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rEsuMo

Mycobacterium  avium subsp paratuberculosis (mAp) é o agente etilógico da doença de johne, uma doença inflama-

tória intestinal que afecta o gado, bem como outras espécies de mamíferos. existem evidências de que, em humanos, 

mAp também despoleta a doença de crohn, embora esta seja ainda uma hipótese controversa. neste artigo será 

apresentado um sumário das características da doença de johne e da doença de crohn, e discutido o papel de mAp 

na doença de crohn, com base em algumas evidências apresentadas na literatura. 

PALAVRAS-ChAVE: Doença de crohn; doença de johne; Mycobacterium  avium subsp paratuberculosis; citoquinas.

abstraCt

Mycobacterium  avium subsp paratuberculosis (mAp) is the etiologic agent of johne’s disease, an inflammatory bowel 

disease occurring in cattle as well as in a number of mammal species. in humans, there are evidences that point to a 

role of mAp as an agent of crohn’s disease, although this is still a matter of controversy. in this review, a summary of 

the characteristics of johne’s disease and crohn’s disease will be presented, and the involvement of mAp in crohn’s 

disease will be discussed, based on reported evidences. 
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50 1. introduction

the genus Mycobacterium comprise over 50 bacterial species. these bacteria possess a complex hydro-
phobic cell wall, which render them quite resistant to environmental stress. the majority of Mycobac-
terium species are environmental and non-pathogenic, closely related to the soil bacteria Streptomyces 
and Actinomyces (cosma et al., 2003). However, a few species are highly successful pathogens. M. tuber-
culosis is the most epidemic pathogen, with two millions infected worldwide and an estimated one third 
of the world population colonized. other mycobacterial species also present a known pathogenic threat 
for humans and other animals, namely M. leprae, M. ulcerans, M. bovis, M. avium (cosma et al., 2003). the 
pathogenic species are intracellular pathogens, residing inside macrophages and dendritic cells. those 
cells act as a growth niche. 

M. avium subsp. paratuberculosis (mAp) is the etiologic agent of johne’s disease, an inflammatory bowel 
disease occurring in cattle, sheep, rabbits, deer, as well as in some primates (glawischnig et al., 2006; 
judge et al., 2005; mcclure et al., 1987). there is controversy about mAp being a cause of crohn’s disease 
in humans, although an increasing amount of scientific evidence suggests that this organism can be re-
sponsible for at least some cases of crohn’s disease (ren et al., 2008; clancy et al., 2007; scanu et al., 2007; 
uzoigwe et al., 2007; naser et al., 2004; bull et al., 2003b). 

2. JoHne’s disease

johne’s disease has been primarily studied in domestic ruminants and is associated with an elevated 
economic impact. cattle usually get primary infection as calves, by in utero transmission, or after birth, 
by ingestion of fecal contaminated material, collostrum or milk containing mAp. there is evidence that 
contamination may also result from contact with wild animals (Florou et al., 2008; corn et al., 2005). some 
calves become infected, although others show resistance to infection. A few infected animals develop 
clinical disease after a period of several years. in pre-clinical period, shedding of mAp is intermittent, 
while clinically affected cows may shed 106-108 cFu/g of fecal material. clinical signs include weight loss, 
diarrhoea, poor milk production and increased morbidity. mAp organisms enter through the intestinal 
tract, and initial lesions consist of small granulomas formed in the intestinal wall and draining lymph 
nodes. With time, these granulomas become larger and may evolve into a diffuse granulomatous inflam-
mation, with acid fast bacilli found inside macrophages and multinucleated giant cells. these lesions re-
sult in a thickness of the intestinal wall, resulting in decreased absorption, and fluid secretion into the gut 
lumen. lesions are largely restricted to the ileum, or the ileocecal valve region of the small intestine(Wu 
et al., 2007; coussens, 2004; sigurethardottir et al., 2004; stabel, 2000).

