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Examining the evolutionary trajectories of Mycobacterium avium subsp. 
paratuberculosis in US dairy cattle using dimensionality reduction 
techniques 

Dr. Scott Wells1, Dr. Yuanyuan Wang2 

1University Of Minnesota, St. Paul, USA, 2Centers for Disease Control and Prevention, Atlanta, USA 

Pathogenomics Genotyping and Map Diversity - AM Session (1), Main Auditorium, Printworks, June 13, 2022, 
9:15 AM - 10:30 AM 

While a number of Map strains have been identified through comparative analysis of different ruminant hosts, 
differentiating within strains remains challenging. In this study, we provide an exploratory framework to 
examine the evolution of Map from time-series whole genome sequence (WGS) data sequenced from 
longitudinal samples in Minnesota, New York, Pennsylvania, and Vermont to address the challenge of 
differentiating between samples with limited number of homogenous variants and large number of 
heterogenous variants. 
 
We performed analyses on two levels: single nucleotide variants and population structures. To extract 
patterns from variants, we implemented Temporal Non-negative Matrix Factorization (NMF), which 
deconvolutes input genotype data into two low-rank non-negative matrices at each time point and optimizes 
both between matrices and across time points. Temporal NMF accounts for temporal variations in the 
pathogen genomes to obtain an evolving panel of template strains in which mixture samples can be identified. 
To inspect the population structure of Map, we performed two qualitative comparative analyses using an 
array of input data including allele frequencies, strain abundances, and Hamming distances, in combination 
with two dimension reduction methods to visualize the population structure.  
 
Our results demonstrated that dimension reduction techniques can effectively reduce the noise from outliers 
to provide significantly better resolution in both within-herd and between-herd population structures than 
the baseline scenarios where dimension reduction was not performed. This novel computational method 
derived an evolving panel of 15 template strains from 525 whole genome sequences of Map, in which high 
proportions of heterogenous variants were observed. This work is the first attempt to account for temporal 
variations among WGS data in mycobacterial infections. These comparative analyses represented the first 
attempt to use dimension reduction techniques prior to constructing phylogenies for Map, with potential 
application to other pathogens.
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Dynamics of MAP infections in small structured cattle farms 

Dr Johannes Lorenz Khol1, Thorben Liening-Ewert2, Laura Auböck1, Dr. Paul Ortner2, Dr. Josef Kössler2, Dr. 
Alexander Tichy3, Dr. Michael Dünser4, Dr. Christian Mader5 

1University Clinic for Ruminants, University of Veterinary Medicine Vienna, Vienna, Austria, 2Regional Veterinary Office 
Tyrol, Innsbruck, Austria, 3Bioinformatics and Biostatistics Platform, University of Veterinary Medicine Vienna, , Austria, 
4Austrian Agency for Health and Food Safety, Linz, Austria, 5Veterinary Health Service Tyrol, , Austria 

Control Programs and Education  - PM Session (1), Main Auditorium, Printworks, June 13, 2022, 2:15 PM - 3:30 
PM 

The agricultural system in the Austrian province of Tyrol is characterized by small, family owned cattle farms 
and alpine pasture, combining animals from different farms, during summer. In 2013, a voluntary survey and 
control program for MAP in cattle was established, based on the evaluation of boot swab samples. About 
4,600 farms, representing 70% of the Tyrolean dairy cattle, are participating in this program. 
In course of the program, MAP-positive farms are detected by boot swab sampling, followed by single animal 
testing (fecal culture and/or serum ELISA) and removing of positive animals, as well as establishing basic 
hygienic measures. Thereby, the initial prevalence of 7.5% positive herds in 2013 decreased to 0,5% in 2019.   
Longitudinal investigation of individual animal results showed, that MAP-shedding within a herd decreased 
markedly after removal of single positive animals. Additionally, many cattle showed negative individual results 
and farms stayed MAP-negative in consecutive boot swab samplings thereafter. This indicates possible 
passive shedding in some animals. Furthermore, fade out of the disease, after removal of MAP-shedding 
animals and introduction of basic hygienic measures seems to be achievable.  
Analysis of risk factors showed that, the use of common alpine pasture seems not to be a significant 
contribution to the transmission of MAP (OR: 1.194, 95% CI: 0.821/2.311). The same was found for sharing of 
equipment (OR:0.997, 95% CI:0.806/1.233). On the other hand, rearing of calves with milk replacer, instead 
of whole milk, significantly decreased the chance to be MAP positive (OR: 0.458. 95% CI: 0.233/0.900).  
The results of the Tyrolean program for the survey and control of paratuberculosis indicate, that the dynamics 
of MAP infections in small structured cattle farms may differ from other agricultural systems. This might 
contribute to the successful reduction of the MAP-herd prevalence by removing of single positive animals, 
combined with basic hygienic measures. 
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Part 1:  UK approach to JD control -Farmer Engagement using low cost 
surveillance, risk assessment and prevalence prediction 

Mr Pete Orpin1,2, Mr Dick Sibley1,3 

1Myhealthyherd, Cosby, United Kingdom, 2Special Lecturer Nottingham University, Nottingham, United Kingdom, 
3Westridge Veterinary Group, Tiverton, United Kingdom 

Control Programs and Education  - PM Session (1), Main Auditorium, Printworks, June 13, 2022, 2:15 PM - 3:30 
PM 

Introduction: Farmer engagement must be achieved for success with Johne's Disease (JD) control. In the UK 
this was achieved using education, risk assessments and targeted surveillance utilising 30 cow milk ELISA 
screens and prevalence prediction over a 5 year period before developing the National Johne's Management 
Plan.  
 
Methodology: Milk processors were encouraged to host over a 80+ farmer events nationally to educate 
farmers on the importance of JD control. 1200 farmers engaged directly through milk processors and a further 
1000 through a regional health scheme.   Farmers were asked to submit milk samples from the 30 highest risk 
cows in the herd (disappointing milk yields, high cell counts, history mastitis/ lameness of symptoms of JD). 
Contemporary risk assessments identified risk of JD introduction and spread. A proportion were entered into 
Myhealthyherd, a web-based health planning tool, for traffic light scoring. High risk herds with red risks of 
entry and spread were prioritised for further surveillance if test negative. The program combined the risk 
score and test prevalence to estimate of future true herd prevalence. The process was further extended over 
12 year period to engage the majority of UK farmers.  
  
Results: The most important result was the creation of a social norm to test and manage for JD nationally. 
The targeted 30 cow screen and education was provided free by the milk processor. Data from 2502 herds 
revealed that 54% of dairy herds were high risk of disease entry with 77% high risk of within herd spread.  
 
