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SUMMARY
Coeliac disease, causes chronic inflammation of the proximal intestinal, is an increasingly common disorder impacting health and nutrition. It is also a model disease straddling gut epithelial responses and
systemic autoimmunity. It is a disease about which we know much,
but also presents mysteries. Why does it occur at any age and why is it
increasing. Why do most individuals who carry the genetic predisposition and eat gluten but don’t get the disease? It differs substantially
from the more classic inflammatory bowel diseases of Crohn’s disease
and ulcerative colitis. Those latter diseases primarily affect the distal
small intestine or colon and rarely the upper intestine. Furthermore,
coeliac disease is a response to dietary glutens whereas the microbiota
play the dominant role for triggering IBD. The colon and distal small
intestine are filled with large numbers of bacteria and other microbiota, the proximal small intestine by contrast is almost sterile. It does
contain some microbiota and is a target for pathogenic invasive organisms. The other difference is that the proximal small intestine is dealing primarily with ingesta, not resident microbiota. Indeed, there are
further differences between the colon and the small intestine. The colon, which contains the largest resident biomass of our ecology, has
built up effective barriers to the microbiota which when breached can
result in devastating inflammation. By contrast, the small intestine is a
far more permeable organ with its primary role being digestion and
absorption. There is more cross talk between the luminal contents and
the mucosal immune system. Hence, regulation of the inflammatory
response within the small intestine is even more crucial to permit normal digestive functioning to occur than in the colon. The microbiota
and coeliac disease may intersect in several ways. The microbiota may
be inherently different in children/adults at risk for coeliac disease.
Furthermore, pathogenic infections may perturb the intestinal milieu
to an extent that individuals genetically prone to coeliac disease will
lose tolerance to gluten. The gluten-free diet may change the microbiota that may affect the host. This review summarizes what is known
about the aetiology, epidemiology, diagnosis, treatment, as well as the
microbiology of coeliac disease.
INTRODUCTION
Coeliac disease is a chronic inflammatory condition predominately affecting

	
  

the proximal small intestine (Murray et
al., 2008). It occurs in people who have
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Figure 1: Coeliac disease has two required co-factors: 1) genetic predisposition, and 2)
environmental factors, primarily the ingestion of gluten.

a specific genetic type, in particular the
MHC class 2 gene pairs encoding the
HLA molecules DQ2 or DQ8. Individuals must be exposed to dietary gluten for the disease to occur and, in most
patients, the disease regresses and
eventually heals when gluten is removed from the diet (Murray et al.,
2004). The disease mostly affects Caucasians; however, this broadly affects
many ethnic and racial groups across
Europe, the Middle East, North Africa,
India, and the Near East. It also affects
Caucasians living in other areas, such
as North America, South America, and
Australia (Rubio-Tapia and Murray,
2007). The damage to the intestine produces inflammation as well as impacts
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the digestive and secretory function of
the intestine. This leads to a wide variety of symptoms that can impact digestive function and also impact extraintestinal sites (Reilly et al., 2012).
While the rate of diagnosis of coeliac
disease has increased dramatically
(Ludvigsson et al., 2013), this rate of
diagnosis probably still greatly underestimates the proportion of patients
affected, with most patients remaining
undiagnosed (Rubio-Tapia et al.,
2012). The treatment of coeliac disease
is based on avoidance of dietary gluten
and, when diagnosed and treated in
childhood, usually healing is prompt
and complete. However, patients diagnosed as adults heal much less com-

monly and often take much longer to
heal (Lebwohl et al., 2013). This review will focus on what is known
about the triggering factors for coeliac

disease, the impact of the microbiome
on coeliac disease, as well as the potential impact of gluten on the microbiome
and gut function.

