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Abstract – The mucosal immune system is exposed to a range of antigens associated with pathogens,
to which it must mount active immune responses. However, it is also exposed to a large number of
harmless antigens associated with food and with commensal microbial flora, to which expression of
active, inflammatory immune responses to these antigens is undesirable. The mucosal immune
system must contain machinery capable of evaluating the antigens to which it is exposed and
mounting appropriate effector or regulatory responses. Since the immune system is likely to have
evolved initially in mucosal tissues, the requirement to prevent damaging allergic responses must
be at least as old as the adaptive immune system, and studies of the mechanisms should include a
range of non-mammalian species. Despite the importance for rational design of vaccines and for
control of allergic reactions, the mechanisms involved are still largely unclear. It is not clear that the
classical experimental protocol of “oral tolerance” is, in fact, measuring a biologically important
phenomenon, nor is it clear whether tolerance is regulated in the evolutionarily recent organised
lymphoid tissue (the lymph nodes) or the more ancient, diffuse architecture in the intestine. The
capacity of the immune system to discriminate between “dangerous” and “harmless” antigens appears
to develop with age and exposure to microbial flora. Thus, the ability of an individual or a group of
animals to correctly regulate mucosal immune responses will depend on age, genetics and on their
microbial environment and history. Attempts to manipulate the mucosal immune system towards
active immune responses by oral vaccines, or towards oral tolerance, are likely to be confounded by
environmentally-induced variability between individuals and between groups of animals.
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1. INTRODUCTION
The study of the development of mucosal
immune systems of our domestic species is
of importance for a variety of reasons. Clearly,
they are of direct economic interest as food
sources or as our companions. In addition,
they offer us some of the accessibility of
rodents together with the advantages of longevity and size more closely approaching
that of humans, when investigating more
fundamental aspects of immune development
in neonates. Specifically, surgical access to
the foetus and to the gastrointestinal tract is
possible in large domestic species. Finally,
their phylogenetic diversity makes them
particularly suitable to highlight evolutionary principles to complement the knowledge
gained from the more traditional objects of
our research: rodents and humans.
Studies over several decades have demonstrated that the mucosal immune system
has properties distinct from the more thoroughly studied systemic immune system
and many of these properties are reviewed
elsewhere in this issue. Importantly, it has
become clear that responses to antigens at
mucosal surfaces must be tightly controlled
in order to prevent tissue damage. That is,
expression of active immune responses to
harmless antigen, whether from food or
from true commensal bacteria, may be
undesirable in the intestine and that some
form of immunological tolerance may be
the normal outcome of recognition of these
antigens. A number of well-characterised
mucosal inflammatory diseases of humans,
including inflammatory bowel disease (IBD),
celiac disease and food allergy, appear to be
associated with loss of tolerance to “harmless” antigens [34], and several diseases in
domestic species may have a similar aetiology (IBD and food allergies in cats and
dogs, postweaning diarrhoea in piglets).
Although considerable progress has been
made in defining the effector mechanisms
by which active responses or tolerance are
expressed, the mechanisms which determine which of the two outcomes actually
occur after recognition of any specific anti-