3. inflammatory Bowel disease and croHn’s disease

inflammatory bowel disease (ibD) describes a group of intestinal inflammatory disorders of unknown 
etiology. it may affect man and women equally, and also children. it usually presents in individuals at 
age 13-30, or 50-70. ibD comprises two major groups: ulcerative colitis (uc) and crohn’s disease (cD) 
(chacon et al., 2004). uc is characterized by a diffuse mucosal inflammation that may involve the rectum 
and spread to colonic tissue or even ileal tissue. the inflammatory lesions are continuous, without intact 
areas between them. cD is a transmural inflammatory disease that may involve any part of the gastroin-
testinal tract, from the mouth to the anus, although most of the patients develop terminal ileum cD. 
symptoms vary with the affected area, however, the main gastrointestinal symptoms include diarrhea 
(that may be bloody), weight loss, constipation and vomiting. cD can also cause symptoms unrelated to 



51the intestinal tract, namely dermatologic, rheumatologic, ocular, hepatobiliary, and urologic manifesta-
tions (chacon et al., 2004).

4. is maP causing cd?

incidence of cD is increasing in developed countries (bernstein et al., 1999; loftus et al., 1998; munkholm 
et al., 1992). genetic and environmental factors seem to be involved in the etiology of cD, as well as im-
mune disregulation. cD is probably a multifactorial disease, because although environmental factors (as 
infection or diet) and at least eight genetic loci have been implicated, none alone have been proven to 
cause the disease (brant and shugart, 2004; chamberlin et al., 2001).

evidences exist that support an infectious etiology in cD: (i) a concordance rate of only 44% between 
monozygotic twins with inflammatory bowel disease (tysk et al., 1988); (ii) clustering of ibD cases among 
spouses and other members of affected families; (comes et al., 1994); and (iii) clustering of ibD among 
unmarried individuals having close contact (Aisenberg and janowitz, 1993). infected individuals with 
pre-disposing condition may develop cD, although infection may be one but not the only cause for 
the disease. 

Although some reports suggest that the intestinal commensal flora as a whole may be involved in the 
development of cD (girardin et al., 2003), several microrganisms have been suggested to have a role in 
the disease etiology. similarities between cD and johne’s disease point to a possible link to mAp infec-
tion. the fact that mAp can cause disease in several mammal species including primates, is an argument 
in favour of the link between mAp and crohn’s disease in humans. indeed, mAp was detected by pcr 
and culture from intestinal tissue, blood and breast milk of cD patients (naser et al., 2004; bull et al., 
2003a; naser et al., 2000). serum antibodies against mAp antigens were also detected in cD patients 
(naser et al., 1999). recently, a report showed that il-10-deficient mice, which develop spontaneous 
colitis under conventional housing conditions, fail to do so when the mice are housed in a germfree en-
vironment, suggesting a microbial trigger. mice with spontaneous colitis (under conventional housing 
conditions) presented significantly higher igg2a specific antibody against mAp as compared to controls. 
Administration of mAp to il-10-deficient mice housed in a germfree environment led to colitis develop-
ment, increase in serum tnFα, iFnγ and chemokines, and also an increase in lymphocyte proliferation 
and il-2 production (singh et al., 2007).

mAp in humans assumes an obligate intracellular spheroplast form, residing in macrophages and den-
dritic cells, as other mycobacteria (jiao et al., 2002; markesich et al., 1988). production of pro-inflamma-
tory cytokines by mAp infected cells of susceptible hosts may contribute to generate the inflammatory 
process in cD. there are reports with bovine and murine macrophages and dendritic cells that support 
this pro-inflammatory effect of mAp (langelaar et al., 2005; Zur lage et al., 2003). studies performed in 
bovine peripheral blood monocyte-derived macrophages suggest a primary stimulation of pro-inflam-
matory cytokine production by mAp infection, followed by an increase in il-10 production (coussens 
et al., 2004). il-10 was found to decrease killing of mAp, and il-10 expression is suggested to be a de-
terminant of virulence for this organism (Weiss et al., 2005). induction of il-10 seems to be dependent 
on the mApK(p38) pathway (souza et al., 2006). in a study using bovine peripheral blood monocyte-
derived dendritic cells, mAp was found to stimulate pro-inflammatory cytokine production (strong il-12 
induction), while mAp heat-shock protein (Hsp) 70 resulted in a more inhibitory type of cytokine gene 
expression, suggesting it may be a virulence factor for mAp (langelaar et al., 2005). there are still no 
reports on cytokine induction by mAp in human cells. those studies could contribute to elucidate mAp 
involvement in crohn’s disease. 



