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Introduction 

Acquisition and absorption of adequate amounts 
of colostral immunoglobulins are essential to the health 
of the newborn calf. Calves are born lacking any signifi
cant amount of circulating immunoglobulins and rely 
on antibodies acquired from colostrum for protection 
against common environmental pathogens. The major 
immunoglobulin in colostrum is IgG 1, but there are also 
significant amounts of IgG2, IgM and IgA. Consider
able amounts of these immunoglobulins in ingested co
lostrum are transferred across the epithelium of the 
small intestine during the first few hours of life and 
transported via the lymphatic system to the blood. Im
munoglobulins in the blood then enter extravascular flu
ids and external body secretions, depending upon the 
immunoglobulin class. The absorbed immunoglobulins 
protect against systemic invasion by microorganisms 
(and therefore against bacterial septicemias) during the 
neonatal period. In addition, both unabsorbed immuno
globulins and immunoglobulins re-secreted back into the 
gut play important roles in protection against intesti
nal infections for several weeks following birth. Good 
passive immunity also reduces the occurrence of respi
ratory disease during the first months of life and may 
be a determinant of improved lifetime productivity. 

Partial or complete failure of passive transfer of 
colostral immunoglobulins is a major determinant of 
susceptibility to neonatal disease and mortality in 
calves. Consequently, it is important that calves acquire 
adequate circulating concentrations of immunoglobulin 
from the colostral transfer process. 

Monitoring Rates of Failure of Passive Transfer 

Every herd should have a policy for feeding of co
lostrum and its efficacy should be periodically moni
tored as part of the routine health surveillance. The 
policy should be modified or changed if it does not re-
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sult in high rates of adequate passive transfer. Health 
records should be kept for each calf. Cut points for ad
equate passive transfer will vary between farms ac
cording to calf management, housing and the infection 
pressure and can be determined from health records 
and serum IgG values. 

Monitoring frequency and sample size depend on 
the herd size. Radial immunodiffusion is the gold stan
dard for measurement of serum immunoglobulins, but 
is too expensive for routine monitoring. Our preference 
is for serum total protein estimated by refractometry, 
but zinc sulfate and sodium sulfite tests also are effec
tive. Where stored colostrum is fed, the farm should keep 
records relating to feeding such as the date and time of 
birth and of feeding; the volume fed; the identity of the 
colostrum fed; and, if appropriate, the method of feed
ing. These should be initialed by the feeder. Stored co
lostrum should be identified with the date of collection, 
the identity of the source cow, the volume of colostrum 
from that milking and whether it is first-milking colos
trum. This should be initialed by the person responsible 
for collection. These records will greatly facilitate in
vestigating the cause of failure of passive transfer. 

Factors that Influence Passive Transfer of 
Colostral Immunoglobulins 

Age at First Feeding 
It is commonly stated that the intestine is capable 

of absorbing immunoglobulins for 24-30 hours after birth. 
These limits have been established by physiologists in
terested in the duration of the absorptive period. How
ever, the absorptive capacity already is markedly reduced 
by 8 hours after birth. A herd policy for colostral feeding 
that minimizes the time between birth and colostral feed
ing will reduce the percentage of calves with failure of 
passive transfer. Herd policy should be that all calves 
receive colostrum within 2 hours of birth, in order to 
emphasize the importance of early feeding. This also al-
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lows for a second colostrum feeding during the period of 
maximal absorption in those herds that do not practice 
large-volume colostrum feeding at first feeding. 

Formation of Colostrum 

There are 4 different immunoglobulin classes in 
bovine serum and colostrum, but immunoglobulin G1 

(IgG1) is predominant. IgG1 is concentrated in colostrum 
by an active, selective, receptor-mediated transfer oflgG1 

from the blood of the dam across the mammary gland 
secretory epithelium. This transfer to colostrum begins 
approximately 4-5 weeks before calving, and in most 
cows continues until the point of calving. This active 
transfer process results in colostral IgG1 concentrations 
that may be 10 times higher than maternal serum IgG1 

concentrations, and ideally results in the transfer of 
several hundred grams oflgG1 into the colostrum. 

Provided colostrum is fed at an early age, the im
munoglobulin mass ingested is a prime determinant of 
the subsequent serum immunoglobulin concentration. 
Early studies suggest that an immunoglobulin mass of 
between 80 and 100 grams must be ingested for suc
cessful passive transfer. Subsequent studies have sug
gested these values are minimal, and our studies with 
Washington state Holstein calves suggest that at least 
150 grams of IgG1 must be fed to avoid failure of pas
sive transfer. This mass must be fed within the first 12 
hours of life, but preferably is fed at the first feeding. 

The mass of immunoglobulin ingested is a func
tion of the volume of colostrum ingested and its immu
noglobulin concentration. Failure of passive transfer can 
occur from an inadequacy in either component. Thus, 
cows may produce colostrum of high immunoglobulin 
concentration, but have an inadequate volume to pro
vide sufficient mass for the calf. In the other situation, 
cows can produce large volumes of colostrum but its 
immunoglobulin concentration is low and the calf can
not ingest sufficient colostrum to achieve the required 
mass. 

