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Crohn’s disease and related inflammatory diseases:
from many single hypotheses to one “superhypothesis”’
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ABSTRACT: The aetiology of Crohn’s disease and paratuberculosis are the subjects of intensive study and also
frequently, of dispute. However, a number of other nosological entities have a similar history, namely type 1 dia-
betes, multiple sclerosis, sarcoidosis, asthma, psoriasis, spondylarthritis, Blau syndrom etc. The zoonotic risk of
Mycobacterium avium subsp. paratuberculosis (MAP) has been discussed for more than one hundred years. , The
problem remains open, further research is needed”, is the sentence which seems to be obligatory in the conclu-
sions of many scientific articles. A number of hypotheses have been suggested, all with a grain of truth in them.
The infection hypothesis has many supporters and opponents, but it does not fit to all Crohn’s disease cases. The
contribution of the genetic factor has been admitted a long time ago and has been experimentally confirmed by
recent excellent studies. An environmental factor is expected and has been often mentioned, but has yet to be
discovered. Muramyl dipeptide, derived from peptidoglycans of the bacterial cell wall is one of the triggers, men-
tioned in connection with chronic inflammatory diseases. The immunomodulatory ability of this compound has
been recognised for decades and is exploited in Freund’s adjuvant. A critical amount of muramyl dipeptide can
affect immunity during some bacterial infections but the long latent period between infection and onset of the
clinical form of the disease could explain why a causative relationship between the primary infection and chronic
inflammation is not considered. Different species of mycobacteria can be found in the environment, in water, dust,
soil and aerosol. Although severe infections with mycobacteria have been described, these species are not thought
to be typical zoonotic pathogens. Muramyl dipeptide derived from mycobacteria obviously plays a starring role
as a bacterial trigger in the aetiology of many autoimmune and autoinflammatory diseases. Paratuberculosis in
cattle and other ruminants is a source of enormous contamination of the environment but also of milk and meat
by MAP. Muramyl dipeptide from mycobacteria, namely MAP, and Crohn’s disease as a representative of diseases
often called civilization threats, are important pieces of the gigantic puzzle. Mycobacteria in the environment
and foodstuffs have to be acknowledged as a public health risk, which can never be completely eliminated. There
is no reason to push the panic button, but we must learn how to live together with this microorganism, how the
pool of immunomodulator sources can be diminished, and how the pathogenic relationship between triggers and
target tissues can be disrupted. The dissemination of knowledge, the availability of rapid and inexpensive tools
for identification of mycobacteria in different matrices, and the establishment of a maximal allowed limit for
mycobacteria in milk and meat should contribute to food safety and consumer protection.
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type 1 diabetes
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Chiodini et al. (2012):

“One is again reminded that transposable elements (Barbara McClintock; Nobel Laureate, 1983) and
the bacterial etiology of peptic ulcers (Barry Marshall; Nobel Laureate, 2005) were once controversial
and polarizing issues. It is time to resolve this controversial and polarizing issue and resolve the role,
if any, of M. paratuberculosis in Crohn’s disease. ....... Patients cannot afford to wait another 25 years.

1. The introduction and conclusions
together: The new paradigms

« Crohn’s disease develops not only after simple in-
fection with one zoonotic food pathogen but is the
result of many complex pathways mainly of immu-
nological nature with participating genetic factors.

+ On one side of this maze of partially known path-
ways lies a set of triggers or pathogens; on the
other side lies a set of inflammatory and autoim-
mune diseases.

+ Muramyl dipeptide is not the only but rather
the most important bacterial trigger or immu-
nomodulator.

o Mycobacterium avium subsp. paratuberculosis
(MAP) is the most important but not the only
source of bacterial triggers or bacterial mimics.

584

« Itis not possible to eliminate triggers and mimics
completely from the food chain, drinking water
and environment, but it is necessary to do what
is possible to protect consumers.

+ To realise the above requirement, it is necessary
firstly to accept that not only M. tuberculosis
complex members are dangerous pathogens, but
also other mycobacteria, alive or dead, according
to their number, species, growth conditions etc.,
can harm humans in different ways, according to
the individual’s age, genetic disposition, health or
welfare conditions, length of exposure etc.

+ Research should be directed at controlling paratu-
berculosis in ruminants, diminishing the number
of MAP in manure and at manipulating the path-
ways leading to clinical changes using effective
new therapeutic strategies in humans suffering



Veterinarni Medicina, 59, 2014 (12): 583-630

Review Article

from inflammatory and autoimmune diseases.
These approaches should complement efforts
aimed at decreasing the number of mycobacteria
in foods, water and the environment.

+ The health risk associated with peptidoglycans
and muramyl dipeptide can be diminished step
by step (see the subtitle 10). More so than funds,
a responsible approach of health and food safety
and consumer protection authorities to the exist-
ing data is needed.

« Associations of medical, veterinary and environ-
mental professionals, patient associations and
journalists have to play their role in knowledge
dissemination and in calling upon the relevant
authorities to issue the necessary regulations and
directives.

2. Civilization, new technologies and public
health

New biotechnologies are so strictly controlled that
any risk from their application is nearly impossible.
However, negative effects can result from the interac-
tion of different technologies between which mutual
relations were not expected. Consequences are often
insidious and their discovery can be difficult. They
can be affected by factors, originating in another
technology and under some circumstances may pose
arisk. Problems are sometimes beyond the expertise
and imagination of any single expert. To prevent the
mutual influence of different technologies it is often
necessary to disregard long-acknowledged princi-
ples and to accept a new principle, which may run
counter to what we had imagined. This chapter can
be considered as an imaginary story about friends,
having quite different professions — a molecular pa-
thologist, who might dream about the Nobel Price,
a dairy farmer, who does not like to spend a single
day away from his farm, a gastroenterologist, who
is fully engaged with his patients, a supplier of mu-
nicipal water, whose main problem is to have enough
water for treatment and distribution to the houses
of residents and a meat inspector, doing a good job
but enjoying every minute outside a slaughterhouse.
These fellows are sailing on the same deck. Although
their jobs greatly differ, now their common interest
is that a good wind blows through their sails. They
have known each other for a long time, but they are
not yet aware of the common aim which will char-
acterise their different professional careers as soon
as their holidays will be over. Similarly, to reach the

harbour their working efforts must come together in
order to eliminate, at least partially, the public health
risk posed by mycobacteria in food, water and air.
We hope they will read and understand this story.

New technologies are often strongly promoted.
However, any negative effect means a great and ur-
gent problem, mainly if a technology has a negative
impact on the environment or public health. Huge
investments can be lost, and new investments are
needed without a chance of financial profit. Risk, even
hypothetical, must be addressed. Sometimes it is dif-
ficult to discover the links between technologies and
to understand their significance and impact on human
health. The participants often have little willingness
to accept even quite evident associations due to fears
it will result in the loss of trust in a new technology
and loss of prestige of the inventor of the technology.

More and more people seek their livelihood in
cities and have to accept the advantages and disad-
vantages of their new environment and to change
their lifestyle accordingly. These people are under
the influence of new factors, which may be a threat
to their health. Foodstuffs, which they could for-
merly produce themselves, are now substituted by
low price products, transported sometimes from
the other side of the globe. Pesticides, used to en-
sure high production and low loss during transpor-
tation enter the food chain. Humans, animals and
plants are under the influence of industrial fumes.
City residents quickly adapt to flats with central
heating and a permanent supply of hot water and
have no idea how these advantages of civilization
can influence their health. Infants are breast-fed for
a shorter time as their mothers have to return to
their jobs. It is now so easy to substitute breast milk
with a formula, available in the nearest drugstore.

This is a routine scenario which has played out in-
numerable times over the last century. Any perfor-
mance has a list of scenes and settings where a story
is told and includes a description of props used.
Those, important in our story, are summarised un-
der the subtitle 7 “A theatre of war” and in Table 1
(Players on the scene posing a risk). We do not
know how many readers imagine the existence of
any association between the items in Table 1 and
Table 4 (What should be drawn in the map as the
different battle fields with mycobacteria) but if this
number were small it would not be surprising. We
expect the readers will be amazed by the principle
which unifies the listed subjects and how this prin-
ciple can impact the health of spectators, who are
direct participants in this performance.
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The underlying causes of disease have always
been a focus of interest. Advancements in tech-
nology and science brought forth such tools as
the microscope and the first insight into bacte-
ria as pathogens. Later, infectious diseases were
also associated with viruses, and non-infectious
diseases with metabolic disorders, defects in kid-
neys, liver or endocrine glands, allergens in the air
or foodstuffs, genetic disorders, physical factors
like ionizing or sun radiation, toxic elements and
compounds, and an insufficient supply of certain
elements, amino acids, vitamins, etc. Supernatural
forces are not thought at present to be an underly-
ing cause of disease, but some people still believe
in their ability to treat incurable diseases.