52 mechanisms of mAp survival inside macrophages have also been addressed for bovine and murine ma-
crophages. mAp was found to inhibit acidification of phagosomes and to decrease phagosome ma-
turation (Weiss et al., 2004; Hostetter et al., 2003) in these cells. A recent report of in vitro infection of 
peripheral blood neutrophils from cD patients with mAp, showed that mAp mimicked M. tuberculosis 
both in high frequency of colocalization with an early endosomal marker and in survival rate inside the 
phagocytes, which suggests that mAp can be potentially pathogenic for humans (rumsey et al., 2006). 
survival of mAp in human macrophages has not been addressed and is important to understand the 
pathogenesis of mAp to humans. 

Further research on the interaction of mAp with human phagocytes is needed to evaluate mAp possible 
role as an etiologic agent of crohn’s disease.

references

AISENBERG, J. and Janowitz, H.D. (1993) cluster of inflammatory bowel disease in three close college 
friends? J Clin Gastroenterol. 17: 18-20.
BERNSTEIN, C.N., Blanchard, J.F., Rawsthorne, P. and Wajda, A. (1999) epidemiology of crohn’s disease 
and ulcerative colitis in a central canadian province: a population-based study. Am J Epidemiol. 149: 
916-924.
BRANT, S.R. and Shugart, y.y. (2004) inflammatory bowel disease gene hunting by linkage analysis: 
rationale, methodology, and present status of the field. Inflamm Bowel Dis. 10: 300-311.
BULL, T.J., McMinn, E.J., Sidi-Boumedine, K., Skull, A., Durkin, D., Neild, P., et al (2003a) Detection and 
verification of Mycobacterium avium subsp.  paratuberculosis in fresh ileocolonic mucosal biopsy speci-
mens from individuals with and without crohn’s disease. J Clin Microbiol. 41: 2915-2923.
BULL, T.J., McMinn, E.J., Sidi-Boumedine, K., Skull, A., Durkin, D., Neild, P., et al (2003b) Detection and 
verification of mycobacterium avium subsp. paratuberculosis in fresh ileocolonic mucosal biopsy speci-
mens from individuals with and without crohn’s disease. J Clin Microbiol. 41: 2915-2923.
ChACON, O., Bermudez, L.E. and Barletta, R.G. (2004) johne’s disease, inflammatory bowel disease, and 
mycobacterium paratuberculosis. Annu Rev Microbiol. 58: 329-363.
ChAMBERLIN, W., Graham, D.Y., Hulten, K., El-Zimaity, H.M., Schwartz, M.R., Naser, S., et al (2001) re-
view article: mycobacterium avium subsp. paratuberculosis as one cause of crohn’s disease. Aliment 
Pharmacol Ther. 15: 337-346.
CLANCy, R., Ren, Z., Turton, J., Pang, G. and Wettstein, A. (2007) molecular evidence for mycobacterium 
avium subspecies paratuberculosis (mAp) in crohn’s disease correlates with enhanced tnF-alpha secre-
tion. Dig Liver Dis. 39: 445-451.
COMES, M.C., Gower-Rousseau, C., Colombel, J.F., Belaiche, J., Van Kruiningen, H.J., Nuttens, M.C. and 
Cortot, A. (1994) inflammatory bowel disease in married couples: 10 cases in nord pas de calais region 
of France and liege county of belgium. Gut. 35: 1316-1318.
CORN, J.L., Manning, E.J., Sreevatsan, S. and Fischer, J.R. (2005) isolation of mycobacterium avium 
subsp. paratuberculosis from free-ranging birds and mammals on livestock premises. Appl Environ Mi-
crobiol. 71: 6963-6967.
COSMA, C.L., Sherman, D.R. and Ramakrishnan, L. (2003) the secret lives of the pathogenic mycobac-
teria. Annu Rev Microbiol. 57: 641-676.
COUSSENS, P.M. (2004) model for immune responses to mycobacterium avium subspecies paratuber-
culosis in cattle. Infect Immun. 72: 3089-3096.
COUSSENS, P.M., Verman, N., Coussens, M.A., Elftman, M.D. and McNulty, A.M. (2004) cytokine gene 
expression in peripheral blood mononuclear cells and tissues of cattle infected with mycobacterium 



