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ABSTRACT

The objectives of this study were: 1) to test the antibacterial activity of a pepsin
digest of bovine lactoferrin, containing the peptide lactoferricin, in complex media; 2) to
detect specific antibodies to human enterotoxigenic Escherichia coli in bovine milk or
colostrum; and 3) to investigate the potential of a cell culture system to study and estimate
the biological activity of milk immunoglobulins.

The pepsin digest of lactoferrin was bactericidal against Salmonella enteritidis in 1%
peptone, but no substantial antibacterial activity could be demonstrated in trypticase soy
broth or in some selected foods. Calcium at a concentration of 5 mM was sufficient to inhibit
the antibacterial activity of the digest. Addition of lysozyme or EDTA enhanced the
antibacterial activity of the digest, but not sufficiently to overcome the effect of inhibitors in
the foods of interest. The activity of the digest was also inhibited by bile salts. These
findings raise doubts about the potential for addition of lactoferricin to foods.

Antibodies to the colonization factor antigen CFA 1 of enterotoxigenic E. coli were
detected in bovine colostrum by hemagglutination inhibition. Concentrations of antibodies to
CFA 1, estimated by ELISA, ranged from 0.55 to 5.2 pg/ml in colostrum samples of non-
vaccinated cows. Samples of milk immune concentrates from vaccinated and non-vaccinated
cows were also tested. Vaccination increased the concentration of specific antibodies relative
to the total IgG content of the samples tested.

Invasion of HeLa cells by Salmonella enteritidis, S. typhimurium and
enteropathogenic E. coli was inhibited by addition of bovine colostrum to cell culture
medium. Inhibition levels ranged from 73% to over 99%. The immunoglobulin-containing
fraction, isolated from colostrum by affinity chromatography on a protein G-agarose column,
inhibited invasion by S. typhimurium. An unidentified high molecular weight factor in the

non-immunoglobulin fraction also inhibited invasion of HeLa cells. No inhibitory activity



was found in low molecular weight fractions. The results suggest that bovine colostrum
contains both immunoglobulin and non-immunoglobulin inhibitors of invasion of HeLa cells
by the bacteria tested.

HeLa cell cultures have the potential to be a convenient method for the study and

evaluation of antibacterial properties of bovine milk.
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I. INTRODUCTION

The dairy industry is faced with the problem of cheese whey disposal or utilization.
The recovery and commercialization of the whey solids has been seen as a possible solution
to this problem. Immunoglobulins and lactoferrin, which have antibacterial activity, are
present in cheese whey at low levels. It has been suggested that they could be extracted,
concentrated, and used for supplementation of infant formula, or foods for the elderly and
immunocompromised persons, in order to prevent diarrheal illnesses caused by
enteropathogens.

Supplementation would imitate a phenomenon commonly observed in nature: the
passive transfer of immunity from mothers to infants, which insures the survival of newborns
until their own immune system is sufficiently developed.

In the literature review, the concept of passive transfer, which is the foundation of the
proposal for supplementation, will be examined in the context of the main mechanisms of
host defense against enteropathogens (humoral and mucosal immunity). The evidence
supporting a role for milk in the protection of infants against infectious gastroenteritis will be
presented. Experiments designed to demonstrate that colostrum or milk immune concentrates
obtained from one species are effective in another species will then be reviewed. Similar
studies have been done with human infants whose diets have been supplemented with
immunoglobulins obtained from cows' milk or eggs, and with adults, where protection
against challenge with enteropathogens was demonstrated. Finally, the reported in vitro
antibacterial effects of lactoferrin and of lactoferricin, a recently discovered peptide obtained
by pepsin digestion of lactoferrin, will be reviewed. This peptide has been shown to have a
much greater antibacterial activity than lactoferrin in simple media.

There is a long history of experimentation aimed at the use of immunoglobulins or

lactoferrin in foods, and many problems remain to be addressed. In this thesis two general



questions were asked:

- 1) can the bactericidal activity of a pepsin digest of bovine lactoferrin, containing
the peptide lactoferricin B, be demonstrated or enhanced in complex media?

