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Abstract
Crohn’s disease (CD) is a severe intestinal inflammatory disease, for which currently no full cure is possible, and of which the patho-

genesis is still not fully elucidated. Intestinal bacteria are thought to play a role in the onset, combined with environmental factors,
immune factors, and genetic susceptibility of the host. However, we do not fully understand the nature of the disease yet, and as a

consequence, this lack in our knowledge may prevent us from developing effective and curative therapies. If we are able to revisit our
views on involvement of Mycobacterium avium ssp. paratuberculosis (MAP) a as an important player in this disease, this might open
up new options for therapeutic targets.

Introduction
Crohn’s disease is an inflammatory bowel disease, a complex pathology with severe manifestations in the intestine [1], but also other

organs can be affected, such as the skin, the eye, joints, and tendons [2]. Initially, this disease was described by its symptoms, as an auto-

immune disease in which the immune system attacks the body’s own intestinal cells. The current view on the pathogenesis of the disease
is that it is of a multifactorial nature, where environmental, immune, and bacterial factors in a genetically susceptible host all play a role

[3]. With the rise of GWAS techniques [4] a lot of new information has come to light which has already helped us to elucidate part of the

molecular and cellular mechanisms which are important for intestinal immune homeostasis, and some of the mechanisms which are
disturbed in Crohn’s disease.

As there is still no consensus on the cause of CD, current therapeutic strategies are still focused primarily on dampening the damage of

detrimental immune reactions by suppressing the immune system. Although this seems as the best way currently available to manage the

symptoms of this disease, there may be merit in re-evaluating these strategies. Immunosuppressive therapy may be effective for a while,
but oftentimes patients are forced to switch medication, due to side effects, build up of allergic responses to the drugs, or simply the loss

of effectiveness, indicated by flare ups of inflammatory markers and symptoms. It might be time to consider other approaches, related

to a different hypothesis about its pathogenesis and disease progression. If we consider CD not only as an auto-immune phenomenon,
but an immunological syndrome with a typical pathogenic source (in a susceptible host),we can envision that treatments which either

chemically interfere with the pathogen’s viability, or which actually stimulate the immune system to battle this pathogen, might be better
as a long term therapeutic strategy. This would require careful approaches and in-depth knowledge of the behaviour of this pathogen and

its weaknesses, as a full blown a-specific immune attack may only aggravate the inflammation which is already present, leading to more

damage. Strikingly though, some pioneering studies have already demonstrated the beneficial effects of innate immune stimulation in the
form of granulocyte colony-stimulating factor (G-CSF) and granulocyte-macrophage colony-stimulating factor (GM-CSF) administration
[5,6], indeed pointing us in the direction of a primary infectious agent.
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Hoping to identify a causative agent for CD within the microbial population, a lot of studies have focused on the role of the intesti-

nal commensal bacteria, demonstrating that many CD patients have an abnormal enterotype or bacterial composition in the intestine,

represented by decreased diversity, and decreased numbers of members of the phyla Bacteroidetes and Firmicutes [7,8]. This however
may also be a consequence of initial differences in intestinal health, intrinsic to the disease, such as increased permeability, altered gly-

cobiome expression, mucus composition, and the subsequent (in) ability for normal taxa to find a sustained niche and become part of
that person’s microbiota.

Antibodies against several microbes such as Saccharomyces Cerevisiae have been isolated from CD patients [9], and amongst others,

Candida [10] and Segmented Filamentous Bacteria (SFB) [11] have also been implicated as possible disease inducing microbes. However,

S. cerevisiae has never been identified as instigator of the inflammation, and is perhaps just detected by the immune system as dangerous, because it has come in contact with immune cells of the lamina propria, because of leakage of intestinal content to underlying tissues. Candida and SBF are more likely to play a detrimental role in disease onset, but may also be part of secondary infections [12]. To

get closer to identifying a pathogen which could be instigating the inflammatory reactions in CD, we need to return to the current views

on Crohn’s pathogenesis and symptoms. One of the first things which are thought to go wrong is that the innate immune system appears
to be relatively inactive [13]. This may be related to genetic factors, but another possibility is that it is also ‘pressured into submission’

by micro-organisms which actively induce anti-inflammatory cytokines and suppress immune activation. Characteristics of chronically
infectious organisms are in fact often immune suppression, and/or evasion or the immune system, and/or formation of cysts or spores,

which enable the organism to hide from immune attacks in a resilient life form, and await its opportunity to resurface when the body’s
immune system is less alert.

For a particular group of micro-organisms these phenomena are readily described, including Mycobacterium tuberculosis [14] and

Mycobacterium leprae [15]. Up to date, one of the most suspected micro-organisms isolated from patches of inflamed intestinal tissue
of CD patients [16-18], which is in fact related to these, is Mycobacterium avium ssp.paratuberculosis (MAP) [19]. This mycobacterium

causes a similar disease called Johne’s disease in cattle [20,21]. Strikingly, there is considerable overlap between susceptibility loci for

IBD and mycobacterial infections [22,23], indicating that CD patients are in fact more susceptible to MAP infection and persistence. The
implication of MAP in CD is not very new, this hypothesis has been formulated many years ago by Dalzeil [24], however there are several
reasons why this hypothesis was not unanimously supported:
a.

some scientists were unable to reliably grow MAP in culture

b. MAP-specific antibodies could not be detected in CD patients
c.

Some scientists were unable to visualize MAP in affected tissue samples [25].

Corticosteroids are fairly often prescribed to dampen flare ups of intestinal inflammation in this disease. In treatment for Crohn’s

extraintestinal manifestations, joint exacerbations are also often put to a halt with the use of oral corticosteroids. Of corticosteroids are

thus primarily used to dampen the immune response and can calm an unwanted reaction to limit the damage the immune attack causes
on the body. This treatment works considerably well for both intestine and joints, but it is not suitable for long term treatment due to
its side effects. For several fungal infections it is known that corticosteroids not only dampen the immune response, but they also limit

growth of the pathogen or even induce clearance. It would be highly interesting to study whether MAP infection is in fact also inhibited
by corticosteroid use, and whether this may be a promising part of a multi-component strategy to clear MAP from an infected host.

In an article by Rutuu., et al.[27] on the relation between ankylosing spondyloarthritis(AS) and intestinal symptoms in a mouse

model, a very strong case is made in identification of an antigen which induces both intestinal and extraintestinal, AS-like symptoms

of CD. In this study, the agent used to induce these symptoms was a polysaccharide called beta-glucan. One type of the polysaccharides
which are known to be produced by MAP are mannans, which protect both itself and various bacteria from phagocytosis, which causes a

variety of secondary infections [28]. Beta-glucans are typically expressed by bacteria, fungi and yeasts [29], and this raises the question
whether MAP expresses this also and whether it may play a role in its pathogenicity.
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Each year the number of newly reported CD patients increases and there is an urgent need to clarify the mechanisms underlying the

pathogenesis, so that new and better therapeutic strategies can be developed. It may be time to revisit our research and look deeper into
the candidate organism MAP, just because they are difficult to detect, it does not mean they are not there; we may simply not yet have
the right techniques to detect them yet. Considering all the clues pointing to MAP as an inflammatory agent in CD onset and pathology,

clinical trials to study the efficacy of combining stimulation of the innate immune system with anti-mycobacterial drugs, and possibly
corticosteroids as treatment for CD are highly recommended.
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