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Colostrum is the first mammary secretion produced after calving. The ingestion of colostrum
by the newborn calf is critical for its survival. Through colostrum, the dam transfers immuno-
globulins and other factors important in disease protection, hormones, growth factors, and essen-
tial nutrients. The uptake of immunoglobulins from colostrum by the calf is referred to as passive
transfer of maternal immunity. Failure of passive transfer (FPT) of colostral immunoglobulins, gen-
erally accepted as a calf serum IgG concentration of <10 g/L, results in an increased incidence of
disease and death.'™ The necessity for effective colostrum management has been well understood
for over 30 years; however, failure of passive transfer of maternal immunity continues to be a prob-
lem.”” This issue of Large Animal Veterinary Rounds discusses the problem of FPT, the factors
involved, and suggests management directions.

Colostrum composition

Immunoglobulins and other biologically active molecules are actively transported from circulation,
and/or produced in the mammary tissue, to accumulate in the udder before parturition. Thus, the dam is
able to transfer to the calf a concentrated formulation that provides defence against infectious diseases,
contains factors important in growth and development, and is an important source of energy with which
to start life.

Colostrum is constitutively different from milk. While dairies must withhold the first 6 milkings after
calving from human consumption, the term, colostrum, is most appropriately used only for the first milk,
while transitional milk is a better term for the subsequent milkings, since the constituents rapidly change
in concentration. In particular, the levels of immunoglobulins decline precipitously following the initia-
tion of postpartum milking,"

Colostrum contains many factors important in protection from microbial infection. Immunoglobulins
are considered the most important defence factors present in colostrum, and are responsible for protec-
tion against both systemic and enteric diseases. Since immunoglobulins absorbed from colostrum circu-
late in the blood of the calf, they counteract any infection from spreading systemically. However, some of
the immunoglobulins are “resecreted” from serum back into the intestine to provide local “enteric”
immunity to prevent enteric diseases.' Most studies on the failure of passive transfer have concentrated
on the level of immunoglobulins because they play such a crucial role in disease protection. However, the
other components present in colostrum contribute to the health and well-being of the calf. In addition
to the immunoglobulins, colostrum contains other antimicrobial factors including lactoferrin, lysozyme,
and lactoperoxidase (Table 1).

Since colostrum is a rich source of many biologically active molecules, colostrum feeding has a
variety of important effects on the clinical, metabolic, and endocrine status of calves.'? Colostral hor-
mones and growth factors stimulate protein synthesis, cell division, and growth; these processes are
important in regulating the development of the gastrointestinal tract. Colostrum is much higher in fat
than milk, and acts as a readily available source of energy. Delayed colostrum intake may reduce essen-
tial fatty acid and fat-soluble vitamin status, and impair synthesis of fatty acid binding protein. Diets
deficient in fat and cholesterol, given early in life, can have lasting effects on fat absorption and inter-
mediary lipid metabolism."
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Table 1: Biologically active components of colostrum

Growth factors
and hormones

Antimicrobial

factors Nutrients

Immunoglobulins  Fat Insulin-Like Growth

Factor | and Il
Lysozyme Lactose Epidermal Growth
Factor
Lactoferrin Proteins Transforming
Growth Factor B
Lactoperoxidase Vitamins Growth hormone
Cytokines Minerals Insulin

Failure of passive transfer
Consequences

Increased neonatal morbidity and mortality from neonatal
enteric, systemic, and respiratory diseases are well-accepted
consequences of FPT.”"*"" The consequences of FPT are not
limited to the neonatal period, however. Effects on the inci-
dence of disease and mortality are still seen at 2 months-of-age
(Figure 1), and diminished long-term performance is demon-
strated by decreased weaning weights in beef calves” and

decreased growth and milk production in dairy heifers.'"