Discussion: Simple, cost effective methods of providing education, surveillance and risk management are 
crucial for JD engagement. The combined targeted 30 cow screen and risk assessment were easily 
implemented engaging the farmer and vet in next steps of JD control. Targeted milk ELISA testing provides a 
low cost method of surveillance.  
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Raising awareness on paratuberculosis in Africa 

Mr Julius Boniface  Okuni1, Mr Judah Ssekitoleko1, Mr Kamal Eltom2, Ms Wisal A. Elmagzoub2, Ms Sanaa M. 
Idris2, Mr ElSagad Eltayeb3, Mr Ahmad Amanzada4, Mr Joseph Omega5, Ms Franziska Tanneberger6, Ms Lonzy 
Ojok1, Mr Ahmed  Abd El Wahed6 

1Makerere University, , Uganda, 2University of Khartoum, Khartoum , Sudan, 3Ibn Sina Specialised Hospital , Khartoum, 
Sudan, 4University Medical Centre Goettingen, Goettingen, Germany, 5University of Eldoret, Eldoret, Kenya, 6Leipzig 
University , Leipzig , Germany 

Control Programs and Education  - PM Session (2), Main Auditorium, Printworks, June 13, 2022, 4:00 PM - 4:45 
PM 

Mycobacterium avium subsp. paratuberculosis (MAP) has been studied extensively in Europe and the United 
States of America. MAP occurrence, distribution, risk factors and economic impacts have not been fully 
investigated in Africa. Around 19 African countries have reported the diseases. The few published reports on 
MAP in sub Saharan Africa came mainly from Sudan, Uganda, Tanzania, Kenya and Ethiopia. However, this 
does not mean that other countries in the region are free from the disease. We have created a social media 
initiative to raise awareness about MAP as a neglected disease in Africa. The consortium has established a 
series of summer schools to train African young scientists on case identification and laboratory diagnostics. 
Two MAP molecular detection mobile laboratories have been deployed in Africa to enhance epidemiological 
studies. Moreover, workshops with decision makers and farmers have been conducted to identify research 
gaps and a simple web-based platform is being planned to allow community members to report suspected 
cases in domestic as well as wild animals. Future studies shall focus on creating a disease control strategy 
suiting the African settings. Basic research must aim at identifying resistance or tolerance among local breeds 
as well as the virulent MAP strains in Africa. Zoonotic potential of MAP in Africa is another research gap which 
needs to be addressed since the relationships between livestock and humans in Africa are very strong, as in 
some communities in Africa, humans share the dwelling and water sources with their livestock. Furthermore, 
most of the animal products are consumed untreated or under-cooked by humans. In conclusion, our 
activities helped in increasing the knowledge about the disease in Africa and would provoke international 
foundations and local stakeholders to allocate funds for more research on MAP in Africa and on establishing 
control programmes. 
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Important Role for Abattoir Monitoring and Vaccination in Control 
Programs for Bovine Paratuberculosis Due to Mycobacterium avium subsp. 
paratuberculosis (Map)  

Dr. Ian Links1, Dr Heinrich Dahmen2 

1Graham Centre For Agricultural Innovation, Charles Sturt University, Wagga Wagga NSW, Australia, 2Tieraerztliche Praxis 
Dres. Dahmen & Duenner, Pruem, Germany 

Control programmes and Education - Poster Pitches, Main Auditorium, Printworks, June 13, 2022, 4:45 PM - 
5:00 PM 

Background: Abattoir monitoring has proven highly sensitive, specific and cost effective in detection of paraTB 
in sheep in Australia. Surprisingly, there has been little international support for monitoring cattle at 
slaughter, despite mandated inspection for tuberculosis in most countries. 
 
Dahmen at ICP14 (2018) reported detection of paraTB in 143 cattle in an abattoir in Germany while routinely 
inspecting for tuberculosis. On confirmatory histopathology the cases ranged from early to advanced 
pathology, demonstrating the practicality of screening cattle viscera by visual inspection.  
 
Discussion: Despite increasing prevalence and economic loss to the cattle industry worldwide, a recent review 
confirmed formal control programs in only 22 of 48 countries. Surveillance deficits, leading to poor definition 
of herd and regional prevalence, were significantly impacting control programs. Concurrently, public health 
authorities were relying on these paraTB control programs to minimise the risk of Map entering the food 
chain.  
 
In NSW Australia, abattoir monitoring filled this surveillance gap in sheep replacing costly on-farm testing. 
From 1999 to 2009 7.6million sheep carcases were examined from more than 32,000 sheep consignments 
(Links et al 2021). Feedback on sub-clinical disease prevalence to individual producers led to vaccination of 
more than 12 million sheep with Gudair® killed whole cell vaccine.  
 
Regional prevalence fell from 2.4% in 2000 to 0.8% in 2009, accompanied by a progressive reduction in high 
prevalence consignments and absence of clinical disease, confirming declining on-farm prevalence. 
 
Conclusion: Monitoring cattle in a German abattoir and sheep in Australia confirms the feasibility and benefits 
of routine monitoring of cattle for ParaTB at slaughter.  Such a program should be implemented 
internationally as a routine adjunct to inspection for tuberculosis. Vaccination with killed whole cell vaccines 
in cattle has the potential to replicate the progress in disease control seen in sheep and mitigate the risk of 
Map entering the food chain.  
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Invited Speaker for Diagnostics and Detection 

Prof Vivek Kapur 
 

Diagnostics and Detection - Invited Speaker, Main Auditorium, Printworks, June 14, 2022, 8:30 AM - 9:15 AM 

Five learning points: 
 

1. The control of Mycobacterium avium subsp. paratuberculosis (MAP) is achieved primarily through 
better management to reduce opportunities for introduction or within-herd transmission, regular 
testing to identify infected animals, and removal of infected individuals 

 
2. In low-and-middle-income countries where the disease is endemic and dairy intensification is driving 

increase in prevalence, the testing and removal of MAP infected animals is economically and socially 
unfeasible 

 
3. While commercial vaccines exist, vaccination for prevention (or treatment) of MAP infection in cattle 

is not widely practiced, in part because of the potential for interference with tuberculin-based testing 
for bovine tuberculosis 

 
4. Newer generations of molecularly defined tests have been developed that show considerable 

promise in replacing tuberculin-based tests for TB diagnosis 
 

5. Learning from the experience in the TB field, the next generation of successful MAP vaccines should 
consider companion diagnostics that enable differentiation of infected from vaccinated animals 
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Comparison of herd-level MAP prevalence based on F57 and ISMAP02 
target genes 

Mrs Larissa Martins1, Dr.  Karin  Orsel1, Dr.  Jeroen De Buck1, Dr.  Herman Barkema1 

1University of Calgary, Calgary, Canada 

Diagnostics and Detection - AM Session (1), Main Auditorium, Printworks, June 14, 2022, 9:15 AM - 10:30 AM 