gen are still largely unclear. Understanding
this process is the “holy grail” of mucosal
immunology, since the ability to manipulate the underlying mechanisms will allow
rational, rather than empirical, design of
mucosal vaccines and of therapies for controlling autoimmune and allergic disease.
In this review, we will discuss models
currently used for dissecting the mechanisms by which mucosal sites discriminate
between dangerous and harmless antigens
(the phenomena of tolerance and active,
defensive responses, respectively). We will
consider the possibility that the diffuse lymphoid tissue of the intestine contributes to
the process of discrimination in mature animals. Since this tissue develops slowly after
birth, the ability of neonates to mount appropriate immune responses may also require
a considerable time period and appropriate
environmental factors to develop.
2. MUCOSAL TOLERANCE
It has been widely accepted that immune
responses to harmless antigens at mucosal
surfaces must be controlled in order to prevent inflammation, loss of function and
allergic disease. For the purposes of this
review, we will define this absence of local
inflammatory response to harmless antigen
as “mucosal tolerance”. To confirm mucosal
tolerance, studies in mice have repeatedly
demonstrated that animals given a novel
protein antigen orally, either by gavage or
in food or drinking water, respond poorly
when the homologous antigen is injected
systemically with adjuvant [15]. This model
of orally-induced systemic tolerance (socalled “oral tolerance”) has been extensively
used to demonstrate mechanisms including
regulatory T-cells and anergy or deletion of
antigen-specific T-cell clones [18]. Clearly,
the assumptions underlying these studies
are that the mechanisms responsible for
the lack of a local inflammatory response
(mucosal tolerance) and for orally-induced
systemic tolerance (oral tolerance) are the
same. However, the classical oral tolerance
protocol has a number of features which
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suggest that it may not be directly testing the
presence of mucosal tolerance.
Firstly, the feeding of novel protein antigens is frequently associated with the presence of mucosal IgA responses despite the
appearance of systemic oral tolerance. That
is, local immune responses, albeit noninflammatory, can occur in animals which
are systemically tolerant. Secondly, even in
rodent studies, the extent of oral tolerance
is variable. Early studies demonstrated strong
genetic influences on the extent of systemic
tolerance induced by feeding, some strains
tolerising well, others poorly. However, the
mouse strains which do not tolerise well to
experimentally administered antigens do
not apparently suffer from allergic reactions
to the normal components of their diet. Consistent with this, several mouse models in
which oral tolerance does not occur have
been developed to study the mechanisms:
similarly, these mice also have no apparent
difficulty in controlling responses to their
normal diet. Thirdly, dose of orally administered antigen appears to be important,
“high” doses causing tolerance while “low”
doses result in priming. This observation,
which has been well documented, has been
used to account for anomalous results in a
number of oral tolerance experiments. Finally,
the ability to develop oral tolerance is
acquired with age and exposure to microbial flora in rodents. Oral administration of
antigen to newborn mice has been reported
to result in priming for a subsequent response
to injected antigen, while germ-free mice do
not develop oral tolerance to the same
extent as conventional or specifically-colonised animal.
Relatively few studies of the phenomenon of oral tolerance have been carried out
in domestic species, but those that do also
suggest that the phenomenon is variable and
age-dependent. A frequently-observed features in domestic species (and in human
infants) which differs from the protocols in
laboratory rodents is the appearance of systemic, IgG antibody to fed proteins after the
initial feed. The problem of feeding large
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amounts of unprocessed soya to calves has
been well documented and associated with
the persistent expression of active, IgG antibody responses to soya proteins [28]. Similarly, piglets weaned onto soya- or eggbased diets developed levels of antibody
comparable to those produced after primary
systemic injection [7] while 7–9 month old
cats fed soya or casein diets also developed
serum antibody [14]. It may be important
that the amount of protein antigen fed in
these experiments was much higher (potentially, several grams per day) than even the
“high” doses given to rodents. In chickens,
a range of protein antigens administered in
drinking water to adults was immunogenic,
while in newly hatched chicks it was tolerogenic [35].
In target species, the level of systemic
tolerance achieved is also variable. In
young piglets either abruptly or gradually
weaned onto soya-based diets, tolerance
appeared to take some time to develop [4,
37]. In adult humans, feeding of keyhole
limpet haemocyanin resulted in variable
depression of T-cell responses but in priming of B-cell responses [30]. In some experiments with five week old pigs, dose of antigen was important as in rodents, low doses
resulting in priming while higher doses
resulted in tolerance [51]. Interestingly, the
doses used in these experiments were calculated from the high and low doses given
in mouse experiments, rather than from dietary experiments, suggesting that fed proteins antigens may prime at low doses, generate classical oral tolerance without an
initial antibody responses at intermediate
doses and, at the high doses present in single-source diets, trigger strong primary
responses which are less easy to tolerise.
Thus, the ability of fed proteins to generate tolerance is dependent on age of the
target animal, species and commensal microbial flora such as that present in the intestine
(see below Section 4). In addition, failure to
generate oral tolerance can occur in animals
which, apparently, are still capable of regulating local mucosal responses to antigen
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in their normal diets. Where immune
responses to diet are associated with intestinal disturbance, it is largely in young animals. For this reason, we consider that it is
important to specify the age and environment of the target species in experiments on
oral immunisation and tolerance and to
examine local, mucosal tolerance where
possible.

