is well
documented. Therefore, it is of concern to anyone raising cal&es that
" as many as possible acquire passive humoral immunity which can be quan-
titated by measuring the serum immunoglobulin éoncentration.

The purpose of this experiment was to determine the occurrence
of hypo- and agammglobulinemia in calves allowed to remain with their
dams to suckle for approximately one day postpartum. 'Since it is com-
mon practice to feed each calf pooled colostrum after separating it from
its dam when approximétely 24 hours old, the effect of this feeding on
" serum Ig concentrations Qas also evaluated., By associating these re-
sults with death losses in calves youhger than two months, the practice

was evaluated and improvements in management were suggested based on

predictions stemming from the findings.



CHAPTER 2
REVIEW OF LITERATURE

Duringvthe last two decades, studies have shown increased in-
cidence of colibacillosis, salmonellosis, septicemia, and diérrhea in
newborn calves is associated with low serum immunoglobulin concentra-
tions (6, 7, 9, 20, 21, 22, 28). Penhale et al. (22) considered
calves with serum concentrations below 5.0mg/ml IgG and 1.1 mg/ml IgM
to be hypogammaglobulinemic. In contrast, other researchers have re-
ported that calves with a combined serum IgG and IgM concentration less
than 19 mg/ml were suscéptible to extensive morbidity’and mortality
(7, 9.

Since the bovine neonate is virtually agammaglobulinemic at
birfh, acquisition of adequate amounts of colostrai Ig is important to
its health and well being. The immatufe intestinal epithelial cells
absorb the colostral macromolecules from the gut lumen by pinocytosis
and discharge thém into the calf's circulatory system (13), These cells
are continuously replaced by mature epithelial cells.incapable of trans-
ferring intact colostral immunoglobulins (3). .At‘approximately one day
of.age, this replacement is complete and ceaéation of Ig transfer
(closﬁre) occurs. (22). In.a controlled experiment, Stott etlal. (27
determined the time of closure averages 25Ato 26 hours postpartum with
a standard deviatioﬁ of approximately four hours. They found that

closure time follows a normal distribution and ranges from 12 to 36



hours. The rate of absorption of intact macromolecules declines with
time until closure, and feeding large amounts of colostrum tends to ad-
vance the tine of closure slightly. The sernm Ig concentration reaches
a maximum at closure, after which it declines until active synthesis
within the calf begins (8, 15, 18). Thus, the aée at which a calf is
first fed influences the amount ofimaternal imﬁunoglobulin in the cir-
culation (28). Thé colostral Ig concentration and the amount of éolos-
trum ingested have also been cited as factors affecting the serum Ig
concentrations in postwcolostr;l calves (4, 11). Kruse (11) determined
that 69. to 78% of the variability in post-colostral serumnIg concentra-~
tions is due to the mass of Ig éiven to the calf, the age of the calf,
and the weight of the calf. Selman, McEwan, and Fisher (24) found that
calves which obtain colostrum by suckling usually attain higher serum
Ig concentrations than those that are bottle-fed. Three reasons were
presented to explain this phenomenon: calves usually suckle within six
hours postpartum, they usually ingest more colostrum thnn when bottle-
fed, and the absorption process may be more efficient when calves are
left with their dams. |

The incidence of hypogammaglobulinemia in herds in which calves
are allowed to suckle their dams free<choice ranges from 207 to over 40%,
according to several studies (2, 10, 14, 15, 22, 23), Some repnrts at-
tributed this high occurrence of hypogammaglobulinemia to a premature
loss of the ability of the intestinal epithelium to absorb macromole-

cules (6, 7, 10, 20, 25). But, these repofts did not account for the

_ variability in serum Ig concentrations due to known influencing factors:
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age of calf at feeding, amount of colostrum fed, colostral Ig concentra=-
tion, and the fact that.some calves may not ha&e suckled.

To determiﬁe whether a calf will always nurse_when given the op-
portunity, Selmah,‘McEwan, and Fisher (23) observed that nine out of 30
dairy and Beef calves did not suckle their dams, or suckled very little,
within eight hours postpartum. Thus, there is no guaraﬁtee that each
and every calf with access to its dam will actually ingest colostrum.
Further it was determined that incidence of hfpo- and agammaglobulinemia
is high even among suckled calves (14, 15).