Detection of Mycobacterium avium subsp. paratuberculosis (MAP) in dairy herds using environmental 
samples is a cost-effective surveillance method with adequate sensitivity (Se) and specificity (Sp). Although 
the F57 gene is MAP-specific, only one copy of this gene is present in the MAP genome, which could result in 
a lower Se of PCR. Improvements on the Se of MAP detection based on environmental samples might come 
from changing the MAP target gene. The aim of the study was to compare test accuracy of the ISMAP02 and 
F57 gene to detect MAP-positive environmental samples. Environmental samples were collected on 22 
Alberta, Canada, dairy farms. DNA was extracted using the MagMax Total Nucleic Acid Isolation Kit (Thermo 
Fisher Scientific) followed by qPCR targeting F57 and ISMAP02 genes. Internal controls were developed to 
exclude potential false-negative results due to qPCR inhibition. On each farm, 3 samples were collected from 
the lactating cow and manure storage areas. Of the 132 environmental samples collected, 13.6% were 
positive for F57, whereas a high proportion of the samples were MAP-positive using ISMAP02 (84.1%). In 
lactating cow areas, only 15.5% of the samples were F57-positive, whereas more than 80% were ISMAP02-
positive. The results were similar for manure storage areas with 12.1% and 86.4% of samples F57 and 
ISMAP02-positive, respectively. The high discrepancy between ISMAP02 and F57 genes will require analysis 
to exclude potential false-positive results yielded by ISMAP02 gene. Samples known to be ISMAP02-positive 
and negative will be provided by USDA for panel tests. In addition, different qPCR kits targeting ISMAP02 gene 
will be used and compared to F57 results. Additional MAP-specific genes, such as hspX and mbtA-MAP217, 
will be included in the analysis to optimize prevalence estimations based on direct PCR of environmental 
samples. The results of these further explorations will also be presented at the colloquium.
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Development of LAMP coupled LFD Kit for Rapid and Specific Detection of 
Mycobacterium avium subspecies paratuberculosis in Field  

Dr Jagdip Singh Sohal1, Dr Manju  Singh1, Dr Mukta Jain1, Professor Shoor Vir Singh2, Mr Amit Kumar Singh1, Dr 
Saurabh Gupta2, Dr Janardhan Reddy3, Dr Rathnagiri Polavarapu3, Dr Amit Kumar4, Dr Deepansh Sharma1, 
Professor G K Aseri1 

1Amity Center For Mycobacterial Disease Research, Amity University Rajasthan, Jaipur, India, 2GLA University, Mathura, 
India, 3Genomix Molecular Diagnostics Pvt. Ltd., Hyderabad, India, 4Sardar Vallabh Bhai Patel University of Agriculture & 
Technology, Meerut, India 

Diagnostics and Detection - AM Session (1), Main Auditorium, Printworks, June 14, 2022, 9:15 AM - 10:30 AM 

In various veterinary diseases Test and Cull or Test and Segregate policy is implemented to control the spread 
of disease. Thus, demonstrating the presence of pathogen in animals makes decision making easy. PCR based 
diagnosis is most definitive tool in infectious diseases like paratuberculosis. Loop-mediated isothermal 
amplification (LAMP) has far better detection limit compared to traditional PCR and qPCR. This study aimed 
to design and develop a LAMP coupled lateral flow device (pLAMP coupled LFD) to detect Mycobacterium 
avium subspecies paratuberculosis (MAP) in fecal samples for the onsite diagnosis. LAMP assay was first 
optimized on MAP genomic DNA and spiked fecal samples using six primers (two loop primers) targeting IS900 
element. Detection limit of the optimized LAMP was 10 CFU/g of the feces and 10 fg MAP genomic DNA. For 
LFD based detection forward loop primer with biotin and backward loop primer with fluorescein 
isothiocyanate (FITC) were designed. LFD device contained a strip having distinct detection line (anti-FITC IgG) 
and control line. Development of purple reaction at both detection line and control line is indicative of positive 
reaction. Optimized LAMP assay was then used for onsite diagnosis in LAMP coupled LFD format. Onsite 
testing of 221 fecal samples from endemic herds (cattle, goat, sheep and buffalo) was done. Of these 221 
animals; 65 (29.1%) were positive in LAMP coupled LFD. For confirmation agarose gel was also run the lab 
and identical findings were obtained. Compared to LAMP detection limit of traditional PCR and qPCR was 
lower, 22 (9.9%) and 52 (23.5%), respectively. There was absolute agreement in the performance of LAMP 
coupled LDF in third party validation and assay was user friendly. Findings of this study reveals the applicability 
of LAMP coupled LFD in resource poor areas.



 

213 

Evaluation of the bovine ATP-binding cassette subfamily A member 13 
(ABCA13) as a potential biomarker for sensitive detection of animals with 
focal pathological forms of subclinical paratuberculosis.  

Dr. Rosa Casais1, Miss Cristina Blanco-Vázquez1, Miss Natalia Iglesias1, Dr. Patricia Vázquez2, Dr. R.A. Juste2, Dr. 
J.M. Garrido2, Dr. Ana  Balseiro3, Miss María Canive2, Mister Javier Amado4, Mister M.A. Queipo5, Miss Tania 
Iglesias6, Dr. Marta Alonso-Hearn2 

1Centro de Biotecnología Animal, Servicio Regional de Investigación y Desarrollo Agroalimentario (SERIDA), 33394 Deva, 
Asturias, Spain., Gijón, Spain, 2Department of Animal Health, NEIKER-Basque Institute for Agricultural Research and 
Development. Basque Research and Technology Alliance (BRTA). Parque Científico y Tecnológico de Bizkaia, P812, E-48160 
Derio, Spain., Derio, Spain, 3Departamento de Sanidad Animal, Facultad de Veterinaria, Universidad de León, 24071 León, 
Spain; Instituto de Ganadería de Montaña (IGM, CSIC-ULE), Finca Marzanas, Grulleros, 24346 León, Spain., León, Spain, 
4Laboratorio Regional de Sanidad Animal del Principado de Asturias, 33201 Gijón, Asturias, Spain.  , Gijón, Spain, 5Servicio 
de Sanidad y Producción Animal del Principado de Asturias, 33007 Oviedo, Asturias, Spain., Gijón, Spain, 6Unidad de 
Consultoría Estadística, Servicios científico-técnicos, Universidad de Oviedo, Campus de Gijón, Asturias, Spain. , Oviedo, 
Spain 

Diagnostics and Detection - AM Session (1), Main Auditorium, Printworks, June 14, 2022, 9:15 AM - 10:30 AM 

Paratuberculosis (PTB) control continues to be a great challenge today, due, among other factors, to the low 
sensitivity of the current diagnostic techniques for detection of subclinical cases. RNA-Seq analysis showed 
that the ABCA13 mRNA was overexpressed (log2 fold change 3.74) in whole blood of animals with focal 
histological lesions, the most frequent histological form of subclinical PTB. In the present study, the potential 
as a sensitive diagnostic tool of an ELISA based on ABCA13 detection was evaluated in serum samples of 704 
Holstein Friesian cows (566 naturally infected animals and 138 negative control animals from PTB-free farms). 
The infected animals were classified into three groups according to the type of histological lesions present in 
their intestine and associated lymph nodes: focal (n=444), multifocal (n=59) and diffuse (n=60). The results 
indicate that the ELISA based on the detection of ABCA13 showed good discriminatory power between 
animals with focal lesions and control animals with an AUC value of 0.869 (p<0.001), a sensitivity of the 
82.99% and a specificity of 80.43%. However, its discriminatory power between animals with multifocal or 
diffuse lesions and the control animals was poor (AUC <0.7, p<0.001). The ability of the ABCA13-based ELISA 
to detect animals with focal lesions was compared with that of other PTB diagnostic methods showing higher 
sensitivity (82.99%) than the IDEXX ELISA (3.36%), the fecal bacteriological isolation (4.65%) and the real-time 
PCR (6.15%). The combined use of the ABCA13-based ELISA and the IDEXX ELISA, which has a better diagnostic 
performance for the detection of animals with diffuse lesions, increased global sensitivity for the detection of 
animals with any type of PTB-associated lesion from 77.56% to 83.03%. These results indicate that the ABCA13 
ELISA greatly improves the identification of subclinical animals with focal lesions that are undetectable using 
conventional diagnostic methods.
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More Insights about the Efficacy of Copper Ion Treatment on 
Mycobacterium avium subsp. paratuberculosis (MAP). A Clue for the 
Observed Tolerance 

