Test method protocol for pooled faecal culture for BOVINe johne’s disease 

The test protocol is similar to that described for Pooled Faecal Culture for ovine Johnes disease with the following key exceptions:

1. A pooling rate of 1:5 (not 1:50) is used. i.e. Each sample represents a pool of 5 equivalent weight faecal samples collected from 5 individual cattle.

2. Subculture is undertaken on Herrold’s egg yolk medium with and without mycobactin (as for Bovine Johne’s disease) unless there is evidence that the herd is likely to have had contact with ovine strains of M. avium susbsp paratuberculosis. In that case, subculture is undertaken as described in the OJD PFC protocol.

The full protocol is as follows:

Reagents (including any preferred suppliers)

Vancomycin

Amphotericin B

Nalidixic acid

Bactec 12B medium (Becton Dickinson) 

Egg yolk 

PANTA PLUS antibiotic supplement (Becton Dickinson)

Ethanol for DNA extraction from Bactec media

Primers

dNTPs

Taq polymerase

Buffers

Mse1 enzyme

Agarose gel system
Equipment/platforms (including software)

Waring blender or equivalent homogenising system e.g. Minimix stomacher (Interscience)

Bactec 460 machine (Becton Dickinson)

Conventional PCR machine (thermocycler).

Gel documentation reader and software, with photocapture facility

Safety/bio-safety precautions/special laboratory requirements

Radiometric culture medium contains low level radioactive emissions and need to be handled, stored and disposed of accordingly.

Test procedures

1. Samples are homogenised using a stainless steel Waring blender or equivalent. Use 2 g faeces from each animal in the pool (minimum total 10 g per pool). Care should be taken during processing of bovine samples with the Waring blender system as these may stick to the walls of the blender and require scraping with a knife or equivalent to achieve homogenisation. If using a stomacher system, a volume of sterile saline (50 mL per 10g faeces) is used for blending. 

An aliquot from each homogenised sample is decontaminated according to a double incubation method to achieve the following minimal concentrations of inoculum: 

(i) Waring blenders: 2 g faeces are added to 10 mL saline in screw-topped tubes (e.g.  polypropylene) and mixed thoroughly with a swab stick, then after removal of the swab thoroughly mixed by shaking the tube vigorously.

(ii) Stomachers: 10 mL of faeces/saline mixture (from a 10 g  faeces/50 mL saline homogenate)  is removed to a screw topped tube.

2. After the faeces has settled in the tube for 30 min, 3.5-5 mL of the top portion of supernatant is transferred by sterile plastic transfer pipette to a 30 mL polypropylene tube containing 25 mL 0.9% (w/v) hexadecyl pyridinium chloride in half strength (18.5 g/L) brain heart infusion broth, avoiding any floating debris and ensuring that the pipette tip does not touch the inside of the tube. 

3. Following incubation at 37oC for 20-26 hr, the material is centrifuged at 900 g for 30 min. 
4. After discarding the supernatant, 1 mL of antibiotic mixture VAN (0.1 mg/mL vancomycin; 0.05 mg/mL amphotericin B; 0.1 mg/mL nalidixic acid) is added to each tube and the pellet completely resuspended.

5. Following incubation at 37oC for 70-74 hours, 0.1 mL of the resuspended pellet is inoculated, using a 1 mL syringe, into a vial of Bactec 12B medium (Becton Dickinson) previously supplemented with a mixture of (per vial) egg yolk (1 mL), mycobactin J (100 (L of 50 (g/mL), PANTA PLUS antibiotic supplement (Becton Dickinson)(200 (L) and sterile water (0.7 mL).

6. Each Bactec vial is incubated at 37oC for at least 10 weeks (and up to 12 weeks), and examined weekly for growth in a Bactec 460 machine (Becton Dickinson). Growth is recorded weekly as a growth index (GI) between 0 and 999, generated from the ion chamber within the machine. 