The results of experiments to compare the bactericidal activity of bovine lactoferricin
in simple and complex media and in foods, and to examine the effect of added lysozyme or
EDTA, will be presented.

- 2) can the antibacterial activity of milk immunoglobulins be detected and estimated
in a relatively simple manner, using a method that would be more informative
than immunoassays but less cumbersome than irn vivo experiments?

The results of experiments to detect in bovine milk or colostrum, by
hemagglutination and immunoassays, antibodies to the colonization factor antigen of a strain
of human enterotoxigenic Escherichia coli will be presented. This is of interest because such
antibodies have been found to be very effective in animal studies. Adherence to or invasion
of the intestinal epithelium are virulence characteristics of most enteropathogens. But an
anti-adherent or anti-invasive effect of milk immunoglobulins cannot be tested by
immunoassays.

Experiments in vivo with human adult volunteers, with children and with a variety of
animals are not routine. On the other hand, cell culture methods are in widespread use in
studies of microbial pathogenesis, and adherence to or invasion of mammalian cells in
culture by pathogens has been correlated with virulence in vivo. The results of in vitro
experiments, using HelLa cells, to test the anti-invasive properties of bovine colostrum and
colostrum fractions against Salmonella enteritidis, S. typhimurium and Escherichia coli will

be presented.



II. LITERATURE REVIEW

A. The problem of whey utilization

Whey is the liquid fraction that remains following manufacture of cheese. It is
produced in very large amounts and its utilization has been a continuing challenge for the
industry.

The problem can be appreciated by the following figures: More than half of the solids
in milk remain in the whey; the quantity of liquid whey produced is roughly ten times that of
cheese. In 1991, the amount of whey produced in North America was about 885 thousand
metric tons of solids, in Western Europe 1380 thousand metric tons, and in the Pacific Rim
countries 155 thousand metric tons (Horton, 1993). The utilization was 75% in Europe and
probably less than 50% in the rest of the world, and as a result a very large amount of
material with potential value as food or feed is wasted. The corresponding volume of liquid
can be calculated on the basis that solids are about 6-7% of the whey. It can be seen that the
disposal of whey is a considerable problem. It has been calculated that simple discharge of
1,000 gallons of whey into a river would require the dissolved oxygen contained in
4,500,000 gallons of water for its oxidation (Gillies, 1974). Whey is comparatively
concentrated compared to normal municipal waste and therefore puts great demand on
municipal sewage systems, so that dairies have or will have to pay a surcharge to
municipalities for disposal of their excess whey. The traditional methods of handling whey
have been to feed it as is to livestock (pigs and cattle); to dry it for use in food or feeds; or to
use it as fertilizer. The use of liquid whey as livestock feed is limited largely because of
handling cost and labor, and excessive feeding may lead to digestive disturbances in some
animals. Whey is beneficial as a fertilizer as long as the risk of pollution is limited, and the
main problem again is that of handling; in addition the demand is seasonal and limited by
geographical location (Gillies, 1974).
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Since simple discharge of whey into waste disposal systems is expected to become
increasingly regulated, and since cheese production is increasing, research efforts have
focused on the recovery and use of whey solids. The dairy industry is also becoming more
concentrated, and this creates another incentive to switch from simple disposal to large scale
processing. In practical terms this means ultrafiltration and separation of the liquid whey into
a permeate, mainly lactose, and a whey protein concentrate that may be spray-dried. In North
America about 500 thousand metric tons of permeate solids were produced in 1991 (Horton,
1993). Some of the permeate can be spread on fields in very limited amounts because it is
not a balanced fertilizer (insufficient nitrogen). There is interest in industrial use of the
lactose-permeate in such products as glues in plywood manufacture, as a fermentation
medium or in production of ethanol or lactic acid. Concentrated whey or whey protein
concentrate are used in dairy and bakery products, in confectionery products, soups, soft
drinks, and in meat products (Clark, 1987).

In the whey protein concentrate, the main proteins are bovine serum albumin, o-
lactalbumin, B-lactoglobulin, immunoglobulins, lactoferrin and lactoperoxidase, and this
fraction of the whey is attracting more interest. It should be noted that a significant amount
of research into utilization of whey appears to be proprietary and therefore information is
limited. Specific information on the economics of whey utilization is difficult to find but it
appears that most uses of whey are often in competition against other established products,
and therefore whether whey or whey fractions are profitable or have a market depends on the
market price of the competing products. As a result there is an incentive to look for new end
uses of whey with high value added, with products marketed to industry and product
development supported by a high level of research (van Hoogstraten, 1987).