Mr Carlos Tejeda1, Mss Marcela Villegas1, Dr Pamela Steuer1, Dr Miguel Salgado1 

1Instituto de Medicina Preventiva Veterinaria, Facultad De Ciencias Veterinarias, Universidad Austral De Chile, Valdivia, 
Chile 

Diagnostics and Detection - AM Session (2), Main Auditorium, Printworks, June 14, 2022, 11:00 AM - 12:45 PM 

Introduction: Scientific evidence for the antimicrobial effect of copper-based treatments on microorganisms 
is extensive. However, less information is available for those bacteria characterized as more resistant, such 
as members of the Mycobacterium genus. Using Mycobacterium avium subsp. paratuberculosis (MAP), a 
highly resistant microorganism, as a pathogen model, copper ion treatment has shown a significant 
bactericidal effect both in buffer and milk, although some survival was also observed. With the aim of 
deepening our understanding of the efficacy of this novel treatment.  
 
Material and Methods: A MAP spiked buffer matrix was treated using copper ions. We evaluated efficacy 
again on MAP cells but this time in conjunction with the physicochemical properties of the PBS buffer in which 
MAP cells had been suspended, since these could modulate MAP inhibition and / or its tolerance during the 
application of this novel copper treatment 
 
Results: Despite the efficacy of copper ions in significantly reducing the MAP load in PBS buffer, some MAP 
cells were able to survive and grow in culture media. The copper concentration generated by the copper ion 
treatment device increased significantly with increasing exposure times. MAP bacterial load measured by 
qPCR decreased significantly when treated with copper ions as the exposure times increased, but this 
decrease was smaller in MGIT culture. An increase in pH, decreased oxygen consumption and an increase in 
conductivity was reported after the application of this copper-based treatment. 
 
Conclusion: Even with higher concentrations of copper, the efficacy of MAP control was not complete. The 
concentration of copper must be a key element in achieving the high level of efficiency that we expected from 
this MAP control treatment. 
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Serum metabolome changes in bovine paratuberculosis by NMR 
spectroscopy and blood indices 

Dr Nicola Pozzato1, Dr Andrea Massaro2, Dr Alessandra Tata2, Dr Ivana Pallante1, Massimo Bottazzari3, Paola 
Fiorini3, Dr Mauro Dal Prà3, Dr Annalisa Stefani4, Valentina Bertazzo4, Prof Jeroen De Buck5, Dr Roberto Piro2 

1Istituto Zooprofilattico Sperimentale Delle Venezie, Laboratorio di medicina forense veterinaria, Vicenza, Italy, 2Istituto 
Zooprofilattico Sperimentale Delle Venezie, Laboratorio di chimica sperimentale, Vicenza, Italy, 3Istituto  Zooprofilattico 
Sperimentale Delle Venezie, Laboratorio di Diagnostica Clinica e Sierologia di Piano, Verona, Italy, 4Istituto Zooprofilattico 
Sperimentale delle Venezie, Laboratorio di Medicina di laboratorio, Legnaro, Italy, 5Faculty of Veterinary Medicine, 
University of Calgary, Calgary, Canada 

Diagnostics and Detection - AM Session (2), Main Auditorium, Printworks, June 14, 2022, 11:00 AM - 12:45 PM 

Early detection of Mycobacterium avium subsp. paratuberculosis (MAP) is of paramount importance for 
farmers and veterinarians. Spectrometric and spectroscopic methods recently revealed metabolic changes in 
natural and experimental MAP-infected cattle, respectively. In this work, we aimed to investigate the changes 
in metabolic markers associated with natural MAP infection in infected and infectious bovines using 
quantitative nuclear magnetic resonance (NMR) spectroscopy and complete blood chemistry panel.  
The prospective study included 23 infectious, 10 infected non-infectious/seronegatives and 26 negative 
animals. The blood indices and the data of the NMR were autoscaled and then statistically analyzed, 
separately, using R Studio software 3.6.2. Considering the low discrimination rates achieved, a data fusion 
approach was attempted. In details, each dataset was autoscaled and then concatenated by low-level data 
fusion resulting in a unique global fingerprint. Afterwards, the merged dataset was analyzed by the least 
absolute shrinkage and selection operator (LASSO). A mathematical weight for each statistically informative 
feature was calculated by the LASSO depending on the capability of a metabolite in characterizing a certain 
class. Based on the importance table of features, retrieved from LASSO, we observed that direct bilirubin was 
absent in negative cattle, but started to increase in infected cows and achieved the highest importance in 
infectious animals. On the other hand, lysin, cholesterol, malonate and 3-hydroxy-isovaleric acid received a 
positive weight in negative cows while not being informative for infectious and infected cows. A repeated k-
fold cross-validation was performed for the model evaluation, achieving an overall accuracy of 91.5% with 
high values of sensitivity and specificity for each class. In conclusion, we were able to comprehensively explore 
the metabolic content, provided by the combination of the two analytical approaches, and achieve a good 
discrimination of the three groups that could be applied for early detection of MAP infected animals within 
infected herds. 
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Invited Speaker for Host Response and Immunology 

Dr Kumudika De Silva 
 

Host Response and Immunology - Invited Speaker, Main Auditorium, Printworks, June 15, 2022, 8:30 AM - 9:15 
AM 

Five learning points 
 

1. Exposure to MAP can result in a spectrum of outcomes ranging from severe clinical disease to 
resilience to infection 

 
2. Early immune responses can be used to identify animals that have the potential to withstand disease 

progression 
 

3. Classification of disease outcome is important when assessing biomarkers for protective immunity 
 

4. A combination of cellular and molecular biomarkers is required to define resilience to 
paratuberculosis 

 
5. Immunological profiles of resilience could be used for diagnostics as well as for improving vaccine 

design
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Understanding the Invasion Dynamics of Mycobacterium Avium subsp. 
Paratuberculosis (MAP) 

Mrs. Grace Baruta1, Dr.  Hong Zhang1, Mrs.  Laurie Alston1, Dr.  Jeroen De Buck1, Dr. Simon Hirota1 

1University Of Calgary, Calgary, Canada 

Host Response and Immunology - AM Session (2), Main Auditorium, Printworks, June 15, 2022, 11:00 AM - 
12:15 PM 

Background: Given the economic burden associated with Johne's Disease (JD), considerable efforts have 
sought to understand MAP invasion dynamics. However, these processes have not been completely 
characterized hindering our ability to generate anti-infective agents. While the current paradigm suggests 
MAP travels to the small intestine, where it gains entry through the epithelium, the exact cellular tropism/ 
mechanism(s) of entry are not well defined. Therefore, we have developed an ex vivo enteroid system to 
visualize invasion of MAP in distinct cells of the intestinal epithelium using a GFP-expressing MAP strain. We 
sought to test the hypothesis that MAP invasion occurs via M cells through receptor mediated transcytosis.  
 
