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Abstract

Research on the human microbiome has revolutionized our approach to metabolic and inflammatory disorders in the past decade. Obesity and type 2 diabetes
(T2DM) were among the first diseases where characteristic intestinal flora changes could be associated with specific biochemical consequences that are causally
related to disease-development.

The diabetes disease spectrum appears to be a specific area of microbiome-associated disease where the metabolic and inflammatory factors “converge” which may
develop in part independently from each other resulting in the “Janus-face” of this disease. On the one hand the link between glycemic control and the risk for diabetes
complications is well established, however even suitably controlled blood glucose levels do not prevent diabetes complications in all cases. From this point of view
neuropathy is one of the most under-diagnosed and most hardly reversible complications. As part of the growing prevalence of T2DM, it is one of the priority areas
of morbidity and quality of life for patients. Despite this fact, neither screening of neuropathy nor secondary prevention is reassuringly addressed and resolved on the
public health level. Microbiome research may contribute to understanding the link between lifestyle factors and specific risk factors in developing the wide range of
diabetes complications.

We intend to outline novel microbiome associated putative mechanisms and their relation to the lifestyle risk factors of T2DM patients. This may provide a solid help

foundation for lifestyle interventions, one of the most evident, yet most difficult and underutilized opportunities in the management of these patients.

Abbreviations: BBE - Bickerstaff Encephalitis; GBS - Guillain-Bar-
ré Syndrome; HCMV - Human Cytomegalovirus; HHV-5 - Human
Herpes Virus 5; HMP - Human Microbiome Project; IR - Insulin Re-
sistance; IRS - Insulin Receptor Substrate; LPS - Lipopolysaccharide;
Mtorcl - Mammalian Target of Rapamycin Complex 1; NASH - Non-
alcoholic Steatohepatitis; PAMP - Pathogen-Associated Molecular Pat-
tern; PRR - Pattern Recognition Receptor; SCFA - Short Chain Fatty
Acid; TLR - Toll-Like Receptor; T2DM - Type 2 Diabetes Mellitus; UC
- Ulcerative Colitis

The human microbiome

The human microbiome is a complex ecosystem, the importance
of which has become widely known in the last decade. Bacterial
flora colonizing 7 body parts of healthy volunteers was identified in
connection with the Human Microbiome Project (HMP) using next-
generation sequencing [1]. The microbiota is a set of bacterial species
that colonize the human body, and the name microbiome refers to a set
of bacterial genes that can be uniquely defined for each person. This
makes the deviations in the background of each disease group from the
healthy average statistically reproducible and exactly comparable and
in the future, it may also have diagnostic significance for the individual
in terms of disease risk or pathogenesis and may serve as an important
step to the new era of personalized medicine [2].

Early research on the human microbiome revealed that the vast
majority of bacteria colonizing the human body (about 80%) lives in
the colon and is significant in terms of weight, corresponding to a total
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weight of approximately 2kg in an 80kg person. Regarding its total gene
pool, it exceeds about 150 times the human gene pool [3].

The bacteria constituting the human microbiome have a significant
effect on digestion, their metabolic products are absorbed, and they
provide about 40-60% of the fatty acids circulating in the blood [4].
They play a role in the absorption of vitamins; trace elements and
microelements and they also help to produce them and make them
usable by the human body [5]. In terms of digestion, absorption and
nutrient supply, their role is very similar to that of bacteria sitting on the
hair roots of plants, which live in close symbiosis and commensalism
with the host [6]. The equilibrium of their biodiversity and distribution
is a good indicator of the environmental damage to which the host is /
was exposed, and its cumulative effect can be traced in their gene pool
measured at any given time [7].

The Western-type lifestyle, dietary habits, and mass-production
agriculture-goods all had a critical effect on the composition of the
human microbiome, and one the first significant result of HMP
was the causative association of obesity and T2DM with the injured
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microbiome [8]. Since then, its pathomechanism and its relationship to
insulin resistance have been mapped: it has been shown that due to the
so-called propionate sensing phenomenon, bacterial short-chain fatty
acids in skeletal muscle led to the activation of mTORCI through the
activation of an intracellular signaling pathway, which inhibits insulin
receptor substrate phosphorylation [9].