AETIOLOGY
Coeliac disease affects individuals who
have acquired genetic predisposition as
well as ingesting gluten, the storage
protein from wheat, barley and rye
(Figure 1). If all that was required for
coeliac disease to occur was the carriage of the appropriate risk factors as
well as the ingestion of sufficient gluten on a daily basis, then fully 30% of
the Caucasian population would develop the disease. However, between 12% of Caucasian population developed
the disease, indicating that there must
be other factors responsible for triggering the disease (Walker et al., 2010).
Genetic Basis of the Disease
Coeliac disease is associated primarily
with the HLA genes initially thought to
be Class 1 genes A1B8, but subsequently identified to be the HLA
molecules DQ2 or DQ8. These are encoded by DQA1’05:DQB1’02XX and
DQA1’03XXDQB1’0302, respectively. The carriage of one or other gene
pairs is essential for the development of
disease; however, this is not sufficient
for the disease to occur. The known
HLA genes contribute probably no
more than 50% of the genetic familial
risk for coeliac disease (Bevan et al.,
1999). Siblings who carry the HLA
type have an increased risk of coeliac
disease compared to those who do not
(Murray et al., 2007). Several genomewide association studies (GWAS studies), now incorporating many thousands of patients and controls, have
identified many other gene loci that are
associated with risk of disease (Garner
et al., 2009). These other loci are close

to genes that regulate immune response
and inflammation predominately (Dubois et al., 2010). Some of these genes
may regulate immune responsiveness
to microbial stimulation of the innate
system. However, the attributable risk
of coeliac disease to these other loci is
relatively low, probably contributing
no more than 10-15% of additional genetic risks. It is likely that coeliac disease is the result of the major HLA susceptibility genes combined with several
other common genetic polymorphisms
that increase immune responsiveness.
Many of these genes associated with
these loci are common to other inflammatory conditions, such as rheumatoid
arthritis, Crohn’s disease and type 1
diabetes, though there are some interesting genes that are negatively associated with particularly type 1 diabetes.
The precise risk within family members varies depending on how close
genetically the proband is to the patient. Monozygous twins have the highest concordance rate of 80%. Note, this
is not 100% as there must be some environmental triggering differences between even identical twins. Siblings
who share HLA risk factors have a
greater risk than parents or children of
patients with coeliac disease (Book et
al., 2003). Second-degree relatives
likely have a lower risk of coeliac disease (Fasano et al., 2003).
Dietary Gluten
The primary and required environmental factor for coeliac disease is dietary
gluten. Gluten in this context represents
the stored proteins from wheat, barley,
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and rye, often given the term prolamines. These storage proteins provide
the nitrogen store needed for seed germination. The original work identifying
the protein fraction of these grains as
being deleterious was performed in a
series of challenge and withdrawal
studies done in children in the Netherlands during and subsequent to the 2nd
World War (Dicke, 1951). It was these
seminal observations that laid the
groundwork for the modern treatment
of coeliac disease. Since that time, further work was done to identify the most
immunogenic fragments of gluten, and
these fragments are characterized by a
large percentage of amino acids that
glutamines and prolines. Particular motifs characterized by sequences of glutamines interspersed with prolines appear to be particularly immunogenic
(Jabri and Sollid, 2006). In addition to
their immunogenicity, is also their resistance of endopeptidase activity
within the intestine. Within the human
intestine, endopeptidases failed to
break down some of the most immunogenic fragments of the gluten-derived
proteins, particularly a gliadin. A specific 33-mer peptide or a gliadin is especially resistant to digestion. This
same 33-mer peptide contains within it
3 very immunogenic peptides that,
when each is complexed with the T
cell, are presented to the T cells within
the small intestine by the HLA molecule on the antigen-presenting cells,
produce a very potent inflammatory
response. The binding characteristics of
these peptides can be greatly enhanced
by deamidation of specific glutamine
peptides, particularly glutamine amino
acids (Molbert et al., 1998). Deamidation occurs in response to transglutaminase enzyme effects. Transglutaminases are enzymes present within
the intestine and elsewhere. They are
expressed constitutively but are especially expressed in the context of in-

74

flammation. There are also microbial
transglutaminases present within the
gut lumen and some have been used in
food processing. The transglutaminases
act to remove the amine side chain specific glutamines in the gliadin peptides.
When these amine groups are removed,
so-called deamidation, it renders the
peptide far higher binding affinity to
the class 2 HLA molecule binding site
(Shan et al., 2002). By so binding, it
then results in dramatically increased
affinity to the T cells, which then produce both proliferate and trigger an inflammatory cascade within the intestine. Further complicating matters is
the very rich genetic material of these
grains. Wheat used for bread is hexaploid and has multiple repeat regions
where the genes for these storage proteins. Hence, there are many (probably
50-100) epitopes within each wheat
protein that can produce coeliac-responses from T cells derived from the
small intestine. Children seem to respond more to native gliadin peptides
than do adults and, in general, the deamidated peptides produce a much
more potent effect than do the native,
non-deamidated peptides. The peptides
operant in DQ2 positive coeliacs differ
from those in DQ8 positive coeliacs.
Triggers
It has also become clear from epidemiologic studies that coeliac disease can
occur at any age (Lohi et al., 2007). Patients, in particular children, at genetic
risk don’t necessarily develop immune
responses to gluten immediately. This
may occur at discontinuous times over
the 1st years of life. In addition, patients
with type 1 diabetes who are often
screened regularly for coeliac disease
may develop coeliac disease later at the
approximate age of 10 or 11, despite
having been negative for some years
previously despite being on a glutencontaining diet. Most intriguingly, el-

