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MAP Culture
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MAP bacterium

A Short, acid-fast staining rods
A thick waxy cell wall; mycolic acid

www.johnes.org/sheep/fags.html

A Distinguished from M. avium by
Doubling time of 22-26 h
Presence of 1IS900 sequence
Dependency of Mycobactin J

A MAP istheagentofJ ohne6s di
3 MAP groups,
Type 1/ Sheep strains
Type Il / Cow strains
Intermediate strains (Semret etal 2005)

AVAP K10, ATCQ968 & an Sstrain genomes are sequenced



Johneodos Disease (

-Is a chronic gastroenteritis that is,
transmissible, progressive & incurable

-Affects Ruminant animals worldwide

~ 16-30% of dairy herds in Canada had 2
serum ELISA-positive cows

(Hendricks et al 2005, Sorensen et al 2003, VanLeeuwen J et al
2001, 2006)

:Http;//‘.jn/g]if/photos-

. i beef/Guernsey_realg.jpg

}  Economic losses are due to, ke s

A Weight loss, diarrhea, decreased milk production,
and death

+ MAP is orally transmitted

Feces, Colostrum and milk are the primary
vehicles

eefresearch

MAP may play arolein human Cr o h digesse



Is MAP a human pathogen?

} MAP can cause diseasemanyanimal species including
primates

+ The actual role for MAP i€ r o hdrseéase Is not known

MAP may trigger an inflammatory disease in humans with
genetic predisposition for CD

MAP DNA, bacteria angdpheroplasthiave been identified in
CD tissues & breast milk of mothers with CD

However, MAP DNA has also been isolated from r@bD

cases
} Recently, MAP is one of several environmental agents /
trigger s Ol i nkedd to humans

Minimizing exposure of humans to MAP is desirable



MAP In The Environment

} MAP is ubiquitous in the environment:
Water 0 with seasonal variation
Soild persists for over ayear

Cheesed raw samplegested

Sung & Collins 200@onaghyJA et al 2003, Grant IR et al 20@pahret al 2001, Pickup
R et al 2005

Whittington R etal 2004, 2005Raizmanretal 2004;Berghau®tal 2006, Cooketal 2010

1 When MAPare cultured from environmental sources, the
time required for observable colony formationirscreased

MAP can enter a dormant state facilitating prolonged survival



MAP and animal products

3 MAP Contamination of milk
during milking, 40mg feces / L milk
direct secretion into the udder; ~ 10cfu/L
Standhoudergt al 1990; vaiRoermundet al 2004

+ MAP can survive pasteurization & MAP has been
cultured from pasteurized milk & cheese
In pilot industrial condition trigdsg different combinations of
pasteurization time and temperatur@8ammer et al 2002)

MAP were cultured from tested retagasteurizednilk in India, (66%), UK
(1.7%), USA (2.8%), Czech (1.6%) Argentina (2&90)

But not in milk from Ireland, Canadsc
Grant | R et al 2002; OO0oHiergsdnll2§05AEW 20050 4 ;

Inactivation by pasteurization depends on initial  cfu/ml



Summary of MAP

} Pathogen with a broad host range

1Causes Johneos di sease
1 Potential involvement IR r 0o hDmséase in humans
1 Contaminates the environment and food

1 Isolation from tissue/milk/environment IS
characterized by a long delay to colony formation

Research goal
To develop better protocols to detect
contamination with viable MAP cells




Experimental approaches

Sample :

Cow Milk (meat /tissuedaece}
Question :

What is thelikelihooof detecting the bacterium?
Approach :

Determinethe most effectivanethods for
1. Extracting MAP cells from the samples
2. ExtractingNA from MAP cell to identify thdacterium
3. Culture & detection ofviability
Outcome :
Improve assay sensitivity and specificity




Challenges in lab detection of MAP

+ Slow growth ofMAP
Fastgrowth of most in backgrountauna

} Require a Decontamination protocol
May also killing MAP cell or inhibit growth

} Low cfu MAP/mI in most samples
2 0 8 cfu50 ml in subclinicadows
Most protocols detect at 1&/ml

} Milk,faeces& soil contain inhibitors of P CRolymerase chain reactions)
DNA sample clean up required



1. Optimizing recovery of live MAP
from milk

Protocols
1 Startwith 1 ml, 20 mI5 0 m| or Z50 ml milk

} Centrifugation
- ultracentrifug@l1,000® g; 1 hr); highspeedentrifugél3,000° g;
30 min)desktogentrifugat 9003 g for 30 min
- at 23°C to 4°C

}  Examine different milk fractions for MAP recovery

1 Decontamination of the collected fraction :
- HPC, boric acidHPG-BHI (HPC hexadecylpyridiniurohloride)
- VAN Antibiotic brew decon(amphotericin Byancomycimalidixicacid)

} Length & Temp of decon step: 248h; 22- 37°C
} PlateonH e r r &dgdoiksgar (HEYA + VAN Mycobactinl)

What conditions improved MAP recovery ( cfu)? \



Result: effect of decontamination time on
MAP recovery ( cfu)

Factors investigated CFU MAP
Milk type (spiked |0.75% HPC. |Hrs. in Hrs in recovered (Av
with 120 cfu/ ml HPC Antibiotics | Of 3 slants)
Raw HPC 5 0 20
Raw HPC 5 48 10
Raw HPC 24 0) 11
Raw HPC 24 48 2
Raw HPC-BHIc¢ 5 0) 19d
Raw HPC-BHI ) 48 8
Raw HPC-BHI 24 0] 11
Raw HPC-BHI 24 48 4