7. Growth is examined according to the following protocol: 

(i) Samples from Bactec vials are collected when a GI of 999 is reached (“A” sample), and one week thereafter (“B” sample). For samples that show growth above GI 200 but do not reach a GI of 999, the A and B samples are collected in the two weeks following the maximal GI. 

(ii) The B samples are examined following ethanol extraction (Appendix A) by routine IS900 PCR  with primers according to Millar et al  (Appendix B) and confirmed using Mse1 REA procedures (Appendix C).  

(iii) If PCR is negative on the B sample, these procedures are repeated on the A sample. 

(iv) Depending on the source strain of Map, the A samples are routinely subcultured to Herrold’s egg yolk medium with mycobactin J (C strains) or modified 7H10 medium with egg yolk, mycobactin J and antibiotics (S strains), and incubated for up to 10 weeks for confirmation of typical, mycobactin-dependent colonies. 

Calibration required

Pipettes delivering volume of PCR reactants require regular servicing, and calibration at least annually. 

Bactec machines require regular maintenance procedures (e.g. filter and needle replacements) according to the manufacturer’s recommendations.

Specimen collection and handling and treatments

Samples should be forwarded chilled to the laboratory in screw-topped sterile containers (e.g 70 mL polystyrene containers).  For accuracy, samples from individuals cattle are preferred and the samples can then be pooled at the laboratory by equivalent weight in pools of 5 samples. 

Samples must reach the testing laboratory and set up for processing within a 4 day period. Submitters should be advised of any samples that fail to meet this requirement and thus may yield suboptimal results. All samples for certification testing must meet the minimum requirements for acceptance. For samples that reach the laboratory within this period but cannot be set up for culture, they should be stored at the receiving laboratory at -80oC. 
Test acceptance criteria

All confirmatory tests are evaluated and signed off by an independent technician, ensuring the absence of positive reactivity in any negative controls, suitable results for positive controls and specific reactivity in the PCR and REA tests from documents attached to the laboratory worksheets.

PCR/REA tests are accepted as valid if, in the presence of satisfactory positive and negative control results, the sample shows the specific size of amplified DNA and cut product in the REA.

Subculture tests are read by experienced operators and are considered positive if colonies typical of Map by colonial morphology and growth rate are found to be mycobactin dependent on appropriate solid media.

Result interpretation

Samples that show growth in radiometric media that is confirmed by both IS900 PCR and REA are considered to contain DNA consistent with M. avium subsp. paratuberculosis. These samples are considered to be derived from an infected subgroup and the herd would be classified as highly likely to be infected.

Samples that show growth in radiometric media that is confirmed by both IS900 PCR and REA and also show colonies typical of Map on subculture by mycobactin dependency testing, are considered to be culture positive for M. avium subsp. paratuberculosis. These samples are considered to be derived from an infected subgroup and the herd would be classified as infected.
Technical qualifications

Staff undertaking these procedures must be qualified by an appropriate TAFE or university certificate, diploma or degree and have experience and knowledge in the procedures of homogenisation, decontamination, inoculation of radiometric media, growth determination, confirmation by PCR and REA and subculture for mycobactin dependency. Where this experience is limited, the work should be only undertaken under the direct and close supervision of an experienced, suitably qualified technician.
All staff should have training and experience in, knowledge of and ability to follow QA procedures, especially those procedures and management practices required to minimise false positive reactions from amplicon contamination. 

Throughput and turn around time expectations
Samples should be set up for culture with minimal delays, preferably twice weekly. The minimum turnaround time for a sample with no growth is 11 weeks. Samples with growth are batched for confirmatory PCR and REA testing to improve efficiency. Such testing should be carried out without significant delay (at least every 3-4 weeks depending on sample loads). Results of PCR/REA testing should be relayed to the submitter when these become available, not when subculture is completed.