Some diseases with still unknown causation have
similar traits. They can be associated with previous
infectious disease, which could be characterised
by a massive replication of bacteria or viruses in
the host’s body. Such illnesses can be associated
with inflammation at different locations and of
different extents. Symptoms of such disease are
sometimes linked to a known genetic disorder and
often a protective effect of breastfeeding is report-
ed. Inflammation during these illnesses is associ-
ated with mutation of the NOD2 gene, linked with
the identification of muramyl dipeptide, derived
from peptidoglycan, a constituent of the bacterial
cell wall. Some patients are treated with the same
biological preparations, although the signs and
characters of their illnesses are rather different.
Nevertheless, they exhibit inflammation linked to
the activation of similar pathways; hence, biologi-
cal treatment which modulates immunity can be
successful.

Examples of these illnesses are presented in
Table 2. We would like to ask readers, if they sup-
pose any association between the Tables 1 and 2.
Most readers would probably be surprised that such
an association is frequently reported, although the
subjects listed in the tables are so different. They
are linked together by the star of this story, which is
formed by only 66 atoms. A tiny but potent immu-
nomodulator is called muramyl dipeptide and has
a molecular mass of only 492.5. Its structure and
its potent ability of interfering with immunity are
well known and sufficiently described (Figure 1).
This molecule forms a part of the cell wall of bac-
teria. Mycobacteria, namely Mycobacterium avium
subsp. paratuberculosis (MAP), play a role in con-
necting the subjects listed in Table 1 and some
chronic inflammatory diseases (Table 2).
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Figure 1. Muramyl dipeptide. Muramyl dipeptide is a
peptidoglycan constituent of both Gram positive and
Gram negative bacteria. It is composed of N-acetyl-
muramic acid linked by its lactic acid moiety to the
N-terminus of an L-alanine D-isoglutamine dipeptide
(http://en.wikipedia.org/wiki/Muramyl_dipeptide); Ino-
hara et al. (2003), Martinon et al. (2004)

3. Muramyl dipeptide and inflammatory
diseases

Muramyl dipeptide (MDP) is a potent immuno-
modulator. Its ability to increase the production of
antibodies in immunised animals is well known and
was first described in 1974. Complete Freund ad-
juvant, containing mycobacteria killed by boiling,
is widely used. Its stimulatory effect on antibody
formation is associated with muramyl dipeptide,
the smallest entity in peptidoglycans, derived from
mycobacteria. MDP increases the synthesis of tu-
mour necrosis factor and triggers the proinflamma-
tory cytokine cascade. The protein NOD2 is able
to recognise and bind MDP. Cells with a defective
NOD?2 gene cannot bind MDP to the necessary
extent. This increases the disposition to develop
Crohn’s disease at least in a proportion of patients.
Peptidoglycans in the cell wall of different bacteria
are associated with several inflammatory diseases
(Table 2). N-glycolyl MDP, derived from peptido-
glycan originating from mycobacteria is a more
effective immunomodulator than N-acetyl MDP,
derived from other bacteria (Coulombe et al. 2009).

MDP has a direct effect on inflammation, but it
also affects innate immunity in the perinatal period.
The sensitisation of T cells, epigenetic changes and
modulation of apoptosis are often mentioned as
effects of MDP. These pathways participate in the
pathogenesis of Crohn’s disease and some autoim-
mune diseases. When a human meets MDP for the
first time, the number of MDP molecules which
participate in this meeting, the origin of the MDP
and how long the meeting takes place seem to be
crucial factors. The subsequent meetings of the
host with MDP also play an important role, again
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with respect to its origin, amount, and duration
of action and if the target person has been already
sensitised by mycobacteria or MDP from other
sources. The most important sources of MAP and
other mycobacteria are foodstuffs and drinking and
surface waters. Mycobacteria can promote the for-
mation of lesions after a long time when a host is
stressed or as a result of a booster effect of MDP
of the same or different origin.

MAP in milk and mycobacteria from water are
unique sources of MDP, which can come into contact
with healthy new-borns already in the first days or
weeks of life. Measuring mycobacteria concentra-
tions in milk and water is not yet required by any di-
rective and the maximum acceptable concentration
is also not yet legally established. However, there is
no doubt about the possible impact of mycobacteria
on developing immunity with possible consequences
later in life. Nevertheless, “feeding” new-borns and
children with mycobacteria is completely tolerated.

4. Mycobacteria around us

Infectious diseases are usually characterised by
distinctive symptoms like fever, diarrhoea, pain or
acute inflammation. The pathogen usually repli-
cates in the patient. Antibodies are produced as a
defence of the host and after a few days or weeks
can be detected in blood. Food-borne pathogens
like salmonella or listeria are in an open war with
the host: they either gain superiority over defence
systems or are successfully eradicated by an effec-
tive immune system supported by pharmaceuticals.
If the pathogen is not resistant to antibiotics or
chemotherapeutics their application can inhibit
the replication of the pathogen and the winner is
known within a few days. A strong and healthy
person can overcome an attack of a small number
of salmonella or listeria cells and other pathogens
even without treatment. Nobody seems to be sur-
prised that the ratio of winners to losers in the
battle against typhus was different in the Middle
Ages, or if typhus outbreaks in Europe are very rare
but represent daily problems for example in Sudan.

Of course, every disease is under the influence of
many factors such as pathogen virulence and dose,
host age, body condition, health history, gender,
post-vaccination immunity etc. Hence, the inten-
sity of symptoms, duration and outcome of illness
may be different in each patient, although the dis-
ease has typical and pathognomonic symptoms.

Why do so many experts expect a uniform course
of Crohn’s disease in every exposed person? Are
the objections addressed to those who consider the
public health risk of MAP as possible and call for
measures to diminish it or to those, who are afraid
of their own fecklessness?

Non-tuberculous mycobacteria (potentially
pathogenic and/or environmental mycobacteria)
can be the cause of different forms of “mycobacte-
rioses” and can affect immunity and have a function
of allergen-like compounds. They are found in milk
and meat, in the air and in different waters, often
in high concentrations. When they are digested or
inhaled no apparent reaction appears immediately.
Mycobacteria can enter the gut in sufficient num-
bers together with food or water and can reach
the lungs together with air. Such exposure is often
chronic. The struggle is secret and inconspicuous
at the beginning, without any violent symptoms and
with a patience not usual in other pathogens. The
time interval between the crossing of the frontiers
by enemy troops and the symptoms of a battle can
be very long, e. g. many months or even years. Due
to this long period between the exposure and clini-
cal outcome of mycobacterioses it is often difficult
to recognise an association between mycobacteria
and the disease.

Also not fully recognised is the pathogenesis of
mycobacterial disease. An involvement of myco-
bacteria or some compound from their cell wall
is expected and partially described. The effect of
MDP is well known; it acts in a similar way as chem-
ical contaminants, pesticides or allergens. However,
inflammation can be triggered also by other com-
pounds from the mycobacterial cells or by com-
pounds which are synthesised by other cells under
the influence of mycobacteria, e.g. tumour necrosis
factor alpha, heat shock proteins etc. (Clancy et al.
2007; Dow 2008; Dow 2012). Therefore, mycobac-
teria need not be alive, undamaged or capable of
replication. The participation of dead cells in the
struggle is a fascinating privilege of mycobacteria.
The total number of mycobacteria entering the host
organism by different routes is important for trig-
gering the respective inflammatory process.

The “Army of Mycobacteria” currently consists of
more than 160 species or subspecies. Some char-
acteristics are common to all of them, while some
are specific and surprising. Some mycobacteria can
sometimes change according to the environment
(Bull et al. 2013; Rosu et al. 2013), others can alter
their cell wall and/or can form cell wall-deficient
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forms or spheroroplasts by losing the cell wall, or
can form resistant cells similar to spores (Hines
and Styer 2003; Beran et al. 2006).