From the above discussion, it would seem that there are factors
which effectively influence the serum Ig qoncentratibns ip newborn
calves receiving colostrum. Age of the calf at the timé of feeding and
the amount of colostrum ingested are most important. If each calf
suckleg or otherwise obtains a sufficient amount of colostrum as soon
as possible after birth, it can be expected that each calf will attain

a high level of passive immunity.



CHAPTER 3
FXPERIMENTAL PROCEDURE

For this experiment, 909 newborn Holstein and 74 newborn Guernsey
heifer calves were treated aécording to the traditional management pfo=
cedure of a large commercial dairy. They remained with their dams until
0900 of the morning following parturition in order to allow them time to
suckle colostrum before being separéted. Calves that were born only a
few hours prior to the 0900 separation timé were left with their dams an
additional 24rhours to give them a better opportuﬁity to oBtain colos-
trum. It was calculated that most calves were with their mother for 12
to 26 hours, providing ample time to suckle before separation, while é
few fell on either side of this range.

The separated calves were placed in individual pens and bottle-
fed one liter of fresh pooled colostrum at 1500 hours. Before feeding,

a blood sample was taken from the jugular vein by venipuncture, and again
24 hours 1éter. The blood was alloWed to clot; the.serum withdrawn and
stored frozen. The assay for IgG and IgM concenfrations was by>radial
immunodiffusioﬁ as described by Fahey and McKelvey (5) and modified by

- Stott et 51, (29). The serum Ig concentrations were quantitated to the
nearest 0.1 mg/ml.

The pre-feeding and post-feeding serum samples allowed an eval-
uation of colostral Ig absorption due to calves remaining with their dams,
as well as the benefit resulting from feéding colostrum afterward. To

5
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describe these effects, the calves were grouped according to their serum
IgG and IgM concentrations at‘the times of their first and second bleed-
ings. Serﬁm IgG concentrations were: 0.0 to 1.9, 2.0 to 3.9, 4.0 to
5.9, 6.0 to 11.9, 12.0 to 17.9, 18.0 to 23.9,_24.0 to 29.9, and greater
than 30.0 mg/ml. For IgM, they were 0.0 to 0.9, 1.0 to 1.9, 2.0 to 3.9,
4.0 to 5.9, 6.0 to 7.9, 8.0 to 9.9, 10.0 to 11.9, and greater than
12.0 mg/ml. For each Ig class and éaqh bleediqg, the number of calves,
and the percent of the total, with serum Ig concentrations falling with-
in each group was tallied. Calves with serum IgC and/or IgM concentra-
tions falling into the lowest groups (IgG less than 2.0 mg/mi or IgM
less than 1.0 mg/ml) of either Ig class at the tiﬁe of the first bleed-
ing were assumed not to have suckled before élosdre. éoncentrations
within this range have been reported to be regularly found in the sera
of pre-colostral calves (12, 15, 22, 28),

By subtracting the pre-fed serum Ig conceptration from the post-
fed value, the change in each calf's serum Ig concentration due to feed-
ing colostrum was meas;red. With calves that showed an increase, it was
tested for significance by analysis of variance. Calves showing no
serum IgG nor IgM increase were assumed to have unaergone closure before
being bottle~fed colostrum. For each pre~fed sérum Ig concentration
group, the percentagé of calves failing to absorb additional colostral
Ig upon feeding was determined. |

The birthdate of each calf was recorded, along with any death
. dates that occurred before two months of age. _Usiné analysis of vari-

ance, the average serum Ig concentration of calves that died was
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compar ed to-that Qf the surviving calves., AA chi—séuare analysis was used
to test for a significant difference between the percentage of calves
that died with low serum Ig concentrations versus those with high serum

Ig concentrations.



CHAPTER 4
RESULTS

Some 35?2% of the calves had leés than 2.0 mg/ml. serum IgG
(lowest group) at the time of the first blood sampiing (Tabie 1), A sim-"
ilar proportion (35.7%) fell in the lowest group of -serum IgM concentra--
tions (less than 1.0 mg/ml, Table 2). There were 133 calves that had an
extremely low serum concentration of one Ig class, but fell into a higher
group in the other Ig class. Thus, 415 calves (42.2%) were virtually
devoid of gammaglobulins of one or both classes, and showed no evidence
of suckling any appreciable amount of colostrum during the time allowed
to.do so. The remaining 57.8% had serum IgG and IgM concentrations
higher than the lowest cetegory of each Ig class.