53avium subsp. paratuberculosis: evidence for an inherent proinflammatory gene expression pattern. In-
fect Immun. 72: 1409-1422.
FLOROU, M., Leontides, L., Kostoulas, P., Billinis, C., Sofia, M., Kyriazakis, I. and Lykotrafitis, F. (2008) 
isolation of mycobacterium avium subspecies paratuberculosis from non-ruminant wildlife living in the 
sheds and on the pastures of greek sheep and goats. Epidemiol Infect. 136: 644-652.
GIRARDIN, S.E., hugot, J.P. and Sansonetti, P.J. (2003) lessons from nod2 studies: towards a link betwe-
en crohn’s disease and bacterial sensing. Trends Immunol. 24: 652-658.
GLAWISChNIG, W., Steineck, T. and Spergser, J. (2006) infections caused by mycobacterium avium 
subspecies avium, hominissuis, and paratuberculosis in free-ranging red deer (cervus elaphus hippela-
phus) in Austria, 2001-2004. J Wildl Dis. 42: 724-731.
hOSTETTER, J., Steadham, E., haynes, J., Bailey, T. and Cheville, N. (2003) phagosomal maturation and 
intracellular survival of Mycobacterium avium subspecies paratuberculosis in j774 cells. Comp Immunol 
Microbiol Infect Dis. 26: 269-283.
JIAO, x., Lo-Man, R., Guermonprez, P., Fiette, L., Deriaud, E., Burgaud, S., et al (2002) Dendritic cells 
are host cells for mycobacteria in vivo that trigger innate and acquired immunity. J Immunol. 168: 1294-
1301.
JUDGE, J., Kyriazakis, I., Greig, A., Allcroft, D.J. and hutchings, M.R. (2005) clustering of mycobacterium 
avium subsp. paratuberculosis in rabbits and the environment: how hot is a hot spot? Appl Environ Mi-
crobiol. 71: 6033-6038.
LANGELAAR, M.F., Weber, C.N., Overdijk, M.B., Muller, K.E., Koets, A.P. and Rutten, V.P. (2005) cytokine 
gene expression profiles of bovine dendritic cells after interaction with mycobacterium avium ssp. para-
tuberculosis (m.a.p.), escherichia coli (e. coli) or recombinant m.a.p. heat shock protein 70. Vet Immunol 
Immunopathol. 107: 153-161.
LOFTUS, E.V., Jr., Silverstein, M.D., Sandborn, W.J., Tremaine, W.J., harmsen, W.S. and Zinsmeister, A.R. 
(1998) crohn’s disease in olmsted county, minnesota, 1940-1993: incidence, prevalence, and survival. 
Gastroenterology. 114: 1161-1168.
MARKESICh, D.C., Graham, D.y. and yoshimura, h.h. (1988) progress in culture and subculture of sphe-
roplasts and fastidious acid-fast bacilli isolated from intestinal tissues. J Clin Microbiol. 26: 1600-1603.
MCCLURE, H.M., Chiodini, R.J., Anderson, D.C., Swenson, R.B., Thayer, W.R. and Coutu, J.A. (1987) my-
cobacterium paratuberculosis infection in a colony of stumptail macaques (macaca arctoides). J Infect 
Dis. 155: 1011-1019.
MUNKhOLM, P., Langholz, E., Nielsen, O.h., Kreiner, S. and Binder, V. (1992) incidence and prevalence 
of crohn’s disease in the county of copenhagen, 1962-87: a sixfold increase in incidence. Scand J Gastro-
enterol. 27: 609-614.
NASER, S., Shafran, I. and El-Zaatari, F. (1999) mycobacterium avium subsp. paratuberculosis in crohn’s 
disease is serologically positive. Clin Diagn Lab Immunol. 6: 282.
NASER, S.A., Schwartz, D. and Shafran, I. (2000) isolation of Mycobacterium avium subsp. paratuberculo-
sis from breast milk of crohn’s disease patients. Am J Gastroenterol. 95: 1094-1095.
NASER, S.A., Ghobrial, G., Romero, C. and Valentine, J.F. (2004) culture of mycobacterium avium subs-
pecies paratuberculosis from the blood of patients with crohn’s disease. Lancet. 364: 1039-1044.
REN, Z., Turton, J., Borody, T., Pang, G. and Clancy, R. (2008) selective th2 pattern of cytokine secretion 
in mycobacterium avium subsp. paratuberculosis infected crohn’s disease. J Gastroenterol Hepatol. 23: 
310-314.
RUMSEy, J., Valentine, J.F. and Naser, S.A. (2006) inhibition of phagosome maturation and survival of 
mycobacterium avium subspecies paratuberculosis in polymorphonuclear leukocytes from crohn’s di-
sease patients. Med Sci Monit. 12: br130-139.
SCANU, A.M., Bull, T.J., Cannas, S., Sanderson, J.D., Sechi, L.A., Dettori, G., et al (2007) mycobacterium 
avium subspecies paratuberculosis infection in cases of irritable bowel syndrome and comparison with 