Antimicrobial agents in milk whey have attracted attention as potential products for
value-added processing of whey (Goldman, 1989), and of these, immunoglobulins and

lactoferrin are the topic of this presentation.



B. The impact of gastrointestinal infections

Intestinal infections are common in infants where conditions of hygiene are poor. The
result is often diarrhea. In the case of infants in underdeveloped countries, as many as ten
episodes of diarrhea in the first year are not unusual (Black et al., 1989). Diarrhea is the main
cause of infant deaths in some countries (Wadstrom, 1975). For example, it has been
reported that in Nigeria, about 300 children die every day from the consequences of infection
with enteropathogens (Ogunsanya et al., 1994). Worldwide mortality has been estimated at 4
to 6 million/year (Guerrant et al., 1990).

Travelers to underdeveloped countries are also at risk (Sack, 1990), as well as
military personnel during large scale operations (Oldfield et al., 1991). An epidemiologic
survey reported the incidence of diarrhea in travelers to tropical or subtropical areas favored
by tourists to be over 30% on average, up to 50% in selected locations, while the incidence
was about 5% for travelers to the United States and Canada (Steffen, 1986). Outbreaks in
day care centers and nurseries in developed countries can result in very high rates of
incidence (Bower et al., 1989). In the United States, it has also become apparent that the
greatest annual number and rate of diarrheal deaths occur among the elderly (Lew et al.,
1991). Diarrheal diseases are a significant concern with hospital patients and
immunocompromised persons in developed countries (Guerrant ez al., 1990). In the United
States, an incidence of between 6.5 million and 275 million cases of infectious
gastroenteritis per year have been estimated (Archer and Kvenberg, 1985; Hedberg er al.,
1994). This last number is rather astonishing and illustrates the uncertainties in estimating
the incidence of illnesses that mostly go unreported.

Treatment or prophylaxis with antibiotics is a possibility in the case of bacterial
infections, but there are problems: given the course of most episodes of gastroenteritis, it is
often not practical or possible to identify the pathogen or to test for sensitivity to antibiotics,

so that often empirical treatment is practiced; gross abuse of antibiotics is common; in some
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countries they can even be bought over the counter, and microbial resistance is widespread
(Levy, 1982). Development of vaccines has been slow (Levine, 1991) and to date the most
significant success has been in the protection of calves or piglets against enterotoxigenic E .
coli by passive transfer of immunoglobulins through the colostrum or milk of vaccinated
dams (Tacket, 1991).

The principles of prevention of diarrheal diseases in underdeveloped countries are
simple and well-known: improved hygiene, improved sanitation, safe water. Their
application has been hampered by a general lack of will to bring progress to these areas. In
developed countries where a high level of hygiene already exists with a resulting lower
incidence, improvements may be difficult to achieve because of the intractable nature of
some of the problems: relative crowding in day care centres; increasing proportion of elderly
people; a large number of immunocompromised persons and a high level of antibiotic
resistant microorganisms in hospitals.

The understanding of the role of milk in the prevention of diarrheal diseases, which
will be reviewed in a following section, has led to studies into the possibility of
supplementing foods, targeted at some sections of the population, with antibacterial and

antiviral factors isolated from the large supplies of whey produced by the dairy industry.

C. The enteropathogens

The pathogens most frequently implicated are enterotoxigenic Escherichia coli
(ETEC), enteropathogenic E. coli (EPEC), enteroinvasive E. coli (EIEC), enterohemorragic
E. coli (EHEC), Shigella, Vibrio cholere, Campylobacter, Salmonella and rotavirus (Blanco
et al., 1991; Black et al., 1989; Cravioto et al., 1990). Some of them are also found in
domestic animals. Infection occurs through the food, water, feces, by contact with animals or
person-to-person. To give a few examples, infections with E. coli have been linked to ground

beef, V. cholere to unsanitary water supplies and Salmonella to eggs and poultry (IFT,
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1988). Prevalence of these pathogens varies depending on geographical location or
environmental circumstances. For instance, the agent of travelers' diarrhea is
overwhelmingly enterotoxigenic E. coli (Black, 1986), while Salmonella are a major cause
of infections in hospitals, and rotavirus and Shigella are most frequent in day care centers
(Guerrant et al., 1990). More detailed reviews of the relationship between these pathogens
and foods can be found in the literature (IFT, 1988).