Inhibition of the insulin signal thus plays an important role in the
development of insulin resistance (IR), and together with compensatory
hyperinsulinemia simultaneously causes increased glucose uptake and
ketone body accumulation in adipocytes [10]. However, the falling
blood glucose curve characteristic for hyperinsulinemia slows down
thinking, leads to tension and encourages increased sugar intake.
As the evolutionary interactions between the gut flora in the past
hundreds of thousands of years of human evolution, it is not surprising
that biochemical mechanisms have evolved that bacteria can “use”
to “let the host know” what kind of food is optimal for their living
conditions [11]. In a healthy state of symbiosis this is a fine-tuning
regulator enabling a long-term adaptation in terms of the balance
of the available nutrients and the human and bacterial ecosystems.
Industrialized nutrition, however and in particular the consumption of
high-energy processed foods have made nutrient intake more and more
efficient in terms of time and energy intake. At the same time, it has
created strong evolutionary pressure on bacteria that may significantly
reduce the diversity of the intestinal flora during a human lifespan and
subsequently evolve the microbiome pattern characteristic of obesity
and T2DM [12].

From insulin resistance to diabetes

A well-known phenomenon in medicine is that several pathogenic
factors may go down one common “ultimate final” mechanism of
action resulting in the characteristic of the symptomatology. A typical
example is diarrhea, the ultimate common pathway of which is the
pathogenesis of osmotically active intestinal contents accumulating in
the colon, which prevents the reabsorption of water [13]. There can be
a number of reasons why osmotically active intestinal contents enter
the colon, starting with, for example, the paralysis of Na/K ATPase
induced by a bacterial toxin, which forms an ion-enriched chymus [14],
consumption of indigestible sugar containing food (eg lactose in case of
lactose sensitivity [15]), or nutrients entering the colon after incomplete
absorption from the small intestine due to accelerated motility or
indigestion [16].

To the best of our knowledge, one of the important causes of insulin
resistance is the overproduction or decreased use of short-chain fatty
acids (SCFAs), especially propionate, produced by certain members of
the intestinal flora. This is typically due to a dysbiotic intestinal flora
caused by a shift in the proportion of bacterial families responsible for
the overproduction of propionate. As a result, bacterial metabolism of
the ingested food typically results in propionate overproduction, which
causes mMTORC1 activation through the previously mentioned propionate
sensing mechanism described in 2018, and this leads to the inhibition of
the intracellular signaling pathway from the insulin receptor [17].

As a clinician understanding its role in the development of insulin
resistance and subsequently T2DM is extremely important, as the
treatment planning involves lifestyle changes in terms of diet, exercise,
and circadian rhythm, sleeping profiles of the patients [18].

First and foremost, it is critically important to understand the
development of Type 2 diabetes trait and the causal relationship with
obesity. The first step is propionate overproduction in the gut. The
most important final common route seems here the development of
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the pathogenic propionate/butyrate metabolite levels in the gut, as the
uniqueness of the intestinal flora makes it difficult to predict the ability
of the 70% individual [19] pattern to produce “summa” propionate
[20]. Understanding this is of great importance, as an insulin-resistant
phenotype can develop also without clinical insulin resistance in case
of high energy consumption. Typical examples are professional athletes
[21]. In their case, neither obesity nor clinical insulin resistance are
associated with the altered microbiome pattern, and as long as the
increased propionate production is accompanied by constant, high-
intensity muscle work associated with the shifted intestinal flora
pattern, no clinical symptoms will appear. Once the propionate sensing
mechanism “turns on,” however, the first symptoms are deterioration
in skeletal muscle performance, rising insulin levels following IR, and
disruption of skeletal muscle carbohydrate metabolism [22].

It is important to see that the components of the shifted flora
which are dominant in propionate production create a predominance
of propionate as long as the overgrowth persists. Thus, dietary
intervention should be conscious and consistent for 3-6 months during
and even after clinical symptoms, in order to maintain a diet capable
of modifying the intestinal flora and to achieve a “low-energy-harvest”
metabolic trait. At the same time, induction of heat production by
adipose tissue and the intermittent skeletal muscle training are the most
effective for maximum propionate consumption.

The ketogenic shift of “cardio” physical exertion and its maintenance
of lower intensity over a long period of time was a misconception about
activating adipose tissue metabolism. The idea was that the release of
excess body weight is caused by the ketogenic shift of skeletal muscle
work, which after a while “turns on” and is as a consequence able to
mobilize the stored fat. However, indeed in case of the insulin-resistant
phenotype, high insulin levels push blood sugar, even derived from a
protein-dominant diet, towards SCFA storage and together with the
daily sedentary intellectual work leads to reactive hypoglycemia and
difficulty concentrating following post-diet insulin peaks. This, through
increased coffee and snack consumption, on the one hand maintains
blood sugar levels and current SCFA storage, and on the other hand the
amount of caffeine consumed during the day by reducing sleep depth
and quality reduces the amount of nutrients stored in nerve cells (Nisse
particles, etc). The latter in turn further exposes the patient’s mental
activity to prompt meals, causing constant snacking.