Fewer calves had low serum IgG and IgM concentratioms at the
time of the second (post-fed) blood sampling than at the time of the
first (pre-fed) sampling (Tables 1 and 2). The mean preé»and post~fed
serum igG and IgM concentrations are given in Tagle 3, One calf's pre-
and post-fed serum samples had 63.0 mg/ml IgG, and a few calves had be-
tween.S0.0 and 60.0 mg/ml IgG in their sera. The maximum IgM .
concentrations were 14,0 mg/ml (pre-fed) and 15.0 mg/ml (post-fed).

'Some 285 calves (29.0%) did not absorb measurable additional

colostral Ig following pooled colostrum feeding. 1In calves which ab-

sorbed some colostral Ig by bottle~feeding, the average increases in



Table 1. Distribution of calves according to prem‘and
post~feeding serum IgG concentrations

Serum IgG Pre-feed ' ’ Post-feed
(mg/ml) ' -

0.0 - 1.9 346 35.2% 117 11.9%
2,0 - 3.9 56 5.7 96 9.8
4,0 - 5.9 . 33 3.4 ' 97 9.9
6.0 - 11.9 . 125 12.7 180 18.3
12,0 - 17.9 148 ' 15,1 151 15.4
18.0 - 23.9 127 12.3 157 15.9
24,0 - 29.9 , 82 8.3 93 9.5
30.0 + R 3 7.3 92 9.3

Totals 983 ‘ 100.0% . 983 100.0%

Table 2. Distribution of calves according to pre- and
- post-feeding serum IgM concentrations

Serum IgM Pre~feed Post~feed
(mg/ml):

0.0 - 0.9 351 35.7% 204 20.8%
1.0 - 1.9 99 10.1 162 - 16.5
2.0 - 3.9 228 23.2 265 27.0
4.0 = 5.9 154 15.7 174 17.7
6.0 - 7.9 72 7.3 95 9.6
8.0 -~ 9.9 43 4.4 50 . 5.1
10.0 - 11.9 28 2.8 24 2.4
12,0 + 8 0.8 9 0.9

Totals 983 100.0% 983 100.0%
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Table 3. Statistical data of the pre- and post-feed
serum IgG and IgM concentrations

Mean s.d. c.v
Serum IgG pre-feed . 11.3 11.9 105.3%
(mg/ml) :
post-feed 14.0 11.3 80.7%
Serum IgM pre-fged~ - 2,9 2.9 100.0%

post-feed - 3.4 . 2.8 82.47%

serum IgG aﬁd IgM concentrations were 5.0 f.4.5 mg/ml and 1.3 T 1.3 mg/ml,
respectively. These increases were significant for both Ig classes
(szOTOOS);

No correlations were found amohg the pre-fed serum IgG or IgM
concentrations and their respective increases aftea colostrum feeding
(p>0.1). However, the proportion of calves that failed to absorb addi-
tioﬁal coloséral Ig after bottle-feeding was significantly greater among
calves which attained high serum Ig concentrations by suékling (p<0.005,
Table 4). This proportion increased almost linearly witﬁ increased pre-
‘fed IgG or IgM éerum concentration.

There was no significant difference between the proportions of
Holsteins and Guernseys which showed a lack of suckling (41.5% versus
51.4%, p>0.1). Likewise, there was no éignificance between the per-
centages of Holstein calves and Guernsey calves showing no-increase in

serum Ig concentrations after bottle-feeding (28.5% versus 35.1%, p> 0.1).

While neither the pre-~fed nor the posf-fed serum IgG concentrations
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Table 4. Proportion of calves showing cessation of Ig absorption .
before bottle~feeding colostrum according to pre-feedlng
serum IgG and IgM concentrations :

Serum igG % : Serum IgM %

(mg /ml) : : (mg/ml)

0.0 - 1.9 12.1 0.0 - 0.9 16.2
2.0 = 3.9 21.4 1.0 - 1.9 26.3
4.0 = 5.9 27.3 2.0 - 3.9 33.3
6.0 - 11.9 30.4 4,0 - 5.9 35,1
12.0 = 17.9 36.5 6.0 - 7.9 41,7
18.0 - 23.9 39.7 8.0 - 9.9 37.2
24,0 - 29,9 56.1 10.0 - 11.9 71.4
30.0 50.0 12,0 + - 75.0
All calves 29,0 All calves 29.0

showed any significant bréed differences, both serum IgM concentrations
were higher in Holsteins than in Guernseys (Table 5). Since no con-
clusive differences between breeds could be demonstréted in this study,
all calves were treated as one breed.