Bacteria have been grouped in a variety of ways. Gram-negative or Gram-positive
bacteria are defined by their ability to take up particular stains. All bacteria mentioned in the
previous paragraph are Gram-negative. The distinction between Gram-negative and Gram-
positive bacteria is a reflection of their outer membrane structure, which affects the
effectiveness of many antibacterial agents. E. coli and Salmonella are also organized in
numerous serogroups on the basis of the antigenicity of structures on their outer membrane.
The groups of E. coli mentioned above (ETEC, EPEC, EHEC, EIEC) contain a variety of
serogroups and are defined by the mechanisms by which they cause illness.
Enteropathogens cause disease by producing toxins, by damaging the microvilli or by
invading the cells of the intestinal epithelium. Adherence to the intestinal epithelium is a
requirement for most if not all enteropathogens, and for some of them the mechanisms of
adherence have been studied in great detail.

Adherence of enterotoxigenic E. coli (ETEC) is mediated by colonization factors or
adhesins. Numerous fimbrial adhesins have been identified. These adhesins are proteins that
attach to glycoconjugate receptors, and exhibit organ and species specificity (Krogfelt,
1991). Antibodies to ETEC fimbrial adhesins are highly protective and this has been the
basis of a successful vaccine against enteropathogens in cattle. Adherence of ETEC to the
intestinal epithelium is accompanied by production of toxins, proteins which are responsible
for increased secretion of fluid and electrolytes and resulting diarrhea. Heat labile and heat

stable toxins are produced. Only the heat labile toxin is of sufficient size to be immunogenic.
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Enteropathogenic E. coli exhibit several different patterns of adherence. The
adherence of some strains of enteropathogenic E. coli is correlated with the presence of an
EPEC adherence factor (EAF) which results in a typical pattern of microcolonies adhering to
cultured epithelial cells. In addition, such EPEC produce a characteristic lesion called
adhering-effacing, which is believed to be associated with diarrhea as a result of the
effacement of the intestinal brush border (Levine et al., 1985; Knutton et al., 1987). These
strains of enteropathogenic E. coli have also been shown to be invasive (Donnenberg et al.,
1989), and the invasiveness is correlated with the presence of a 94 kDa outer membrane
protein (Francis et al., 1991).

Adherence of invasive enteropathogens such as Yersinia, Salmonella or Shigella is
also mediated by proteins secreted or present on the outer membrane. The interaction of
these proteins with host cell membrane receptors results in invasion by the bacteria. The best
characterized of these proteins is the Yersinia pseudotuberculosis invasin (Isberg et al.,
1987). In Shigella, a number of outer membrane proteins associated with a virulence plasmid
have been identified (Oaks et al., 1986), while in Salmonella gene products associated with

invasiveness have not yet been characterized (Finlay, 1994).

While this thesis is concerned with protection against bacterial pathogens, it should
be noted that rotaviruses are responsible for a large proportion of intestinal illnesses in
children (Hilpert et al., 1987). At least as many studies have been carried out on the
protective effects of milk against rotavirus infections as on its antibacterial effects. The
results of some of these studies will be presented in later sections to illustrate some aspects

of this topic, since the same principles are involved.



D. Host Defenses

Pathogens in the digestive tract need to survive, to colonize by adherence to
receptors, and for some of them to enter the intestinal epithelium (invasion) or to generate
toxins. These steps are potential targets for the antibacterial factors that may be present in
milk.

To fight pathogens, the hosts have evolved many different mechanisms that have a
bactericidal or bacteriostatic effect: they may deprive the bacteria of required nutrients, or
generate toxic products, or prevent adhesion or invasion. Resistance to infections can be
defined in different ways:

- specific vs non-specific host defense or immunity,
- active vs passive immunity,

- cellular vs humoral immunity,

- mucosal vs systemic immunity.

