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1. Introduction

Crohn's disease (CD) is a chronic inflammatory bowel disease, with the potential to affect
any segment of the gastrointestinal tract. Despite the great advances in recent decades,
which provided a better understanding of the pathogenesis of the disease, it is yet to be
completely elucidated. Presence of genetic factors, luminal factors such as microflora and
factors related to the intestinal barrier and immunoregulation are pieces that interact with
each other and with environmental factors. The possibility of an infectious etiology has
always been widely discussed. In this context, Mycobacterium avium subspecies
paratuberculosis (MAP) has attracted the interest of many researchers because of the
similarity between paratuberculosis and CD. In 1913, two decades before the description of
CD in 1932, T. K. Dalziel made associations between chronic cases of enteritis in humans
and paratuberculosis in cattle (Behr and Kapur, 2008).

Some genetic studies also support the role of MAP in CD and susceptibility genes have been
identified, which encode proteins involved in the innate immunity defense against
intracellular bacteria. However, no study is conclusive about a causal relationship. It is not
possible to conclude that a single agent is solely responsible for the etiology of CD: a
multifactorial cause is much more likely (Grant et al., 2001).

Whereas the causal relationship has not been established, therapeutic implications require
further studies. Results of these studies could help answer questions about the role of MAP
in the etiology of CD.

2. Mycobacterium avium subspecies paratuberculosis

Mycobacterium avium subspecies paratuberculosis (MAP) is a small bacillus, Gram-positive,
intracellular, acid-resistant bacterium belonging to the Mycobacteriacea family. It grows
slowly and when observed under an optic microscope, usually appears to form small
clusters (Fig.1). Like other mycobacteria, this microorganism has a thick cell wall, composed
mainly of lipids, which determines its acid-resistant, hydrophobicity and high resistance to
chemical processes, such as chlorination of water, and physical processes, such as
pasteurization (Harris and Barletta, 2001).
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130 Crohn's Disease

Fig. 1. Mycobacterium avium subspecies paratuberculosis (MAP) stained by Ziehl-Neelsen.
Optical microscopy (1000x).

The first observation of the microorganism was made in 1895 by Johne and Frothingham,
who isolated an acid-resistant bacterium from the ileum of animals with chronic
granulomatous inflammation. The disease was called paratuberculosis, according to its
similarity with intestinal tuberculosis. Although the disease had been reported in 1895,
identification of the agent was assigned by Twort in 1910 who could grow the
microorganism for the first time in laboratory (Cocito et al., 1994).

Morphology of MAP colonies depends on the medium used for growth. In Herrold Egg
Yolk Medium (HEYM), colonies are small, measuring about 1 to 2 mm, generally white,
convex and smooth, while in Middlebrook Agar they become more wrinkled. Even under
optimal conditions, colonies may take 3 to 4 months or longer to become visible (Harris and
Barletta, 2001). Other features of MAP, which serve to differentiate it from other bacteria, are
its dependence on mycobactin | for in vitro growth, a compound extracted from
mycobacterial cells that helps in iron uptake, and the presence of insertion element 15900,
which appears as 14 to 18 copies within the genome (Green et al., 1989).

The complete genome of MAP K-10 was sequenced in 2004 by researchers at the University
of Minnesota, USA. Analysis showed that MAP K-10 has a circular sequence of 4,829,781
base pairs with 69.3% G+C. When comparing the genome of MAP and other mycobacteria,
researchers have suggested two hypotheses to explain the extremely slow growth of MAP.
Firstly, the presence of an insertion sequence, MAP0028c/151311, much closer to oriC in
MAP compared to M. tuberculosis, would be detrimental to chromosomal replication,
leading to a wider range of generation. The second theory is the presence of the gene
map0638, with a higher replacement rate compared to M. tuberculosis. This gene is
responsible for regulating synthesis of purine and therefore has a role in rate of protein
synthesis and cell growth (Li et al., 2005).
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3. Paratuberculosis

Mycobacterium avium subspecies paratuberculosis (MAP) is the causative agent of
paratuberculosis or Johne's disease, a chronic infectious enteritis, characterized by the
presence of persistent diarrhea and progressive weight loss, which mainly affects domestic
and wild ruminants worldwide and may also affect several other species of mammals,
including primates.