3. STRUCTURE OF THE MUCOSAL
IMMUNE SYSTEM
The concept that the immune system
consists of distinct subsystems, each of
which is primarily responsible for a particular function, is fundamental to the study of
immunology. In some situations, these subsystems are clearly structurally and functionally distinct. Thus, in mammals, there is
clear distinction between primary lymphoid
tissue, such as the thymus, and secondary
lymphoid tissue such as the spleen and
organised lymph nodes, and different rules
determine the outcome of antigen-recognition. However, in contrast to the thymus and
spleen, which appear to be of evolutionary
old origin, similar to the age of the adaptive
immune system itself, bone marrow, lymph
nodes and Peyer’s patches are all evolutionarily more recent, suggesting that a functional immune system must be possible
without them. The earliest forms of secondary lymphoid tissue were diffuse aggregations and infiltrations in the intestinal wall
[60].The implication is that many of the
functions which we associate with organised lymphoid tissues in mammals (collections of B-cell follicles and associated
T-cell zones) originally took place in more
diffuse aggregations of leucocytes in mucosal
tissues. Consistent with this idea, immunologically-related genes appear to be expressed
preferentially in the intestine in the protochordate amphioxus and in the jawless lampreys [50, 59]. Since mucosal tissues are
permanently exposed to both harmless as
well as harmful antigens, mechanisms must
exist which activate appropriate, but differ-