AMAPATCC19698; ¢0.5x BHI (beef infusion brothi¢fu from one slant, 2
were contaminated

long exposure to HPC killed or inhibited MAP growth




Result: Effect of temperature and length
(time In hrs.) in the HPC decontaminant

In Roomtemp 22 C) 37 C

0.75%
HpC #l  #2  #3  #4  #1  #2  #3  #4

1hr 11 13 13 12 6 Cont. 7 4
4hr 5 9 8 3 4 4 6 8

16 hr 0 0 0 0

Growth of fungal / mould
contaminants; no MAP detected

1. Optimal decon was achieved & 0 3h at 22-25C
2.Longer decon. time Killed MAP & can enhance growth
of HPC -resistant flora




Result: Partitioning of MAP In Cream
& Pellet fractions

300

250 -

200 -

150 -

50 - —|_ -

R —

CFU of Mpth recovered from slant

Pellet Cream Pellet & Cream

e

a) More MAP partitioned to the Cream than were in pellet
b) Use both cream & pellet when culturing MAP from milk




Result: Effect  of a milk clarifying agent on
MAP recovery & growth

- 50 ml milk samples spiked wifu MAP Madonna strain

- Add NaCitrate or water , centrifuge (10,000 rpm, 20min)
- HPCdeconthe [Pellet+ Cream], 3hrat 22°C

- plate20 & 100l on HEYA

Milk: Cow 2.0% Cow 3.25%Goat 3.8% fat

ct W Ct W Cit W

== NaClitrate clarifying
| agent,

- Improved cfu/mli
| from cow milk

- No effect on MAP
(cfu/ml) cultured




Factors that improve MAP recovery
from cow milk

1 Store milk at 4C
} Bestprocessed within 3 days

} Process volumes50 ml to detect 10 or less MAP
cfuml

Add clarifying agent to cow milk

Combine Cream & Pelldtactions

Decon:0.75% HPQ@-3 h attempless than 30°C
Use of Antibiotic brewis advised; incubat®t h, 37C
Add Anti-fungalsn HEYA orbroth

—_ e md d

C The improved protocoldetects MAP at 10 or less
cfu / mi



2. Optimizing MAP cell lyses and DNA
extraction

+ MAP cells are not easily lysed ,e.g

By Boiling +/detergents, FrenclPress, simple digestion with
lysozyme &subtilisin

Experimental set -up

Spike pasteurized milk samples wiit to 10° cfu MAP / ml
Homogenize; remove 1 ml sample

Centrifuge (42,000 x g; 1.5h),

Process the poole€ream + Pellet fractions; discard Whey

MAP detection & identification
- Direct andnested (ISP0O0 PCRroducts



Results

Different Combinations of procedures tried

Procedures

1 2 3 4 ) 6 8
Bead Beating V V V V V
5 Freezethaw v
cycles
Lysis Buffer \V/ \V
Boiling20 min) V V V V V
DNA V V V V
Precipitation
BSA (0.0037%)
in PCR
Sensitivity of 1 1?6 100- 10°- 1@ 1@ 10
detection 10° 160 10°
(cfu/ml)

(Lysisbuffer contained detergents, 1M GTC, EDTA, 0.BI6ICI in Tris-HCL pH 7.5)



1IS900 PCR (413bp) products for the different
combinations of template preparations

o —

—
-
—

—-— Mg ‘ -

. The best combination
je——
- - -~ f—

TOTO T 10 10—

MAP cells are very resistant to

Best combination
allowed a detection
limit of 10cfu
MAP/m| milk

-Boil MAP inlysis
buffer
-Lyse by beadtbeater

-Concentrate template

by precipitation
-Add BSA to PCR
reaction

| =4

lysis



MAP retail milk

Milk Samples
710retail pasteurized milk samples

Result
1/3 PCR |2/3 PCR 3/3/ PCR
negatlve posmve posmve posmve
600
(84.5%) (10.3%) (4.5%) (0.7%
Conclusions:

110 samples were PCR positive for IS900 showing
contamination with MAP
No sample was culture positive



3. ImmunoMagnetic bead -based MAP
harvest from milk

1 Goal

Improve timeto-MAP recovery without use of centrifugation
Use magnetic beads + polyclonal antibodies against MAP + magnet

Usebatch/tube or Optimize assay to easily process 250 ml
samples byrathatrix (MATRIXMicroSciencénc.)

Seeded pasteurized milk with 0, 1, 10, 200, 200MAP/m|

Advantages
rapid & target specific
reduce decontamination parameters
Less processing of sample



MAP recovery from milk:
tube IMS  vs Centrifugation

aSpiking MAP capture | MAP harvest by
Cfu/ml by IMS Centrifugation
10 cfu/ml 8 9
100 cfu/ml 33 96

2350 ml milk sample / test; 2 tubes / test, 4 replicates
per condition. Cfu are the average of 4 slants.



Summary: IMS vs. Centrifugation

When coupled with PCR detection,

} TubeIMS could detect 110 cfu MAP/ml starting with 50
ml milk.

+ Centrifugation was superior to tube IMS at low-10D)
cfuml but not at high (>100&fu/ml

}

} IMS by Pathatrix was not successful in our hands
C PCR was negative for MAP at 16fi/ ml milk

} Magacelbeads were superior to NEB beads



Luciferase Reporter Phage (LRP)
assays

+ Objective

Develop assay using LRP for Rapid detection from samples
of LIVE MAP cells

Protocol :
Capture MAP onmmunomagnetibeads
Add LRP, allow infection
Detect bioluminescence

Goalt quickly detect contamination with fevit@-100 cfu/ ml) MAP

U S. McCusker MSc. 2005




Electron micrograph showing LRP pHAES85
infection of MAP strain ATCC19698

LRP phages i Dr. WW Jacobs Jr. By D. Moyles