Appendix A: 

GROWTH SAMPLING AND ETHANOL EXTRACTION OF MAP DNA FROM BACTEC GROWTH

1. Gently mix the bottle contents and aspirate 0.2 mL using a sterile 1 mL syringe and 26G ( 0.5” needle (in viscous samples an 18G ( 1.5” needle may be required)
2. Slowly add the aliquot to a screw-capped Eppendorf (ET) tube, avoiding aerosols. Close the lid.

3. Dispose of syringe and needle into a radioactive sharps container.

4. Return BACTEC vial to incubation.

5. Label and freeze sample in ET at -80oC or proceed directly to the ethanol clean procedure (Step 6).
6. Add 500 μL absolute ethanol to the ET tube containing 0.2 mL BACTEC growth .

7. Vortex briefly and centrifuge at 300 rpm for 10 min. 

8. Carefully remove lid then aspirate 200μL of the supernatant.

9. Transfer supernatant to a new labelled screw-capped ET. Dispose of tip into radioactive waste.

10. Centrifuge at 14,000 rpm for 5 min in a benchtop microfuge. Remove supernatant by pipette and discard the supernatant and tip into a radioactive waste bag

11. Add 200 μL sterile PBS to the ET. Discard pipette tip into a radioactive waste bag

12. Resuspend the bacterial pellet by vortexing the tube.

13. Repeat step 10.

14. Add 50 μL sterile MilliQ filtered water.

15. Resuspend the bacterial pellet by vortexing the tube.

16. The procedure can be safely stopped at this point. Freeze labelled ET tubes at –20°C.

17. Place ET’s in a dry heating block at 105oC for 20 min

18. Again the procedure can be safety stopped at this point. Freeze labelled ET tubes at –20°C.

19. Thaw ET tubes and perform IS900 PCR as described in Appendix B. If positive, perform REA on PCR product as described in Appendix C.

20. Once PCR results are confirmed, discard ET tubes into radioactive waste containers.

Appendix B: 

IS900 PCR PROCEDURE 

This uses the standard reaction for IS900 PCR based on Moss et al (1992), with primers P90+ and P91+ from Millar et al (1996), producing a 413 bp product. 

Key aspects of procedure

1. Assay is undertaken in 50 (L reaction volumes, using 45 µL cocktail and 5 µL template

2. Reagents are 
a.
10X JD buffer which contains per 50 mL:

Tris 


4.05 g    
(equivalent to 66.8 mM in final 50 µL reaction volume)
(NH4)2SO4

1.10 g
 
(  “                  16.6 mM     “                             “            )
Bovine serum albumin
825 mg
  
(   “                  1.65 mg/mL   “            “                         )
1M MgCl2

1250 (L   
(  “                   2.5 mM          “            “                         )       

Add chemicals to 50 mL Falcon tube, then add 25 mL TE (10 mM Tris-HCl, 0.1 mM EDTA pH 8.8). Make up initially to 40 mL then mix and add further TE to final volume of 50 mL and aliquot in 0.5 mL lots. Store at -20oC.

b. Add 3.5 µL of 14.2M (mercaptoethanol ((ME) to 0.5 mL 10X JD buffer immediately before use. This produces a final concentration of 10 mM (ME in each 50 µL reaction volume.

c. dNTPs. Using 100 mM stock solutions, combine 250 µL of each dNTP into 1 mL and make up to 25 mL with sterile MilliQ water. Dispense in 1 mL aliquots and freeze at -20oC.

d. Primers P90+/P91+ are made up in TE pH 8.8 to working solution containing 100 ng/ µL.

e. Taq polymerase

Controls

a. Positive PCR control: add 5µL of M. avium subsp. paratuberculosis strain 316V DNA to 45 µL cocktail  

b. Negative PCR control: add 5µL of MilliQ water to 45 µL cocktail. 

c. Negative cocktail: Unopened cocktail tube.