Dairy cows almost invariably produce large vol
umes of colostrum, with production of between 10 and 
20 lbs. is common in Holsteins. In the dairy breeds there 
is not a problem in the volume of colostrum available 
for ingestion, but there can be a problem in immunoglo
bulin concentration. 

Table 1 shows the distribution of IgG1 concentra
tions in over 1,200 first-milking colostrums from Wash
ington Holsteins. From this table, it is obvious there is 
considerable variation in colostral immunoglobulin con
centration-a major determinant of the occurrence of 
failure of passive transfer ofimmunoglobulins in Wash
ington Holsteins. For example, colostral feeding systems 
which routinely feed 2 quarts (approximately 2 liters) 
of colostrum will fail to provide an immunoglobulin mass 
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Table 1. Distribution of colostrum by immunoglobu
lin concentration, based on data from Wash
ington state Holstein cattle. 

lgG1 Concentration Percent of Cumulative 
(mg/ml) Colostrums Percentage 

0-20 4.94 4.94 
20-30 13.51 18.45 
30-40 21.17 39.62 
40-50 18.78 58.40 
50-60 14.99 73.39 
60-70 9.88 83.28 
70-80 6.34 89.62 
80-90 3.46 93.08 
90-100 2.47 95.55 
100+ 4.44 100 

of 100 grams in approximately 58% of the feedings. The 
desired mass of 150 grams will not be achieved in over 
80% of the feedings. Although feeding a 150-gram mass 
may be the ideal, feeding of a 100-gram mass is currently 
our target, as it is more realistically achieved given the 
distribution of colostral immunoglobulin concentrations. 

We have examined the following influences on co
lostral immunoglobulin concentrations: 

Length of dry period. As mentioned above, immu
noglobulins are selectively transferred into the udder 
for 4-5 weeks prior to calving. Consequently, the length 
of the dry period might be expected to influence immu
noglobulin concentrations. We have found no practical 
influence on immunoglobulin concentration, providing 
the dry period is longer than 30 days. 

Calving to milking time. Immunoglobulin secre
tion into the udder ceases prior to, or at the point of, 
calving, and immunoglobulin concentrations fall dra
matically with subsequent milkings. Although we found 
a significant fall in immunoglobulin concentration with 
increasing calving-to-first-milking time, the fall in con
centration was not of practical significance providing 
that interval did not exceed 8 hours. 

Lactation Number. Colostral immunoglobulin con
centrations are reported to increase with increasing lac
tation number. We observed this trend in colostrums 
from cows oflactation 2 onward. However, the immuno
globulin concentration of colostrum from first-calf heif
ers was equivalent to that of lactation 3+ cows. Many 
herds to do not feed colostrum from heifers on the basis 
of reported low immunoglobulin concentrations. This 
would not be justified by our findings. It is possible the 
colostrum from first-calf heifers contains a poorer spec-
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trum of immunity when compared with that from older 
cows, but it also is possible that young heifers' colos
trums contain more antibodies directed towards patho
gens of young animals. No feeding trials have shown 
that colostral immunoglobulin from first-calf heifers is 
less protective than an equivalent mass of immunoglo
bulin from older cattle. In general, lactation number 
cannot be used to pick colostrums with higher immuno
globulin concentration as the within-lactation number 
variation is far greater than the between-lactation num
ber variation. 

Colostral Volume. There is a fall in colostral im
munoglobulin concentration with increasing colostrum 
volume, and if possible high-volume colostrums should 
not be used for first feedings. Stored colostrums contain 
a disproportionate number of low IgG concentration 
members due to this effect. 

Colostrum Pools. There can be problems with feed
ing from colostrum pools. In theory, the pooling of colos
trums should avoid extreme variation in colostral 
immunoglobulin concentrations and should reflect the 
antigenic experience of the herd. In practice, most co
lostrum pools have low IgG concentrations due to the 
diluting effect of high-volume, low-IgG concentration co
lostrums. Therefore, if colostrum pooling is practiced, 
we recommend that only a fixed volume be added from 
each individual colostrum. An additional problem with 
colostrum pools is the increased probability of contami
nation and proliferation of bacterial pathogens such as 
Salmonella spp. 

Specific Gravity. Some selection for colostral qual
ity can be made by measuring specific gravity. The com
mercially available colostrometer has cut points that are 
appropriate for a 2-quart feeding of colostrum. With 
these cut points and this volume of feeding, it will se
lect against approximately 50% of low-IgG concentra
tion colostrums, but will "pass" as suitable for the 
remaining low IgG concentration colostrums. Thus, ap
proximately 50% oflow-immunoglobulin-concentration 
colostrums will test satisfactory on the colostrometer. 
Proper use of the colostrometer should include a stan
dard waiting period of at least 2 hours in a moderate
temperature environment to allow air entrained during 
milking to escape. This also allows equilibration to even 
out temperature differences that have a direct effect on 
specific gravity. In general, the higher the specific grav
ity, the higher the immunoglobulin content, so using a 
cut point above the yellow-green (-50 mg/ml) threshold 
will select for better colostrum quality. 