Thus, in the activation of skeletal muscles and adipose tissues, the
intermittent load is much more efficient, which enables the body to
adapt much better and to mobilize skeletal muscle energy reserves at
the current peak load. Such maximum load/rest cycles have a proven
effectiveness in increasing muscle mass and more effective propionate
"burning” per time units. In terms of the adipose tissue, however, its
role in heat management should be emphasized from an evolutionary
point of view. Because of the limited time available for daily movement,
restoring cold tolerance / excess heat production is of great importance.
There are few mitochondria in the degenerated adipose tissue of an
obese individuals [23]. It was previously a misconception that the brown
adipose tissue of newborns, which contains countless mitochondria,
and loss with aging turning into white adipose tissue typical of adults
is normal. This is indeed a reversible, degenerative phenomenon.
Swimming is an excellent method for reversing this, as with the slower
muscle work the need for heat production of adipose tissue is more
intense due to the lower heat production of skeletal muscles and the
insulating effect of adipose tissue on a large surface due to high water
conductivity does not really reduce this need. Gradual induction of all
these elements: significant metabolic activity, intermittent load and
continuous heat release can be induced simultaneously by metabolic
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activation of skeletal muscle and adipose tissue with little risk of joint
damage [24].

In summary, from a practical point of view, the level of propionate
circulating in the blood and reaching the tissues has a significant influence
on the development of IR. Measuring propionate levels is expensive
and difficult to carry out in daily clinical practice, but an increase in
induced insulin levels provides a good approximation [25]. The primary
therapeutic goal is to reduce propionate levels, which is possible through
both increased use and reduced production, but in the long run,
reducing the proportion of propionate-producing flora is unavoidable
with moderate physical activity. The use of mTORCI inhibitors, such
as metformin, is an additional factor that may temporarily reverse the
inhibition of IRS phosphorylation even at higher propionate levels, but
it has no protective effect in terms of other complications of T2DM
associated with the diseased microbiome and PAMPs [26] (Figure 1).

Inflammation and the barrier

In addition to the metabolic effects of the intestinal flora, further
important elements of the diabetes disease spectrum are inflammation
and target organ complications [27]. These are closely correlated
with disease progression, but to our best knowledge, they are not
causally related to changes in blood glucose levels. This is crucial in
the prevention of the complications of diabetes, as an important but
not sufficient condition for their avoidance is the metabolic balance
achieved with medication and with insulin treatment [28].

If we look at the clinical syndrome “on a skyscraper view”, this
explains why these lesions are not specific to diabetes: micro- and
macroangiopathy or neuropathy do not occur in diabetes only, their
various spectra can also develop in an idiopathic manner, and the onset
and severity can change individually [29,30].

Most evidence for the microbiome theory of complications comes
from research on non-alcoholic fatty liver and steatohepatitis (NASH).
Today, about 30% of liver failures requiring transplantation arise from
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this disease group in the U.S,, so its public health significance is growing
worldwide with a sharp increase together with the incidence of diabetes
spectrum [31].

It is not fatty degeneration but the inflammation that lies in the
center of progression of NASH [32]. The sinusoid circulation of the
liver ensures that metabolites, toxins and inflammatory metabolites
entering the portal venous blood from the intestine do not enter the
systemic circulation directly [33].

The inflammatory effects of the bacterial cell wall components have
long been established. Since the introduction of infusion therapy, a fever
phenomenon commonly occurred, as in the old hospital infusion plants,
due to the bacterial infection of the filling line despite pasteurization.
Even though there was no living organism in the infusion solution, the
biochemically lipopolysaccharide-type prokaryotic cell wall components
still had a fever-causing effect [34]. This was a well-known phenomenon
long before the discovery of innate immunity and its mechanisms, and these
fever-causing bacterial particles were called bacterial “endotoxins” [35]. A
characteristic clinical manifestation of endotoxins is the pathogenesis of
acute pancreatitis, where the severity of the disease is closely related to the
intestinal bacterial endotoxin translocation [36]. Given the pathogenesis,
it is not surprising that prophylactic antibiotic treatment did not improve
prognosis, however, restoring the integrity of the intestinal barrier by early
jejunal feeding has taken a dramatic turn in the prognostic endpoints even
in the case of the most severe forms of the disease [37].