Mycobacteria in water and soil can be ingested
by amoebae and in the form of amoebal cysts they
have the perfect defence against adverse conditions.
In a similar way mycobacteria can utilise for their
benefit the environment in human macrophages
(Stabel and Stabel 1995; Alzuherri et al. 1996).
Some mycobacterial species are more resistant
to higher temperature than other bacteria so they
have a higher possibility of surviving pasteurisa-
tion. Even if apparently dead, they can sometimes
resuscitate and begin growth again after months or
even years of recovering. Mycobacteria are more
resistant to chlorine than other microorganisms,
so their survival in chlorinated water is evident and
was repeatedly confirmed in water supply systems.
Water chlorination is paradoxically an advantage
for mycobacteria, because they need not compete
for nutrients with other organisms not surviving
chlorination, especially in biofilms. Mycobacteria
can be aerosolised from contaminated surface
water and inshore water, from water in swimming
pools and from communal water and can enter host
organisms not only by ingestion but also by inhala-
tion of aerosols or across scratched skin.

Some capabilities of mycobacteria are supported
by the genetic disposition of the host. A well-known
example is mutation of the NOD2 gene, which
increases the probability of developing Crohn’s
disease. In a comprehensive study a total of 163 in-
flammatory bowel disease loci that meet genome-
wide significance thresholds have been identified.
Many of these are implicated in immune-mediated
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disorders, like psoriasis, ankylosing spondylitis
and mycobacterial infections. From this study it
is obvious that pathways are shared between host
responses to mycobacteria and predisposition to
Crohn’s disease (Jostins et al. 2012). However, it is
not easy to understand Crohn’s disease: more than
44 thousand scientific papers are indexed in the
Web of Science® database, 3000 papers annually
during the recent years (Figure 2).

Causal agents of human and bovine tuberculosis
(M. tuberculosis, M. africanum, M. canettii, M. bo-
vis, and M. caprae) and M. leprae and M. ulcerans
are recognised as dangerous pathogens. The risk
of other mycobacteria for human health is often
underestimated due to insufficient knowledge or
because of difficulties in determining causal links.
Traditional techniques, e. g. culture, can be used
only in special labs and results are not fully reliable.

M. leprae is the causal agent of leprosy and is a
representative of another extraordinary attribute of
mycobacteria. This species is unculturable in vitro
in the laboratory, but can successfully grow in the
footpads of mice or in the liver of the nine-banded
armadillo. Leprosy is a good example of how long
some diseases must wait for a small step towards
the discovery of their mystery. Leprosy has affected
humanity for over 4000 years. The agent was dis-
covered and named in 1873 as the first species of
the genus Mycobacterium. The misery from leprosy
was apparent and decision makers were scared out
of their wits looking at the poor sufferers. Although
the pathogenesis was not understood and suitable
treatment of leprosy was not available, the applica-
tion of a precautionary principle, e.g. opening the
leprosaria was a good decision.

1945 1950 1955 1960 1965 1970
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Figure 2. Publications on Crohn’s disease retrieved from the database Web of Science (1945-2012)
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Crohn’s patients suffer discretely at home, close
to the toilet, and they do not frighten those who
almost do not believe that so cruel a disease exists.
Hopefully, it will not be necessary to wait much
longer before the association of paratuberculosis
with Crohn’s disease is acknowledged and legal
measures for health risk elimination applied.

MAP is shed by diseased ruminants, mainly cows
and sheep, in enormous amounts in milk and with
faeces to the environment and surface waters.
This mycobacterium enters the food chain and it
is certain that MAP is an important, but not the
only source of MDP. MAP and other mycobacteria
have also been found in water and in fish, con-
taminated from water or water plants. Pork can
also be contaminated by mycobacteria if pigs are
kept on sawdust or peat bedding, fed by peat or
compost, or drink contaminated water. The risk
of mycobacterioses in pigs increases with the use
of water, medicated with vitamins or mineral ele-
ments. The organic agriculture represents a high
risk for the exposure of pigs to potentially patho-
genic mycobacteria. The disease is economically
important because often heads and livers have to be
confiscated. The carcases are usually conditionally
approved for consumption as thermally processed
products but with massive contamination of boiled
mycobacteria. Meat products can be contaminated
also from water or casings from ruminants suffer-
ing from paratuberculosis.

Mycobacteria are present in soil and surface wa-
ters, in protozoa, earthworms, and insects or on
their surface. Mycobacteria can enter from soil into
vegetables or can contaminate the surface. Hence,
strawberries and other fruits, lettuce or parsley can
be contaminated. Mycobacteria were found in high
concentrations in sediments of drinking water for
animals, in water reservoirs and in water plumbing.
Higher concentrations are usually found in plumb-
ing for hot water or in pipes installed superficially
on walls exposed to direct sunlight. Aquaria rep-
resent an enormous risk of water contamination
with mycobacteria. Skin infections in aquarists and
other people handling infected fish, fish for human
and animal consumption, as well as infections of
injured skin of gardeners are often misdiagnosed
and skin mycobacteriosis is not properly treated.
Gloves should be used for cleaning aquaria and the
detritus should not be used for fertilising vegeta-
bles. It is very likely that mycobacteria can be found
in hydroponic solutions used for the industrial pro-
duction of vegetables. Mycobacteria can also be

found in fertilisers based on dried manure. Pelleted
faeces for fertilising are available in supermarkets.

4.1. Basic knowledge, important
for assessment of mycobacteria
as a public health risk:

» Mycobacteria are in milk, dairy products, and in
meat and meat products, vegetables and water)
in concentrations which warrant attention

+ MDP derived from mycobacterial peptidoglycans
has enormous immunomodulatory effects

+ MDP affects immunological pathways not only
after parenteral application but also after inges-
tion or inhalation

+ MDP derived from bacteria and synthetic MDP
have the same immunomodulatory effect

o MDP derived from live, dead or partially devi-
talised mycobacteria by pasteurisation, boiling,
canning or cooking can trigger the inflammatory
pathways similarly

+» Food and water contamination by mycobacteria
are not yet under legal control

« Similarly, paratuberculosis in cattle and rumi-
nants is not yet a generally notifiable disease and
is disseminated without any legal control within
herds in the same country and across national
borders

o MDP can affect the maturation of immunity in
the first days and weeks of life with consequences
which only appear later in life

« Infants can be affected by MDP owing to the great
number of MAP in baby formula milk and water
used for preparing formula milk

+ Incidence of Crohn’s disease and dissemination
of this disease in different parts of the world is
increasing in parallel with dissemination of para-
tuberculosis in animals; similar trends were ob-
served .in some other diseases

+ MDP participation in other diseases such as mul-
tiple sclerosis, asthma, psoriasis, rheumatoid ar-
thritis, sarcoidosis, Blau syndrome, and others
should be considered based on many indirect but
persuasive findings
The above-mentioned information has been

regularly published, but as yet it is not generally

considered as sufficient to justify the adoption
of directives to limit the impact of mycobacteria
on human health. The war continues. We should
understand that if the attack has already begun,
the defender cannot wait until its intelligence ser-
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vice will have in its hands a detailed description
of weapon systems, until spies infiltrate the gen-
eral staff of the enemy, or until civilians agree in
a referendum to send an army into the battlefield.
We have to apply immediately all the knowledge
we already have and we cannot constantly wait for
data to be confirmed over and over again. The re-
sponsible bodies cannot be under the illusion that
all data regarding the unquestionable risk will be
tomorrow also unquestionably declared as invalid.
The problem will not disappear; it will just become
more difficult to treat it. We have given paratu-
berculosis a head start of 100 years (Salem et al.
2013a). Our strategy must be changed; we have to
close the gap. At the very least.

5. Water, the main but not exclusive habitat
of mycobacteria

Mycobacteria are present in most natural wa-
ters and piped water supplies. The main features
of mycobacteria as a public health risk have been
characterised by Collins et al. already in 1984 as
evident from the sub-headings of their published
review (Collins et al. 1984):

+ Resistance of mycobacteria to chlorination

+ Access, persistence and colonization in piped
supplies

« Is water the natural habitat of free-living myco-
bacteria?

» Water as a vector for mycobacterial infections

« Immune response to environmental mycobacteria

» Mycobacteria as indicators of pollution

Most of the bacteria in drinking water distribu-
tion systems are associated with biofilms and can
survive in water for a long time (Kazda et al. 2009).
Water, regardless of origin and quality, can be con-
taminated by mycobacteria and, under specific con-
ditions, can jeopardise the users (Falkinham 2009a;
Falkinham 2009b; Whiley et al. 2012). Water is a
habitat and vector for the transmission of different
species of mycobacteria, associated with human
mycobacterial infections and immune modulation.
Examples can be found in spas and hot tubs, in-
door swimming pools, footbaths etc. Mycobacteria
were found in saltwater as well as in fresh under-
ground water, in distillate and deionised water, in
bottled drinking and mineral water, in dental unit
waterlines and hospital water distribution systems.
The classification of most mycobacteria as non-
pathogenic and problems with their detection and
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identification make public health authorities toler-
ant to ubiquitous bacteria ready to enter a host and
able to wait indefinitely for suitable conditions both
in the environment and inside a body.