ent responses to different types of antigens.
However, it seems dangerous to assume that
all the functions need to take place in organised lymphoid tissue unless there is clear
evidence that they do not take place elsewhere. The traditional division of mucosal
lymphoid tissue into organised and diffuse
lymphoid tissues, with the organised lymphoid tissue receiving by far the most
detailed investigation, may have led us to
miss important mechanisms associated with
the diffuse lymphoid sites of small and large
intestine.
3.1. Organised lymphoid tissue
The organised lymphoid tissues associated with the intestine include the Peyer’s
patches and mesenteric lymph nodes. Peyer’s
patch like structures have also been
reported from other mucosal tissues such as
stomach [22] or larynx [21]. The role of the
Peyer’s patches [38, 57, 58] and the
mesenteric lymph nodes as inductive sites
for mucosal immune responses is well
established and will not be discussed much
further in this review. Similarly, it is of
interest that the single continuous ileal
Peyer’s patch differs in structure from the
jejunal Peyer’s patches in many domestic
species such as sheep [23, 41, 43], cattle [57,
58], pigs [2, 3, 8], dogs [29] and buffalo [1]
and may act as a primary lymphoid organ
involved in the generation of a B cell repertoire, as does the chicken bursa of Fabricius [2, 42].
3.2. Diffuse gut-associated lymphoid
tissue in adults
The diffuse epithelial and connective tissue of the gut contains large numbers of leucocytes in adult pigs [25], cattle [17], sheep
[40], dogs [20], cats [55] and chicken [54],
and it has been estimated that as many as 7%
of all leucocytes are found in this site [11].
In mammals, at least three diffuse immunological compartments can be identified within
the mucosa. In the epithelium of the domestic species, the predominant lymphocyte
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population express the CD8αβ co-receptor,
although unconventional subsets of T-cells
expressing a CD8αα homodimer and the
TCRγδ chains have been described [27].
Despite considerable work which has identified site-specific adhesion molecules and
gene expression, the function of these cells
is still unclear, although there is some evidence that they may play a role in the maintenance of epithelial integrity and immune
regulation [27].
Similarly, the lamina propria underneath
the epithelium is well supplied with leucocytes. The populations present in many
species are heterogenous and apparently
randomly distributed. In contrast, the immunological organisation of the lamina propria
in the pig intestine shows a high level of
organisation [56]. Antigen-presenting cells
expressing MHC II are present in large
numbers in the lamina propria of many species. In adult pigs, they have been characterised as functional, immature, dendritic
cells [26], which are described in more
detail in a review article in this issue by
Haverson and Riffault [24]. These dendritic
cells are present in large numbers within the
villi and co-localise with T-cells expressing
the CD4 co-receptor in the pig. In addition,
the endothelium of the capillary plexus
underlying the epithelial basement membrane also expresses MHC class II molecules in the pig in levels comparable with
dendritic cells [26, 56], and clustering
of T-cells, dendritic cells and MHCII+
endothelium occurs [32, 33]. This clustering may provide a complex antigen-presenting environment in sites exposed to
environmental antigens.
The third compartment, clearly distinct
in the pig but not so clear in other mammalian species, is the lamina propria around the
intestinal crypts. Cells staining for immunoglobulins (predominantly IgA, presumably plasma cells) occur here rather than in
the villi, with few T-cells or dendritic cells,
but with myeloid cells with the characteristics of macrophages and granulocytes [52].
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Functionally, there is increasing evidence that the dominant role of the diffuse
mucosal tissue may be immune regulation
rather than active defensive responses. The
dendritic cells in this site are immature, with
high levels of cytoplasmic MHC II and
expressing the low affinity FcγRIII. Such
immature dendritic cells have been implicated in regulatory responses. However,
dendritic cells are highly plastic cell types
and may easily be switched from regulatory
to active responses [36], providing a mechanism for appropriate immune responses to
either harmless commensals or pathogens.
CD4+ T-cells respond to polyclonal activation by upregulation of the IL-2R (CD25),
a small transient burst of IL-2 secretion, followed by apoptosis [6]. Lamina propria
cells also produce high levels of IL-4 and
IL-10, although the exact cellular origin is
not yet known.
Thus, the mucosal diffuse immunological
compartments outside the Peyer’s patches
and mesenteric lymph nodes have a longer
evolutionary history and can show significant organisation. The unusual cytokine
milieu of mucosal T-cells and their relative
inability to proliferate suggests that they
may be strongly regulated, either by local
cytokine environment or at the stage of antigen presentation. It is not unreasonable,
therefore, to predict that this architecture
may contribute significantly to the function
of the mucosal immune system.
3.3. Development of the diffuse
lymphoid architecture
in the neonate
Despite the size of the immunological
component of the mucosa in adults, only
small numbers of leucocytes are present in
this tissue at birth or hatching. In particular,
newborn piglets have essentially no leucocytes, despite the more advanced development of piglets at term compared to human
or rodent neonates [44, 53]. This is true for
lamina propria leucocytes of any type,
including antigen presenting cells, T-cells
or B cells [9, 45, 46] and unpublished
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Table I. Stages in the development of the mucosal immune system of the neonatal piglet.
Stage 1

The newborn pig

Small numbers of antigen-presenting cells
Few T-cells
Essentially no plasma cells

Stage 2

1 day to 2 weeks Appearance of unusual CD2+CD4-CD8- and CD2+CD4-CD8αα T-cells
in epithelium and lamina propria
Appearance of some activated CD4+ T-cells in lamina propria
Influx of MHCII+ cells in lamina propria

Stage 3

2 weeks to 4 weeks

Mature memory CD4+ T-cells in lamina propria
IgM+ B cells, predominantly in crypt areas