derly patients who were negative for
coeliac disease may subsequently turn
positively (Norris et al., 2005; Vilppula
et al., 2009). The fact that patients, who
apparently have tolerated gluten, then
can lose tolerance to gluten and develop coeliac disease suggests that
there may be environmental triggers.
These factors may start at birth. Two
studies have suggested that children
born by Caesarean section are at increased risk of developing coeliac disease in childhood (Marild et al., 2012;
Decker et al., 2010). Children born in
the summer months who will likely
wean in the winter are more prone to
the disease (Ivarsson et al., 2003).
While not studied in this largely epidemiologic study, it is well known that
route of delivery affects the gut microbiota and even humoral immunity
(Huurre et al., 2008).
In addition, coeliac disease may
also be associated with intrauterine
growth retardation and neonatal infections (Sandberg-Bennich et al., 2002).
After birth, further exposures may be
important for the occurrence of coeliac
disease; in particular, many studies on
breast-feeding have suggested that the
failure of overlap between breast-feeding and the introduction of gluten
might increase the risk of coeliac disease in childhood. Indeed, the now
well-described Swedish epidemic of
infant coeliac disease was ascribed to a
combination of an abrupt termination
of breast-feeding with a dramatic increased concentration of gluten in follow-on formula (Ivarsson et al., 2002).
Recurrent rotavirus infection alone was
initially thought to be an independent
risk factor for coeliac disease occurring
in infancy. However, subsequent work
has demonstrated that perhaps it is
recurrent rotavirus infection coinciding
with cereal introduction that truly increases the risk for developing coeliac
disease (Stene et al., 2006).