In the USA, bovine paratuberculosis is well documented and it is estimated that economic
losses for the dairy industry are of the order of millions of dollars annually. These losses are
due to decreased production, reduced protein content of milk, premature culling, increased
susceptibility to other diseases, reduced fertility and increased health costs (Hendrick et al.,
2005).

Under natural conditions, the transmission of the microorganism is usually horizontal, by
ingesting food or water contaminated with MAP. Transmission can also occur vertically by
intrauterine infection, colostrum from females infected or contaminated semen.
Paratuberculosis usually manifests in young adult cattle. After an incubation period of
about 2 to 5 years clinical symptoms begin to appear. However, infected animals eliminate
the microorganism in their stools and in minor amounts in milk even before the onset of
clinical signs, which contributes to the spread of the agent. Confinement contributes to the
infection of animals and can be one of the reasons for higher prevalence of the disease in
dairy cattle herds compared to meat cattle. The long incubation period has great importance
in the economic impact of disease because infected animals are responsible for the unnoticed
spread of the agent and, therefore, of the disease in herds.

In vivo, the primary target of MAP infection is the M cells from Peyer's patches and the
primary lesions occur on the walls of the small intestine and mesenteric lymph nodes. The
multiplication of the microorganism leads to the extent of injury to the ileum, jejunum,
cecum and colon, interfering with the intestinal metabolism. The main gross lesions are
characterized by thickening of the intestinal mucosa, which presents an aspect grid with
transverse folds, well-exposed and enlarged mesenteric lymph nodes, and the main
histopathological findings consist of enteritis and granulomatous lymphangitis and
lymphadenitis associated with the presence of acid-fast bacilli resistant into macrophages.
Typical clinical signs of the disease are rapid and progressive weight loss (Fig. 2) and
intermittent diarrhea, which becomes progressively more severe. Animals continue with a
normal appetite but cannot effectively absorb nutrients. Lower body condition scores are
generally found. In the final stage, chronic diarrhea of animals becomes untreatable and
then, they will die in cachectic state. During the early stages of paratuberculosis, the
immunity is characterized by a strong cell-mediated immune response and in the later
stages there is a humoral immune response. Antibody concentrations become higher with
the progression of the disease when the lesions become more extensive, reflecting the
amount of antigen present.

Diagnosis can be based on the detection of the etiologic agent or detection of immune
response to this agent. Several methods have been used to diagnose the disease such as fecal
culture, immunological tests, histopathological tests and molecular tests.

MAP isolation by fecal culture is considered the "gold standard" for diagnosis of
paratuberculosis, despite having low sensitivity and requiring up to 16 weeks until the first
colonies can be seen. To detect infected animals in the early stages of the disease by this
method is very difficult due to the slow growth of MAP. The agent is grown on specific
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medium and confirmation of the identity of the colonies is done by its dependence of
micobactin ] or targeting the insertion sequence IS900 on molecular tests, an element pattern
that enables the genetic identification of MAP.

Fig. 2. Animal with paratuberculosis showing low body score

Several serological tests have been used for rapid detection of infected animals including
complement fixation, agar gel immunodiffusion and ELISA. However, because disease
immunity is mediated by cells in the early stages and humoral in the later stages, these tests
generally have high sensitivity in infected animals showing clinical signs, and low
sensitivity in animals that do not. Therefore they are most useful in the clinical stages of
disease. Among the serological tests, ELISA is the most commonly used for its high
sensitivity and acceptable specificity. Despite the low sensitivity and specificity, intradermal
tests have also been used. Infected animals show a cellular response when in contact with
purified MAP proteins. These tests are not recommended because it may cause cross-
reactivity of these proteins with tuberculin during the tuberculin test, leading to false
positive results. This is a test performed by control programs for diagnosis of tuberculosis, a
disease caused by M. bovis in countries where this disease is present.

Rapid detection of microorganisms of slow growth has become possible through use of
molecular biology techniques. Discovery of insertion sequence IS900 in the MAP genome
and the development of the polymerase chain reaction (PCR) revolutionized this field.
PCR is used successfully to detect MAP DNA in samples of pasteurized milk and fresh
milk and is more sensitive than fecal culture. Using PCR it is possible to detect
concentrations as low as 10UFC/mL milk. It is a highly sensitive and specific technique
for the detection of MAP, as well as fast, and can reduce diagnosis time from months to
just two days. PCR is also very versatile, considering that it can be used in stool, tissues,
milk, blood and semen. There is currently no satisfactory treatment for animals affected
by MAP. Vaccines currently available against MAP do not protect animals completely and
there is also the aforementioned problem of possible cross-reactions. Thus, vaccination is
not recommended.