Published data showed that MAP remained cul-
turable in lake water microcosms for 632 days and
persisted for up to 841 days. Mycobacteria legally
share the environment with new-born babies, chil-
dren, genetically disposed or immunocompromised
people, patients after organ transplantation or with
HIV/AIDS-positive persons. Nobody is responsible,
as no limits of contamination are declared and no
control is legally required. The persons under the
highest risk of mycobacterioses and immunomodu-
latory disorders are not protected against high con-
centrations of MAP and other mycobacteria in food
and water by public health inspections. Moreover,
they are not sufficiently informed how to protect
themselves. They do not know why they should be
careful while cleaning their aquaria or while potting
their flowers. Parents are not aware of the risk of in-
fant swimming, and do not know if the showerhead
in their bathroom is populated by mycobacteria or if
drinking water used for cooking is not heavily con-
taminated. Although the association of MAP with
Crohn’s disease is our primary interest, we shall also
describe a few case reports, well documented and
published, to help explain the harmfulness of other
mycobacteria, their power to cause harm to different
target tissues and the diversity of symptoms of my-
cobacterial diseases. These will illustrate the hazards
of underestimating this genus.

« Pickup et al. (2005) reported that M. avium
subsp. paratuberculosis can be present in high con-
centrations in the river water in the catchment area
of pastures. Data presented in this paper bring evi-
dence of a higher incidence of Crohn’s disease in
districts bordering rivers. In South Wales, United
Kingdom, a populated coastal region lies beneath
hill pastures grazed by livestock in which MAP is en-
demic. The Taff is a spate river running off the hills
and through the principal city of Cardiff. Previous
epidemiological research in Cardiff demonstrated
a highly significant increase in Crohn’s disease in
eleven districts. These bordered the river except
for a gap on the windward side. A topographical
relief map shows that this gap is directly opposite a
valley open to the prevailing south-westerly winds.
This would influence the distribution of aerosols
carrying M. avium subsp. paratuberculosis from
the river. How can river water be associated with
Crohn’s disease if the distance between pastures and
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the city is 40 to 100 km and swimming in the river is
not popular in the city? The answer to this question
was given by determination of MAP DNA in 32% of
samples of river water taken twice weekly for one year.
Twelve samples were positive for MAP culture. How
MAP, due to its high hydrophobicity, can be enriched
in ejected droplets and transferred from water to air
was described already in 1970 (Blanchard and Syzdek
1970). The spread of mycobacteria in this manner is
one of their remarkable — and troublesome — proper-
ties, and something that can be observed in a simple
experiment. Simply invert a Petri dish containing
agar medium 10 cm above the surface of water con-
taminated with M. avium, and leave it there for 60
min. Droplets containing more than 10 000 times the
concentration of bacteria in the water will contact the
Petri dish and grow there. The mechanism by which
M. avium becomes so concentrated in these ejected
droplets is actually quite simple: Tiny air bubbles
rise to the surface and collect the hydrophobic my-
cobacterial cells like an elevator collecting passengers.
Hydrophobic bacteria prefer the air-water interface,
so they tend to be in contact with bubbles rising up.
Microscopic bubbles containing these hydrophobic
cells are ejected by means of surface tension when
they reach the surface. Mycobacteria can even be
suspended in air since they survive desiccation and
lend themselves to being absorbed on microparticles
of dust.

» Exposure to waters whose catchments include
heavily grazed pastures was associated with conspicu-
ous clusters of Crohn’s disease as is evident from other
reports. The first of these involved a rural community
of about 2000 people in England, in which 12 people
developed Crohn’s disease between 1960 and 1983.
The village, which had its own water supply from
local springs, lay in a hollow surrounded by upland
pastures grazed by cattle in which clinical paratuber-
culosis was evident (Allan et al. 1986).

« A further suspicious cluster of seven cases of
Crohn’s disease amongst 285 graduates of the Mankato
West High School class of 1980 was reported by Van
Kruiningen and Freda (2001). All seven students had
been swimming in local ponds and lakes.

+ Not only river water but obviously also com-
munal potable water poses a risk. Two case control
epidemiological studies carried out independently
in the United Kingdom each unexpectedly identi-
fied the availability of fixed hot water supplies in
the early childhood home as a significant risk factor
for the subsequent development of Crohn’s disease
(Gent et al. 1994; Duggan et al. 1998).

« An urban cluster of Crohn’s disease possibly
linked to fully treated drinking water has been de-
scribed by Pierce. Her report describes three unre-
lated individuals who lived on the same block along a
street in a Midwestern American city and developed
Crohn’s disease within four years (Pierce 2009).

« A familial cluster of cutaneous M. avium infec-
tion was reported by Sugita et al. (2000). A 45-year-
old father, his 14-year-old son and 11-year-old
daughter, among five persons in a family, presented
with a 2-month history of inflammatory subcuta-
neous nodules and ulcerations. They all used a
circulating, constantly heated bath water system.
The bath water was continuously heated to about
40 °C, and M. avium was isolated from the filter
of the bath tub heating unit. It is considered that
this unusual familial cluster of cutaneous M. avium
infection in healthy persons may have resulted from
the use of contaminated bath water.

Data on potentially pathogenic mycobacteria of dif-
ferent species found in different habitats like surface,
industrial and drinking water, metalworking fluids,
soil, dust and air have been published in hundreds
of papers. They have been presented together with
descriptions of the clinical significance and mani-
festations of infection in humans and possibilities of
prevention in the book “The Ecology of Mycobacteria:
Impact on Animal’s and Human’s Health” (Kazda et al.
2009). The most frequently studied species are M. ab-
scessus, M. avium, M. fortuitum, M. chelonae, M. kan-
sasii, M. intracellulare, M. malmoense, M. Marinum,
and M. xenopi. Mycobacterioses are typical granu-
lomatous inflammations, and manifest as chronic
hypersensitivity pneumonitis, granulomatous lung
disease, hot tub lung, lifeguard lung, machine opera-
tor’s lung, cervical lymphadenopathy or lymphadeni-
tis, skin infections (originally called swimming pool
granuloma, later changed due to the most common
source of infection to fish-tank granuloma), finger
arthritis, stomatitis etc.

Some of these diseases are associated with profes-
sional or hobby activities, some with genetic factors,
or with other diseases in the same patient or other
conditions affecting health, like chlorine or bacterial
endotoxins in air or free-living amoebae in drink-
ing water. Some mycobacteria, such as M. kansasii,
can colonise cold water distribution systems whilst
M. xenopi and M. avium are more commonly associ-
ated with hot water systems and M. marinum with
water in swimming pools or aquaria.

Mycobacteria are well equipped to trigger inflam-
mation alone, but obviously they can cause health
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problems together with other external factors or
circumstances. Severe cervical lymphadenopathy in
children is associated with tonsillectomy, teeth ex-
change or extraction. Catheters and bronchoscopes
have been implicated as sources of mycobacterial
infections. Mycobacteria from catheter-related in-
fections are often resistant to antibiotics and their
source is usually unknown. The disinfection solu-
tion used to sterilise the skin surface before the
catheter emplacement can be sometimes respon-
sible for infection. The removal of biofilms from
instruments is difficult and the concentration of
some disinfectants must be increased 100-fold over
concentrations recommended for devitalisation of
normal Staphylococcus aureus because mycobac-
teria are at least 100 times more resistant to disin-
fectants like chlorine, chloramine, chlorine dioxide
and ozone (Taylor et al. 2000).

It can be concluded that mycobacteria, owing to
their ubiquitous presence, are always ready to use
their chance.

6. The cow — an efficient bioreactor
for production of both milk
and mycobacteria

Cattle breeding has changed in industrial coun-
tries during the recent decades. Traditionally, cows
were mainly kept on pastures with a relatively low
milk production of 1500 to 4000 litres from one cow
between two successive calvings, usually a period
of 12 to 14 months. A contemporary yield can be
15 000 to 25 000 litres in the same period. Pasture
and the free movement of dairy cows in the fresh
air is now an outdated practice. Buildings resemble
more closely modern sophisticated factories then
traditional farms. The transmission of mycobac-
teria from a heavily contaminated room shared by
hundreds of animals is easier than transmission on
a pasture or between eight to thirty cows, which
was a usual number of cattle heads in a traditional
farm only 20 or 30 years ago.

