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Where next with Johne’s?

Michael T. Collins, DVM, PhD, DACVM
Professor of Microbiology
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Zoonotic Pathogen Prevalence
13 dairy farms 43 to 275 cows/farm; 7‐11 samples/farm
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MAP Crossroads

Is it a zoonotic disease?

Yes

Mandatory testing
Aggressive control

Public subsidies

No

Voluntary testing
Control based on economics

Limited public subsidies

Is MAP a zoonotic pathogen?
Murder Metaphor

Did the accused have the:
 The opportunity
 A motive
 The means

You be the judge

Where’s the “smoking gun”:
 Forensic evidence

Global Epidemic
in FOOD-producing animals

Next found in USA

Then found in Australia

Crohn’s disease first reported

Reported in Chile’s cattle
Reported in Chile’s sheep

First recognized in Europe



3

MAP in powdered 
infant milk formula?

Country Size of 
survey

% PCR 
positive

% Culture 
positive Reference

Czech Republic 51a 49 2.0? Hruska et al. (2005)

United Kingdom 45b 24 2.2? Grant and Thompson 
(MS thesis)

a from 10 producers operating in 7 EU countries
b from 6 producers, all UK-based except one 

? Suspect cultures were PCR-positive but failed to grow on subculture. 

Epidemiologic studies report that breast feeding lowers risk of Crohn’s disease.

Botsaris et al. 11-ICP
35 samples; 11 producers
9.4% MAP culture-positive

21.9% PCR-positive

Pasteurization is not 100% Effective
MAP: cultured from retail  
pasteurized milk
 1.8% in U.K. (Appl. Env. Microbiol. May, 2002)

 1.6% in Czech Rep. (AEM March, 2005)

 2.8% in U.S. (J. Food. Protect. May, 2005)

 67% in India (Int. J. Infect. Dis. Feb., 2010)

 2.7% in Brazil (J. Dairy Sci., 2012)

 2.9% in Argentina (Brazilian J. Microbiol., 2012)

Institute for Dairy Chemistry and Technology
of the

Federal Dairy Research Centre
Kiel, Germany
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Estimated survival of 1 CFU MAP per liter of retail milk 
(CFU could be 1 MAP or a clump of 100 MAP)

MAP survived up to 90 C x 60 seconds
(pasteurization is 72 C x 15 seconds)

Servings/day; 250 mL each

1,000 to 100,000 MAP consumed by age 10.

Incidence – Japan, 1986 – 1998
Yao, et al. Dis. Colon & Rectum 43:S85-93, 2000.

Incidence – Japan, 1986 – 1998
Yao, et al. Dis. Colon & Rectum 43:S85-93, 2000.

“The increased incidence of Crohn’s disease . . . . . 
. . .was strongly correlated with the increased 
intake of animal protein and milk protein
(r = 0.908 and 0.924, respectively; P<0.001)”.
Shoda et al., Am. J. Clin. Nutrition 63:741, 1996.

August, 2010

MAP detected by culture 
in 25% of cheeses tested.
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Dairy Products are Mobile

Fonterra Co‐operative Group Ltd is a multinational dairy company, owned by 
13,000 New Zealand dairy farmers. 

It is the worldʹs largest exporter of dairy products, exporting 95% of its production. Its 
global supply chain encompasses its shareholdersʹ farms in New Zealand through to 
customers and consumers in 140 countries. Collecting over 13b litres of milk a year, it 
manufactures and markets over 2m tonnes of dairy products annually, making it the 
worldʹs leader in large‐scale milk procurement, processing and management. Its 
ingredients business is the largest dairy ingredients operation in the world, 
manufacturing and marketing more than 1,000 ingredient products to the 
international food industry under the NZMP brand. 

Fonterra receives confirmation of 
Clostridium botulinum in WPC80 
samples from AgResearch. 

Wednesday, July 31, 2013

Media conference by Gary Romano.  Eight 
affected customers named.

Sunday, August 4, 2013

Danone, which made infant formula in NZ & China.
Vitaco, which made NZ sport drinks.
Fonterra animal feed subsidiary NZAgbiz which made calf milk replacer.
Maxum, which made Australian animal feed.
Wahaha, which made a Chinee protein‐enriched drink.
Coca‐Cola, which made drinks in NZ & China.