General management measures such as general hygiene facilities, separating animals by age,
and identification and disposal of infected animals can be cited as preventative measures.
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3.1 Paratuberculosis in Brazil

In Brazil, the first notification of paratuberculosis occurred in Rio de Janeiro, in an imported
animal (Dupont, 1915). Afterwards, the disease was reported in the Southeastern (Santos
and Silva, 1956; Dacorso Filho et al., 1960; Silva, 1961; Nakajima et al., 1991; Ristow et al,,
2007; Costa et al., 2010), Southern (Portugal et al., 1979; Ramos et al., 1986; Driemeier et al.,
1999), Mid-western (Brautingam et al., 1996; Acypreste et al., 2005), and Northeastern (Mota
et al., 2010; Oliveira et al., 2010) regions of the country in animals born and raised in Brazil.
The first report in raw milk samples is recent (Carvalho et al., 2009).

The first report of the presence of MAP in milk samples in the country was fairly recent.
Although researches on paratuberculosis in Brazil have increased considerably, the studies
published in the area are still few and the economic impact of the disease has not been
measured in the country. In Brazil, the estimated prevalence of paratuberculosis is higher
than in other countries. Further studies are needed to subsidize control measures in the
national herd, since, in Brazil, there is no health program for this disease.

4. Crohn’s disease

Crohn's disease (CD) is an inflammatory bowel disease of unknown etiology, which is
characterized by chronic, focal, asymmetric, transmural and granulomatous inflammation,
and can affect any segment of the digestive tract, from mouth to anus, although with
preference for the distal small intestine and proximal large intestine. The disease has three
phenotypes which are: stenosing, penetrating, and not stenotic and non-penetrating.
Incidence and prevalence of CD varies greatly with geographic location. USA, Britain,
Scandinavia (especially Norway and Sweden), Italy and countries of northern Europe are
considered areas with greater impact. Intermediate incidence areas are represented by the
countries of southern Europe, South Africa, Australia and New Zealand. Low incidence is
reported in Asia and South America.

The disease can affect individuals of any age, but occurs with greater frequency in patients
between 20 and 40 years old. It affects people in their most productive period, with an
enormous impact on quality of life of patients. A second peak in incidence, less obvious, is
described in patients between 60 and 80 years old, setting a bimodal presentation. The
disease has no predilection for sex.

Pathogenesis of CD, although not fully understood, fundamentally involves four aspects
that interact with each other and with environmental factors: a) genetic factors; b) luminal
factors related to the intestinal microbiota, its antigens, metabolic products and food
antigens; c) factors related to the intestinal barrier, including aspects related to innate
immunity and intestinal permeability; and d) factors related to immunoregulation, based on
the adaptive or acquired immunity.

CD is characterized by periods when the disease is active and others where it is in
remission. Symptoms depend on the severity and location of intestinal involvement. In
approximately one third of patients, CD involves the small intestine, especially ileum, and
in some cases the jejunum. About 20% to 25% of cases present only colonic lesions. The
isolated involvement of the jejunum is rare, as well as cases involving the esophagus,
stomach and duodenum. The most common clinical manifestations are abdominal pain,
diarrhea and weight loss. CD progresses with periods of remission and exacerbation, even
after surgical resection of the affected areas. It has a high percentage of complications with
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formation of abscesses, fistulas, stenosis, cavity free perforation and anoperineal
involvement (Fig. 3). About 70% of individuals affected by the CD undergo surgery and 30%
suffer from repeated bowel resections. This disease may be associated with extraintestinal
manifestations, and rheumatological, dermatological, ophthalmological, and hepatobiliary
nephrology manifestations are the most frequent.

Diagnosis of the disease represents a major challenge, especially when it comes to early
diagnosis. It is based on a combination of clinical, laboratory, radiological, endoscopic and
histopathological findings. There is no pathognomonic test for the diagnosis of CD.