During this study, 38 of 983 calves (3.9%) died before two months
of age. The mean Ig concentrations at the time of the second sampling
were significantly lower for calves that died than for those which sur-
vivedv(Table-6), The agammaglobulinemic calves had a greater percentage
of deaths than calves with higher concentrations of circulating immuno-
clobulins (p< 0.001, Table 7). However, 72 of 83 agammaglobulinemic
calves (86.7%) survived longer than two months. A significantly higher
proportioﬁ of Guernsey calves died compared to Holsteins (12.2% versus

3.2%, p£0.05).



Table 5. Comparison of mean serum Ig concentratioms
of Holstein and Guernsey calves

12

Holstein Guernsey Sig.
(909) (74) Diff.
oo +
Serum IgG . pre~fed 11.3 < 11.7 11.2 - 13.8 NS
(mg/ml) ' + +
post~fed 14,0 - 11.1 13.8 - 13.1 NS
Serum IgM pre-fed 3.0% 3,0 2.0t 2.3 p< 0.008
(mg/ml) + +
post=fed 3.5 -~ 2.8 2.9 - 2.4 p< 0.08
Table 6. Comparison of mean serum Ig concentrations of calves
dying before two months of age and calves surviving
at least two months
Dying before Surviving at Sig.
two mos. old least two mos. Diff.
N (%) 38 (3.9) 945  (96.1)
Mean serum IgG +
(mg/ml) 8.5 T 11.3 14.2 T 11.2 p< 0.002
Mean serum IgM + +
- 2.9 3.5~ 2.8 p<0.05

(mg/ml) 2.6
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4
Table 7. Comparison of death rates of agammaglobulinemie
calves and other calves®
Agamm, Other
Died before two months old 11 - 13.3% 27 3.0%
Survived at least two months 72 86.7% 873 97.0%
Totals o 83 100.0% 900  100.0%

* Death rate of agammaglobulinemic calves significantly greater
than among other calves (p<0.001)



CHAPTER 5
DISCUSSION

Although the design of the experiment did not permit an exact
determination of the proportion of calves which did not suckle, it is
evident that 30 to 40 percent of calves left with their dams did not
obtain sufficient colostrum to provide any degree of passive immunity
above that normally found in calves ae birth (Tables 1 and 2). With a
large number of calves involved, thislcompares favorably with previous
reports in which 20 to 40 percent of calves given the epportunity to
suckle were observed not to do so (2, 10, 15, 22, 23). The results of
the present study may be partially explained by the fact that some
calves were born‘closer to the time of separation from their dams than
others. Although these calves would not have had as mech chance to
suckle, they would more likely retain some capacity to absorb colostral
Ig when bottle-fed later. Table 4 shows that'thie was, in fact, the
case. It appears that feeding colostrum to calves allowed to remain
with their dams benefitted proportionally more hypogammaglobulinemic
calves tHan normal onesbthrough an increase in serum Ig concentrations.

| There were 83 calves which were agammaglobulinemic at the time
of the second bleeding. Evidently, these did not suckle even when given
ample time to do so, nor were they abie to absorb colostral Ig on bottle=-
feeding. Among calves showing increased serum Ig concentrations resule-
ing from colostrum feeding; not all could be coﬁéidered to have acquired

14
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adequatenlevels of passive immunity. The mean serum Ig increase due to
feeding colostrum (5.0 mg/ml IgG and 1.3 mg/ml IgM) was no greater in
agammaglobulinemic calves thaﬁ in those which had high serum Ig concen-
trations after remaining with their dams. Thus, calves which were
agammaglobulinemic before bottle-feeding tended to have low serum Ig
concentrations after feeding. This is expected, since feeding probably
occurred near or after the time of closure, which can occur as early as
12 hours postpartum in some calves (27). Therefore, many hypogamma-~
globulinemic calves benefit little or not at all froﬁ delayed colostrum
feeding with regard to systemic immunity.