Storage and Freezing. Colostrum can be stored at 
refrigerator temperature for 7 days and kept at -4°F 
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(-20°C) deep frozen indefinitely. Excessive heat should 
be avoided in thawing frozen colostrum. To assist in thaw
ing, colostrum is best frozen in flat plastic zip-lock bags. 

Feeding Systems to Optimize Ingestion of 
Adequate Immunoglobulin by the Calf 

Natural sucking is the desired method of intake 
of colostrum and is the most efficient, but it is influ
enced by the sucking drive and vigor of the calf at 
birth. Natural sucking of dairy calves is commonly 
associated with a high rate of passive transfer fail
ure. In part, this results from a problem of neonatal 
vigor and delayed sucking. Failure of 25%-34% of 
calves to suckle by 6-8 hours of age and 18% of calves 
to suckle by 18 hours of age has been observed. These 
delays result in greatly impaired immunoglobulin 
absorption by calves. 

Pendulous udders and large, bulbous teats also can 
limit colostral ingestion by calves. However, the major 
cause of failure of passive transfer in naturally sucking 
dairy calves lies with the ingestion of colostrum with 
inadequate immunoglobulin concentration. There is con
siderable variation in colostral intake by naturally suck
ing calves, but the average intake is approximately 2.5 
liters. At this average intake, the colostral immunoglo
bulin concentration needs to be 40 mg/ml oflgG1 in or
der to achieve a mass intake of 100 grams of this 
immunoglobulin. As can be seen from Table 1, a signifi
cant proportion of colostrums do not contain this con
centration, and mass intakes will be even further 
reduced in calves that ingest below-average volumes. 
Experimental studies show that passive transfer fail
ure can be minimized in natural sucking situations by 
assisting the calf to the udder early in its life and en
suring a long sucking period. However, in our experi
ence most dairy farms that purport to do this can manage 
to assist only a proportion of calves, and consequently 
still suffer a high failure rate. 

Systems of artificial feeding of colostrum to dairy 
calves can promote the intake of a high-immunoglobu
lin mass, providing they utilize selected colostrums and 
ensure a high-volume intake by the calf. The volume of 
colostrum that is fed on many farms (2 quarts) is too 
low to ensure adequate passive transfer. A degree of se
lection for colostrums with high immunoglobulin con
centrations can be made by measurement of specific 
gravity. Feeding colostrum by nipple bottle can ensure 
a reasonable intake providing the feeder has patience. 
However, the volume of colostrum that can be adminis
tered by nipple bottle feeding is limited and, in one of 
our studies, it took an average of 20 minutes to bottle 
feed 1-hour-old calves 2.5 liters of colostrum. Nearly one
third of calves that were fed failed to drink 2.5 liters in 
a 1-hour period. 
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Nipple bottle feeding can be effective if the feeder 
has patience and time. Calves should be fed to satiation 
at birth and again at 12 hours of life, but with a mini
mum intake of 2.5 quarts at each feeding. Nipple bottle 
feeding will be associated with high rates of failure of 
passive transfer where calffeeding labor is inferior and 
where there are significant time constraints imposed 
on the labor by other tasks. 

Larger volumes of colostrum can be fed by an 
esophageal feeder. Advantages are the volume that can 
be fed and the speed with which it can be administered. 
This method is particularly advantageous where time 
constraints of other farm activities limit the time avail
able for calf feeding. However, colostrum administered 
by this method is less efficiently absorbed, probably due 
to retention of some colostrum in the immature 
forestomachs for several hours. For this reason large 
volumes (a minimum of 3 quarts and preferably 4 quarts 
to a Holstein calf) should be fed. If small volumes (1-2 
quarts) are fed by an esophageal feeder, the absorption 
of immunoglobulins is usually sub-optimal and yet the 
calf will feel satiated and not inclined to naturally suckle 
for the next few hours. Feeding colostrum by an esoph
ageal feeder is an effective method for avoidance of pas
sive transfer failure in dairy cattle. 

Colostrum Substitutes. There are a number of co
lostrum substitutes or supplements available. They con
tain varying amounts of immunoglobulins, and calf 
serum immunoglobulin values consequently vary follow
ing feeding, according to the producer. 
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Research is continuing on the cause oflow immu
noglobulin concentration in Holstein colostrum. Cows 
with high-concentration colostrum at one lactation tend 
to have high concentrations at subsequent lactations. 
It is possible that this reflects between-cow differences 
in the number and/or affinity ofimmunoglobulin recep
tors in the mammary gland. 
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