To date there is no medical or surgical treatment that provides healing of CD. As
inflammation is the maximum expression of the disease pathophysiology, clinical therapy,
which involves different groups of medications such as aminosalicylates, corticosteroids,
immunomodulators and biologic therapy are aimed at blocking the inflammatory cascade
and ending the inflammation and scarring of the intestinal mucosa.

Fig. 3. Endoscopic appearance of Crohn's disease (CD). A: bleeding ulcerated lesion; B:
serpiginous ulcerations in the mucosa showing cobblestones appearence. Surgical
specimens. C: ileum with extensive ulcerated lesion, D: intestinal wall thickening and
opening of the fistulous orifice (arrow).

Although it is a benign disease with low mortality rate, CD is accompanied by high
morbidity, with an unpredictable course and the phases of activity, exteriorized through
uncomfortable manifestations and/or complications, even when the best care and
treatments are implemented. Patients have to live for a long time with limitations that affect
directly their daily lives, impacting greatly on the quality of life (Sands, 2006; Brand, 2009).
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4.1 Crohn’s disease in Brazil

Brazil is located in South America, a region considered to have a low incidence of CD.
Despite the paucity of epidemiological studies that allow us to know the real incidence and
prevalence of the disease, reports of cases, predominantly from universities, have shown
that this disease is not rare, and that its incidence had increased in recent decades. This
epidemiological profile, now recognized in Brazil, has been previously observed in different
countries with a high incidence. Nowadays, these countries have been evolving for stability
in the frequency of the disease. For the different areas of Brazil, CD is most frequently
observed in states located in the south and southeast, areas with higher socioeconomic
development. Currently, there is a joint effort of hospitals for inflammatory bowel diseases
to collect reliable statistical data that would serve as an international database.

In one follow up study, researchers evaluated 100 patients with CD in university referral
center for inflammatory bowel disease. The mean follow-up was 47.3 months, with
variations from one month to 9.5 years. As for gender distribution, 59% were female and
41% male. Age of patients ranged from 16 to 69 years old, with an average of 29.9 and a
median of 27 years old. 5% of patients had a family history of ulcerative colitis or CD.
Among the clinical manifestations, abdominal pain was the most common symptom
observed in 98% of cases, followed by chronic diarrhea in 83% and weight loss in 82% of
patients. Regarding the behavior of the disease, stenosing form was observed in 35% of
cases, followed by non-penetrating and not stenosing form in 34% of cases and fistulizing
form was described in 31% of cases. Of the extraintestinal manifestations, rheumatological
manifestation was the most frequently observed, followed by skin and eyes manifestations.
50% of patients underwent surgical procedures and 63% were hospitalized at least once. The
authors conclude that the profile of CD in evaluated patients was similar to that described in
the literature, and these data were corroborated by other Brazilian authors (Faria et al., 2004;
Santana et al., 2008; Torres et al., 2010).

5. Mycobacetrium avium subspecies paratuberculosis vs Crohn’s disease

Paratuberculosis and Crohn's disease (CD) are two diseases that share many clinical and
histopathological similarities. Both diseases are characterized by chronic inflammation,
weight loss and there is no cure.

While there have been, in recent years, various hypotheses about the etiology of CD and the
mechanisms that trigger it may be cited as diet, environmental factors, genetic
predisposition and autoimmune responses, the two main causal theories are infection and
the autoimmune response. Mycobacterium avium subspecies paratuberculosis (MAP) has been
cited as the leading candidate from the point of view of infection.

Considering the high prevalence of MAP in dairy herds and the resistance of
microorganisms to disinfectants and pasteurization, several countries have created
programs to control the disease considering its possible zoonotic potential.

5.1 Facts that support MAP in Crohn’s disease

Despite extensive research and large and important advances in the past few decades, the
etiology of Crohn's disease (CD) remains unknown, hindering the development of a specific
therapy. Due to the similarity of clinical signs and histopathological findings between the
two diseases, associations between paratuberculosis in cattle and chronic ileocolitis in
humans have been made. Interest in participation in the infectious etiology of CD has
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increased with the isolation and detection of DNA of Mycobacterium avium subspecies
paratuberculosis (MAP) in samples from patients with the disease. MAP is not classified as a
zoonotic agent, but it represents a major concern in the field of public health because of the
associations that have been made.