Work has been done showing that
there are changes in the microbiota in
coeliac disease. For example, there are
changes in the population of microbiota
on the duodenal mucosa. One study has
suggested increased bacterial adherence to the duodenal mucosa of rodlike bacteria in coeliac disease (Ou et
al., 2009). It is not known if this
phenomenon is primary or secondary to
the damaged epithelium and loss of
mucus that occurs in the context of
coeliac disease. Reductions in the
proportions of Lactobacillus and
Bifidobacterium species have also been
reported in the faecal samples from
treated coeliac patients (Nistal et al.,
2012). Another group has shown that
there are differences in Bacteroides
species and pathogenic features in coeliac patients as compared to healthy
controls (Sanchez et al., 2012) based on
faecal samples.
These results seem to be contradictory, but there are many explanations
as to why they are not. The first explanation is that the majority of earlier
identification analyses were based on
culture screening methods; whereas
today, the majority of studies are based
on the sequencing of specific regions of
the 16srRNA gene. The second explanation is that some studies evaluate duodenal biopsies, while others evaluate
faecal samples, both of which would be
sampling different niches that different
bacteria can survive. Thus, all of these
studies have provided valuable information as to how the composition of
the intestinal microbiome of coeliac patients are different from healthy controls; the next step is to determine if
any of these changes are causative for
or consequential to intestinal damage.
Previous studies have suggested
that two different types of situations
could trigger intestinal inflammation in
coeliac disease. The one type would be
decreased levels of anti-inflammatory
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bacteria such as Lactobacillus and
Bifidobacterium, the other, an increase
in inflammation promoting bacteria. In
one study, Bacteroides fragilis was increased in both untreated and treated
coeliac patients, and the Bacteroides
fragilis associated virulence factors, bft
and MPII , were also increased in the
coeliac patients as compared to healthy
controls (Nistal et al., 2012). All of
these studies demonstrate then, that
dysbiosis of the intestinal microbiota is
present in coeliac patients and that this
may indeed be causative as opposed to
consequential. Potentially then, a combination of probiotics and targeted removal of specific intestinal bacterial
species would greatly improve the
health of coeliac patients.
There also appears to be differences
in immunoglobulin binding of bacteria
within the gut. A recent paper suggested that in patients with coeliac disease, both treated and untreated, there
is reduction of immunoglobulin-bound
bacteria within the intestine as compared to normal. It is interesting that
patients with selective IgA deficiency,
who do not secrete any IgA, are at
greatly increased risk of coeliac disease, with about 10% of patients developing coeliac disease. Recent cases and
work by Naval Medical Research in the
Department of Defense has suggested
that coeliac disease may be more likely
to be diagnosed after an infectious
gastroenteritis event (Verdu et al.,
2007; Welander et al., 2010; Riddle et
al., 2012). It can be speculated that
these infectious events may result in
temporary inflammation activation of
stress responses within the small
intestinal mucosa, stimulate the innate
immune system, which will then drive
the adaptive response. Excess numbers
of bacteria can also be seen in the
duodenum of patients with unresponsive coeliac disease or even before
treatment (Tursi et al., 2003). Also, co-
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occurrence of an inflammatory insult,
such as rotavirus in childhood, along
with the introduction of a novel peptide, such as gluten, especially one to
which the child is genetically susceptible to react to, may result in activation
of dendritic cells and presenting cells
towards a pro-inflammatory response,
thereby skewing naïve T cells to become effector T cells producing inflammation as opposed to T-reg cells.
It is also possible that in patients who
have already established tolerance to
gluten that this tolerance could be broken in the context of severe on-going
inflammation. Furthermore, wheat and
like cereals contain other substances
that can incite innate responses (Junker
et al. 2012) and indeed do so in ways
that simulate an LPS-like effect of bacteria (Yamazaki et al., 2008).
Uptake of Gliadin Molecules
There are two primary pathways by
which the peptides are thought to be
taken up. One is an active pathway
transcellularly stimulated by IFN-γ
through the aberrant expression of IgA
receptors on the surface (Bethune et al.,
2009). In this circumstance, IgA-bound
gliadin is taken up and transported
through the enterocyte into the basolateral surface where the gliadin peptide is
released and then processed by antigenpresenting cells and presented to the T
cells responsive to gliadin. The other
pathway is the paracellular pathway. It
is has been shown the gluten acutely
increases gut permeability (Lammers et
al., 2008). It causes disruption of intercellular tight junctions and this is likely
modulated through the release of a peptide called zonulin, also recently shown
to be prehaptoglobin 2 (Tripathi et al.,
2009). The zonulin appears to cause
uncoupling of tight junctions that may
allow the transit of some gluten peptides in a paracellular pathway, but also
allow access of other antigens, particu-

Figure 2: The maelstrom of inflammation that leads to established coeliac disease requires many
conspirators affecting both the innate and adaptive parts of the immune system. Reprinted with
permission from: Nehra, V., Marietta, E., and Murray, J.A.: Coeliac disease. In: Encyclopedia of
human nutrition (Caballero, B., Allen, L., Prentice, A., Eds.). Elsevier, Oxford, 1, 407-418 (2006).

larly bacterial antigens that may excite
an innate and amplify an adaptive response to gluten (Jabri et al., 2005).
Recent clinical trials have shown potential benefit of larazotide acetate, a
modulatory inhibitory of gluten’s ef-

fects on permeability (Kelly et al.,
2012). This permeability can be exacerbated by the use of an agent that increases inflammation and blocked by
larazotide acetate (Natividad et al.,
2009).

IMMUNOPATHOGENESIS
The immunopathogenesis of coeliac
disease involves several cell types
within the intestine (Jabri et al., 2009).
The enterocyte or epithelial cells lining
the intestine become distressed and express aberrant class 1 molecules on
their surface. These also can express
IL15. Intraepithelial lymphocytes are
predominately CD8+ T cells, and these