It is possible to combine these groups to further define various aspects of immunity
or host defense; they will be discussed in greater or lesser detail to the extent that they relate

to the topic of this presentation.

1. Non-specific host defenses

The organism is protected against infectious agents by a variety of "non-immune"
mechanisms. Such mechanisms are of a general nature and do not depend on previous
exposure to a pathogen or toxin, and are sometimes called "native immunity". The skin and
mucous membranes provide a physical barrier to the penetration of microorganisms, and
secretions associated with the mucous membranes contain chemicals such as lysozyme
which are harmful to the bacteria, or create an unfavorable environment such as low pH
which inhibits colonization. Lactoferrin and lactoperoxidase in milk or saliva are other

examples of chemicals that may have a protective effect. Lactoferrin has attracted a great
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deal of attention as a possible candidate for supplementation of foods and will be discussed
in greater detail in another section. A protective effect has also been attributed to
oligosaccharides in milk and this will be discussed briefly later. At the cellular level,
phagocytosis of bacteria by neutrophils and macrophages is another important defense

mechanism.

2. Specific host defenses

Infection leads to the development of an immune response that is specific to the
infectious agent. The immune response involves both cellular and non-cellular (humoral)
components (Tizard, 1992). A main feature of the immune response is the production of
antibodies against antigenic determinants present on the pathogen. This aspect of the

immune response is most relevant to the topic of this presentation

3. Specific humoral immunity: the immunoglobulins

The humoral components of specific immunity are the immunoglobulins (Igs), which
are found in the circulatory system and in secretions such as milk. Antibodies are
immunoglobulins with specificity for an antigen. Immunoglobulins are glycoproteins
originally defined by their electrophoretic mobility at pH 8.6 (y globulins). They all have a
basic structure of four polypeptide chains: two heavy chains (approximately 450 amino
acids, 50 kDa) and two light chains (approximately 220 amino acids, 23 kDa). The four
chains are held together by disulfide bonds. Multiples of this basic structure exist and in part
define classes of Igs. The general structure of Igs was elucidated by clever experiments
involving separation of the chains by reduction and alkylation, as well as by papain digestion
of the immunoglobulins and characterization of the corresponding fragments (Porter, 1959;
Fleischman e al., 1962). It was also possible to group immunoglobulins into several classes.

Classes were defined by serological methods, by their biological activity and by some
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structural differences; for example in humans the following classes have been identified:
IgG, IgA, IgM, IgD and IgE. Subclasses of IgGs are present. Similar classes are found in
other mammals. An immunoglobulin class is defined by a particular class of heavy chain.
Two classes of light chains also exist but they associate with heavy chains of any class. The
immunoglobulins classes in different species are sufficiently different antigenically that they
can be distinguished by serological methods.

IgGs are the most abundant class of immunoglobulins in human serum and are
involved in neutralization of toxins and viruses and binding and opsonization of bacteria.
IgMs are made up of five basic units, and are the first class of antibody to appear following
original stimulation by an antigen (primary response) while IgGs appear later (secondary
response). IgMs are very efficient at fixing complement, a group of proteins involved in lysis
of bacteria. IgAs are present at low concentration in serum but are the predominant
immunoglobulins in milk and other secretions where they exist as dimers to which is
attached a secretory component (sIgAs). The secretory component is attached to the IgA
dimer during transport through the epithelium; it also appears to protect IgAs from
degradation by proteolytic enzymes, which is beneficial to its protective role in the digestive
tract. The main role of IgAs is to prevent adherence of bacteria to the intestinal epithelium.
IgDs are present in very small amounts in the serum and are associated with cells of the
lymphoid system. IgEs are also present in extremely low amounts in the serum but are of
great importance because of their property of binding to basophils and mast cells and
subsequently to participate in allergic reactions. Similar classes of immunoglobulins are
found in other mammals. In cattle, a subclass of IgG called IgG1 is the predominant
immunoglobulin in milk, while IgG2 is predominant in serum (Tizard, 1992; Kimball, 1986).