54 crohn’s disease and johne’s disease: common neural and immune pathogenicities. J Clin Microbiol. 45: 
3883-3890.
SIGUREThARDOTTIR, O.G., Valheim, M. and Press, C.M. (2004) establishment of mycobacterium avium 
subsp. paratuberculosis infection in the intestine of ruminants. Adv Drug Deliv Rev. 56: 819-834.
SINGh, U.P., Singh, S., Singh, R., Karls, R.K., Quinn, F.D., Potter, M.E. and Lillard, J.W., Jr. (2007) influence 
of mycobacterium avium subsp. paratuberculosis on colitis development and specific immune respon-
ses during disease. Infect Immun. 75: 3722-3728.
SOUZA, C.D., Evanson, O.A. and Weiss, D.J. (2006) mitogen activated protein kinase(p38) pathway is an 
important component of the anti-inflammatory response in mycobacterium avium subsp. paratubercu-
losis-infected bovine monocytes. Microb Pathog.41: 59-66
STABEL, J.R. (2000) transitions in immune responses to mycobacterium paratuberculosis. Vet Microbiol. 
77: 465-473.
TySK, C., Lindberg, E., Jarnerot, G. and Floderus-Myrhed, B. (1988) ulcerative colitis and crohn’s disease 
in an unselected population of monozygotic and dizygotic twins. A study of heritability and the influen-
ce of smoking. Gut. 29: 990-996.
UZOIGWE, J.C., Khaitsa, M.L. and Gibbs, P.S. (2007) epidemiological evidence for mycobacterium avium 
subspecies paratuberculosis as a cause of crohn’s disease. Epidemiol Infect. 135: 1057-1068.
WEISS, D.J., Evanson, O.A., Deng, M. and Abrahamsen, M.S. (2004) gene expression and antimicrobial 
activity of bovine macrophages in response to mycobacterium avium subsp. paratuberculosis. Vet Pa-
thol. 41: 326-337.
WEISS, D.J., Evanson, O.A., de Souza, C. and Abrahamsen, M.S. (2005) A critical role of interleukin-10 
in the response of bovine macrophages to infection by mycobacterium avium subsp paratuberculosis. 
Am J Vet Res. 66: 721-726.
WU, C.W., Livesey, M., Schmoller, S.K., Manning, E.J., Steinberg, h., Davis, W.C., et al (2007) invasion and 
persistence of mycobacterium avium subsp. paratuberculosis during early stages of johne’s disease in 
calves. Infect Immun. 75: 2110-2119.
ZUR Lage, S., Goethe, R., Darji, A., Valentin-Weigand, P. and Weiss, S. (2003) Activation of macrophages 
and interference with cD4+ t-cell stimulation by mycobacterium avium subspecies paratuberculosis 
and mycobacterium avium subspecies avium. Immunology. 108: 62-69.