cells, while generally thought to have a
regulatory effect, in the context of coeliac disease can become cytotoxic and
can express NK receptors on their surface (Meresse et al., 2004). These NK
receptors interacting with the class 1
molecules on the enterocyte can cause
enterocyte injury. These intraepithelial
enterocytes also respond to IL15, either
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produced from the lamina propria or by
enterocytes on the surface in response
to stress. Key essential ingredients to
coeliac disease pathogenesis are glutenresponsive CD4 cells in the lamina propria. These CD4 cells respond to specific gluten peptides presented in the
context of class 2 molecules and produce a cascade of cytokines characterized by INFγ and to a lesser extent IL2
and TNF-α. These cytokines drive a
cascade of responses that produce both
cellular as well as humoral responses
(Figure 2). The cellular responses further cascade, drawing in macrophages
and activating other cells, including a
complement system, neutrophils, eosinophils and mast cells. These combination cells like lead to the destruction of
the architecture of the small intestine,
resulting in increased thickening or
crypt hyperplasia, villous atrophy, disruption of enterocyte function and absorption, increased secretion, and consequent inflammation and malabsorption. Metalloproteases are elaborated,
which further alter the architecture. The
inflammatory response also includes a
potent humoral response and antibodies
directed against the deamidated gliadin
peptides as well as against tissue trans-

glutaminase are also elaborated within
the intestinal mucosa they are secreted,
and also increased in circulation. The
IgA isotype antibodies are more
commonly expressed, particularly
directed against the autoantigen tissue
transglutaminase. However, for gliadin
or deamidated gliadin antibodies, the
IgG is equally expressed, suggesting
that the primary target for the humoral
response is the exogenous antigen and
not the autoantigen. Making coeliac
disease further different from many
autoimmune diseases, with which it
shares genetic predisposition, is the observation that the antibodies diminish
in quantity once the exogenous antigen
is removed. Indeed typically patients
who have been on a gluten-free diet for
>1 year will become IgA negative.
Other antibody responses are often
seen. These are antibodies directed at
microbial antigens present within the
intestine. For example, false positive
ASCA antibodies are seen in the context of coeliac disease and usually these
diminish or disappear with treatment of
the patient with a gluten-free diet, suggesting that these are seen because of
injury.

DIAGNOSIS
Coeliac disease is typically detected
first by serologic tests. The primary
serologic test and most accurate serologic test is the tissue transglutaminase
IgA antibody with sensitivities of approximately 95% and specificities of
95% (Rostom et al., 2005; Hadithi et
al., 2007). The performance of this test
has been further refined in that patients
with extremely positive tests >10 times
the upper limit of normal are essentially almost guaranteed to have coeliac
disease (Klapp et al., 2013). The test
which immediately preceded tissue
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transglutaminase was the endomysial
Ig antibody test done by indirect immunofluorescence. This test has a very
high specificity, virtually 100% in most
laboratories, but a sensitivity that is
quite variable, likely due to variability
in laboratory methods and interpretations (Li et al., 2009). Accompaniment
of the tissue transglutaminase IgA test
is a measurement of total IgA. This is
performed in order to detect those patients with selective IgA deficiency that
not only are at greatly increased risk of
coeliac disease but for whom the stand-

ard IgA-based tests will be negative
even in the setting of coeliac disease
(Rubio-Tapia et al., 2013). For patients
who have known or suspected selective
IgA deficiency, deamidated gliadin IgG
or tissue transglutaminase IgG tests can
be performed, though their sensitivity
is not perfect for coeliac disease
(Rashtak et al., 2008a). Tissue transglutaminase IgG is not useful in the context of normal IgA levels (Rashtak et
al., 2008a). Antibodies directed against
native gliadin antibodies are not of any
additional benefit and indeed are
fraught with greatly reduced specificity
and can negatively impact the accuracy
of diagnostic testing when included in
diagnostic panels for coeliac disease
(Rubio-Tapia et al., 2013). All of the

antibodies have reduced sensitivity
when the patient reduces gluten intake
(Rashtak et al., 2008b).
Intestinal biopsies showing the
classic features of villous atrophy,
crypt hyperplasia, and increased intraepithelial lymphocytes are still regarded as the mainstay of diagnosis.
Adequate numbers of samples should
be taken (Lebwohl et al., 2012). Recent
guidelines promulgated by the European Society for Pediatric Gastroenterology and Hepatology and Nutrition
have suggested that in patients meeting
certain very strict criteria, a biopsy may
be unnecessary to confirm the diagnosis (Husby et al., 2012, 2013; RubioTapia et al., 2013).