One would expect a high death loss associated with this type of
management, based on earlier reports (7, 9, 25). But, of the 83 calves
which were virtually agammaglobulinemic at the time‘of the second bleed-
ing, only 13.7% actually died within two months of birth (Table 7.
Previous reports have stated that over 60%.of aéémmaglobulinemic calves
raised in intensive housing, as>in the present experiment, either die
of neonatal dia;rhea or require treatment for it (9, 25). Calves in
these studies were deprived colostrum from the moment of birth, while
in the present éxperiment all calves were bottle-fed colostrum. The
colostrum given all calves after removal from their daﬁs may have acted
at the site of bacterial, and viral invasion in the lumen of the gut to
prevént epithglial destruction, ‘as suggested by Logan and Penhale (17)
and Logan et al. (19). Since this type of local immune action is inde-~
pendent of intestinal Ig‘absorption, calves that did not suckle bene-

fitted from feeding colostrum, even after cessation of Ig absorption.
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Furtherﬁore, Barber (1) points out that good management practices may
overcome the effects of low serum Ig concentrationms,

It is interesting to note that the Guernsey calves suffered a
proportionately higher death loss than Holsteins. While it cannot be
concluded that this was related to the significantly lower serum IgM
concentrations found iﬁ Guernseys (Table 5), Logan and Penhale (16)
have noted a relationship between low serum IgM and increased suscep=~
tibility to E, coli infection.

The results presented in Table 6 indicate that a high concen-
tration of ciréulating immunoglobulins may reduce death losses by
increasing resistance to, or recovery from? neonatal diseases. Al-
though a calf given colostrum soon after parturition will absorb some
Ig, not all calves obtain colostrum soon enough Wﬁen left to suckle.
This may be due to inaccessability of the dam's udder or lack of vigor
in the calf, as observed by Selman et al. (23). As a result, hypo-
gammaglobulinemia occurs in calves left to suckle, and remains in some
calves even when bottle~fed colostrum afterward.

An alternative is to bottle-feed colostrum as soon after birth
as possibleain order to provide circulating immunoglobulins and ;o pre-
vent bacte;ial or viral damage to the gut epithelium through local im-~-
mune action in the intestinal lumen. After this feeding, the calves
may be left to suckle their dams to increase serum Ig concentrations
above those normally attained by bottle-feeding. Thié practice should
provide a high degree of both enteric immune protection and systemic
immunity to almost all calves in a dairy herd. It would thérefore be

superior to the:procedure followed in this study.



10,

11.

12,

LIST OF REFERENCES

Barber, D. M. L. 1978. Serum Immune Globulin- Status of Purchased
Calves: An Unreliable Guide to Viability and Performance.
Vet. Rec. 102:418.

Boyd, J. W., J. R. Baker and A, Leyland. 1974, Neonatal Diarrhea
in Calves. Vet. Rec., 95:310,

Brambell, F, W. R. 1970. The Transmission of Passive Immunity
from Mother to Young. American Elsevier Publishing Company,
Inc., New York.

Bush, L. J., M. A, Aguilera and G. D. Adams. 1971. Absorption
of Colostral Immunoglobulins by Newborn Dairy Calves.
J. Dairy Sci., 54:1547.

Fahey, J. L. and E, M. McKelvey. 1965. Quantitative Determina-
tion of Serum Immunoglobulins in Antibody-Agar Plates,
J. Immunology 94:84.

Fey, H. and A, Margadant. 1961, Hypogammaglobulinemia and
Colisepesis of Calves. Pathol. et Microbiol. 21:970.

Gay, C. €., N. Anderson, E. W. Fisher and A, D, McEwan. 1965.
Gamma Globulin Levels and Neonatal Mortallty in Market Calves.
Vet, Rec. 77:148,

Husband, A, J., M. R. Brandon and A. K, Lascelles. 1972. Absorp-~
tion and Endogenous Production of Immunoglobulins in Calves.
Aust. J. Exp. Med. Sci. 50:491.

Irwin, V. C. R. 1974. Incidence of Disease in Colostrum Deprived
Calves, Vet. Rec. 94:105.

Klaus, 6. G. B., A. Bennett and E. W, Jones. - 1969. A Quantitative
Study of the Transfer of Colostral Immunoglobulins to the New-
born Calf. Immunology 16:293.