The enzymatic digestion of immunoglobulins by papain permitted the identification
of three fragments: two identical fragments called Fab or antigen binding fragments, which
were later determined to be made up of the light chains and the N-terminal half of the heavy
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chains, and the Fc fragment, which is made up of the C-terminal half of the heavy chains
(Figure 1). An intact antibody molecule is bivalent, which means it can bind to two antigens
or two antigenic sites, whereas the Fab fragments are monovalent. Agglutination or
precipitation reactions which are the most visible sign of an antigen-antibody reaction in the
laboratory, require an intact antibody molecule. The monovalent Fab fragment, however,
retains the ability to bind to the antigen.

The specificity of immunoglobulins is determined by the primary structure of some
portions of their light chains and heavy chains. Light chains are made up of two domains of
equal lengths, and heavy chains are made up of four or five domains. Homology between the
sequences of the domains reflect the evolutionary origins of immunoglobulins. The N-
terminal domains of both heavy chains and light chains are called the variable regions
because of their great variability in amino acid sequence. This diversity is generated by
multiple germ-line genes for the variable regions, by gene rearrangement and by somatic
mutations (Tizard, 1992). The variable regions define the specificity of a given antibody
molecule for an antigen. The other domains define the constant region of the light and heavy
chains. They also define the classes to which they belong. The heterogeneity of
immunoglobulins was quite an obstacle to their analysis: for instance it would have been
impossible to obtain a complete amino acid sequence of a given immunoglobulin because of
the great heterogeneity of the variable regions. The study of myeloma proteins, which are
homogeneous immunoglobulins produced in large amounts by clones of malignant plasma
cells, allowed for the sequencing of many different immunoglobulins and the understanding

of the basis of the specificity of antibodies.

4. Active vs passive immunity

The distinction between active and passive immunity is important and is the

foundation from which the idea of supplementation of diets with antibacterial factors was
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developed. Active immunity refers to the immune response that develops following exposure
to an antigen, and which results in expansion of cell lines with a specific interest in the
particular antigen, or in increased production of immunoglobulins. Both infection (natural)
and vaccination (artificial) may produce an active immune response, the result of which is to
provide the individual with protection against the particular pathogen for a period of time, of
varying duration depending on the antigen. Active immunity, however, requires time to
develop, and time may be a critical factor in the defense of the body against an infection, in
the case of a first exposure to an antigen. Passive immunity refers to the transfer of
immunoglobulins from a donor, who has been immunized against an antigen, to a recipient
who may be at risk of exposure, or who has been exposed to the antigen but for some reason
is not immune to it. The classic example of passive immunity is that of the use of antiserum
against the tetanus toxin. A person infected with the tetanus bacillus, and who is not immune,
may succumb to the toxin before being able to develop active immunity. The passive transfer
of immune globulins provides the recipient with temporary protection against the toxin. The
tetanus antitoxin has been produced by immunization of horses, but injection of horse
immunoglobulins, which are antigenic in humans, may have negative consequences for the
recipient in the long term. A better approach has been to use human immunoglobulins isolated
from pooled plasma, which have the advantage of being less immunogenic to humans than
foreign proteins (Kimball, 1986).

This type of passive transfer is of course an artificial situation but nature has provided
a striking and widespread example of successful passive transfer. Ironically, the therapeutic
use of antiserum was developed long before there was any understanding of the passive
transfer of immunity in mammals. A newborn has had no exposure to pathogens and therefore
while he may be able to mount an active immune response, this response may be too slow. A
primary immune response following first exposure to an antigen requires several days before

production of an effective amount of specific antibodies, by which time an infection may have
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taken a fatal course. While newborns are rapidly colonized by bacteria after birth, and are
exposed to pathogens in the environment, most survive as a result of the passive transfer of
immunity from the mother to the infant. Several variations on this mechanism exist in
mammals. Humoral immunity can be transferred from the mother in three different ways
during late pregnancy and after birth: 1) transfer of immunoglobulins in utero to the
circulation of the fetus; 2) immediately following birth with the colostrum, by gut absorption
into the circulation of the newborn; and 3) later with the milk, where there may or may not
be selective gut absorption of the immunoglobulins. Combinations of these mechanisms are
found in nature, so that it has been possible to classify mammals into three different groups
(Butler et al., 1985): Group I mammals are those where the transfer of Igs is strictly in utero