PCR reaction 

	Temperature (C
	Time
	Cycles

	94
	3 min
	1

	94
	30 sec
	37

	62
	15 sec
	

	72
	1 min
	

	4
	1 min
	1 (hold)


Note: 
When the block temperature has reached 94 oC, place PCR tubes in the thermocycler (Modified Hot Start).Reaction time: approximately 2 h.

Gel Electrophoresis

1. Make up 2% agarose gel


	Gel % and size
	Agarose
	1 X TBE

	2% small
	1g
	50ml

	2% large
	2.5g
	125ml


2. Add ethidium bromide (1.5µL for small gel, 4.5µL for large gel) to heated agarose before pouring into gel boat (prestain method). 

3. When gel is set, add sufficient 1 X TBE running buffer to cover gel by 0.5cm.
[TBE is made up using 108 g Tris, 55 g Boric acid and 40 mL 0.5M EDTA made up to 10L with RO grade water; commercial packs of TBE to be made up to 10L for 1 X TBE are also available].

4. When thermocycler run is complete, make up lane marker by adding 1.5µL lane marker V111, 15µL of sterile MQW and 4 µL of loading dye/buffer to an ET. 
[Loading dye/buffer is 0.25% w/v bromophenol blue and 40% w/v sucrose made up in TE pH 8.8]

5. If REA of the PCR product is not required add 4µL of gel loading dye/buffer to each PCR tube when PCR is completed and shake down. Otherwise add 4 µL of loading dye/ buffer to 1.5 mL Eppendorf tubes (ETs).

6. In a Biological Safety Cabinet add 20 µL of PCR product to the corresponding labelled ETs containing the loading dye/buffer and MilliQ water.

7. Store remaining PCR product at -20(C, or 4(C if REA is to be carried out the next day.

8. Add 20 µL of PCR sample per well and 20 µL of lane marker (Molecular Weight Markers VIII, Roche) to at least one lane in each row.

9. Run gels at the following settings for electrophoresis:

	Gel % and size
	Volts
	Time (min)

	2% small
	94
	45-60

	2% large
	94
	75-90
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Appendix C:
IS900 PCR REA PROCEDURE 

The following reaction is the standard for PCR product from faeces (or tissue) samples: 

	PCR target
	PCR product (bp)
	Enzyme
	NE buffer
	BSA
	Gel %
	Species (strain)
	Predicted Bands 

	IS900
	413
	Mse 1
	2
	Yes
	3
	Map
	130, 283


Preparation 

1. For REA of IS900 product a positive PCR result is required from the initial IS900 PCR. The volume of PCR product required for REA is determined according to the intensity of the PCR product observed. As a guide, the volume range for the different PCR reactions is:

	IS900 PCR reaction grade
	Volume range suggested for  REA (uL)
	Refer to

	4+
	1-5
	Table 1

	3+
	2-6
	“

	2+
	5-12
	“

	1+
	10-19.2
	Table 2

	0.5 to trace
	19.2
	“


2. Prepare a key list of samples to be run, plus these controls: 


· Ethanol clean positive control

· 316 V positive control

· Uncut 316 V positive control

· REA MilliQ water control

· REA Cocktail 

3. The bulk cocktail volume is determined by the number of samples plus 1 spare for every 10 tubes. Use the following tables to calculate the cocktail reagent volumes: 

Table 1: Routine use of Mse1 for REA reactions for up to 12.3 (L of PCR product

	Reagent
	Volume per tube (µL)
	Final concentration/amount

	MQW
	Up to Final Volume
	

	10 x NE buffer 2
	1.6
	

	10 x Bovine serum albumin (1 µg/ µL)
	1.6
	1.6 µg

	Mse1 (4 units/µL)
	0.5
	2 units

	 Cocktail Volume
	16-X
	

	PCR product
	X
	

	Final Volume
	16
	


Table 2: Special case use of Mse1 for REA reactions for up to 19.2 (L of PCR product

	Reagent
	Volume per tube (µL)
	Final concentration/amount

	MQW
	Up to Final Volume
	

	10 x NE Buffer 2 
	2.5
	

	10 x Bovine serum albumin (1 µg/µL)
	2.5
	1.6 µg

	Mse1 (4 units/ µL)
	0.8
	3.2 units

	Cocktail Volume
	25-X
	

	PCR product
	X
	

	Final Volume
	25
	


Procedure

All work is performed in a Class II Biological Safety Cabinet. 