Stage 4

4 weeks to 6 weeks Appearance of memory CD8+ T-cells in epithelium and lamina propria
IgA+ B cells, predominantly in crypt areas

data1,2. The relatively impermeable epitheliochorial placenta of the pig, which does
not permit the transfer of macromolecules
from sow to foetus, either antibody or exogenous antigen, makes the newborn piglet
entirely immunologically naïve and may
explain this profound lack of immune
development of the newborn piglet. This
fact has made the pig the model of choice
for studies of the impact of environmental
factors on immune development.
It has been shown that these leucocyte
populations appear in conventional pigs in
a clearly staged time course, where different
phases can be distinguished (Tab. I) [9, 44,
53]. Strongly MHC II+ cells, characterised
as dendritic cells by co-expression of CD45,
CD16 and other myeloid markers [26]
appear relatively quickly and in large numbers in this site, within the first week of age
[32]. Initially, a subset expresses CD14, but
in older animals, MHC II+CD45+CD16+
cells lack CD14. This suggests that some of
these dendritic cells may be derived from
1 Haverson K., et al., Leucocyte migration into jejunum in response to association with selected commensal gut bacteria of germfree piglets,
Proceedings IVth meeting of the European
Mucosal Immunology Group (EMIG), 2004.
2 Harris C., et al., An investigation into the development of lamina propria lymphocytes in preweaning and post-weaning piglets, Proceedings
IVth meeting of the European Mucosal Immunology Group, 2004.