(humans and rabbits); group IIl mammals where the transfer is strictly through the colostrum
and gut absorption for a very limited period following birth (pigs, cows, sheep, goats); and
group II mammals where both mechanisms are found (dogs, rodents) and where selective
absorption through the gut may continue for a significant length of time (18 days in mice and
rats). Newborns of group III rarely survive in a natural environment without colostrum. In all
groups, passive transfer of immunoglobulins continues during lactation, the main component
of milk Igs being secretory IgAs, except in bovines where IgGl is the main component.
Group III mammals, being born without any detectable amount of immunoglobulins, have
provided an excellent system for the study of the development of humoral immunity. In
piglets, following normal colostrum intake, immunoglobulin concentration in serum, which
is highest 12 hours after birth, steadily declines for several weeks before de novo synthesis
results in increasing concentrations of Igs. For instance, IgM concentration is at the lowest
after 2 weeks, IgG after 4 to 5 weeks and IgA after 2 to 3 weeks (Klobasa et al., 1981). The
concentration of IgAs in sows milk at that time is higher than that of the piglets serum. It has
also been reported that the daily oral intake of immunoglobulins by a seven day old piglet is

greater than the immunoglobulin content of its entire circulatory system (Wilson, 1974),
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which illustrates the importance of passive transfer.

While this appears to be a rather gratifying picture of nature at work in a beneficial
way, it is complicated by the fact that newborns are unresponsive for a period of time to
some antigens even though they are generally immunocompetent, and it is thought that the
presence of Igs transferred from the mother may contribute to the slow development of

active immunity (Klobasa et al., 1981).

3. Systemic vs mucosal immunity

The distinction between systemic and mucosal immunity is of interest in this context
because while much of the knowledge of the immune system was obtained by the study of
systemic immunity, the exposure of the body to the environment and to microorganisms is
greatest at the mucosal level, for instance the lungs and the digestive tract. Obviously, it is
easier to obtain serum from the circulatory system in a reproducible manner than to get
samples from the intestinal epithelium or from the lungs. Also, it has been found easier to
immunize an animal or a person in a way that would result in a significant systemic immune
response, whereas it is still rather difficult to immunize an individual so as to achieve a good
level of mucosal immunity (de Aizpurua and Russell-Jones, 1988), and this has been one of
the reasons why vaccines to enteropathogens have been slow to appear.

The concept of compartmentalization of the immune system derives in part from the
observation that in humans and other mammals the classes of immunoglobulins that are
predominant in the circulation (IgGs) are different from the classes predominant on mucosal
surfaces (sIgAs). The passive transfer of immunity in the newborn is a good example of the
distinction between mucosal and systemic immunity. In the human, IgGs are transferred
through the placenta from the circulation of the mother to the circulation of the fetus, and
after birth sIgAs are transferred with the milk to the digestive tract of the infant. In domestic

animals, the situation is not so obvious because there is no placental transfer of immunity,
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but studies of colostrum and milk composition in sows have shown that IgGs are
predominant in colostrum, while sIgAs become predominant in the milk after a few days.
The IgGs from the colostrum can be absorbed from the intestine into the circulation, thereby
fulfilling the same function as placental IgGs in humans, while after a short time the piglet
intestine becomes impermeable to immunoglobulins and therefore the sIgAs then present in
the milk remain in the intestine. An interesting point is that the IgGs in the colostrum have
been found to originate predominantly in the serum of the sow, while the IgAs in the milk
are synthesized in the mammary gland (Salmon, 1989). Antibody-producing cells mature in
the lymphoid tissues of the intestine, from where they migrate to other tissues on body
surfaces, for instance the mammary gland, thereby establishing a connection between

antigen stimulation in the intestine and antibody secretion in the milk (Tizard, 1992).

Even though this presentation is concerned with the use of immunoglobulins and
other factors isolated from milk, it should be noted that hens eggs are another potential
supply of immunoglobulins that could be used in passive transfer of immunity. Research to
stu