
ñFor MAP not to contribute to pathogenesis and merely to have a 

bystander role, it would be necessary to accept that despite its specific 

ability to cause chronic inflammation of the intestine in so many 

animals, including primates, it is somehow harmless to man.ò 

(Hermon-Taylor et al. J Med Microbiol 2002) 

ñThe critical issue today is not whether MAP is associated with CD, 

but whether MAP causes CD or is only incidentally present, 

not an inciter or participant in the disease process.ò

(Nacy et al. American Society for Microbiology 2008) 



Crohnôs Disease

A triggering event occurs in early in life.

Prolonged incubation period between trigger and clinical disease

Sexual maturity often immediately preceded clinical disease.

Main target organ is the ileum.

Host response often involves chronic granulomatous inflammation.

Johneôs Disease

Similarities between JD and CD

Analytical problems of pure clinical approach

MANY SUB CLINICAL CASES

MANY DEGREES OF SEVERITY 

DETECTION NOT CORRELATED WITH CLINICAL PRESENTATION

NO SINGLE PREDICTABLE OUTCOME
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Environmental agent is NOT a direct cause of the inflammation 

but is a chronic trigger for an immune dysregulation

CD Common biomarkers
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MAP prevalence in wild and domestic animals is very high

70% MAP prevalence in US Dairy herds (USDA 2008)

CD prevalence is increasing in humans particularly paediatric CD 

(10 fold in 20yrs : Phavichitr 2003)

850,000 CD cases in North America 50% are children.

MAP Reservoirs
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MAP Transmission

Viable MAP is present in         Soil                  (Whittington ; Appl.Environm.Microbiol. 2005)

Water (Pickup ; Appl.Environm. Microbiol. 2006)

Potable water (Mishina ; Proc.Nat.I.Acad.Sci.USA 1996)

Meat products (Alonso-Hearn ; Foodbourne Path.Dis. 2009)

Dairy products (Shankar ; Int.J.Infect.Dis. 2009)

CD clusters associated with    Water Supplies (Van Kruiningen Inflam.Bowel Dis. 2007)



Predominant epidemiological MAP type in animals 

correlates with MAP type isolated from CD

Country (sample area) Predominant MAP type Reference

USA (multiple areas) No correlation Motiwala ; J.Clin.Micro. 2003

Italy (Sassari, Sardinia) Sheep Scanu ; J.Clin.Micro. 2007

China (Nanjing) Cattle Cheng ; World J.Microbiol.Biotec. 2005

India (New Delhi) Bison Singh ; Int.J.Infect.Dis. 2007

MAP Transmission



MAP Transmission from animals to humans

Animal workers  62% MAP+ve  vs Normals 27% MAP+ve 

faecal MAP culture

(Singh ; Int.J.Infect.Dis.2007)

Animal workers 51% MAP+ve vs Human health care workers 12% MAP+ve 

MAP IgG antibodies 

(Chiodini ; International Colloquium on Paratuberculosis IAP5 1996) 

MAP Transmission

High MAP exposure correlates with increased immune recognition  
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MAP transmission regularly occurs  from animals to humans

MAP Transmission

Can MAP actively invade and persist in human gut epithelium?



MAP infection into human gut is an ACTIVE process

M.smegmatis

9/9 donors

Low Invasion

No Damage

MAP

3/9 donors

Active Invasion

Severe Inflammation

Epithelial Damage

6/9 donors

Low Invasion

Mild Inflammation

No Damage

Human foetal ileum

xenographed to SCID mice 

(Golan ; J.Infect.Dis. 2009)
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Ŭ-Defensin (HD5) 

in Paneth Cells

HD5 expression is significantly reduced in the gut of CD patients

NOD2 mutation leads to HD5 depletion leads to MAP infection?
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ñThe association of MAP and Crohnôs disease, based on PCR or ELISA testing,

is well establishedò

MAP +ve are 7 fold more likely in CD than Normals

10-40% presence of MAP in Non-STERILE and STERILE samples from Normals

(Feller ; Lancet Inf.Dis. 2007)