Aims: 1) To characterize murine enteroid system and visualize MAP invasion 2) Determine cellular tropism for 
MAP within the mouse intestinal epithelium and 3) to uncover mechanisms underlying MAP invasion 
 
Methods: Murine enteroids were generated, and M cell differentiation induced by the addition of RANKL. 
Ileal monolayers were exposed to GFP-expressing MAP (K-10 pWES4). Confocal microscopy was performed, 
and barrier function measured via trans-epithelial electrical resistance (TEER). GFP-MAP was incubated with 
fibronectin or fibronectin with integrin-blocking peptides prior to exposure to 2D monolayers.  
 
Results: We generated enteroid monolayers with functional M cells capable of transcytosis, as demonstrated 
via mature M cell markers and active bead uptake. MAP was detected mainly within M cells, more notably 
with the fibronectin pre-incubation. Integrin-blocking peptides decreased this M cell tropism.  Alterations in 
TEER following MAP exposure suggest the existence of a novel mechanism by which MAP disrupts the barrier 
to invade the mucosa.  
 
Conclusion: The newly optimized approach provides the experimental system that will enable us to better 
characterize M cell-MAP interactions with the hopes of identifying new therapeutic targets to prevent the 
spread of MAP and reduce the economic impact of JD.  
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Alternative splicing of pre-mRNA modulates the immune response in 
peripheral blood and gut tissues of Holstein cattle naturally infected with 
Mycobacterium avium subsp. paratuberculosis 

Gerard Badia-Bringué1, Maria Canive1, Dr Jose Luis Lavín2, Dr Rosa Casais3, Cristina Blanco-Vázquez3, Dr Marta 
Alonso-Hearn1 

1Department of Animal Health, NEIKER- Basque Institute for Agrocultural Research and Development, Basque Research 
and Technology Alliance (BRTA), Derio, Spain, 2Department of Applied Mathematics, NEIKER- Basque Institute for 
Agrocultural Research and Development, Basque Research and Technology Alliance (BRTA), Derio, Spain, 3SERIDA, Servicio 
Regional de Investigación y Desarrollo Agroalimentario, Center of Animal Biotechnology, Deva, Spain 

Host Response and Immunology - AM Session (2), Main Auditorium, Printworks, June 15, 2022, 11:00 AM - 
12:15 PM 

Alternative splicing (AS) is an important mechanism of gene expression regulation that can influence pre-
mRNA stability or structure, function, and localization of corresponding proteins with important physiological 
consequences. However, the role of AS in regulating the host response to Mycobacterium avium subsp 
paratuberculosis (MAP) infection is still unclear. In the current study, differential AS was analyzed using RNA-
Seq data from peripheral blood (PB) and ileocecal valve (ICV) samples from Holstein cattle without lesions 
(N=4) and with focal (N=5) or diffuse (N=5) PTB-associated lesions in gut tissues. Using the RNA-Seq mapped 
reads, a multivariate analysis of AS events was performed with rMATS 3.2. rMATS uses a likelihood-ratio test 
to confirm that the difference in the mean exon inclusion levels between two sample groups exceeds a given 
threshold (>5%). In the PB samples of the infected animals, several genes of the neutrophils degranulation 
pathway (CD53, CLEC12A, CPNE1, ITGA2B, NCF1, SGSH, SIRPA, SLC11A1, TARM1, TMC6) and clathrin-
mediated endocytosis (CLTA, DNM1, DNM2, EPS15L1, FCHO1) showed significant AS perturbations upon MAP 
infection. In the ICV samples of the infected cows, proteins with RNA-recognition and coiled-coil domains 
showed differential AS events when compared with control cows. More specifically, in the ICV from animals 
with focal lesions, several genes of the innate immune response (C2, C4A, CD46, CFH, CYLD, IRF3, PYCARD, 
TMEM173, TRIM38) showed differential AS when compared with cows without lesions. Changes in the AS of 
several genes correlated with changes in gene expression. In the ICV of animals with diffuse lesions, for 
instance, several components of the immune response (CLEC7A, BOLA, PSBM10, IFI30, IRF5, ARID5A, IL7) 
showed deregulation both in AS and mRNA expression. AS impacted the expression of several genes (BOLA, 
MHCI-A and BOLA-NCI) associated with the antigen presentation pathway and with several human 
autoimmune diseases.
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Introduction: The detection of Mycobacterium avium subsp. paratuberculosis (MAP) in biological samples has 
been hampered because of the lack of reliable antibodies able to specifically recognize components of its cell 
wall. The subspecies MAP produces specific lipopentapeptide L5P or lipotripeptide L3P on the cell wall 
surface, which has not been yet found so far in other mycobacterial species.    
 
Purpose: Development of single-chain antibodies (scFvs) for a rapid identification of MAP targeting the L5P 
antigen.  
 
Methodology: Phage display technology used a phage library of scFv antibodies to screen antibodies against 
the cell wall L5P extracted from MAP strain K-10. The scFv termed L7 was produced as a recombinant protein 
in E. coli and purified by affinity chromatography. The portion of the L5P molecule that binds the antibody 
was determined by exposing the antibody to seven derivatives of the L5P using fluorescent microscopy. 
Furthermore, the cross-reactivity of the antibody with other mycobacterial species, such as M. abscessus, M. 
avium subsp. avium, M. bovis, and M. smegmatis were assessed by immunostaining.  
 
