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Abstract

Disease of the bovine neonate can be prevalent and
devastating to the producer. The diseases common to
neonates are not unique to this age group. However,
many are uncommon causes of clinical disease in older
animals. The importance of colostral immunoglobulin
transfer in calf health is undisputed. However, the role
of epithelial barrier mechanisms, cell mediated immu-
nity, complement cascade, and the development of the
calf’s endogenous immunoglobulin production are often
overlooked. Differential maturation of the immune re-
sponse is a major contributor to the timing of common
diseases in the bovine neonate. In addition, manage-
ment procedures may adversely affect some of these
early protective mechanisms. Understanding the matu-
ration of the immune system in the postpartum calf
sheds light on the unique pattern of diseases seen in
the bovine neonate.

Introduction

Disease of the bovine neonate can be prevalent and
devastating to the producer. The diseases common to
neonates are not unique to this age group. However,
many are uncommon causes of clinical disease in older
animals. Bovine neonates are born immunologically
naive. This period of naiveté is a transient window of
opportunity for pathogens. Understanding the unique
differences in immune function between the neonate and
the adult animal will enable a better understanding of
disease in neonatal calves.

Immunology Review

Protection from pathogens is accomplished by
many mechanisms in the body. Epithelial surfaces form
a barrier that prevents microorganisms from easily pen-
etrating into the body. Adaptations of some epithelial
surfaces, such as the respiratory and gastrointestinal
mucosa, increase their protective functions. Mucous and
ciliary action protects the respiratory tract by trapping
and mechanically removing pathogens. The acidic envi-
ronment of the abomasum kills many bacteria and pre-
vents colonization of the gastrointestinal tract. The
presence of normal bacterial flora also aids in protec-
tion of epithelial surfaces. These organisms compete for

food and attachment sites with pathogenic bacteria, and
many produce antimicrobial substances that inhibit
pathogenic organisms. Once epithelial barriers are
breached, innate immune functions, and adaptive im-
mune functions if necessary, are present for protection.

The innate immune response is comprised of many
different processes that attempt to protect the host from
invading microorganisms. These responses are all char-
acterized by recognition of ubiquitous pathogen mol-
ecules and a lack of immunologic memory. These include
cytokine production by phagocytic cells, killing of viral
and intracellular pathogens by natural killer cells, and
interferon production by viral infected cells.

The inflammatory mediators produced by the ph-
agocytic cells have many local and systemic effects. They
are responsible for inducing the production of acute
phase proteins and increasing body temperature.
Chemokine release recruits additional leukocytes to the
site of infection. Expression of endothelial adhesion
molecules allows immune cells to migrate out of the
vasculature to the site of infection. Local production of
TNF - a results in the occlusion of small vessels. This
helps prevent bacterial access to the circulation and
subsequent dissemination of the infection. It also helps
route pathogen laden leukocytes to the lymph and lymph
nodes, which facilitates antigen presentation and the
start of the adaptive immune response.

The adaptive immune response occurs when the
innate mechanisms are unable to adequately suppress
infection. These responses are centered on T and B lym-
phocytes and their participation in cell mediated and
humoral immunity. CD8 T cells differentiate into cyto-
toxic T cells when exposed to viral antigens on the host
cell surface. The cytotoxic cells can then directly kill
infected host cells. CD4 T cells are exposed to processed
pathogen antigens in the lymph nodes. Depending on
the cytokine milieu of the lymph node, the T cells will
differentiate into helper 1 cells (T;1) or helper 2 cells
(T42). T, 1 cells activate macrophages and induce B cells
to produce opsonizing antibodies, while T, 2 cells induce
antigen specific naive B cells to produce antibody of the
IgM class.

Immunoglobulins function by neutralizing, op-
sonizing, or by activating complement. Neutralizing
antibody binds to viruses and intracellular bacteria ob-
structing pathogen binding sites so that they can no
longer enter host cells. These types of antibodies may
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also bind to and inactivate bacterial toxins. Opsonizing
antibodies coat pathogen surfaces to enhance phagocy-
tosis by leukocytes. Lastly, antibodies may activate the
proteins of the complement cascade by binding to patho-
gen surfaces.

Colostrum Components

The ingestion and absorption of maternally derived
colostral components plays a large role in the immuno-
logic capability of the neonate. Bovine colostrum con-
tains many substances that support immune function
in the neonatal calf. Immunoglobulins are the most com-

Table 1. Functional protein classes in the comple-
ment system.?

Binding to antigen antibody complexes Clq

Activating enzymes Clr, Cl1s,C2b,Bb,D

Membrane binding proteins and opsonins C4b, C3b

Peptide mediators of inflammation Cba, C3a, C4a

Membrane attack proteins

C5b, C6, C7, C8, C9
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Figure 1. The complement cascade.

monly studied molecules, but maternal derived immune
cells, complement factors, lactoferrin, insulin like growth
factor — 1, transforming growth factor, interleukin 2, and
other soluble factors are present. The exact role and
importance of many colostral factors is not well eluci-
dated at this time.