MAP Detection

MAP is chronically & actively invading humans
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(Redrawn from Gumber ; Vet.Microbiol. 2009)

MAP culture and VNC phenotype

Viable Non-Culturable (lag) phase increases with repeated cycles of 

heat shock

Lag phase
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MAP infection into human macrophages 

leads to proportion of MAP converting to a 

Viable Non-Culturable (VNC) phenotype

MAP culture and VNC phenotype



(Shin et al. Anti Microb Agents Chemo 2008)

(Greenstein PloSONE 2007)

6-MercaptopurineRifampin

Thiopurines are inhibitory to MAP



MAP becomes Viable Non-Culturable (VNC) on intracellular entry

Some Crohnôs Disease therapies are inhibitory to culture

Immunotherapy (which aggravates MTB infection)

does not promote MAP growth

Negative MAP culture is NOT necessarily 

indicative of Negative MAP infection 

CD patients on some long term therapies 

may not be suitable for MAP culture studies

MAP culture and VNC phenotype



140 patients : 2-16yrs age

Prospective samples: No medication

Optimised DNA extraction

Controlled, MAP specific PCR

Long term culture for MAP

Biopsy 

PCR

PBMC

PCR

Biopsy

Culture

CD 39 % 16 % 40 %

UC 32 % 8 % 0 %

Non-IBD 15 % 0 % 0 %

Viable MAP preferentially infects CD patients over Normals

(Kirkwood ; Inflamm.Bowel Dis. 2009)

MAP in early onset CD
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Does MAP use CD genetic susceptibilities to generate an immune dysregulation?

MAP Invasion and Persistence

MAP can and does

preferentially infect and persist

in CD patients
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Mutations in IL23R and IL17 genes PROTECT against Crohnôs Disease 

(McGovern Inflam Bowel Dis 2009)

Tissue damage and inflammatory response

CD Protective Genetics
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Mutations in NOD2, ATG16L and IRGM genes give RISK for Crohnôs Disease

(Welcome Trust Consortium: Nature 2007)

Tissue damage and inflammatory response

CD Risk Genetics
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MAP stimulates NOD2 and ATG16L



(Coulombe ; J.Exp.Medicine 2009)

N-glycolyl MDP of MAP (Actinomycetes)

generates significantly more reactivity from the NOD2 receptor than 

N-acetyl MDP of E.coli, Salmonella 

MAP and NOD2 mutations

NOD2 is the primary cell detection system for intracellular mycobacteria



MAP infected into CD patients 

with NOD2 mutations 

have depleted cytokine responses

(Ferwerda ; J.Leukocyte Biol. 2007)

MAP and NOD2 mutations from CD patients
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NOD2 gene deficiency increases MAP infectivity and persistence & decreases immune signalling

Tissue damage and inflammatory response

CD Risk Genetics



Are humans with NOD2 mutations more susceptible to MAP infection?

MAP and NOD2 mutations

0.013.35A1A2 heterozygous vs A1A1 Normal

0.970.97A2A2 homozygous vs A1A1 Normal

P valueOdds RatioGenotype comparison

(Pineda; Vet.Microbiol. 2009)

Cattle with NOD2 mutations are 3.35 x more likely to be infected with MAP



Heterozygous NOD2 mutation Odds risk of having CD = 2 - 4.5

(McGovern ; Inflam.Bowel.Dis.2009)

Homozygous NOD2 mutation  Odds risk of having CD = 3 ï34.0 

(Pascoe ; Eur.J.Hum.Genetics 2007)

MAP and NOD2 mutations

Are humans with NOD2 mutations more susceptible to MAP infection?



(Onnie ; Eur.J.Gastrohepatol.2008) 

NOD2 mutations correlate to granuloma formation in CD patients

NOD2 mutations correlate with 

MAP infection in CD patients

BUT 

NOD2 mutations are not exclusively 

restricted to CD and not all CD have mutations

(Bentley ; Inflamm.Bowel Dis.2008)

(Sechi ; J.Clin.Microbiol.2005)