Animals are now expensive bioreactors, installed
in industrial units with several hundred to twenty
thousand cattle heads. Computerised feeding and
milking systems ensure a high working produc-
tivity and efficient care for animals. Complicated
technology and sophisticated logistics are needed
because one thousand cows need about 80 000 kg
of forage and 40 000 liters to 100 000 liters of drink-
ing water and produce 20 000 to 25 000 liters of
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milk and 60 000 kg of manure in one day. Two to
ten calves are born and one to two cows are culled
every day. No interruption of the process is pos-
sible, feeding and milking cannot be stopped. In a
car factory the production lines can be switched off
during whole factory vacations. In a nuclear power
plant the reactor can be stopped and its production
interrupted for several weeks. This is not possible
in a factory for milk production equipped with one
thousand live machines as bioreactors, producing
700 to 1000 g of pure fat, 700 to 900 g of pure pro-
tein and 1000 to 1300 g of sugar a day (Table 3).
Unfortunately, some of these bioreactors also shed
250 million MAP cells in milk and 350 billion MAP
cells in faeces daily. Hence, the dissemination of
MAP infection is easy in this high density popula-
tion inside such a closed space.

Cattle, sheep, goats and other ruminants suffer
from paratuberculosis, or Johne’s disease, a chronic
bowel inflammation caused by MAP and known in
England already by the end of the 19th century. The
modern technology of dairy cattle breeding, local
and international trade with animals and the enor-
mous load of metabolic requirements is favourable
for the dissemination of paratuberculosis within
and between herds. The disease was considered to
be mild, similar to diarrhoea, and something akin
to dietary failure. In fact, until now it is not notifi-
able, so exact data of prevalence are not available.
Nevertheless, it is estimated that 50% to 90% of
herds have one or several cows shedding MAP. The
disease is not aggressive, but one ill cow reliably
transmits paratuberculosis to several other animals
over the course of one or two years. Most calves
born and left in such an environment catch the dis-
ease. The latent period without any signs of disease
can last for many months or even years, often until
a cow is stressed or challenged in some way and
clinical signs are expressed. In the meantime bil-
lions of shed MAP cells have found their hosts and
in luxurious “all-inclusive” conditions wait for the
suitable time for the eruption of their replication.

MARP has been doing the job in secret for years.
No specific antibodies can be detected with a suf-
ficient sensitivity in the blood of host animals, no
lameness, no cough, no sternutation and no specific
skin reaction such as the tuberculination skin testing
for bovine tuberculosis. MAP is not like most enteric
pathogens, which can be cultured within hours or
days and basically typed directly on selective media.
Samples for MAP culture must be decontaminated
prior to culture examination to avoid the growth of
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other bacteria and moulds and culture media must
be incubated for three to four months before colo-
nies of mycobacteria are visible by the naked eye and
can be identified and typed by different methods.
The procedure of decontamination sometimes kills
also a major part of the mycobacteria in the sample,
so false negative results are common.

The detection of specific DNA sequences repre-
sents a new possibility for MAP detection. Results
can be obtained in a few days or hours and the
method is very sensitive. Unfortunately, MAP
shedding is not regular during the course of the
disease prior to clinical signs. As a result, MAP
is permanently in the advantage and the battle is
very uneven. There is no tiebreak and MAP can
wait. Those who are at a disadvantage are farmers,
producers and consumers.

7. A theatre of war

The battle between mycobacteria and hosts does
not proceed according to a clear war strategy, of-
fensive on the side of mycobacteria and defensive on
the side of the attacked hosts. The war is global and
permanent, just with different intensities or some-
times under an apparent ceasefire. Crohn’s disease is
one of the battlefields, which should not be extended.
Beating it should have high priority. However other
diseases, also associated with inflammatory path-
ways affected by MDDP, are also the focus of inter-
est. There are countless settings, utensils, vehicles,
situations, traditional behaviours, new technolo-
gies, trade customs, food habits, social events and
positions and enemy agents operating behind en-
emy lines, participating in these encounters mostly
without an awareness of the subjects, participating
in this war. The most important settings are listed
in Table 4, some of them with details, which should
not be neglected. Perhaps it will contribute to the
development of new ideas on how to gain control
over the battle field and to decrease the number of
victims, not only those of Crohn’s disease. Some wars
in history lasted dozens of years and even holding
one small hill or town can be a great success. The
war with mycobacteria will be endless. Keeping them
under control to stop their expansion would be a
great success, similar to building an impassable line
between troops in war. The enemy, which cannot be
destroyed, must be discovered, its positions inves-
tigated and drawn on the map. As evident, you can
meet MDP derived from MAP or other species of

mycobacteria from different sources in many quite
unexpected places. Are you surprised that seven mil-
lion mycobacterial cells can be found in one gram
of house dust (Torvinen et al. 2010) or 10 million
per one gram of pork lymph node (Tirkkonen et
al. 2013)? Do you envy the blower operator his job
in the fresh air or do you enjoy using an air blower
to clean your garden or backyard? Are you happy
if the pavement under your windows is cleaned by
an air blower? Is it cleaning at all? Did you expect
contamination of bottled mineral water with myco-
bacteria? Thousands of scientific papers and recently
one book of 520 pages have addressed questions on
the ecology of mycobacteria and their impact on ani-
mal and human health (Kazda et al. 2009). However,
the incomparable properties of mycobacteria require
more attention from microbiologists, ecologists, bi-
omedical scientists, clinicians, gastroenterologists,
immunologists, surgeons, dentists, veterinarians,
public health and food inspectors, farmers, techni-
cians in water industry and many others. If scientific
papers are not read and the conclusions are not taken
note of, it will be necessary to sound the alarm and
both the authorities responsible for public health
and consumer protection and consumers and the
patients themselves have to be mobilised.

8. Two similar stories
8.1. First, Iceland, 80 years ago

Iceland was a relatively isolated territory in the
first half of the 20" century. Prior to 1930 MAP
infection and ruminant paratuberculosis in Iceland
were virtually unknown (Pedley et al. 2004; Hruska
2012). Then in 1933, twenty Karakul sheep were im-
ported from Germany and, after quarantine, were
distributed to 14 farms (Fridriksdottir et al. 2000).
Although apparently healthy, some of the Karakul
sheep were subclinically infected with MAP. They
transmitted MAP to the Icelandic sheep popula-
tion though they never developed disease them-
selves. By 1938 clinical paratuberculosis appeared
in Icelandic sheep on five of the original farms.
By about 1945, clinical paratuberculosis was in the
cattle on the same farms, although infection in the
cattle was difficult to diagnose as the organisms
would not grow in culture; a characteristic of sheep
MAP strains. The microorganism from these cattle
was later confirmed as the sheep strain of MAP by
molecular methods (Whittington et al. 2001).
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Slowly the M AP infection spread so that by the late
1950s the disease was epidemic with about 30% of
sheep farms affected and with huge annual losses.
The mean incidence of Crohn’s disease (number of
cases/10° per year) in the human population was 0.4
from 1950 to 1959, 0.45 from 1960 to 1969, 0.9 from
1970 to 1979, 3.1 from 1980 to 1989 and 5.6 from
1990 to 1994. Young people were particularly affect-
ed (Bjornsson 1989; Bjornsson et al. 1998; Bjornsson
and Johannsson 2000). Can anybody believe that
links between MAP and Crohn’s disease do not exist?

8.2. Second, Czech Republic, 60 years later

Prior to 1990 MAP infection and animal paratuber-
culosis in Czechoslovakia were virtually unknown.
Czechoslovakia, a small country in central Europe,
had been isolated for political and economic reasons
until 1990 as a satellite of the Soviet Union. The coun-
try was free from paratuberculosis like Iceland was be-
fore WW2. Foodstuffs were imported from Western
Europe in very limited cases. Valuable breeding bulls
and rams were imported rarely. Paratuberculosis
in cattle was known only in a few cattle and sheep
herds. The Iron Curtain was destroyed in 1989 after
the “Velvet Revolution” and frontiers were opened
for the import of foodstuffs and live animals. At least
thirty thousand heifers and other ruminants includ-
ing farmed red deer were imported with government
and EC subsidies especially from Germany, France,
Denmark and the Netherlands.