Measurement of FPT

The assessment of passive transfer has typically been done
by the measurement of immunoglobulin concentration in the
serum of calves, 24 to 48 hours after birth. The serum immuno-
globulin concentration that is indicative of FPT is aftected by
the disease outcomes used to assess calf health, the management
factors affecting calf health, and the method of immunoglobu-
lin measurement. When death from septicemia is used as the
clinical outcome, the serum immunoglobulin levels associated
with diminished risk vary between 1 g/L,* 5 g/L,”">'* and
8 g/L.”' Alternatively, if serious morbidity or mortality associ-
ated with diarrhea is considered as an outcome, the levels
needed for decreased risk are higher, ranging between
7.5 g/L> 8 o/L, ™ 10 g/L, * and 16 g/L.”* While calves
with serum immunoglobulin levels in excess of 16 g/L had the
lowest risk of disease, the greatest difference in risk occurred
between groups of calves with serum immunoglobulin levels
less than or greater than 8 g/L.”

Some of the differences in the reported protective levels
of serum immunoglobulins may be attributable to manage-
ment factors. For example, the levels of pathogen challenge to
which the calf is subjected result in difterences in the serum
immunoglobulin levels necessary to confer a low risk of
disease.”

As well as the variables in disease outcome, some of the
differences in “protective” levels of serum immunoglobulins
among studies also relate to the methods used to measure the
immunoglobulin concentration. The zinc sulphate turbidity
test (ZST) used in several studies”” provides only an estimate of
the immunoglobulin concentration. One of the most reliable
tests for measuring bovine IgG is the radial immunodiftusion

Figure 1: Failure of passive transfer affects calf
mortality to 8 weeks of age. Serum IgG concentration
was measured in blood samples from 2,177 dairy
heifers collected between 24 and 48 h after birth. Over
40% of the calves had less than 10 g/L serum IgG.
These calves were more likely to get sick and die over
the 8-week monitoring period. (1992 National Dairy
Heifer Evaluation Project, NAHMS, USDA:APHIS:VS.)
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NAHMS = National Animal Health Monitoring System
USDA = United States Department of Agriculture
APHIS = Animal and Plant Health Inspection Service
VS = Veterinary Service

(RID) assay. The RID test can be accurate and reproducible
when utilized by experienced technical personnel; however,
accuracy also depends upon the validity of the antisera and
standards used in the assay.”*

The published data support the concept that the greater
the level of serum immunoglobulin achieved in the calf the less
the risk of disease, but it is not possible to precisely determine
a minimum level of serum immunoglobulin consistent with a
decreased risk of serious disease, given the differences among
the various studies, ie, outcomes assessed, methods of IgG mea-
surement, and influence of management factors. However, as a
rule of thumb, calves with serum IgG levels <10 g/L are at a
high risk for disease and this level can be used as a definition
for failure of passive transfer.

Prevalence

In spite of the well-recognized consequences of FPT, the
number of calves that fail to receive adequate levels of colostral
protection is remarkably high. FPT occurred in 41% of dairy
calves born in the USA (serum immunoglobulin levels <10g/L;
National Dairy Heifer Evaluation Project, NAHMS, 1993).
Even in well-managed beef and dairy operations, over 25% of
calves have serum immunoglobulin levels less than the recom-
mended levels of 8-10 g/L.> Given the prevalence and serious
consequences of FPT, veterinarians need to help producers
understand the factors that influence effective passive transfer.

Factors influencing passive transfer

Calves fail to receive sufficient maternal colostrum for a
variety of preventable management-associated reasons, such as



Figure 2: Colostral IgG mass is affected by parity and
time after parturition. Colostrum volume and IgG
concentration were determined for 24 cows and 11
heifers over the first four milkings. The IgG mass was
calculated, and the mean (= S.E.) is shown. (Adapted
from Chelack et al., 1993.")
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delays in colostrum administration. In addition, there are many
unavoidable circumstances in which sufficient high-quality
maternal colostrum is not available to the calf. These factors are
categorized and discussed in terms of maternal, calf, environ-

ment, and management components.

Maternal factors

A crucial factor influencing the success of passive transfer
is the mass of immunoglobulins supplied by the dam (the
immunoglobulin mass is a function of the volume and
immunoglobulin concentration of the colostrum).”™ There
are age, breed, and individual cow differences in the concen-
tration of immunoglobulin and the volume of colostrum pro-
duced.' In a survey of 919 colostrum samples from a single
dairy, the IgG concentration varied from < 20 g/L to > 110 g/L
(Figure 2).' The immunoglobulin concentration decreases
with each milking and heifers produce less immunoglobulin
than multiparous cows (Figure 3)." In addition, the concentra-
tion of immunoglobulin in the colostrum is negatively corre-
lated with the volume of milk produced;’ therefore, very high-
producing cows may have poor quality colostrum even at the
first milking.”