blood monocytes, and may explain the fact
that there appears to be some controversy
about the classification of antigen-presenting cells in the gut as dendritic cells or macrophages.
In contrast, T-cells appear more slowly.
The T-cell population itself can be shown
to undergo a phased pattern of appearance
[53]. An unusual cell type, characterised
by the expression of CD2, but lacking CD4
and CD8, has recently been shown to
co-express CD3 and can therefore be classified as CD4-CD8- T-cells. Together with
a second T-cell population, characterised as
CD2+CD3+CD4-CD8αα+, they form the
dominant T-cells migrating into the jejunal
tissue during the first week to ten days, and
can still be found in adult animals, albeit in
reduced proportions. These cells appear to
have characteristics similar to the subset of
thymus-derived cells with re-arranged TCR,
but lacking co-receptors, which have been
shown to leave the chicken thymus early
and acquire CD8αα expression in the gut
[31]. Similarly, CD4-negative CD8αα intraepithelial T lymphocytes have been described
in rodents and have been included in the
broad classification of “unconventional” or
“type B” T-cells, suggested to be involved
in a number of functions including immune
regulation [27]. Interestingly, while conventional CD4+ and CD8αβ+ T-cells in this
site in adult animals express low levels
of CD45RC, consistent with advanced
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memory status, a significant proportion of
these unusual, CD2+CD3+CD4-CD8αα+
T-cells express moderate to high levels of
CD45RC, suggesting that they may be less
antigen-experienced. High CD25 expression during the early time points, i.e. the
first week to ten days of life, also suggests
that they arrive with or acquire an activated
status in the gut of very young animals [53].
During the second and third week of life,
increasing numbers of CD4+ T-cells appear.
Like the CD4-CD8αα+ T-cells, CD4+
T-cells appear in the very young animals with
signs of recent activation: that is, expressing
high levels of CD25 and also CD8αα (the
expression of CD8αα on pig CD4+ cells
has been described in other tissues and has
been associated with memory status, [48])
and moderate levels of CD45RC, suggesting that these are cells with recent antigenic
activation, in transit towards a memory status. This contrasts with the cellular characteristics of CD4+ T-cells in animals older
than 12 days, which by phenotype are resting cells but of advanced memory status
(lack of CD45RC, lower levels of CD8αα
and CD25, high levels of SwC1) and respond
to polyclonal activation by expression of
IL-4 mRNA but not IL-2.
Finally, considerable numbers of true
cytotoxic T-cells, characterised by high levels of CD8, appear. Significant numbers are
only observed after the third week of life,
although, again, a small proportion of such
cells can be found as early as the first week.
Like the other T-cells, the CD8hi cells arriving in the youngest pigs show signs of cellular activation and are in the early stages
of a memory phenotype, whereas CD8hi in
older animals are resting, advanced memory cells. Other late arrivals in the gut are
IgA+ plasma cells, which have been reported
to appear in significant numbers as late as
3–6 weeks [10].
Summarising, the final architecture characteristic of the diffuse lymphoid tissue of
the gut is not achieved until the pig is
approximately six weeks old, containing
large numbers of dendritic cells, CD4+
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T-cells of resting, advanced memory phenotype, transcribing IL-4 but unable to secrete
IL-2 and responding to further activation by
apoptosis. If this architecture is involved in
determining the outcome of antigen recognition (active responses or tolerance), this
phased development may provide an explanation of the differences in tolerance induction in adult and neonatal animals. In the
next section, we will discuss the effects of
environment on this development.
4. ENVIRONMENTAL EFFECTS
ON EARLY IMMUNE
DEVELOPMENT
Although the previous section has presented the development of the diffuse
organisation of the intestinal mucosa almost
as a predetermined “programme”, there is
strong evidence that its development is
heavily dependent on environmental factors such as maternal colostrum and milk,
diet and, in particular, the resident microflora of the gut.
Colostrum is a crucial source of passive
immunity for piglets because it contains the
immunoglobulin molecules IgM, IgG, IgA.
In addition, it provides energy and growth
factors for the developing digestive tract in
the early period after birth [19, 39]. The
antigen-non-specific importance of early
intake of colostrum has been shown in many
studies: decreased apoptosis rates and stimulated villus development in the duodenum
were found at eight days after birth in calves
with access to colostrum [12]. In addition to
antibody, antigen can also be transferred via
colostrum and milk and has been suggested
to affect the subsequent immune responses
of the neonate. Thus, piglets of sows fed an
ovalbumin-containing diet during gestation
and lactation had reduced levels of diarrhoea when weaned onto egg-containing
diets and, in some cases, lower antibody
response to the fed ovalbumin [49]. The
transfer of antigen itself may be the causative factor: newborn piglets given soya
protein by stomach tube also had a reduced
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antibody response when subsequently
weaned onto soya diets [5].
Although colostrum and maternal milk
have clear effects on the development of the
entire animal and, as discussed on the development of oral tolerance, the dominant
effect on the immune development of the
mucosal immune system appears to be the
presence of a commensal gut flora. This has
been demonstrated by many studies in
germ-free pigs, which show an almost total
lack of immune development of both the
organised [8] as well as the diffuse lymphoid tissue [8, 44]. In newborn and germfree piglets, usage of variable (V) gene segments in rearrangements of the immunoglobulin heavy chain locus is also limited. In conventional piglets or in piglets
specifically colonised with flora, V-segment
usage in the intestinal mucosa expands,
indicating that microbial colonisation drives
expansion of repertoire, as well as compartments. Consistent with this, germ-free pigs
mount poor specific systemic antibody
responses [13], unless colonised with commensal flora. Even mono-association with
a single commensal appears to be able to
promote both a specific and a polyclonal
expansion of IgM, IgG and IgA secreting
lymphocytes in the mesenteric lymph nodes,
spleen and Peyer’s patches [16].
Thus, environmental influences on development of the mucosal immune system may
also contribute to differences between
neonates and adults in their response to
harmless antigens associated with food and
commensal bacteria. Specifically, the observations provide a basis for the poor ability
of germ-free animals to develop experimental oral tolerance.