1. Thaw NE buffer, BSA and IS900 PCR product samples.

2. Label sterile 1.5 ml ETs and group tubes according to the cocktail preparations as determined. 
Also label ETs also for each bulk cocktail to be prepared (i.e. to make up cocktail volumes 16-X or 25-X for all samples according to Tables 1 and 2 above).

3. Add MilliQ water, NE buffer and BSA to each bulk cocktail tube.

4. Add Mse1 to tubes from enzyme stocks maintained at -20oC. Preferably, take bulk cocktail tubes to freezer and add required amount of enzyme(s) to each tube, ensuring enzyme remains in freezer between addition to each tube.

5. After all components of the cocktail have been added to each tube, cap each tube and gently flick mix to ensure the enzyme is well mixed throughout the cocktail.

6. Dispense the correct amount of cocktail to each individual sample tube making sure the cocktail is dispensed into the base of the tube. (A single aerosol-resistant pipette tip can be used for each cocktail).

7. Add the required amount of PCR product for each sample (using a new tip for each sample). 

8. Prepare an undigested, no restriction enzyme control using an equivalent volume of the 316V positive PCR control to that which is required for REA, making this up to 16 µL with sterile MilliQ water. This control (Uncut 316V positive control) is then run with the other samples. When running the gel at the completion of the digest, the undigested control should be run immediately next to the digested control sample.

9. If necessary (i.e. bubbles appear or fluid is on the sides of the tubes) pulse briefly in a microcentrifuge (2 seconds). 

10. Incubate all samples at 37(C for 2 h. Record start and finish times.

11. While incubation is taking place, prepare agarose gels for electrophoresis.

12. At the conclusion of the 2 h incubation, add 4 µL of loading dye/buffer to the side of the ET well away from the reaction mixture. Pulse briefly in a microcentrifuge (2 sec). 

Gel Electrophoresis

1.
For IS900 REA, 3% agarose gels are used to visualise the results with appropriate molecular weight markers. Run the ENTIRE volume of digested product (including loading buffer)
	Gel % and size
	Agarose
	1 X TBE

	3% small
	1.5g
	60 mL(

	3% large
	3.75g
	130 mL(


 


( Increased volume to minimise the effects of evaporation

2.
Prepare gel as described in Appendix B.

3. When running the gel, the following settings are used:

	Gel % and size
	Volts
	Time (min)

	3% small
	94
	45-60

	3% large
	94
	75-90
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Quality Control acceptance criteria


IS 900 REA


Negative Controls:


· REA MQW

· REA Cocktail

Positive Control:

· Ethanol clean positive control

· 316 V positive control

· Uncut 316 V positive control

	Control


	Expected Result

	Lane Marker 8
	Ref: Roche Molecular Weight Markers VIII 

	316V uncut
	Single band @ 413 bp

	316V cut 
	Bands @, 283 and 130 bp

	Ethanol clean positive control (sheep or cattle strain)
	Bands @, 283 and 130 bp

	REA MilliQ water 
	No bands

	REA Cocktail
	No bands


Validation of the IS 900 REA test is determined according to the following criteria:

1. Positive control must cut completely producing the correct REA pattern with REA 
bands of the correct sizes. 

2. Negative controls must produce no bands.

3. Uncut control must give a band corresponding to the original PCR product.

4. Incomplete digestion by the REA enzymes is evident if the original PCR product produces a signal as strong if not stronger than the digest products. In this case the reaction should be repeated.
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