Results: L7 was successfully produced as a soluble recombinant protein in E. coli. No cross-reaction was 
observed when L7 was exposed to other mycobacterial species, suggesting that L7 is specific to MAP. 
Furthermore, binding analysis of various L5P analogs showed that L7 recognizes only the pentapeptide 
portion of the molecule containing the amino acid sequence D-Phe-L-NMe-Val-L-Ile-L-Phe-L-Ala, and not the 
lipidic moiety or the tripeptide sequence of the L3P present on the sheep type MAP cell wall. Lastly, the 
antibody was able to identify MAP in milk, colostrum, and biopsies by immunofluorescence.  
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Paratuberculosis is a prevalent infectious disease of domestic ruminants resulting in huge economic loss. 
Zoonotic evidences are also mounting. Therefore, control of paratuberculosis is a priority. Vaccine is available 
but use is limited due lack of DIVA. Control is largely dependent on Test and Cull/Segregate policy. Hence, it 
is critical to assure on the infection status before making the decision. Commercial kits are available; however, 
high cost of imported kits limits their use especially in resource poor countries. Therefore, inhouse and native 
alternatives are needed. PCR based diagnosis is definitive tool to confirm infection. In the present study five 
DNA isolation protocols were evaluated six (Method I: magnetic nanoparticles based, Method II: biochemical 
protocol, Method III: physiochemical protocol, Method IV: filter paper protocol, Method V: Chemical method 
and Method VI: physical protocol). Further, four types of PCR master mixes were also tested (MM I: Qiagen 
based, MM II, Thermo based, MM III, Genei based with additives and MM IV Genei based with added MgCl2). 
On pilot scale fecal samples (100) physical method of DNA isolation (Method VI) in conjunction with Master 
Mix II (MM II) showed highest sensitivity and was then used to test large panel of samples. This DNA isolation 
method (Method VI) is based of concentration of cells followed by heat-based lysis. Of the total 521 animals 
tested, 120 (23%) were found positive using IS900 PCR. Species wise disease was more frequent in cattle 
(32.8%) followed by goat (20%), buffalo (19.3%) and sheep (11.3%). In conclusion, findings of the present 
study report the usefulness of the in-house fecal IS900 PCR method in field studies. Use of additives to remove 
PCR inhibitors may further increase the diagnostic sensitivity. High prevalence of paratuberculosis needs 
immediate implementation of the control programs.
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Five learning points 
 

1. Complex diseases caused by mycobacterial pathogens will not be resolved by the application of 
singular simple remedies. 

 
2. The economic impacts of infectious diseases are cumulative and should incorporate the added 

management costs, combined with overall production losses. 
 

3. Effective control of chronic infectious disease in livestock demand co-incident  remediation strategies, 
supported fully by producers, scientists, veterinarians and regulators. 

 
4. For cost-effective control of chronic infectious disease in farm animal,  equal contributions are  made; 

through altered management (farmers), test performance (laboratories), epidemiology 
(veterinarians) and remedial interventions (regulators). 

 
5. Composite strategies for disease control are synergistic, where the sum of the parts are greater than 

the whole.
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Cow to calf transmission of Mycobacterium avium subsp. paratuberculosis (MAP) can occur in utero, via milk 
and colostrum or faecal-orally. Understanding of the relative role of the different transmission routes to 
calves is important in formulating control recommendations. Our aim in this longitudinal study was to 
measure the association between indicators of transmission via the dam and the environment on a calf testing 
positive for MAP. 
 
The study population comprised of 440 UK dairy calves from 6 herds enrolled between 2012-2013. These 
calves were followed up from birth until 2021, when most of them had completed their productive lives. At 
birth, individual calf data were captured. During follow-up, individuals entering the milk herd were quarterly 
tested for the presence of MAP using milk ELISA testing. Cox regression models were used to measure the 
association between transmission routes via the dam (in-utero and colostrum) and via environmental (time 
spent and cleanliness of yard) and time till first detection of MAP infection. 
 
The hazard ratio for calves born from positive dams was 1.99 (95% CI: 1.2-3.2). After partial adjustment for 
confounding, to estimate in utero route, calves born to positive dams were still associated with an increased 
probability of having a JD positive test result (HR: 2.36; 95%CI: 1.2-4.7). Examining cows unlikely to being 
infected with MAP via the in-utero or colostrum route, the hazard ratio for calves that had been kept longer 
in yards with worst cleanliness score was 4.51 (95% CI: 1.15-17.62). 
 
Our results, which have been partially controlled for confounding, suggest the in-utero route plays an 
important role in MAP transmission and provide an estimation of the relative contribution of dam-to-calf vs. 
environmental transmission in endemic herds, which is important to refine farm-level control strategies.
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The economic losses due to Johne's disease (JD) in dairy cattle herds and the benefits and costs of various 
potential control practices have been estimated before. However, little is known about the economic value 
of purchasing MAP-negative dairy replacements in major dairy-producing regions. This study used Markov 
Chain Monte Carlo (MCMC) simulation techniques to compare two sets of MAP-negative and MAP-positive 
herds across a comprehensive selection of regions: herds purchasing MAP-negative replacement animals and 
herds purchasing replacement animals with unknown MAP infection status. The economic benefits in terms 
of improved production, longevity, and salvage value per MAP-negative replacement purchased were then 
estimated over a 10-year horizon, and the additional value of MAP-negative replacements when compared 
to unknown status replacements were calculated as a percentage premium of the average aggregated dairy 
replacement price in each region. Due to the unique market conditions that arise as a result of supply 
management in Canada, this comparison was repeated a second time for Canada with production benefits 
instead measured as decreased variable costs  (labour, veterinary fees, bedding, feed, etc.). An average 
benefit of US$76 per MAP-negative replacement purchase was estimated in major dairy-producing regions, 
equivalent to a premium of 13%, with higher premiums in regions characterized by below-average 
replacement prices and on-average farm-gate prices. For Canadian dairy herds, it was estimated that the 
economic benefits range from US$80 to US$139 per MAP-negative replacement, or 8 to 14% of average 
aggregate replacement prices. It was also estimated that the greatest benefits from MAP-negative 
replacement purchases are associated with MAP-negative herds that successfully remain uninfected. This 
research suggests that MAP-negative replacements have significant additional value, and that given the 
dissemination of accurate pricing information and an organized market, this value could be captured, at least 
in part, by herds that successfully control JD.
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This study investigates the use of serial milk MAP elisa tests to predict health, productivity and emergency 
culling of adult dairy cows. 
The study involved a large dairy herd of over 900 adult cows using milk MAP elisa tests on all milking cows 
every three months as part of a Johnes Control programme. Over 3000 adult cows that had been culled from 
the herd over a period of ten years, and which had milk elisa test results for their entire adult life were studied 
to determine if test results in the could be used to create a robust plan to manage test positive cows to predict 
and prevent health problems. Udder health, lifetime milk yield, fertility and emergency culling (as defined by 
being culled within 100 days of calving) were used to define health and productivity.  
Cows that had just one positive MAP elisa test in their lifetime had similar health and productivity to cows 
that had never had a positive test. Cows that had at least 2 consecutive positive tests had significantly higher 
somatic cell counts and higher emergency culling rates (34% of these cows were culled within 100 days of 
calving). Cows with at least four positive MAP elisa tests, with rising titres at each consecutive test had a very 
high emergency culling rate, such that 46% of these cows were culled within 100 days of calving for severe 
health issues. There was little difference in milk yields between positive and negative test cows. 
Cows with repeated positive MAP test results have high risks of health problems that lead to emergency 
culling, with the consequent major economic losses incurred when culling lactating cattle with no salvage 
value. Rising titres of MAP antibodies as measured by milk elisa tests indicate imminent severe health 
problems with poor prognosis. 
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This study gains first information about the current epidemiological situation of infection with Mycobacterium 
avium subsp. paratuberculosis (MAP) in Austrian goat flocks. As goat production in Austria is a growing sector, 
there are rising concerns regarding the spread of MAP infection and the linked economic impact. The aim of 
our study was to estimate the MAP herd level seroprevalence in Austrian goat flocks and to identify possible 
associated risk factors.  
Therefore, serum samples from 6,434 goats, originating from 638 flocks, were tested for the presence of MAP 
specific antibodies, using a commercial ELISA. Flocks were selected randomly, considering a proportional 
provincial distribution, with the sample size of each flock depending on the flock size. Furthermore, larger 
flocks, dairy goat herds and farms with increased animal trading were assigned with a higher selection 
probability. Productive parameters were gained from the national animal health information system. Risk 
factors associated with MAP seroprevalence were estimated using chi-square test and binary logistic 
regression. 
The investigation revealed an animal level apparent MAP seroprevalence of 2 % (a total of 126 goats were 
seropositive). In 71 flocks, at least one seropositive animal was detected, leading to a herd level apparent 
MAP seroprevalence of 11 %. Logistic regression showed significant association between MAP seropositivity 
and flock size. Seroprevalence was also significantly higher in dairy goat herds and farms with animal trading. 
Furthermore, significant differences between regions were observed.   
The results indicate a moderate MAP infection rate in goat flocks in Austria. However, we notice a mismatch 
between the numbers of samples from goats analysed relating to the compulsory paratuberculosis control 
program and the investigated MAP herd level seroprevalence. To contain a future spread of MAP among goat 
flocks, herd-level investigations and prevention measures should be established.  
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Introduction: Copper and its alloys are natural and very well-proven antimicrobial materials. The mechanisms 
of action through which copper is highly effective to have been described at the molecular and cellular levels. 
However, both the design of the studies carried out and the nature of the microorganisms studied have meant 
that this research has been of limited scope. In the present study, we examined the action mechanisms of a 
copper ion treatment on the integrity of Mycobacterium avium subsp. paratuberculosis (MAP), a highly 
resistant animal pathogen. 
 