5. IMPLICATIONS FOR MUCOSAL
TOLERANCE AND
VACCINATION
We have discussed the observed variation in the ability of animals to develop
experimental oral tolerance, depending on

species, genetics, age and environment and
provided possible reasons for this variation.
We have also suggested that experimental
oral tolerance may not be an absolute correlate of mucosal tolerance. We shall finish
by discussing the possible implications of
these observations.
Firstly, it is clearly undesirable that our
domestic species mount active, inflammatory responses to harmless antigens of food
or commensal bacteria. Such responses are
likely to be associated with loss of digestive
and absorptive function and with decreased
growth rates. An association of this type has
been suggested between immune responses
to novel diet or bacterial strains and postweaning diarrhoea in piglets. Husbandry
manipulations involving changes in diet
should take into account the possibility of
inappropriate immune responses, particularly in neonates. Clearly, if the development of the mucosal immune system is
required before young piglets can mount
appropriate responses to antigen (active
responses or tolerance), it will be important
to delay weaning until this has occurred or
to manipulate development to occur earlier.
Definitively establishing the local mechanisms involved in regulating responses in
the developing mucosa will be essential if
this is to occur.
Secondly, we also have a need to vaccinate domestic species against pathogens,
usually as young animals. In addition,
mucosal vaccines are perceived as desirable
in many cases, either because the specific
pathogen infects across mucosal surfaces or
because of the ease of delivery. However,
as we have seen, induction of tolerance is
variable in neonates and will depend on
interactions between species, age, dose and
environment. This is likely to make empirically developed vaccines unpredictable in
their effects, potentially triggering variable
degrees of tolerance or active responses
depending on the context in which they are
used. This is particularly true of novel
developments such as the use of feed plants
made transgenic for important pathogen
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epitopes [47]. While some of these have
shown immunogenicity and even protection
in some cases, their effectiveness needs to
be determined across a range of conditions
of age and environment of the target species
before they can be assumed to be predictable. The future development of safe, reliable vaccines will depend on detailed understanding of the mechanisms involved in
determining the outcome of antigen recognition in the intestine, and of the factors
influencing the development of those mechanisms.

[4]

Bailey M., Miller B.G., Telemo E., Stokes
C.R., Bourne F.J., Specific immunologicalunresponsiveness following active primary
responses to proteins in the weaning diet of
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(1993) 266–271.
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C.R., Bourne F.J., Altered immune-response
to proteins fed after neonatal exposure of piglets to the antigen, Int. Arch. Allergy Immunol. 103 (1994) 183–187.

[6]

Bailey M., Plunkett F., Clarke A., Sturgess
D., Haverson K., Stokes C., Activation of T
cells from the intestinal lamina propria of the
pig, Scand. J. Immunol. 48 (1998) 177–182.
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infection with transmissible gastroenteritis
virus on concomitant immune responses to
dietary and injected antigens, Clin. Diagn.
Lab. Immunol. 11 (2004) 337–343.

[8]

Barman N.N., Bianchi A.T.J., Zwart R.J.,
Pabst R., Rothkotter H.J., Jejunal and ileal
Peyer's patches in pigs differ in their postnatal development, Anat. Embryol. 195 (1997)
41–50.
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Bianchi A.T., Zwart R.J., Jeurissen S.H.,
Moonen-Leusen H.W., Development of the
B- and T-cell compartments in porcine lymphoid organs from birth to adult life: an
immunohistological approach, Vet. Immunol. Immunopathol. 33 (1992) 201–221.

6. CONCLUSIONS
The immunological structure of mucosal
tissue develops slowly after birth and is
largely driven by environmental factors.
Therefore, the ability of neonates to mount
appropriate immune responses may also
require a considerable time period and appropriate environmental factors to develop. We
have considered the possibility that the diffuse lymphoid tissue of the intestine contributes to the process of discrimination
between harmless and harmful antigens in
mature animals. However, this system appears
to be highly complex and is as yet incompletely understood. Empirical attempts at
its manipulation are therefore unpredictable
and possibly counterproductive.
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