TREATMENT
Once the disease is detected and confirmed by biopsy, then treatment is
usually instituted. Treatment includes a
strict, gluten-free diet. While theoretically simple, there are many challenges
to be able to adhere to a gluten-free diet
long-term. Patients are usually evaluated for any vitamin deficiencies that
may require repletion. Most common is
iron deficiency, calcium, vitamin D and
other fat-soluble vitamins. B12 deficiency can affect over 20% of patients
with coeliac disease. It is unclear if this
mandates parenteral B12 for life as is

often necessitated in patients who have
B12 deficiency due to ileal resection or
pernicious anaemia (Murray and Ross,
2004).
In adult patients diagnosed with
coeliac disease, bone density is typically performed as diminished bone
density, either due to osteomalacia or
osteoporosis, is very common. Fracture
risk is increased in patients with coeliac
disease prior to diagnosis, and the rate
does not apparently drop in follow-up
(Jafri et al., 2008).

PROGNOSIS
Most patients diagnosed as children
will promptly respond to a gluten-free
diet and will resume normal growth
and development. As long as they remain on a gluten-free diet, they will
remain healed and well. Adult patients
diagnosed with coeliac disease heal
much more slowly and are at increased

risk of complications and increased
mortality, especially within the 1st year
of diagnosis (Rubio-Tapia et al., 2010;
Lanzini et al., 2009). This seems to be a
relatively modest increase in overall
mortality in diagnosed coeliac disease.
Patients with undiagnosed coeliac disease, however, may be at greatly in-
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creased risk of mortality with an almost
4-fold increase in mortality over 45
years (Rubio-Tapia et al., 2009). The
increase in mortality associated with
coeliac disease is not universally found
and variances such as the rate of detec-

tion of coeliac disease, in particular
geography, may impact the likely longterm mortality. Early detection couple
with vigorous treatment with a glutenfree diet is most likely to result in a
good outcome.

FUTURE TREATMENTS
Several new treatments are in development for coeliac disease given that we
know much about the processes involved. Treatments directed at altering
the nature of wheat itself, detoxifying
the wheat within the gastrointestinal
tract or even before ingestion, binding
the peptides within the intestine to prevent presentation to the immune system
(Liang et al., 2010). The modulation of
the permeability or prevention of increased permeability induced by gluten, as well as the degradation of the
immune peptides within the gut by potent endopeptidases all are in pre-clinical or even clinical trials (Gass et al.,
2007; Cerf-Bensussan et al., 2007; van

den Broeck et al., 2009). Other approaches, such as an immunotherapy
approach to try to reduce tolerance to
gluten, are also under study (Senger et
al., 2003; Vickery et al., 2009; Keech et
al., 2009). Other targets, such as blocking the deamidation by tissue transglutaminase and blocking the binding of
the peptides to DQ2 or DQ8, are also
areas that have sparked development of
agents in preclinical study (Xia et al.,
2007; Klock et al., 2011). Also, use of
worms to skew the immune response
away from a coeliac-like response has
been used in humans (Daveson et al.,
2011).

PREVENTION
Coeliac disease has dramatically increased in prevalence over the last 50
years (Rubio-Tapia et al., 2009). This
is almost certainly due to environmental factors. Identifying and abrogating
these environmental factors is crucial if
we are to stem the tide of coeliac disease. Whilst it affects still somewhat
just less than 1% of the population of
the U.S., it now affects over 2% of
other Caucasian populations such as
Sweden and Finland, rates that appear
to be increasing (Dube et al., 2005). It
is vitally important to identify the factors that have led to this increase so
that this increase can be mitigated. Several approaches to the prevention of
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coeliac disease are under study. The
Prevent CD trial primarily in Europe
and North America addresses the issue
of timing of introduction and quantity
of gluten in the infant diet. Other studies looking at using systems biology
approach to address the role of the microbial community on tolerance to gluten is also under study. It is interesting
to note that the phenomena of oral
tolerance require the presence of
microbiota within the gut. Studies looking at the co-administration of beneficial bacterial with gliadin molecules
have also been studied and may prevent
or reverse gluten sensitization (Huibregtse et al., 2009).

SUMMARY
In summary, coeliac disease is an increasingly common chronic disease
affecting primarily the upper small intestine associated with significant morbidity and mortality. It is often overlooked, but presents both opportunities
and challenges for understanding of the

interaction between the environment
and immune system, and may present
an example of a disorder that can be the
result of triggering of loss of homeostasis due to food or microbial influences
within the intestine.
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