Paratuberculosis was not a reason for banning
import, because it was not on the list of important
and notifiable animal diseases in the countries of
origin. Diagnostic methods were not sufficiently
reliable in preclinical stages of the disease and clas-
sical quarantine at that time for 42 days was called
off very often without any consequences. The now
improved intravital methods are not absolutely reli-
able and cannot protect against a MAP infection
with an incubation time of months or even years.
After two decades paratuberculosis has appeared
progressively not only in imported animals, but
also in other autochthonous animals in the herd.
Paratuberculosis in cattle is not yet a notifiable
disease in many countries and it is not reported
in slaughtered animals. Nevertheless, without any
doubt, the incidence of paratuberculosis in the
Czech Republic has increased enormously since
that time and during the last 20 years MAP infec-
tion was diagnosed in most districts.
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Baby food produced in the former Czechoslovakia
(split into the Czech Republic and Slovakia in 1993)
was, until the early nineties, produced only from
milk originating from local breeding cattle herds
from the districts free of MAP infection. The
domestic brand has been substituted with many
products, imported from Western Europe. In 2005,
51 products of formula milk produced by 10 pro-
ducers in seven countries were tested. We found
that 49% of samples were contaminated with MAP
DNA (Hruska et al. 2005; Hruska et al. 2011).

The environmental factor is expected to be a trig-
ger of Crohn’s disease and some autoimmune diseas-
es (Rosenstiel 2013). Nationwide statistics of human
diseases are very reliable in the Czech Republic. The
increase in Crohn’s disease between 1995 and 2012
is more than 13-fold in all age categories and more
than 12-fold in people of 65 and above (Figure 3A).
Similarly the increase of type 1 diabetes (T1D) be-
tween 1995 and 2012 is 2.6-fold in children under
15 (Figure 3B). MAP is the single most evident novel
food and environmental factor to have emerged in
the Czech Republic in the mid-1990s. Can anybody
be in doubt that links between MAP and Crohn’s
disease and between MAP and T1D do exist?

9. Speculation about Crohn’s disease
aetiology: From many single hypotheses
to one “superhypothesis”

Mycobacteria were first suspected to be associ-
ated with Crohn’s disease more than 100 years ago,
when T. K. Dalziel, a surgeon from the Western
Infirmary, Glasgow, published his paper on chronic
interstitial enteritis in The British Medical Journal
in 1913 (Dalziel 1913). He made a possible diag-
nosis of tuberculosis, but also noted the uniform
character of the infection. The lymph nodes were
enlarged but not caseous, and bowel consistence
and smoothness resembled “an eel in a state of rigor
mortis”. Further, Dalziel cited an earlier description
of a chronic bacterial enteritis in cattle, observed
already in 1895 (Henny and Frothingham, cited by
Dalziel 1913). Six cases of Johne’s disease (para-
tuberculosis) described by McFadyen in cattle in
England in 1911 and by Dalziel in humans in 1913
were so similar with regard to their histological
profiles as to justify the proposition that the diseas-
es may be one and the same. McFadyen described
“an acid-fast bacillus, similar to but demonstra-
bly not the tubercle bacillus, differing in size and
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Figure 3A. Crohn’s disease in the Czech Republic (Institute of the Health Information and Statistics of the Czech
Republic, Prague; World Organization for Animal Health, Reference Laboratory for Paratuberculosis, Veterinary
Research Institute, Brno). Index calculated from the number of patients under medical care

Total number of patients in 2012: 18 749

Figure 3B. Type 1 diabetes in the Czech Republic (Institute of the Health Information and Statistics of the Czech
Republic, Prague; World Organization for Animal Health, Reference Laboratory for Paratuberculosis, Veterinary
Research Institute, Brno). Index calculated from the number of patients under medical care

Total number of patients in 2012: 56 514

also not giving rise to tuberculosis in guinea-pigs”
(cited by Dalziel 1913). This first hypothesis has
run since that time like a thread through the history
of Crohn’s disease for more than a hundred years.

Countless hypotheses regarding the aetiology of
Crohn’s disease have been suggested, defended,
approved, respected, declared as uncertain and
disproved and still believed and cited (Table 5).
Infection by different bacteria is mentioned

most frequently. Mycobacteria and specifically
Mycobacterium avium subsp. paratuberculosis
(MAP), suggested as an aetiological factor already
by McFadyen, are regarded as prominent candi-
dates for participation in the aetiology or patho-
genesis of Crohn’s disease. Infection by listeria or
by viruses in anamnesis, namely measles, adher-
ent invasive Escherichia coli, or imbalances in the
intestinal microbiome are also suspected causes.
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There are several good reasons to consider my-
cobacteria as the most important but not only ae-
tiological factors in the development of Crohn’s
disease. Dead mycobacteria as a component of
Freund's adjuvant are widely used as immunomod-
ulators. The mechanism is known and experimen-
tally confirmed. The muramyl dipeptide (MDP)
derived from peptidoglycans, a component of the
bacterial cell wall, is responsible for stimulation of
antibody production in immunised animals. The
interaction of MDP with the NOD2 protein in in-
flammatory pathways, resulting in gut inflamma-
tion, has been described in the magazine Science
in 2005 (Kobayashi et al. 2005; Maeda et al. 2005).
MDP can be derived from different bacterial spe-
cies and it is very likely that the host will be af-
fected if the dose of cells is sufficient and the host
is vulnerable due to genetic disposition, age, stress
or parallel infection. Early childhood is a period of
life when mammals are sensitive to modulators of
innate immunity and epigenetic changes (Zoldos
et al. 2013). A new-born baby is surrounded with
microflora from the first seconds of life and the
innate immunological mechanisms adapt to this
situation.

Mycobacteria, so strange and different from oth-
er bacteria, have high chances to be recognised
and kept in the immunological memory. Changes
induced by “peaceful” microbes or by pathogens
during new-born infections or after vaccination
make the individual ready to use defence mecha-
nisms when necessary many years later and some-
times over the whole course of an individual’s life.
Synthetic MDP showed a priming effect in mice
not only when administered parentally but also via
the oral route (Takada et al. 2002). Hence, the par-
ticipation of baby formula containing MAP from
milk or other mycobacteria from water is likely a
key step in the increased risk of later contraction
of Crohn’s disease or other diseases triggered by
similar pathways.

Breast feeding is often mentioned as an important
protection factor in prevention against Crohn’s dis-
ease, type 1 diabetes, asthma and other diseases of
a similar pathogenesis. Formula feeding is a popular
alternative to breast feeding, beneficial and lifesav-
ing if breast feeding is not possible, but available
also for the comfort of less responsible mothers. It
should be noted that no legal measures are applied
to control the MAP contamination of milk used for
baby food products. As many as 10 000 MAP cells
per gram of powdered infant milk represent eight
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million cells in an 800 g package. Over the course
of eight to ten days eight million MAP cells are
consumed by a baby, followed by an additional eight
million if the next package is of the same batch, and
even more, if tap water also contains mycobacteria.

Such a hypothesis is supported by observations of
the lower incidence of Crohn’s disease in Canadian
Indians, Maoris in New Zealand, Arab residents in
Israel, the Gypsy population in Hungary or resi-
dents with a lower social status in many countries.
There is one common attribute for these ethnic or
social groups: breastfeeding is practised and new-
borns are less frequently fed by formula. A global
market made baby food easily accessible even in
many developing countries, where Crohn’s disease
was nearly unknown twenty years ago and paratu-
berculosis in cattle did not exist.

The environmental factor in many hypotheses
had been elusive and nobody was aware of the easy
dissemination of mycobacteria as an environmental
factor in milk as a result of the global boom in for-
mula feeding. It is easy to understand that families
of babies fed by formula have refrigerators, parents
consider infant swimming as popular and their ba-
bies enjoy bathing or showering in hot tap water
from a communal pipeline. Burger consumption
by children is a common practice in western ur-
ban populations. Similarly, observations of higher
incidences of Crohn’s disease have been published
in social groups with higher living standards. The
smoking hypothesis, the hygiene and cold chain
hypotheses, the differences between immigrants
and long-term residents or between immigrants
and indigenous citizens are shown to be plausible in
the light of MAP and other mycobacteria as sources
of the most important triggers for Crohn’s disease
and very likely also for some other human chronic
inflammatory diseases. The environmental factor,
missing but expected in many hypotheses, can be
introduced as MDP. We dare to call this a “superhy-
pothesis” and it fits to most published hypotheses.
Nobody should be disappointed, previously sug-
gested and passionately defended hypotheses are
rational from different points of view.