False alarm – lab error!

Sunday, August 28, 2013
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September 6, 2013 Ontario is not an island

Cows With Paratuberculosis  
are Culled & Consumed

 Pass antemortem 
veterinary inspection.

 Pass postmortem 
veterinary inspection.

 Frequently have  
disseminated MAP 
infections.

Test-and-cull JD control programs are 
essentially test-and-feed-to-the-public.

Veterinary Record February 2, 2008

ELISA-positive; clinically normal
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This cow had MAP isolated 
from blood and liver: 

it had a systemic bacterial infection.

Not all Johne’s cows are thin.
IDEXX ELISA S/P = 2.0

Americans consume >50 lb. 
of ground beef/person/yr.

Large percentage of ground 
beef is from cull dairy cows

Billions and Billions of Burgers!
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Source: http://www.overhowmanybillionserved.blogspot.com/

Clinical JD in sheep:
59% muscle tissue infected; mean MAP CFU = 1.67 log10/gm
85% peripheral LN infected; mean MAP CFU = 2.06 log10/gm

Reddacliff et al. Vet. Microbiol. 145:122-128, 2010

Photo by R. Bush

8,291 cases of multibacillary paratuberculosis 
sent into the food supply.

I. Links, 11-ICP

Will MAP be Killed by Cooking?

MAP may be present in meat from infected animals at low 
numbers, but any such organisms are likely to be inactivated 

when meat is cooked to a well done condition.
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Diet & Crohn’s Disease
Adjusted Odds Ratios

Abubakar et al, Am. J. Epidemiol. Advanced Access, January 19, 2007.

Clinical Signs

 Weight loss – rapid
 Diarrhea
 Fluid diarrhea
 Nonresponsive to 

therapy
 Foul odor
 Bubbles

>108 MAP / gm feces
Cows produce ~ 30 Kg feces / day
= 3 x 1012 M. paratuberculosis / day
>1 million infectious doses / day (estimated)

MAP Survives a Year in Soil
Contamination of the Farm Environment

Raizman et al. J. Dairy Sci. 87:2959-2966, 2004.

Cluster of 15 IBD cases in Virginia, USA
Pierce et al. Gut Pathogens 3:20, 2011. 

Kids 5 to 18 at onset of IBD:
11 kids with CD
4 kids with UC
All lived adjacent to or near dairy farms
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Cluster of IBD cases in Virginia, USA
Pierce et al. Gut Pathogens 3:20, 2011. 

Dairy farms in 1990

Homes of 15 IBD cases

5/7 kids tested positive for antibody to MAP (p35 & p36 antigens)

Cluster of IBD cases in Virginia, USA
Pierce et al. Gut Pathogens 3:20, 2011. 

Dairy farms in 1990

Homes of 15 IBD cases

5/7 kids tested positive for antibody to MAP (p35 & p36 antigens)

“This represents an incidence rate of 217 cases per 
100,000 children per year; more than 47 times the 
expected rate.  We believe an incidence rate 47 times 
the expected rate qualifies this cluster as an 
outbreak”.

Chlorine Does Not Kill MAP
 MAP: 2 ppm x 30 min only 

decreased counts 2.8 logs.
 Whan, Letters in Applied Microbiol. 33:227, 2001.

 “…mycobacteria are 100 to 330 
times more resistant to chlorine 
than E. coli.”
 Le Dantec, Appl. Env. Microbiol. 68:1025, March 2002.

 EPA found MAP in 92% of 31 
cold water faucets in Ohio at 
up to 29,000 CFU/L.
 Beumer et al. US-EPA, Appl. Env. Microbiol, 2010.

In U.S., mean chlorine exposure 1.1 ppm x 45 min. before 1st use in distribution systems.

