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Abstract 
 
The diagnosis of bovine Johne’s disease remains a problem because until recently there has been 

little novel research conducted and this has severely limited the development of new diagnostic 

tests and vaccines. In Project P.PSH.0297 translational research was conducted which aimed to 

deliver practical tools for industry in the near term. As a result a direct faecal PCR test was 

developed to detect the pathogen Mptb, but the test could not be validated due to insufficient 

samples from affected cattle. Because the test appeared to have potential, and if validated would 

provide results to producers within a few days instead of the current 3 months for culture, there 

was an imperative to procure suitable samples to validate the test.    

A total of 2472 faecal and blood samples were collected in this project. Of the 2472 samples, 378 

were selected for examination and were tested in both faecal culture and the new direct faecal PCR 

test. Of the 378 samples, 98 were positive in faecal culture and 111 were positive in faecal PCR. The 

selection of samples was successful for the purpose of validation of the PCR test. Remaining aliquots 

of the samples which were tested, as well as the samples which were not tested during this project 

were archived for future examination and represent a very valuable resource for BJD test 

development and validation, including in an active project P.PSH.0576.  

The validation data for the new faecal PCR test are published in a addendum to the final report for 

project P.PSH.0297. Final data will be submitted to SCAHLS in January 2012 for approval for use of 

the test in the National Johne’s Disease Program.   
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Executive summary 

As a result of the project it is now clear that a diagnostic test which had not been validated due to 
lack of suitable samples could now be submitted to the Sub Committee on Animal Health Laboratory 
Standards (SCAHLS) for approval for use in the national JD control program: the direct faecal PCR 
test. Additional validation of this test was recommended by the JD Research Advisory Group to 
provide better estimates of sensitivity and specificity. This was due to there being only a low number 
of samples of suitable quality from infected herds, and few culture positive samples, despite 
appropriate effort to obtain these in project P.PSH.0297.   
  
During this project a total of 2472 faecal and blood samples were collected. Of the 2472 samples, 
378 were selected for examination and were tested in both faecal culture and the new direct faecal 
PCR test. Of the 378 samples, 98 were positive in faecal culture and 111 were positive in faecal PCR. 
The selection of samples was successful for the purpose of validation of the PCR test. Remaining 
aliquots of the samples which were tested, as well as the samples which were not tested during this 
project were archived for future examination and represent a very valuable resource for BJD test 
development and validation, including in an active project P.PSH.0576.  
   
The direct faecal PCR test will be a breakthrough for the beef cattle industry. Previously, faecal 
samples were collected, sent to a laboratory and 3 months would elapse before negative test results 
could be confirmed. For cattle sales this meant considerable forward planning and great 
inconvenience for the producer. Where culture was used to confirm a suspected herd infection, for 
example after positive or suspect ELISA test results, the long delay caused considerable additional 
anxiety for the producer. The new test overcomes these problems because it can provide results 
within a few days of receipt of samples at a laboratory. It will cost no more than culture. 
Furthermore it is suitable for testing pooled faecal samples, which enables a cheap method of herd 
testing, either to detect infection or to show that it is not present in herds in the Market Assurance 
Program. The test will also be suitable for environmental testing.   
  
Final data will be submitted to SCAHLS in January 2012 for approval for use of the test in the 
National Johne’s Disease Program.   
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1. Background 

The project is part of MLA’s commitment to the National Johnes Disease Program. It is an adjunct to 

a prior basic research project on JD, specifically P.PSH.0297.    

Bovine Johne’s disease (BJD) caused by Mycobacterium avium subsp. paratuberculosis (Mptb) is a 

significant issue for the dairy industry in south eastern Australia and a sporadic problem in beef 

cattle. Efforts to reduce the within-herd prevalence of BJD within the dairy industry have been quite 

successful using conventional technologies, and concomitant efforts to prevent spread to the beef 

cattle sector also appear to be well accepted by industry. A vaccine for BJD may soon be available; 

this is likely to be an adjunct to reduce prevalence in heavily infected dairy herds.  

Internationally, BJD is considered to be a significant threat to the livestock sector. Several studies 

have confirmed direct economic loss, but a greater threat exists because of a perceived link with 

Crohn’s disease in humans, and therefore concern exists about ensuring future market access for 

livestock products. Public health authorities in many developed countries have adopted a neutral 

position on the possible link between Mptb originating in livestock and the occurrence of the 

organism and disease in humans. Nevertheless, animal health authorities in many countries have 

introduced, or plan to introduce, control programs for BJD. These will depend on accurate 

diagnostic tests, which are still lacking. Consequently there are large research programs on BJD in 

the EU/Europe, Japan, New Zealand and North America and smaller research programs in many 

other places. For market access insurance, Australia needs to be engaged with R&D at an 

international level.   