The maternal diet can affect colostrum volume, composi-
tion, and transfer. Poor nutrition reduces the volume of
colostrum produced.” Absorption of immunoglobulins may be
reduced when cows are fed restricted amounts of energy and
protein.™

Other maternal factors contributing to FPT include mul-
tiple births, poor teat conformation, colostrum leaking from
the udder, and a short dry period. Good mothering abilities
increase serum immunoglobulin levels in calves.”

Vaccination of cows is an important management tech-
nique to raise the level of protection against specific diseases.
The veterinarian, with knowledge of the incidence of certain
diseases on the farm, can incorporate a specific vaccination
protocol as part of the herd health program.

Figure 3: Frequency distribution of IgG concentration
in colostrum. First milking colostrum samples (n=919),
obtained from cows on a single dairy, were analyzed
for IgG concentration. (Adapted from Pritchett et al.
1991.%")
35 -
30 1
g 25 -
g 20 -
8 154
S
® 104
5 -
0 Q 3] Q 5 \} N Q Q
2% el 0 o 2 ) QSN
AT U O AT SR AN
1gG (g/L)
Calf factors

The effectiveness of passive transfer is dependent upon the
ability of the calf to transport immunoglobulin from the
colostrum into the bloodstream, as well as, the amount of
immunoglobulin available for transport.

Upon ingestion of colostrum, the immunoglobulins are
absorbed by the epithelial cells of the gut through a nonselec-
tive pinocytotic mechanism and transferred to the lymphatics
and bloodstream. Since this mechanism begins to decline in
effectiveness after birth, a number of studies have examined the
effect of the age at which the colostrum is fed. The absorption
co-efficient of calves fed at 20 hours postpartum is less than
half that of calves fed at 2 hours-of-age.” Therefore, while
there is evidence of a transter of immunoglobulins for up to
24-hours postpartum,” the degree of transfer is minimal by
this time (Figure 4). Consequently, in calves fed 1 L of
colostrum at 6-hour intervals beginning at difterent times post-
partum, only calves fed colostrum before 6 hours attained
serum immunoglobulin levels >10g/L.* The success of passive
transfer is, therefore, highly dependent upon how soon after
birth the calf receives colostrum.

Another consequence of the transport mechanism is that if
bacteria are ingested prior to colostrum, those bacteria will be
transported across the epithelial barrier resulting in sep-
ticemia.™ This is another reason for the calf to receive
colostrum as soon as possible after birth. The capacity of the
macromolecular transport mechanism is limited; thus, immuno-
globulin absorption is more efficient when the concentration
of immunoglobulin as a percentage of total protein in colostrum
is higher.”

The newborn calf’s requirement for colostral immuno-
globulin mass is approximately 80-150 grams,”* if the calf is
fed within the first 2 hours after birth. Since the absorbed IgG
is distributed in the plasma volume, which is related to the size
of the calf, small birth weight calves require 80 - 120 g of
immunoglobulin, while high birth weight calves require120 -



Figure 4: Uptake of IgG decreases rapidly after
birth. The serum IgG concentration was
determined in calves fed 1 L of colostrum at
six-hour intervals starting at seven different ages.
(Adapted from White, 1993.%)
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150 g to achieve 10g/L serum immunoglobulin concen-
tration. Since small birth weight calves consume only 0.5
to 1.0 litres/feeding, while high birth weight calves

26,30 .
colostrum immuno-

consume 1.0 to 2.0 litres/feeding,
globulin concentrations of >60 g/L are required to deliver
the required immunoglobulin mass in these volumes
during the first critical hours of life. Other calf factors that
may compromise passive transfer include weakness,
competition for teats, and the metabolic state of the calf.
The metabolic state of the calf can be affected by prema-
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ture delivery, dystocia, anoxia, or acidosis.