Since then, the evolutionarily highly conserved biochemical
signalling mechanisms of innate immunity have been described [38].
It has become clear that the biochemical differences of prokaryotic /
eukaryotic cell constituents are key factors in activation and structurally
highly heterogeneous molecules are also able to activate the defense
mechanism. Accordingly, today they are no longer described as
endotoxins or LPS, but are noted by an acronym “pathogen-associated-
molecular-pattern” (PAMP) [39].

In the center of the pathogenesis of NASH there are PAMP
structures entering the portal vein from the gut, which are able to
activate innate immunity in the sinusoid circulation (via circulating
tissue histiocytes - antigen-presenting Kupffer cells) and induce local
inflammatory response [40]. The sign of this inflammation are elevated
transaminase levels, the extent of which correlates with the severity of
the inflammation [41]. The sinusoid circulation thus corresponds to
a “filter system” for protection against intestinal bacterial infections
through the portal venous system. However, this defense system is
sensitive to PAMP-type bacterial antigens that enter the portal and
then the sinusoid circulation through the damaged barrier. The level
of PAMP concentration and the duration of inflammation together
determine what local destruction will result from the phenomenon [42].
Overall, the prognosis is not different from other chronic inflammatory
structural changes in the liver, which are also characteristic of chronic
viral hepatitis: fibrosis followed by risk of progression to hepatocellular
carcinoma [43].

Alcohol-induced liver damage has also been shed new light by this
new pathogenetic theory. Alcohol can dose-effectively increase the
permeability of the intestinal barrier. The exact biochemical details are
still unknown, but it is probably due to its hydrophobic properties by
dissolving intestinal (partly bacterial) mucus, which plays a key role in
the barrier formation. The consumption of even 1 dl of wine increases
the amount of PAMP entering the portal circulation by about 30%. Its
individual variance is known, which is related to the genetic variability
of barrier structures (e.g. tight junction) [44].
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Ulcerative Colitis is on the one end of this disease spectrum,
characterized by impaired barrier function and an inflammatory
response to bacterial PAMPs arising from the large bowel, the
greatest residue of bacteria in the human body [45]. In light of this,
it is not surprising that primary sclerotic cholangitis with progressive
autoimmune liver disease [46] and the concomitant sinusoidal
inflammatory phenomenon, vanishing bile duct syndrome [47], formed
a distinct group in terms of intestinal microbiome within ulcerative
colitis patients. The fact that gluten-sensitive enteropathy shows 40%
concordance in these families, which corresponds to the clinical
syndrome of the genetic barrier defect affecting the small intestine, also
sheds new light on pathogenesis [48]. Thus, the development of certain
diseases within the same family is shaped by genetic predisposition and
environmental effects. The inflammatory or barrier-damaging shift of
the intestinal flora-forming species in the colon leads to UC syndrome
[49], while small bowel abnormalities may shift the clinical appearance
toward increased gluten load [50,51], and other factors toward celiac
disease. The multifactorial pathogenesis is not yet known, but it is an
intensively investigated field of gastroenterology [52].

Thus, circulating PAMP structures of intestinal origin play a central
role in the development of systemic inflammation, and the nature of
PAMP antigens (distribution and proportion of bacteria forming
the intestinal flora) and their amount are of particular importance
in their clinical manifestation [53]. The nature of PAMP antigens is
primarily related to the state of the intestinal barrier [54]. Of course,
PAMPs, which act as inflammatory “foci,” may not only be of intestinal
origin, about 80% of the PAMPs originate from there. In addition, any
infectious nodule, sepsis, can induce this process and the body’s “filter”
system, depending on the foci, can react with local inflammation and
with its characteristic clinical symptoms. Among the important filter
systems where this pathomechanism may play a role are the kidney [55],
the blood-brain barrier [56], ciliary body and the Bruch's membrane in
the eye - the inflammatory filter defect of the latter is in the center of the
pathogenesis of glaucoma and macular degeneration in the elderly [57].
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These differ in the pathogenesis and clinical manifestation from
classical immune complex disorders and also from the antigenic
mimicry mechanism of rheumatic fever. Whereby analogous disease
entities to the latter are common in relation to the intestinal microbiome,
which will be discussed later [58]. In the intestinal microbiome the first
such potentially pathogenic bacterium, Prevotella copri, was found to be
responsible for up to 40% of cases of newly onset rheumatoid arthritis
(NORA) [59]. In the case of Prevotella induced arthritis a number
of hosts related, and environmental factors play together to induce a
dominant IL17 producing inflammatory phenotype. It is the damaged
gut barrier, however, that determines why some patients with high
Prevotella abundance status do evolve arthritis and others do not [60].
Here again, the disease is multifactorial, in which Prevotella dysbiosis is
a necessary but not sufficient factor to develop the disease [61] (Figure
2&3).