9.1. The superhypothesis is based
on the following facts

+ Muramyl dipeptide (MDP) is the minimal activat-
ing structure produced by degradation of bacte-
rial peptidoglycans
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+ MDP is a molecule associated with the patho-
genesis of inflammatory diseases, the aetiology
of which need not be unique

+ MDP triggers pro-inflammatory cytokines

+ MDP is able to modify immunity, namely early
after birth

+ Nucleotide-binding oligomerisation domain-
containing protein 2 (NOD2), encoded by the
NOD?2 gene, plays an important role in the im-
mune system. It recognises bacterial molecules
(peptidoglycans, their degradation products and
MDP) and stimulates an immune reaction. NOD2
is the most important gene among many others,
involved in MDP detection

» Mycobacteria are important sources of MDP

o M. avium subsp. paratuberculosis (MAP) is the
most important, but not exclusive source of MDP

+ MAP is also a source of heat shock protein 65,
a bacterial mimic probably participating in the
aetiology of autoimmune disease type 1 diabetes
mellitus (Naser et al. 2013)

+ MAP is produced by cattle suffering from paratu-
berculosis, also called Johne’s disease (PTB-JD)

+ Enormous numbers of MAP are shed in faeces
and contaminate the environment, milk, dairy
products and meat

+ PTB-JD is also a serious global financial problem
in dairy cattle herds; Crohn’s disease (CD) is a
chronic inflammatory disease associated with
MDPD, at least as one of the triggers

+ CD is difficult to cure and its treatment is very
expensive; for most sufferers (600 000 in the USA
and about two millions in European Union) the
disease is only partially curable. CD incidence is
increasing with similar dynamics like paratuber-
culosis in ruminants

+ MDP may be associated with other non-specific
inflammatory diseases: type 1 diabetes, multiple
sclerosis, asthma, lupus erythematosus, degen-
erative arthritis, Blau syndrome, sarcoidosis etc.

Taking mycobacteria and namely MAP as the most
important factor in Crohn’s disease pathogenesis,
the public health risk cannot be totally eliminated,
but should be greatly decreased. We believe it can
be achieved with relatively low expenses in contrast
with the current losses in dairy farming and the huge
costs for treatment of victims of this battle between
mycobacteria and civilization. This uneven combat
(for MAP and the alliance of mycobacteria do not
follow the rules of war) must be finished. The strat-
egy will be described in the following lines.

10. Step by step towards a partial reduction
of Crohn’s disease and paratuberculosis
incidence

Both science and practice are at least fifty years late
in controlling paratuberculosis in cattle. The public
health risk associated with mycobacteria could be di-
minished if MAP would be reduced in milk and dairy
products, and all mycobacterial species should be
controlled in water. Maximum acceptable concentra-
tions of MAP must be established for milk processed
in dairies and MAP DNA in infant formula must be
lower than the limit of detection. Governments have
to be able to answer two simple questions: how many
dairy herds are affected by paratuberculosis according
to the reports from slaughterhouses, and how many
cows displayed M AP-associated intestinal lesions at
slaughter. These legal measures are an easy and cheap
way for governments to begin protecting infants and
all consumers against MDP originating from MAP,
and to motivate dairy farmers and the dairy industry
to control paratuberculosis in cattle and to follow the
incidence of paratuberculosis in cattle in the future.
Such measures should start in the USA, Canada and
the European Union, because the decisions of these
three entities influence a great part of global milk pro-
duction and the dairy product market. A few simple
directives would be a first step towards the protec-
tion of 972 000 000 consumers. Up to three million
patients suffering from Crohn’s disease will appreci-
ate every step towards a reduction of their annoy-
ances. Hopefully, the participation of other countries,
namely Australia, Brazil, Israel, Japan, New Zealand
and the Republic of Korea should follow.

Obviously the importance and consequences of
the “superhypothesis” on MDP as a public health
risk will not be palatable to many experts and man-
agers. Hence, knowledge dissemination and gradual
improvements in understanding this superhypoth-
esis are important and permanent tasks for uni-
versities, TV, radio broadcasting, newspapers and
magazines, associations of medical and veterinary
specialists, extension services, patients associations
and other societies. Guidelines and information for
consumers, farmers, food inspectors, food produc-
ers, veterinarians, medical practitioners, employees
in risky professions like lifeguards, whirlpool and
hot tub staff for self-education and optional pre-
ventive measures must be available.

Examples of how to decrease the risk are listed in
Table 6. Nobody can have objections to breastfeed-
ing, a simple prevention of the possible interaction
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of mycobacteria with the innate immune systems of
infants. However, mothers suffering from Crohn’s
disease should be informed that the shedding of
MAP in their milk is possible, so formula feeding
of their child should in these cases be preferred or
the testing of breast milk for MAP should be rec-
ommended. Responsible parents should determine
if tap water from household plumbing is safe for
their infant and themselves. Mycobacteria-free wa-
ter should be used for cooking and drinking. If the
source of water is contaminated in the bathroom, a
showerhead can be changed for a new one and the
inhalation of mycobacteria can be avoided by bath-
ing instead of showering. Evidently, reliable and
cheap methods for MAP testing must be available.

A greater part of the mycobacterial load which
reaches consumers is associated with MAP. The
production of MAP, not milk, must be reduced.
Therefore, paratuberculosis should be notified
in the simplest and cheapest way. Farmers have
to be motivated to control the disease. All cattle
slaughtered according to the usual regulations can
be inspected by a veterinarian or by an authorised
person, who can provide the national database
with ID numbers of animals with clinically proven
paratuberculosis at slaughter in a simple and inex-
pensive way. It would be useful if official data on
Crohn’s disease incidence and data on the length of
breastfeeding would also be available. However, it is
necessary to keep in mind that the interpretation of
such data will be possible only after 10 to 30 years.

The interest of consumers in finding MAP-free
formula and MAP-free or low in MAP dairy prod-
ucts on the market should motivate farmers and the
dairy industry to meet these requirements. Food
safety and health authorities can support this aim
by establishing maximum acceptable concentra-
tions of mycobacteria based on DNA determination
in bottled water, milk for dairies, ground beef, water
in swimming pools and public hot tubs. The food
industry should be encouraged to label products
as mycobacteria-controlled.

Farmers must be informed that every animal
purchased from another herd poses a risk. New-
born calves should be separated immediately
after delivery and fed with MAP-free colostrum
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and milk. Cows shedding MAP must be culled
or separated without delay. A voluntary endeavor
of farmers and industry should be supported by
governments and by international agreements.
Research projects oriented towards the fast and
cheap determination of mycobacteria, the obtain-
ing of reliable data about communal water con-
tamination, the development of technologies on
how to prevent water contamination or how to
decrease cell concentration would be appreciated.
The most important field of research is the patho-
genesis of chronic human inflammatory illnesses,
which should result in new treatments for Crohn’s
disease and an improvement in the quality of life
of patients, and last but not least in lower costs
for treatment. It was not possible to acknowledge
and cite in this review most of the important ar-
ticles. The selected papers, published in the years
2013 to 2014, retrieved from the Web of Science
(Thomson Reuters) are listed in the Table 7.

11. What should be borne in mind

Long-lasting and complicated problems usually
have no simple and fast solutions. As regards MAP
and mycobacteria in water no directions have been
violated, because no directions on how to decrease
the risk for consumers have ever been accepted.
The collection of information and their presenta-
tion as a “superhypothesis” on MDP participation
in the pathogenesis of Crohn’s disease should result
in simple legal measures which can be realised and
sanctioned. More efforts should be made by farm-
ers and food producers and consumers themselves.
However, there is no reason for panic. Mankind and
mycobacteria have lived together for thousands of
years and this will continue. The balance has simply
been changed by the introduction of new technolo-
gies and lifestyles and now must be turned back in
favour of people. Scientific information must be
respected by scientists themselves and must be dis-
seminated to the people in charge in order to bring
about change. Certainly, many questions remain to
be answered. However, the decision makers should
hear one strong and unanimous voice.
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Table 1. Players on the scene posing a risk of triggering the chronic inflammatory diseases by mycobacteria (only
breast feeding has a protective effect as documented for some of the diseases listed in Table 2)

Genome-wide association (NOD2 and other genes)
Formula feeding

Beef

Milk and dairy products

Pork

Fruits and vegetables

Mineral and bottled water

Indoor swimming pools

Baby swimming

Air, aerosols

Communal water

Home plumbing

Home showering and bathing

Level of hygiene

Rural residency

Municipal residency

Social position

Immigration

Cattle, sheep and goats breeding

Animal wastes, manure, liquid dung, fertilization of fields
Pasture

Outdoor swimming in rivers and lakes

Biogas stations residues

Human tuberculosis

Leprosy

Other sources of MDP (infections with pathogen replication)
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Table 2. Chronic inflammatory diseases with suspected links to previous exposure to mycobacteria or other infec-

tious agents (examples only)