The controversial zoonotic potential of CD grows as more research has been seeking an
association between MAP and CD. In recent studies, MAP strains were isolated from human
intestinal tissues and blood from patients with CD. It is known that patients with CD are
substantially more positive for MAP, regardless of method used, when compared with
individuals with ulcerative colitis or individuals without inflammatory bowel disease. The
isolation of MAP and detection of MAP DNA from breast milk of nursing mothers with a
diagnosis of CD has also been reported and a possible maternal-fetal transmission of MAP
may be suggested. These results, however, were not replicated by other researchers and
there is no evidence of increased frequency of CD in children of mothers with CD (Naser et
al., 2000; Schwartz et al., 2000; Bull et al., 2003; Naser et al., 2004).

In several published reports, presence of antibodies against MAP has also been
demonstrated in serum samples from patients with CD by serological tests. Using these
tests, there are also significant differences when compared with sera from patients with CD,
ulcerative colitis and control patients. This is another fact that supports the association of
MAP with CD (Olsen et al., 2009; Rosenfeld and Bressler, 2010).

Molecular techniques have been used for providing faster results than conventional
diagnostic techniques. Using PCR-based sequence 15900, MAP DNA has also been found in
a significantly higher proportion of patients with CD than in patients with ulcerative colitis
or patients without inflammatory bowel disease (Abubakar et al., 2008).

Besides all this evidence, CD’s patients have been treated successfully using antimycobacterial
drugs. If MAP is involved in the etiology of CD, it is expected that antimycobacterial drugs
should improve the clinical status of affected patients (Hermon-Taylor, 2002).

Contaminated milk would be the main, but not the only, vehicle of transmission of MAP
from animals to human beings. Infected animals can eliminate the organism in this way and
furthermore can occur a milk contamination with via fecal material, a route through which
the organism is eliminated at higher concentrations. It is known that occurrence of MAP in
milk is well documented and several studies have shown that the microorganism can
remain viable after being subjected to standard conditions of pasteurization and processes
used to produce cheese if it is present in large concentrations. In addition, although not
recommended, it is known that raw milk is consumed fresh in many parts of the world,
besides being used for the manufacture of several dairy products. A causal association of
MAP with CD would have important implications for the processing of milk and other
dairy products (Grant et al., 2001).

There is no doubt therefore that there is a potential source of zoonotic infection, considering
(1) the widespread dissemination of MAP in dairy herds in Europe, America and Australia,
(2) the elimination of MAP in milk of infected animals, (3) the relative strength of MAP to
pasteurization process used currently and (4) the recovery of viable MAP in milk samples,
water and beef, other potential sources of transmission of MAP. So, considering the
association between CD and MAP infection to be correct, the fact that MAP has been
detected in foods could be a public health problem.

It is known that the vast majority of studies using many different techniques have detected
MAP DNA or cultured the microorganism most frequently in tissue from patients with CD,
rather than in those with ulcerative colitis and other disorders. These results are consistent
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with two possibilities: either MAP infection could cause CD in a subgroup of patients that
are selectively exposed to this microorganism or are genetically susceptible to infection, or
alternatively, this microorganism, relatively common in the diet, can colonize selectively to
ulcerated mucosa of patients with CD, but not initiate or perpetuate intestinal inflammation
(Behr and Kapur, 2008; Hermon-Taylor, 2009; Rosenfeld and Bressler, 2010).

The most plausible theory that would explain a role for MAP in the etiology of CD is related
to the recipient NOD2/CARD15. NOD2/CARD15 is an intracellular receptor for muramyl
dipeptide (MDP), the smallest immunologically active component of bacterial
peptidoglycan. The binding of MDP to the receiver NOD2/CARD15 activates nuclear factor
kB. This may contribute to the elimination of intracellular bacterial infection and secretion of
a defensins by Paneth cells, which constitutively express NOD2/CARD15. The three most
common polymorphisms of this gene lead to a defective activation of nuclear factor kB by
the MDP and they are found in 35% of Caucasian patients with CD. NOD2/CARD15
mutations in CD are associated with a decreased expression of a defensins in the mucosa.
Thus, a plausible explanation linking NOD2/CARD15 to CD is that a defect in this gene
could not result in elimination of intracellular infection by MAP and decreased secretion of
luminal a defensins in the mucosa, allowing a greater adhesion and epithelial invasion by
the microorganisms ingested (Sartor, 2005).