Material and Methods: To investigate the mechanisms that would explain how copper ions exert effective 
control on MAP, a study was proposed that evaluated the integrity of the nucleic acids (Comet assay), proteins 
(ROS and oxidation proteins), and cell wall (lipid oxidation) of this pathogen, as response variables against this 
treatment. 
 
Results: The copper ion treatment applied to MAP cells resulted in nucleic acid degradation and 
disintegration, increased ROS production, and protein alteration. However, it had no effect on the integrity 
of the MAP cell wall, which offers a possible scientific explanation for the observed tolerance of this pathogen 
to this copper-based treatment. 
 
Conclusion: This new evidence about the observed tolerance in the MAP cell wall against the copper ion may 
help us to understand how we can improve the proposed copper-based treatment, and finally achieve a 
totally effective alternative to control MAP. 
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Free-living amoebae (FLA) are ubiquitous in environment and feed on bacteria by phagocytosis. Depending 
on the mycobacteria species, they can be digested, survive or grow within FLA. Studies have shown that 
Mycobacterium avium subsp. paratuberculosis (Map) can grow in FLA in vitro but too few have studied this 
interaction in an environmental context. Understanding its survival and its persistence in environment is 
important to better understand its transmission cycle. Our hypothesis is that FLA can be an environmental 
reservoir and vector of Map. 
 
To test this hypothesis, water and soil samples from infected farm were used to culture FLA, which were lysed 
to extract total DNA and intracellular bacteria. Total DNA were used to detect Map by a nested qPCR. Lysates 
were used to culture Map. For all qPCR-positive samples, FLA were identified and Map genotyped. 
Environmental FLA were finally used to characterise the interaction with Map by infection assays. 
 
For all samples, we isolated FLA. The nested qPCR method developed showed a higher sensitivity than the 
classical qPCR, allowing us to detect trace of Map DNA in the total DNA. Several samples were positive for 
qPCR-positive for Map. This underlined that at least Map DNA could be found in association with FLA. The 
identification of Map and FLA strains are in progress and will be presented. The permissiveness of FLA to Map 
is investigated by infection assays using a FLA isolated from cattle environment, Rosculus like, and with newly 
isolated FLA. 
 
Our work led to isolate many environmental FLA from infected farms, improve the sensitivity of Map 
detection by nested qPCR, confirm the presence of Map DNA in interaction with environmental FLA and follow 
the permissiveness of these FLA to Map infection. These results highlight the possible role of FLA as reservoirs 
of Map in the environment. 
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Introduction: In goats, paratuberculosis results in progressive weight loss, production drops and diarrhea. In 
the absence of treatment, the control of paratuberculosis is essentially based on health measures (reform of 
infected animals and hygiene) associated or not with vaccination depending on the intra-herd prevalence of 
the infection. 
The purpose of the present study was to assess the seroprevalence of paratuberculosis in caprine herds and 
to evaluate its correlation with Mycobacterium avium subsp. paratuberculosis (Map) antibody level in bulk 
tank milk. 
 
Materials and Methods: A set of 8267 animals from 81 herds was selected in the Poitou-Charente region, 
France, between June 2012 and January 2013. Map antibody detection was realized on individual sera from 
randomly selected goats and on bulk tank milk  using  different commercial ELISA kits. 
 