Neuropathy and inflammation

Neuropathy is defined as a damage to the central or peripheral
nervous system typically associated with inflammation that leads
to target organ dysfunction. The clinical picture can be very diverse
based on the type of nerve fibers damaged, the location of the injury,
and its time course. Since the pathomechanism of neuropathies in the
most clinically significant disease groups is not well understood, their
classification is not precise. This is also highlighted by the fact that
treating the cause of the most common forms of neuropathy is not
resolved: such as neuropathy caused by diabetes [62], by old age [63], by
alcohol [64] and drug-induced (iatrogenic) neuropathy [65]. Therefore,
usually clinical descriptions prevail, such as sensory, motor, autonomic
[66], mixed, mono- [67] and polyneuropathies [68] with connotation
and with modest prognostic outlook.

Microbiome research can bring significant new insight into the
pathogenesis of neuropathies. This approach is particularly important
and useful, especially in the light of recent discoveries regarding the use
of alcohol [69] and the pathogenesis of diabetes in association with the
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microbiome [70], as it provides a way to stop the progression, intervene
directly and possibly provide optimal conditions for slow regeneration
and possibly improve patients' quality oflife until appropriate controlled
randomized clinical trials are completed in the coming years and
targeted therapeutic interventions will be available [71,72], especially
in the case of the Guillain-Barré syndrome.

Thus, it is didactically important to start with rare neuropathies
with a revealed pathomechanism that can provide insight into potential
detrimental factors and their natural clinical course, which can serve
as a model for the study and treatment of causes of great public health
importance.

First of all, Guillain-Barre syndrome needs to be mentioned: it
is caused by an autoimmune inflammation trigerred by antibodies
to PAMP structures that are cross-reactive with gangliosides during
the diverse but in many cases induced immune response following
intestinal infections through an antigen-mimic mechanism. The nature
and severity of the clinical appearance (the subtype of GBS) depend on
the infection causing it and the specificity of the antibodies produced.
In terms of time course, it is an acute disease with rapid progression
that occurs over a few days, typically affecting the motor innervation
of the lower limb first and spreading proximally during its progression
and also affecting the autonomic nervous system. Due to its extensive
appearance, it is classified as a group of polyneuropathies. The most
common cause is Campylobacter jejuni infection, which causes about
30% of all cases. An additional approximately 10% is caused by a
variety of cytomegalovirus HCMV-HHV-5 [73]. Associations with
GBS have been described in several other viral and bacterial infections,
but association with vaccines is of more significant importance. The
influenza vaccine should be highlighted, incidence of about 5-6 cases
per 100 thousand inhabitants have been described. However, it has
been shown that GBS can occur not only induced by the vaccine but
also induced by the virus itself, so there is no doubt about the benefit
of vaccination [74].

Glycolipids are involved in the development of innate immunity as
important antigenic epitopes and are able to activate the TLR system,
thus participating in the adhesion, initiation and activation of migration
of inflammatory cells.

The clinical presentation of neuropathies did not correlate with
TLR polymorphism and given the known course of GBS and the known
pathological factors and antigenic mimicry mechanisms, most likely,
most of these initiate neuronal damage through the antigen mimicry
mechanism and based on the nature of the epitope will define its
demyelinating or axonal form, its localization and specificity [75].

The classical acute forms of these diseases are associated with
invasive intestinal infections, where the humoral immune response
against bacterial cell wall epitopes also produce IgG antibodies instead
of the adequate IgA type, locally effective immunoglobulin class. The
regulation of this process and the defect of the regulation is one of the
pivotal points in the mimicry formation of the antigen.