Despite all the evidence implying an association of MAP with CD, it is not possible to
conclude that a single agent is solely responsible for the cause of CD - a multifactorial cause
is more likely. The role of MAP in the etiology of CD cannot yet be confirmed or refuted
with certainty. The organism can act as a causative agent, it may have a role in the context of
infection, it can exacerbate the disease, or it may be non-pathogenic. Clearly, more studies
are needed to determine whether MAP infection causes the disease or whether this
environmental contaminant innocently lodges in ulcerated mucosa. Well-designed studies
are needed to definitively resolve this debate.

5.2 Facts that do not support MAP in Crohn’s disease

It has been suggested that a relationship between MAP infection and Crohn’s exists due to
the clinical and pathological similarities between Crohn’s disease (CD) in human patients
and paratuberculosis in animals. However, there are also many arguments against MAP
being the causative agent of CD. Despite the similarities between clinical signs and
histopathological features of both diseases, there may be differences in clinical and
pathological responses between both diseases, which are not expected if both diseases are
caused by the same microorganism.

Another important factor to be considered is the lack of epidemiological support
considering the infection’s transmission. If animals eliminate MAP in large quantities in
feces and milk, it would be expected that the prevalence of CD in people in direct contact
with animals infected with MAP was great if the association between the CD and
paratuberculosis is true. These facts have not yet been reported (Jones et al., 2006).

Not all patients with CD respond well to treatment with anti-MAP. The failure of treatment
in such cases can be attributed to the fact that CD can exist in two forms: one form caused or
triggered by infection with MAP and otherwise, induced by some other unknown cause. If
this is true, the treatment may be ineffective due to inability to identify patients infected
with MAP before the start of treatment. There is not enough evidence to assert the effects of
antimycobacterial therapy in patients with CD, but it is suggested that this therapy can help
maintain remission of clinical signs of disease (Selby et al., 2007).
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Genetic profiles of different strains already isolated have been outlined and possible
epidemiological associations between the species from which they were isolated has been
studied. Studies have shown that human isolates have profiles more similar to those isolated
from sheep and goats than to those isolated from cattle. This fact also contrasts with the idea
that cow's milk would be the main source of transmission of MAP from cattle to human
beings. In contrast to this fact, there are studies reporting that both animals and humans are
susceptible to infection by MAP isolates with similar genotypes (Jones et al., 2006).

Just as there are several research groups associating MAP to CD using detection of MAP
DNA in samples of intestinal tissues and blood of patients with CD, other groups have
shown the opposite: the same levels of detection of MAP in patients with CD compared
with patients with ulcerative colitis or patients without inflammatory bowel diseases.
Moreover, the absence of MAP DNA in patients with CD was also reported. Data are very
variable for all groups. There is a variation from 0 to 100% of MAP by PCR detection
(Abubakar et al., 2008).

Another argument against a possible etiology of MAP in CD is related to the observation of
a good response from patients with CD undergoing immunosuppressive therapy.

5.3 Conditions in Brazil that could facilitate the transmission from MAP to humans
MAP has been detected in several states in the Southeast, South, Midwest and Northeast
regions of Brazil. Despite reports of paratuberculosis in several states, few research groups
working in this field are still doing surveys on the disease. In addition to bovine
paratuberculosis, there are some groups in the country researching the presence of MAP in
goats and sheep.

Although there is a strong and effective control program for tuberculosis in the country,
there is not a control program for paratuberculosis. Research into this disease is still
preliminary and there has been no survey even made, even superficially, about the
economic losses caused by the disease.

Currently, Brazil is the sixth largest milk producing country, with a volume that
corresponds to approximately 4.5% of world production (IBGE, 2006). The Southeast region
is the largest producing region, accounting for 38.4% of all domestic production. Despite the
high production, productivity of dairy herds in Brazil is low. The milk industrial chain is
important from the standpoint of economic and social development, generating significant
income and jobs in all sectors. Despite all these factors, no studies in the country are aimed
at detection of MAP in dairy products and the first detection of MAP in milk was quite
recent. MAP was detected by PCR using primers based on the IS900 sequence in an initial
survey about the disease in the Southeast region (Carvalho et al., 2009).