Environment

Cold temperatures reduce the rate of immunoglobulin
absorption by calves, but not final serum immunoglobulin
levels;” however, they may affect passive transfer since
calves may be slower to stand and suckle voluntarily."
Heat stress aftects the cow, reducing colostral levels of IgG

and IgA, fat, lactose, protein, and energy.

Management Factors

Management can affect passive transfer success
through the method of colostrum feeding, the length of
the dry period, milking prior to parturition, and over-
crowding. There is a higher prevalence of FPT in calves
born in a stanchion-stall or pen, compared to calves born
in box stalls.’

While some reports™ indicate nursing, either natural
or via a nipple bottle, is the best method to administer
colostrum, others do not demonstrate an advantage to
natural suckling over tube feeding.” With natural nursing,
the volume consumed cannot be determined, making it
difficult for the farmer to predict the success of transfer.
Higher volumes can be administered by esophageal tube,
so that adequate immunoglobulin mass can be transferred,
even if colostrum IgG concentration is suboptimal. Since
the capacity of the neonatal calf rumen is estimated to be
about 400 mL, the large volumes result in “spill over” into
the abomasum, an effect similar to the closure of the
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esophageal groove that occurs with the suckling reflex.*

In one study, the administration of larger volumes result-
ed in lower absorption of immunoglobulin.”® However, in
these experiments, calves were fed very large volumes of
colostrum (10% of body weight or 4-5 L). The question
of the benefits of suckling versus tube feeding may be
largely academic since the vast majority of calves that are
hand-fed are allowed to suckle. Only 2.3 % of calves in
the 1992 NAHMS National Dairy Heifer Evaluation
Project were fed by esophageal tube. Therefore, it is advis-
able that colostrum meet the needs of the calf in the vol-
ume that a calf would normally suckle (=2 L).

Colostrum supplementation

Traditionally, neonatal calves suspected of colostrum
deficiency have been supplemented with stored or frozen
dairy colostrum. Dairy cows produce far more colostrum
than their own calves can use. The excess can be safely
stored at 4°C for 24 hours or frozen for up to a year. The
colostrum is best divided into 1 or 2 L packages for ease of
thawing. However, frozen colostrum purchased from
dairies has been found to contain widely variable and often
inadequate amounts of immunoglobulin.” One reason
may be that while the first 6 milkings post-partum are con-
sidered “colostrum” from the dairy marketing point of
view, adequate immunoglobulin levels are generally found
only in the first 1 or 2 milkings.'"* Frozen colostrum has
other disadvantages, eg, the requirement for large amounts
of freezer storage space and the inconvenient time required
for thawing prior to use. There is also a significant risk for
the transmission of infectious diseases associated with the
use of untreated colostrum, particularly, the mycobacteria.”

There are several dried bovine colostrum supple-
ment/replacer products that are commercially available,
derived from cheese whey, slaughterhouse blood/serum,
or dairy colostrum.These products offer the advantages of
being easy to use, stable, of defined quality, and heat-treat-
ed for safety. The disadvantages include the relative
expense compared with frozen colostrum, the low
immunoglobulin and nutrient levels in some products,
poor palatability of some products, and inadequate heat
treatment of some products (disease risk). In addition,
blood and whey protein-derived products may lack other
beneficial nonimmunoglobulin colostral factors.

Historically, there has been a problem with the
immunoglobulin content of some of these products.”” In
more recent years, the immunoglobulin claims of com-
mercially available products have increased, but supple-
menting maternal colostrum with colostrum replacement
products does not always improve calt’ serum immuno-

32,4951 . . . .
This raises questions regarding

globulin levels.
whether factors other than immunoglobulin mass are
important in achieving normal serum immunoglobulin
levels when these products are used. In one study, calves
were fed maternal colostrum or one of 3 commercially
available colostrum supplements.””> While all calves

received in excess of 100 g of immunoglobulin, only the



calves fed maternal colostrum achieved serum immuno-
globulin levels >8 g/L. These results contrast with our
studies that have shown effective absorption of dried,
reconstituted colostrum; calves fed 120 g of immuno-
globulin, either spray-dried reconstituted or thawed
colostrum, achieved the same serum immunoglobulin
levels, both >12 g/L.m Further, calves fed dried colostrum
achieved protective levels of antibodies to bovine
pathogens, including viruses such as bovine viral diarrhea
virus (BVDV).”