Autoimmunity develops when IgG antibodies raised against
bacterial glycolipid cell wall epitopes cross-react with glycolipid groups
on the neuronal membrane, primarily with ganglioside molecules: with
ganglioside GM1, GD1a, GT1a and GQIlb groups [76]. For example,
an antibody linked to the GQ1b molecule may be associated with the
Miller Fisher subtype and related forms of GBS, including Bickerstaff
encephalitis (BBE) [77].
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The IgA / IgG “switch”, one of the keys to pathomechanism, has
caused significant debates for decades. Genetic and HLA-dependent
mechanism were investigated but not concluded before the discovery
of the antigen presenting role of the intestinal microfold cells. It turned
out that in the case of normal intestinal barrier function, bacterial
antigens are typically presented through microfold cells, resulting in an
IgA secretory immune response [78]. The significance is that it has no
autoimmune potential through its local effect.

However, to the best of our knowledge, the development of an
IgM / G antibody switch is not due to a genetic predisposition, but
due to an alternative antigen presentation: in addition to impaired
barrier function, bacterial antigen epitopes entering the interstitial
space or, in the case of intestinal antigens, typically into the portal
circulation, are able to induce a systemic, humoral immune response,
which has an autoimmune potential known in a very broad spectrum.
In neuropathies, for example, against the synovial membrane, the
first major actor associated with the microbiome within the group
of non-invasive intestinal bacteria was Prevotella copri. Also in this
case, a non-invasive PAMP can provoke severe autoimmune arthritis
by crossing the barrier. At the same time, when the barrier function
is intact, Prevotella copri is an active member of the human intestinal
flora in fiber breakdown and can typically enrich the intestinal flora
in connection with raw vegan nutrition, without any pathological
concomitant factors.

In both cases we are facing multifactorial pathogenesis centered
on a glycolipid bacterial cell wall epitope, or other PAMP structure
that crosses the intestinal or other barrier. The development of antigen
mimicry and autoimmunity — in contrast to the invasive bacteria
underlying GBS - analogous to invasive airway or urogenital pathogens
known for 100 years, reactive arthritis includes antigenic epitopes
of non-invasive bacteria. Accordingly, the course of the disease will
not be “digital”: zero or one, but autoimmunity will be fluctuating
and proportional to the amount of antigenic epitopes that always
penetrate the barrier - which is also influenced by the slow and limited
regeneration potential of these structures. The clinical picture is thus
much more colorful, less homogeneous and in terms of time it has a
long-time course.

Today, the role of more than 20 different glycolipid epitopes has
been demonstrated in acute and chronic neuropathic syndromes. In
particular, significant data is available regarding antibodies to acute
axonal neuropathies and gangliosides GM1, GD1a, GM1b and GalNAc-
GDl1a, as well as antibodies against cranial, bulbar and sensory forms of
GBS and gangliosides of GQ1b, GT1la, GD1b and GD3. The structure of
these and the relevant bacterial PAMP structures, and Campylobacter
jejuni are well documented and the correlation with neuronal attack
points and their clinical manifestations have also been described. In
parallel, the pathomechanism has been demonstrated in experimental
models in vitro and in vivo [79].

The role of PAMP translocation-induced innate immunity is
also likely, its exact mechanism is less revealed, but its significance
in the development of the syndrome accompanying neuropathy is
well documented, including in neuropathic pain. Pattern recognition
receptors here appear to play a prominent role in the development of
pain and neurogenic inflammation following peripheral nerve damage.
Most data are related to the TLR family, while the role of other PRRs is
largely unknown [80].
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Take home messages for the clinician

From all the above, modest, yet significant consequences can
be drawn for the clinical practice: just like in the case of Guillain-
Barré syndrome, there is hope for treating the cause and cessation of
progression in diabetic peripheral neuropathies, which has a chronic
long but progessive clinical course. historically.

The first step is the inhibition of abnormal bacterial PAMP-
translocation. This is especially important in the light of the fact that
some of the analgesics used in symptomatic treatment, non-steroidal
anti-inflammatory drugs and socially acceptable levels of alcohol
consumption significantly increase the permeability of the intestinal
barrier.

In addition, certain foods and spices also increase the concentration
of PAMPs measured in the portal circulation, e.g. chili, spicy food, high
oxalate containing vegetables (raw spinach in salads, etc), emulsifier
food additives (ones used in sauces and vegetable milk products).

Until potential bacterial antigenic epitopes are mapped and
subjected to either vaccination with specific anti-idiotype or the antigen
source itself is eliminated (eg through fecal transplantation) - patients
can be provided with simple and inexpensive everyday lifestyle advices,
and specific prebiotic and probiotic strategies can help as well by
supporting the restoration of the barrier function.
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