Crohn’s disease

Multiple sclerosis

Type 1 diabetes mellitus

Sarcoidosis

Asthma

Chronic inflammation of joints and skin
Psoriasis

Spondylarthritis

Blau syndrom

Autism

Respiratory disease

Greenstein (2003)

Carbone et al. (2005) MAP and others*
Lidar et al. (2009) viruses**

Chiodini et al. (2012)

Salem et al. 2013b, Salem et al. 2014

Compston and Coles (2008)
Cossu et al. (2013b), Cossu et al. (2013c)

Dow (2006)
Cossu et al. (2011), Cossu et al. (2013a)

Reid and Chiodini (1993)

El-Zaatari et al. (1996)

Dubaniewicz et al. (2013)

Nagel et al. (2010)

Wenink et al. (2011)

Rambukkana et al. (1993), Bay et al. (1998)
Berthelot et al. (2013)

Dow and Ellingson (2010)

Dow (2011)

Richerson et al. (1982), Falkinham (2003), Prasse et al. (2013)

*Clostridium, Campylobacter jejuni, Campylobacter faecalis, Listeria monocytogenes, Brucella abortus, Yersinia pseudotu-

berculosis, Yersinia enterocolitica, Klebsiella spp., Chlamydia spp., Eubacterium spp., Peptostreptococcus spp., Bacteroides

fragilis, Enterococcus faecalis, and Escherichia coli (Carbone et al. 2005)

**mumps, measles, Epstein-Barr virus, rubella, cytomegalovirus (Lidar et al., 2009); however, little evidence of association

with CD and many viruses have been confirmed recently (Wagner et al. 2013)

600



Veterinarni Medicina, 59, 2014 (12): 583-630 Review Article
Table 3. A cow in numbers
One cow 1000 cows

Body weight 600 kg 600 000 kg
Meat (beef) for consume (40%) 240 kg 240 000 kg
Protein in meat (20%) 48 kg 48 000 kg
Daily

Milk yield 25 kg 25 000 kg

Feed consumption 80 kg 80 000 kg

Water consumption 1001 100 0001

Liquid dung (faeces and urine) 40 kg 40 000 kg

MAP cells in faeces (10°/g) 2512 2515
Annually

Milk yield 9500 kg 9 500 000 kg

Fat production (3.4%) 323 kg 323 000 kg

Protein production (3.2%) 304 kg 304000 kg

Sugar (lactose) production (4.7%) 447 kg 447 000 kg

Minerals (0.72%) 68 kg 68 000 kg
Maximum MAP cells

in milk 10 000/ml

in infant formula 10 000/g

in beef 10 000/g

in faeces 1 000 000 000/g

Dairy cows in the world (2010)
Total cattle heads
European Union
USA
Canada
Japan
Republic of Korea
Milk production
European Union
USA
Japan
Canada

Republic of Korea

Beef production (2010)
USA

European Union

264 566 000
22 900 000

9117 000

959 100

830 000

241 000

596 560 884 000 kg
134 157 000 kg

87 848 400 kg
7720 380 kg

7 882 000 kg

3263 000 kg

11 789 000 kg
7 920 000 kg
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Table 4. What should be drawn in the map as the different battle fields with mycobacteria

Dairy cattle farm or industrial unit
+ 50% to 90% of dairy cattle herds infected in USA and Europe
+ one infected cow today = 30% cattle infected in the same herd three years later
+ MAP in milk and meat of infected cows
Milking hygiene
« MAP contamination of milk from faeces and the environment
Ultra heat treatment of milk is not fully effective in MAP devitalisation
MAP In infant formula
+ MDP derived from live and dead MAP harms in the same way
Manure, liquid dung, slurry
« MAP is transported to field and pastures
« cattle faeces are on the market as fertilizer for gardens
+ MAP from field dunghills contaminate pastures and watering places used for uninfected cattle
Biogas production units likely serve as bioreactors for MAP multiplication
« solid scraps used for soil fertilization
Pastures
« MAP is washed to surface waters, rivers and lakes
« farm and wild ruminants can be infected by MAP
Wild ruminants
+ MAP reservoirs for cattle, sheep and goats

« venison from one infected deer consumed by restaurant guests poses smaller dose related risk for many people but
a high risk if the whole infected deer or wild boar is consumed by members of the family of the hunter

Backyard poultry
Surface waters
« risk for swimmers and nearby residents
+ MAP persistence in sediments
Cooling towers
Sewage disposal plant
Slaughterhouses
« intravital meat contamination
« surface contamination by content from intestines
Water industry
« water production plants
- municipal water distribution systems
« household plumbing, faucets, shower heads
« potable water reservoirs, small tanks or reservoirs used in emergency
Baby hygiene
« contaminated water used for cooking and showering
Swimming in open and inside pools
« infant and baby swimming
Hot tub and spas
Garden and potting soil
« cattle and poultry slurry
« dry pellets available on the market
Hobbies and pets
« aquaria and terraria
« pigeons
« pet birds

« small ruminants
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Milk and dairy products
« Infant formula feeding
Restaurants and fast foods
« ground beef, burgers, raw meet, bloody steaks
« water reservoirs in coffee machines
« self-service dispensers of beverages
Vegetables
« fertilizing
« hydroponics
« surface contamination
Bottled water and mineral water
Home dust
Street dust

« air blowers

Table 5. Publications on Crohn’s disease hypotheses. The most important database Web of Science® (Thomson Reuters) of
over 10 000 journals from over 45 different languages across the sciences offers information from more than 44 thousands
papers about Crohn’s, published from 1945. More than 3000 papers have been indexed in 2011 and 2012 (Figure 2)

Web of Science® Search results
Timespan = all years (from 1945 to 2013-02-06)

Topic = [Crohn* AND (hypothes* OR etiolog*)] Results: 2486
AND Topic =
infection* 404
mycobact* 274
paratuberculosis 218
innate 168
NOD2 153
smoking 136
hygiene 94
“fatty acid*” 81
milk 60
lipid* OR cholesterol OR fosfolipid* 47
measles 43
helmint* 33
“vitamin D” 33
“infant feeding” OR formula 17
“environmental factor” 17
listeriosis OR Listeria 16
season® 11
Adherent Invasive Escherichia coli OR AIEC 10
“breast feeding” 9
mimicry 9
“Common Disease” OR “Common Variant” 9
[(social OR economical OR educational OR occupational) AND status] 8
“cold chain” 7
impaired AND killing* 4
“gall stone*” 4
metal 4
spheroplast 1
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Table 6. Who should be in charge and what can be done

Every responsible parent
« breastfeeding as the first choice
« potable water for cooking and bathing the new-born and babies tested for mycobacteria
«» People under higher risk (CD patients, their relatives)
« potable water for cooking and showering should be tested for mycobacteria
« should prefer MAP-free/low milk, dairy products and beef
« should avoid ground beef
« should avoid swimming in the catchment of cattle and sheep pastures

« should avoid swimming in indoor and outdoor pools if water is not tested for mycobacteria

Farmers
« tank milk samples and milk filters should be tested for MAP monthly
« new-born calves should be separated immediately and fed with MAP-free colostrum and milk
« heavy shedders should be immediately separated and culled
Dairy industry
» tank milk should be sorted according to MAP contamination
+ MAP-free formula should be on the market

« milk and dairy products should be labelled as MAP low/free

Meat industry
« should support suppliers under PTB control

National, federal and EU regulatory authorities
« paratuberculosis in slaughtered animals should be a notifiable disease
- national register of herds infected with paratuberculosis should be open
» maximum acceptable concentration of mycobacteria per 100 ml of bottled water and milk for dairies
« maximum acceptable concentration of mycobacteria per 1 g of ground beef
« maximum acceptable concentration of mycobacteria per 100 ml of water in swimming pools and hot tubs
Universities
« more attention should be paid to mycobacteria in the undergraduate education of medical, veterinary, food safety,
water industry, agriculture and environmental students
« extension services should be oriented to the control of paratuberculosis in cattle herds
Basic schools
« health risk associated with microorganisms in air, water, food and soil
Professional and patient’s associations

+ knowledge dissemination directed to gastroenterologists, gynaecologists, paediatricians, allergists, immunologists

and practitioners

Research and development

« detection of MAP and M. spp. by rapid tests and by large scale laboratory tests at low costs

« research on pathogenesis of CD and other MDP-triggered illnesses with the aim of focusing attention on innate

immunity, priming of immunocompetent cells, directed apoptosis etc.

« research on MAP replication in cattle with the aim of decreasing shedding
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