The failure of effective absorption of some dried
colostrum supplements may be partially due to the high
percentage of nonimmunoglobulin proteins present in the
products. The addition of 37 g/L of albumin to colostrum
containing 42 g of IgG/L diminished the rate of absorp-
tion of the immunoglobulins from 59% to 36%; thus,
decreasing the serum immunoglobulin levels achieved in
the calves from >9 g/L to <7 g/L.” Since the absorptive
capacity of the intestinal epithelial cells in the neonate is
relatively nonselective and finite, it is likely that high lev-
els of nonimmunoglobulin proteins compete with the
absorption of the immunoglobulins and diminish the per-
centage absorbed. Good quality maternal colostrum is esti-
mated to be over 20% immunoglobulin on a dry matter
basis (50 g of IgG in 1 litre containing 21% dry matter);"’
colostrum  replacers/supplements should contain similar
immunoglobulin levels to ensure effective absorption.

Other factors may also impact upon the absorption of
colostral immunoglobulins. The most important, from the
perspective of commercial colostrum supplements/
replacers, may be the presence of high levels of colostral
trypsin inhibitors that prevent trypsin-mediated digestion
of the immunoglobulin molecules.*** One study showed
that the addition of soybean trypsin inhibitor to normal
colostrum increased IgG absorption by 16% and IgM
absorption by 30%.” Colostrum replacers/supplements
manufactured from noncolostral sources may not contain
the high levels of trypsin inhibitors normally present in
colostrum. Therefore, the immunoglobulins in these prod-
ucts may be susceptible to proteolytic degradation and fail
to be absorbed.

There is a need for commercially available, safe, and
effective colostrum supplements/replacers for calves.
When choosing a replacer, the important features to
examine are:

* IgG content: Bovine colostrum replacer/supple-
ments should contain a sufficient mass of immunoglobu-
lin (>120 g) in a volume that a normal calt could be
expected to consume within 6 hours (<2 L). To ensure
effective absorption of the immunoglobulins, the product
should be 20% immunoglobulin.

* Treatment to eliminate the pathogens (pasteurization)

* Antibody function tested

* Source: A product derived from colostrum provides
nonimmunoglobulin factors.
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Summary

Failure of passive transfer is a preventable condition
with important consequences on calf health. Some gener-
al recommendations for colostrum feeding can be devel-
oped under the basic tenants of feeding the calf as soon as
possible after birth with sufficient high-quality colostrum
to provide adequate immunoglobulin and nutrients, to
optimize immunoglobulin uptake, and to prevent migra-
tion of pathogens through the intestinal wall. The best
practices for feeding colostrum to achieve maximal bene-
fits may be summarized as:

* Timing: “The sooner the better.” Feed calf within 6
hours of birth. Time is of the essence; if the calf will not
suckle, it is better to use an esophageal feeder than let
time pass.

* Immunoglobulin Mass: “More is better” Feed at
least 120 g of immunoglobulin, as early as possible. More
is required if the entire amount is not consumed before
12 hours-of-age. Colostrometers, which are inexpensive
hydrometers used for measuring the specific gravity of
colostrum, may be used to estimate the colostral
immunoglobulin concentration. If maternal colostrum is
not sufficient, supplement with high-quality, frozen dairy
colostrum, or commercial colostrum supplements with
high IgG levels (>60 g/L).

* Manage the calf to facilitate health: “Mothering”
promotes absorption of factors from the colostrum, and
can be simulated by rubbing the calf and keeping it clean,
warm, and dry. Keep calf in an isolated, dry, draft-free
environment.

Dr. Godson is a Professional Research Associate and Dr. Haines
is a Professor in the Department of Veterinary Microbiology at
the Western College of Veterinary Medicine. Dr. Haines is also
cofounder and Director of Saskatoon Colostrum Co., Ltd., where
Dr. Acres is President and C.E.O.
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