In addition to providing immune and growth fac-
tors, colostrum also has substantial immunomodulatory
action. Colostrum-deprived calves generate more endog-
enous immunoglobulins earlier than those that have
received colostrum. It has also been noted that calves
may not respond to early vaccination when they have
received colostrum. Despite nonresponsiveness on first
inoculation, some pathogens may still demonstrate an
anamnestic response on subsequent inoculations, as has
been seen with IBR vaccination.?

Some of the immunomodulatory actions of colos-
trum can be viewed as negative for the calf. It is impor-
tant to remember that colostrum is an extremely
complex fluid and none of these potentially negative ef-
fects can be taken as isolated events, ignoring all of the
benefits of colostral ingestion.

Ontogeny of the Immune Response

Although calves have been reported to recognize
and make antibodies to complex viral antigens as early
as midgestation, this should not be construed to mean
the calf has an intact, fully functional immune system.
Ontogeny of the immune response follows a sequential
course; recognition of foreign proteins is acquired first,
followed by carbohydrates, and finally lipopolysaccha-
rides are recognized as foreign.!® Consequently, calves
are unable to recognize the lipopolysaccharide antigens
of the gram-negative cell wall until they are one month
of age.'® This deficiency is noteworthy given the predomi-
nance of gram-negative pathogens in the neonatal calf.

Immunologic Naiveté

While calves are born with the ability to respond
to many pathogens, they do not possess the full immu-
nologic armor present in adult cattle. Some pathogens
fail to elicit immune responses in the neonate. Low lev-
els of immunoglobulin production, poor gastrointesti-
nal mucosal immunity, deficiciencies in leukocyte
numbers and function, and deficiencies in key comple-
ment components are also immunologically crippling for
the neonatal calf.

Calves are born with minimal background expo-
sure to pathogenic bacteria, viruses and protozoa. After
being exposed there is a normal lag time between expo-
sure and a detectable immune response. A primary im-
mune response will generally not be observed for at least
10-14 days after exposure or immunization.
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Endogenous immunoglobulin production studies in
colostrum-deprived calves confirm that neonates are
able to make immunoglobulins, but the concentrations
produced are far lower than that of adult cattle. Immu-
noglobulins appear in the blood beginning at day 4 for
IgM and IgA, day 8 for IgG2 and day 32 for IgG1. Adult
concentrations of IgM, IgA, and IgG1 are achieved by
day 128. However, IgG2 concentrations are only half of
adult values at this time.*

Local immunity in the gastrointestinal tract is a
key component in protection from enteric pathogens.
While this system develops in the first week of life, the
immunoglobulin profile in neonates is different from that
of adult cattle. In newborns IgM is the predominant
immunoglobulin present. At approximately five weeks
of age the IgA secreting cells become established, and
IgA becomes the predominant immunoglobulin associ-
ated with local immunity in the gut throughout adult-
hood.5

In addition to immunoglobulins, differences have
been documented in lymphocyte count, T cell responses
and neutrophil function. Lymphocyte concentrations are
approximately one-third that of the adult animal. Adult
concentrations are not achieved until calves are 20 days
of age.? T cell responses to phytohemagglutinin are de-
pressed until 14 days of age.'! Neutrophil function is
depressed until somewhere between 11 and 19 weeks of
age.?

Calves are born with negligible concentrations of
the third component of complement (C3). Concentrations
of C3 reach adult concentrations at one month of age.”
This relative C3 deficiency is important because C3 ac-
tivation is the initial step in the activation of the com-
mon pathway. Consequentially, chemotaxis,
opsonization and complement-mediated killing are prob-
ably inadequate in the neonatal calf. The absence of C3
is of further important because lipopolysaccharide por-
tions of the gram-negative cell wall can directly acti-
vate the alternative pathway. This provides a nonspecific
immune mechanism targeting gram-negative bacteria,
the principal disease pathogens of neonatal calves.

Summary

It is important to recognize that many factors in
the neonatal calf are present that profoundly impact the

animal’s ability or inability to respond to various anti-
gens in its environment. For years the primary focus
has been on immunoglobulins provided in colostrum.
The role that ingestion and absorption of colostrum plays
in neonatal health is undisputed. But, it is imperative
to remember that all facets of the neonate’s immune
system are affected. The immaturities of the bovine
immune system during the first weeks of life make a
unique setting for disease. For this reason we often see
diseases in the first weeks of life that are uncommon in
older animals. Understanding the neonatal immune
system will shed light on common clinical disorders of
the bovine neonate.
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