Mptb bacteria are spread via the faeces of infected cattle, and they may persist in the environment 

for prolonged periods given the right conditions. Young calves are the most susceptible to infection, 

and most infections occur within the first few months of life. Bacteria ingested from the milk or the 

environment soon infect the lining of the gut, resulting in a slowly progressing, chronic 

inflammation. The consequences of this are an inability to absorb nutrients, resulting in chronic 

wasting and death. BJD is a very slow progressing disease with the average incubation period (time 

from infection to clinical signs) of 5 years (range 3-15 years). There are no effective treatments 

available. Infected animals usually start shedding bacteria into the environment prior to the 

development of any signs of clinical disease.   

There are two overarching themes for diagnosis of Johne’s disease – detection of the pathogen, and 

detection of host responses directed against the pathogen. These have not changed conceptually 

for decades. This project concerns pathogen detection. Pathogen detection by culture remains the 

gold standard test for JD but the lengthy delay between submission of samples to a laboratory, and 

the availability of results has been a major constraint to practical use of culture. For this reason the 

development of a rapid faecal test has been an objective internationally for many years. Rapid 

detection methods for Mptb based on PCR are appearing in the literature and being 

commercialised, with increasing frequency, but validation data are uncommon. In Australia, a test 

cannot be used in a national control program unless it has been properly validated. This is fortunate 

because when new PCR tests for Johne’s disease have been applied in the field for surveillance 

purposes, discrepancies with culture results have affected the classification of herd status and have 

aroused concern (Buckley and Cashman, 2009; Orpin and Sibley, 2009) with a call for “large scale 

examinations of the available tests”. This issue was highlighted again in a recent publication about 

the Tetracore VetAlertTM Johnes real time PCR test: “Although a new MAP detection method has 

been added to the list of approved Johne’s test methods, the test has yet to be formally evaluated 

in the field” (Alinovi et al., 2009); in this study only 143 samples, 35 of which were culture positive, 
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were tested and compared to culture with Bayesian methods incorporating the manufacturer’s 

estimates of sensitivity and specificity. A further problem is the impact of international variation in 

culture protocols to the extent that we cannot readily evaluate or compare the many new molecular 

methods that are being developed, particularly their sensitivities. However, these types of methods 

have the potential to meet the characteristics of an ideal method and therefore replace culture.   

A new direct faecal PCR test was developed in project P.PSH.0297. However, additional validation of 

this test was recommended by the JD Research Advisory Group to provide better estimates of 

sensitivity and specificity. This was due to there being only a low number of samples of suitable 

quality from infected herds, and few culture positive samples, despite appropriate effort to obtain 

these in project P.PSH.0297. The present project was designed specifically to obtain the samples 

necessary for validation of the new test, and to process these using the best available culture 

method in parallel with the new PCR test.    

This project is a step towards the goal of control and prevention of Johne’s disease. 

2. Objectives 

At the completion of the Project, the University will have completed the following to MLA’s 

satisfaction:  

  

1. To collect faecal and blood samples from approximately 2000 head of beef cattle by 1 

December 2011, ship samples to Sydney, archive and store them for future testing.  
2. To test approximately 200 high priority samples using faecal culture, faecal PCR and serum 

ELISA for Johne’s disease and report faecal PCR results by 31 March 2012.  
3. To incorporate the results into a dataset for validation of a faecal PCR test for use in beef 

cattle.  

 

3. Methodology 
 

MLA is committed to investing in top quality scientific research, performed by suitably qualified, 

experienced and registered researchers and organisations. In experiments that involve livestock, 

MLA acknowledges that such research needs to be done under the auspices of a recognised Animal 

Care and Ethics Committee (AEC). The responsibility for obtaining AEC approval lies with the 

researcher. MLA has in the past not specifically asked for evidence that such AEC approval had 

indeed been obtained. 

A beef cattle property in north-western Tasmania with a high prevalence of BJD was identified 

through the BJD Financial Non-Financial Assistance Program (FNFAP) (Cattle Council of Australia). A 

private veterinary practice (Smithton Vets, Tasmania) was contracted to collect faecal and blood 

samples from adult cattle from this farm at the time they were yarded for paratuberculosis 

vaccination in July 2011.    

Samples were packed on ice and shipped to Sydney by express courier. Serum was harvested, 

divided into aliquots and stored at -20 degrees C. Faeces were divided into aliquots and stored at -

80 degrees C. All samples were individually identified with computer generated labels matched to a 

database entry.    
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Prior laboratory records for cattle from the farm included BJD ELISA results for samples that were 

collected in the period November 2010 to February 2011; these were obtained as paper records 

from Smithton Vets and transcribed into an excel spreadsheet. These records included mob-level 

data such as age group. The owners of the farm provided animal records in a spreadsheet extracted 

from a farm herd recording database; the date of birth and ear tag of adult cattle was extracted and 

joined to the laboratory results using Microsoft Access. The results of faecal culture and direct faecal 

PCR (see below) were added to this file to create a comprehensive spreadsheet file.   