Source
Susceptible 

host

Vehicles Many 
opportunities

The objective of a bacterium is to become bacteria.
Stanley Falkow

Evolution toward pathogenicity

M. avium ss. sylvaticum

M. avium ss. avium

M. avium ss. paratuberculosis
Sheep strain

M. avium ss. paratuberculosis
Cattle strain

Deletion of LSPA-8

Genomic Insertions, 
plus IS900

Genomic Insertions, 
plus IS901

M. avium ss. hominissuis

From Turenne et al J. Bact. April 2008
Marcel Behr’s lab, McGill University
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MAP – Phenotype in vitro
Mycobactin-Dependent

Slow-growing; Colonies in 8-20 weeks

Mycobactin: Iron-chelator synthesized 
by all mycobacteria except MAP

Life style of an obligate intracellular parasite

MACs: a happy home for MAP
pH 6.0 & Fe from host transferrin

Broad Host Range

?

THE MEANS (CAPABILITY)

MAP is armed to confront the host and, as with other 
mycobacterial pathogens, eventually wins the battle.

The means to kill? All Slow-Growing Mycobacteria are Zoonotic

Behr, 2008

M Avium Complex (MAC)

M Tuberculosis Complex (MTBC)

Leprosy (not cultivable in vitro)

Slower growth = more virulent
MAP is the slowest growing of all cultivable mycobacteria
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Bovine paratuberculosis

ASM News Cover

Human Leprosy

Diffuse, granulomatous
inflammation without caseation
Acid-fast bacteria (AFB)
Abundant (lepromatous)

-or-
Sparce (tuberculoid)

= Intestinal leprosy?

MAP controls the host cell… 
just like M. tuberculosis

 Regulates phagosome
 Sustains pH at growth optimum
 Selectively allows delivery of 

molecules like transferrin to 
phagosome by fusion with vesicles in 
early endosomal network.

 Suppresses immune response
 Sequesters itself away from antigen-

processing machinery of host cell.
 Suppress ability of infected 

macrophage to stimulate CMI.
 Over-produce cell wall lipids that 

leave infected cell by exocytosis to 
suppress neighboring macrophages.

February 2011 2011

“The association of MAP and Crohn’s disease, based on PCR or ELISA 
testing, is well established and we doubt that important further 
insights may be gained from additional case-control studies….”

September, 2007

Translation:
MAP strains from animals look the same 

as strains isolated from humans.
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Guilty or innocent?

The accused has the:
 The opportunity
 A motive
 The means

And, 
 fingerprints of the accused were 

found at the crime scene.

One Health
One Bacteriology

Food For Thought

Gut 58:1490, 2009.

Ontario has one of the highest rates of childhood-onset 
IBD in the world, and there is an accelerated increase in 
incidence in younger children.

Simple concept:
Healthy food comes from healthy animals.

Simple fact:
Animals with paratuberculosis are not healthy.

Ontario producers and their veterinarians 
have the knowledge and the tools to 
deliver raw products with low risk 

of MAP contamination.

TAFS recommends MAP control at the farm, national, and 
international level to limit MAP contamination of foods based 
on the precautionary principle by sourcing raw milk and meat 

from test-negative herds.

http://www.tseandfoodsafety.org/

Countries Capable of Delivering Milk 
and Beef from Test-Negative Herds

 Sweden
 Denmark
 Netherlands
 Ontario Canada
 Australia
 USA
 Japan
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Ontario has the most progressive 
and effective program in the world.

Advice for OABP:
1. Confirm if each herd in your practice is infected.
2. Make four management changes to limit JD spread.
3. Start a testing program.
 Milk ELISA or serum ELISA for commercial herds
 Fecal culture or PCR for breeders

4. Act consistently on test results; trust the tests!
 Cull high-positives before they calve
 Label and manage low to medium-positives

5. Prepare to supply milk from test-negative cows.
6. Encourage continuation of the Ontario program.

It’s a long journey…… ……it’s easy to drift off course!

Only with veterinary monitoring 
does a control program succeed.

 Maternity pens clean?
 Only ELISA-neg cows in pen?
 Culling as planned?
 Written protocol
 No strong positives in fresh cow list
 Labeling ELISA-pos cows?
 Colostrum quality & storage?
 Written protocols
 Talk to the person actually doing calf-care

 Calf morbidity records?
 Herd infection rate declining?
 Review annually

It’s a long journey ……………stay on course!