Brazil has also not been reported the presence of MAP in pasteurized milk. A survey in this
sense, in the same region where it was detected MAP DNA in raw milk samples, is already
in the early stages. In parallel, the resistance of MAP to pasteurization temperatures in the
laboratory is being tested.

Brazil has a volume estimated at around 112 billion cubic meters of fresh water of the planet.
Moreover, in Brazilian subsoil there is the Brazilian Guarani aquifer, the largest subsoil
reservoir of freshwater on the planet. This enormous underground wealth extends over an area
of 1.6 million square kilometers, of which two thirds are in Brazilian territory. Even with all that
water, there have been no studies in the country to verify the presence of MAP in water.

There are no studies about the possible association between MAP infection and Crohn's
disease (CD). A first attempt of an association between MAP infection and CD is being
performed. Intestinal biopsies of patients with CD, ulcerative colitis patients and patients
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without inflammatory bowel disease are being collected with the aim of isolating MAP
and/or detection of DNA of the microorganism for molecular tests.

6. Future prospects

Historically, one of the ways to make the connection between a potential agent of an
infectious disease and the disease itself was considering whether Koch's postulates were
true. For the relationship between MAP infection and Crohn's disease (CD), postulates “The
organism can be isolated from a sick patient” and “The organism can be cultured in the
laboratory” can still be controversial, but are true. “If the causative microorganism is
introduced into another susceptible host, the same disease should be generated” is a
postulate a little harder to prove. Disease results from interaction between infection and
immune response by the microorganism that causes it. Clinical manifestations of infection
depend on several variables such as genetics of the host and the state of the immune system,
among others (Rosenfeld and Bressler, 2010).

CD certainly involves host genetic influences and environmental influences that interact to
cause clinically evident disease. It is known that MAP is widely present in the human food
chain and that MAP DNA can be recovered from intestinal samples of patients with CD.
Although existing data do not necessarily involve MAP as a causative agent of CD, this
possibility cannot be definitively excluded.

Besides this, there is the difficulty in obtaining experimental models for studies involving
human pathogens or potential human pathogens. Such studies are complicated to
performed, since although the relationship between MAP and CD is not yet established, it is
reckless inoculate MAP in human patients for testing.

There is still much to be learned about MAP and diseases that it can cause in humans. CD
may be a syndrome with multiple etiologies that result in clinical, endoscopic, radiological
and pathological findings that define the disease. MAP may be one of the etiologies of this
syndrome.

7. Conclusion

Some studies have shown that the etiology of Crohn's disease (CD) may involve a variety of
viral and bacterial agents, including MAP, or an immunological origin. Evidence supports an
interaction between a persistent environmental stimulus, such as a microbial antigen, and
genetic factors that regulate an immune response or a function of the intestinal mucosa. Recent
discoveries in many research fields have generated favorable results suggesting an association
between CD and MAP, but that does not necessarily indicate that the microorganism is
involved in the etiology of the disease. It is not possible to conclude that a single agent is solely
responsible for the cause of CD as a multifactorial cause is more likely. For patients and their
physicians, a clear answer on this association is an important step toward establishing control
measures and treatment for this debilitating disease. Theories of mycobacterial and
autoimmune etiologies of CD should be seen as complementary rather than mutually
exclusive. The causal association between CD and MAP infection remains unanswered.

If MAP is responsible for a subset of CD, public health measures should be implemented to
eliminate the source of infection in the human food chain and food processing practices
must be modified. If there is no evidence of a causal association of MAP and CD, we must
direct resources to other research fields. This controversy has persisted for too long and
needs to be resolved.
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When appropriate methods are used, most patients with CD are detected and there is no data
showing that MAP is harmless to human patients. More epidemiological studies seeking to
rigorously analyze both diseases are needed. While CD is likely to be a multifactorial
condition, MAP can be a primary etiologic agent or a significant secondary invading agent. It
is well documented that MAP is present in humans and that there are many routes of
transmission and consumption of milk and dairy products are the main, and perhaps the
biggest, problem link on the subject, since it has been shown that the microorganism can resist
milk pasteurization processes and also the chlorination processes of drinking water. Therefore,
until MAP is declared as a non-pathogenic agent for humans, it should be treated as such.
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