In order to ensure that faecal samples were examined from a representative range of BJD disease 

states (i.e. early through to late), ELISA positivity was not the criterion for selection as ELISA 

positivity is known to be associated with multibacillary or advanced stages of BJD. Rather, the ELISA 

data from samples collected in January 2011 were used to identify mobs of cattle with predicted 

high prevalence of faecal shedding of Mptb. Mob identity was not precise nor necessarily consistent 

between January and July 2011, but it was reasoned that cattle would cluster during mustering and 

that there was a reasonable probability that individuals yarded with known ELISA reactors were 

more likely than not to be associated with the same mob. Therefore samples were selected from 

among more than 2000 individual samples based on the frequency of ELISA reactors, using visual 

examination of paper-based ELISA results for the entire herd. Runs of ear tags were selected on 

pages where there was obviously a greater than average density of ELISA reactors, until sufficient 

number of faecal samples had been selected.    

The selected faecal samples were cultured using the BACTEC radiometric system and also tested 

using the HT-J direct faecal PCR test. The results of the two tests were compared and those data 

were pooled with data from other herds to create a large set of results for subsequent analysis of 

test sensitivity and specificity relative to culture and known herd status (i.e. herd level and 

individual level sensitivity and specificity compared to faecal culture). The results were reported as 

an addendum to the final report for project P.PSH.0297.   

Faecal culture and PCR results were provided to the FNFAP coordinator and Smithton Vets to assist 

with decision making in the herd, as there is an attempt underway to limit the impact of Johne’s 

disease through vaccination. Faecal test data may be useful to prioritise the culling of animals which 

are shedding high numbers of JD bacteria in their faeces.   

Samples which were not tested during this project will be stored for future examination and 

represent a very valuable resource for future test development and validation, including in an active 

project P.PSH.0576.  

4. Results 

A total of 2472 faecal and blood samples were collected in this project under the following 

laboratory submission numbers SVC11/135 (n=1168), SVC11/154 (n=688), SVC11/156 (n=333) and 

SVC11/157 (n=283).  

Of the 2472 samples, 378 were selected for examination and were tested in both faecal culture and 

the new direct faecal PCR test. Of the 378 samples, 98 were positive in faecal culture and 111 were 

positive in faecal PCR. The selection of samples was successful for the purpose of validation of the 

PCR test that had been developed in project P.PSH.0297.   
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Remaining aliquots of the samples which were tested, as well as the samples which were not tested 

during this project were archived for future examination and represent a very valuable resource for 

diagnostic test development and validation, including in an active project P.PSH.0576.  

5. Conclusion  
  
The diagnosis of bovine Johne’s disease remains a problem because until recently there has been 

very little basic research conducted anywhere in the world, and most of the current knowledge is 

based on first principles, including those derived from study of human tuberculosis in the early 

1900s. Practical applications of this include culture, histopathology, whole blood interferon gamma 

assay, ELISA and intradermal skin tests for JD, none of which currently are very sensitive.    

As a result of the project it is now known that faeces can be tested quickly and accurately using 
direct PCR. It is now clear that a diagnostic test which had severe practical and technical limitations 
may be of substantial benefit in the near future. The direct faecal PCR test can provide results to 
producers within a few days instead of the current 3 months for culture. The direct faecal PCR test is 
a breakthrough for the beef cattle industry. Previously, faecal samples were collected, sent to a 
laboratory and 3 months would elapse before negative test results could be confirmed. For cattle 
sales this meant considerable forward planning and great inconvenience for the producer. Where 
culture was used to confirm a suspected herd infection, for example after positive or suspect ELISA 
test results, the long delay caused considerable additional anxiety for the producer. The new test 
overcomes these problems because it can provide results within a few days of receipt of samples at 
a laboratory. It will cost no more than culture, and may be of similar accuracy. Furthermore, 
following validation of pooling rates, it may be suitable for testing pooled faecal samples, which 
would enable a cheap method of herd testing, either to detect infection or to show that it is not 
present in herds in the Market Assurance Program. The test will also be suitable for environmental 
testing. Additional validation of this test was recommended by the JD Research Advisory Group and 
has now been completed using samples collected during this project. The data will be submitted in 
January 2011 to the SubCommittee on Animal Health Laboratory Standards (SCAHLS) for approval 
for use in the national Johne’s Disease Program.   
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8. Appendix 

8.1  Appendix 1. Samples collected from a BJD affected farm (FNAP 
TAS03)  
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B.AHE.0074 TAS03 Summary of Results  

Data for 2473 faecal samples from TAS03 (1 sample not tested) Age is based on mob designation at 

time of sample collection; DOB is from farm database records   
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