Kruse, V. 1970. Absorption of Immunoglobulin from Colostrum in
Newborn Calves. Anim., Prod., 12:627,

Kuiper,AD. L. Serum Immunoglobulin Levels in Neonatal Dairy Calves
Fed a Uniform Source of Colostrum. M. S. Thesis, University of

Arizona, Tucson, Arizona, 1976.

17



13.

14,

15.

16.

17.

18.

19.

20.

. zlo

22,

23.

24,

18

Lecce, J. G. and C. W. Broughton. 1973. Cessation of Uptake of
Macromolecules by Neonatal Guinea Pig, Hamster and Rabbit
Intestinal Epithelium (Closure) and Transport into Blood.

J. Nutr. 103:774,

Logan, E. F. and T. Gibson., 1975. Serum Immunoglobulin Levels in
Suckled Beef Calves. Vet. Rec. 97:229,

Logan, E. F., D. G. McBeath and B. G. Lowman. 1974, Quantitative
Studies on Serum Immunoglobulin Levels in Suckled Calves from
Birth to Five Weeks. Vet. Rec. 94:367.

Logan, E. F, and W. J. Penhale. 1971, Studies on the Immunity of
the Calf to Colibacillosis I. The Influence of Colostral Whey
in Immunoglobulin Fractions on Experimental Colisepticemia. .
Vet. Rec. 88:222,

Logan, E. F, and W. J. Penhale, 1971, Studies on the Immunity of
the Calf to Colibacillosis ITII. The Local Protective Activity
of Colostrum in the Gastro-Intestinal Tract., Vet., Rec. 89:628.

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 Postpartum. Res. Vet. Sci. 14:394,

Logan, E. F., A, Stenhouse, D. J., Ormrod and W. J. Penhale, 1974,
The Role of Colostral Immunoglobulins in Intestinal Immunity to
Enteric Colibacillosis in the Calf, Res., Vet, Sci. 17:290,

McGuire, T. C., N, E. Pfeiffer, J. M. Weikel and R. C. Bartach.
1976. Failure of Colostral Immunoglobulin Transfer in Calves
Dying from Infectious Disease, J. A. V. M, A, 169:173,

Penhale, W, J., G. Christie, A, D. McEwan, E. W, Fisher and I. E.
Selman. 1970. Quantitative Studies on Bovine Immunoglobulins
II. Plasma Immunoglobulin Levels in Market Calves and Their
Relationship to Neonatal Infection. Br. Vet. J. 126:30.

Penhale, W, J., E. F., Logan, I. E. Selman, E. W. Fisher and A. D.
McEwan, 1973. Observations on the Absorption of Colostral
Immunoglobulins by the Neonatal Calf and Their Slgnlflcance in
Colibacillosis. Ann. Rech. Veter. 4:223,

Selman, I. E., A. D, McEwan and E, W, Fisher. 1970. Serum Immune
Globulin Concentrations of Calves Left with Their Dams for the
-First Two Days of Life. J. Gomp. Path. 80:419. '

Selman, I. E., A. D, McEwan and E. W, Fisher. 1971. Studies on
Dairy Calves Allowed to Suckle Their Dams at Fixed Times Post
Partum, Res., Vet, Sci, 12:1.



25.

26.

27.

28.

29.

19

Smith, H W., J. A. O'Neil and E. J. Simmons. 1967. The Immune
Globulin Content of the Serum of Calves in England. Vet. Rec.
80:664.

Smith, T. and R. B. Little. 1922. The Significance of Colostrum
to the Newborn Calf. J.Exp. Med. 36:181.

Stott, G. H., D. Marx, B. E.Menefee and G. T. Nightengale. 1979.
Colostral Immunoglobulin Transfer in Calves I. Period of Ab-
sorption. J. Dairy Seci. (Submitted for publication).

Stott, G. H., D. Marx, B. E.Menefee and G. T. Nightengale. 1979.
Colostral Immunoglobulin Transfer in Calves III. Amount of Ab-
sorption. J. Dairy Sci. (Submitted for publication).

Stott, G. H., F. Wiersma, B. E. Menefee and F. R. Radwanski. 1975.
Environment Affecting Passive Immunity in Dairy Calves. J.
Dairy Sci. 58:767.