Results, discussion and conclusion: The estimated intra-herd seroprevalences were comprised between 0% 
and 21,9% with a median at 6,5%. Nineteen (23,5%) herds had a prevalence of 0% and sixteen (19,8%) had a 
prevalence above 15%.  Results obtained on bulk tank milk from the same herds showed a good correlation 
with the seroprevalence whatever the ELISA kit used. Optimization of ELISA cut-off levels was possible to 
improve the sensitivity of the detection of herds with a low number of positive goats.  
Map antibody detection performed on bulk tank milk could be an interesting and inexpensive tool for the 
screening of herds with various prevalence of infected goats.   
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The mammary gland contributes as the main route of MAP transmission to newborn and human animals. 
Although not directly related to mastitis, MAP may be influencing the microorganisms that cause this disease. 
The objective of this research was to evaluate the influence of MAP in coculture with Staphylococcus aureus 
and Streptococcus agalactiae on MAC-T cells. Bacterial internalization, colony counting, molecular assays and 
MAC-Ts viability evaluation were performed. In the internalization test between MAP and S. aureus, there 
was a 30 minute time difference between MAC + S. aureus and MAC-T + MAP + S. aureus treatments. MAC-T 
+ S. aureus treatment showed significant differences between 10 and 120 minutes (p = 0.001) and between 
30 and 120 minutes (p = 0.048). MAC-T + MAP + S. aureus treatment showed a difference between 10 minutes 
and 30 minutes (p = 0.042) and between 10 and 120 minutes (p <0.0001). In coinfection performed with S. 
agalactiae, the tests showed no significant difference between treatments. MAC-T + S. agalactiae treatment 
showed significant differences between 10 and 120 minutes (p <0.0001) and between 30 minutes and 120 
minutes (p = 0.030). MAC-T + MAP + S. agalactiae treatment showed a difference between 10 and 120 minutes 
(p <0.0001) and between 30 and 120 minutes (p = 0.029). The cellular viability of MAC-T was verified by the 
MTT test, concluding that the internalization process was not influenced by the death of MAC-Ts, but by the 
presence of MAP, S. aureus and S. agalactiae. These results show interaction between MAP and S. aureus and 
S. agalactiae, favoring the internalization of S. aureus and not influencing the invasion of S. agalactiae during 
internalization tests, which may contribute to the worsening of mastitis and permanence of these agents 
inside. of mammary epithelial cells, compromising the treatment of mastitis.
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Performance of three commercial ELISA tests for Mycobacterium avium 
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The purpose of this study was to investigate and compare the performance of three different commercial 
ELISAs for the detection of antibodies against MAP in blood and milk from cows of known positive farms in 
different stages of control efforts.  
Blood, milk and fecal samples were collected from cows over two years of age from eight Bavarian dairy farms 
with confirmed infection with MAP. A cow was defined as positive if MAP could be detected on fecal culture. 
Three commercial ELISAs (ID Screen Paratuberculosis Indirect, ID.vet (1); IDEXX Paratuberculosis Verification, 
IDEXX Laboratories (2); cattletype MAP Ab, Indical Bioscience (3)) were used to test for MAP antibodies in 
serum and milk samples. IBM SPSS Statistics 24 was used for statistical analysis. ROC analysis was used to 
compare tests and test combinations. 
804 serum samples (44 from MAP positive cows) were analyzed. The area under the curve (95% confidence 
intervall) was 0,856 (0,791 - 0,921), 0,862 (0,791 - 0,933) and 0,825 (0,791 - 0,933) for tests 1, 2 and 3, 
respectively. For the combination of tests 1 and 2 values were 0,882 (0,823 - 0,941), other combinations did 
not improve performance.  1688 milk samples (93 from MAP positive cows) were analyzed. The area under 
the curve (95% confidence intervall) was 0,863 (0,813 - 0,913), 0,863 (0,814 - 0,911) and 0,822 (0,772 - 0,872) 
for tests 1, 2 and 3, respectively. In milk samples combination of tests did not improve performance. 
Reliability of the investigated ELISAs was acceptable to good and did not differ between serum and milk 
sample. Test 3 performed slightly worse than test 1 and 2. Best results were achieved with a combination of 
test 1 and 2 in serum samples.  
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In 2006, a milk quality assurance programme (MQAP) for paratuberculosis in Dutch dairy herds was initiated 
to control Mycobacterium avium subsp. paratuberculosis (Map) and reduce the concentration of Map in milk 
delivered to milk processors.  
 
Although the results achieved to date are promising, an internal review of the MQAP was performed to 
identify potential areas of improvement to increase its efficacy. In this review, progress made in controlling 
Map was summarized whilst the design of the MQAP was compared with programmes in other European 
countries. The literature on control programmes, epidemiology, diagnostics, zoonotic aspects and on-farm 
impact of Map that was published since the initiation of the MQAP in 2006 was reviewed for knowledge and 
developments that could potentially warrant a revision of the MQAP.  
 
In all, 25 potential areas of improvement were identified and grouped into nine domains: (i) aims and 
periodical evaluation of the programme, (ii) knowledge, attitude and behaviour of farmers and veterinarians, 
(iii) surveillance of herds with the preferred herd status, (iv) herd examinations in test-positive herds, (v) 
progress of previously test-positive herds to the preferred herd status, (vi) preventive management measures, 
(vii) animal movements between herds, (viii) certification and surveillance of designated young stock herds, 
and (ix) breeding for resistance against Map. 
 
The review was presented to decision makers of the Dutch dairy industry, who concluded that the identified 
topics in the design of the MQAP were valuable for future consideration. Moreover, the 25 identified topics 
may serve as a valuable checklist of items that might be considered in the design of paratuberculosis control 
programmes in other countries. 
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The risks of disease entry and spread in over 2500 UK dairy herds using a risk assessment tool to measure, 
monitor and manage risks were studied to determine risks associated with infection and prevalence of MAP 
within the herd. 
A web based risk assessment tool was used by trained veterinary surgeons to assess, measure and monitor 
biosecurity and biocontainment risks on over 2500 UK dairy herds that engaged in some form of Johnes 
management. The tool uses standard assessments and an algorithm to quantify risks and provide a summary 
and priority to identify and manage risks as part of the control plan. 
50% of herds were designated high risk of entry of Johnes disease in to the herd, mostly due to purchasing 
cattle of unknown disease status and allowing cattle to drink from water courses that had passed through 
other livestock farms. Only 20% of dairy herds were designated as low biosecurity risk for the entry of Johnes 
disease. 
65% of herds were designated as high risk of spread, mostly due to the use of multiple calving areas and poor 
perinatal hygiene, and the use of pooled colostrum taken from high risk cows.  Only 8% of dairy herds were 
designated as low risk of spread. 
Of 2462 herds that were designated as having high risks of spread of MAP within their herds, 52% had high 
risks of entry of the disease, making these herds very high risk of a high prevalence of Johnes disease. 85% of 
these high risk herds were infected as determined by milk elisa testing. The study demonstrates that herd 
infection is associated with biosecurity risks and herd prevalence is associated with biocontainment risks. 
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Dr Barbara Vass-Bognár1, Dr Walter Baumgartner2, Kinga Fornyos3, Dr Viktor Jurkovich1 

1University of Veterinary Medicine, Budapest, Hungary, 2University of Veterinary Medicine, Vienna, Austria, 3M.A.H. Food-
Control Ltd, , Hungary 

This work aimed to measure the detectability of paratuberculosis (PTB) during the lactation period. Our goal 
is to find time intervals when one can predict the disease with better efficacy. The culling of animals before 
the onset of clinical symptoms is desirable from both an economic and a veterinary point of view.  
We carried out our investigations on 4 Hungarian dairy farms with an average of 597 milking cows per farm. 
The apparent prevalence of PTB infection based on serum ELISA examinations was 7.6 (± 3.9) %. Faeces 
samples were taken at 5, 10-14, 40-60, 90-120 and 200 days after calving from 38 animals in total. Real-time 
qPCR using Macherey-Nagel NucleoSpin Tissue and Adiavet Rt-PCR kit was performed in the faeces samples. 
Nine cows were culled because of clinical symptoms of PTB. All cows with clinical signs had a positive RT-qPCR 
result with lower Ct (cycling threshold) than 24. The animals started to show clinical signs 14-20 days after 
calving, and they were sent to the slaughterhouse on average 60 days after calving. The average Ct value in 
the faeces of the culled animals was 20.2.  
Based on our results, faecal RT-qPCR after calving is a possible predictor of disease outcome in later stages of 
lactation and can support the culling protocol in the PTB eradication programs. 
Acknowledgements: Viktor Jurkovich was supported by the Ministry of Innovation and Technology and the 
National Research, Development, and Innovation Fund (grant No.: MEC_21_R_140844).
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Paratuberculosis (PTB) is a chronic disease caused by Mycobacterium avium subsp. paratuberculosis and 
causes serious economic losses. Its control and development of an effective vaccine are essential. The aim of 
this study is the evaluation of the immune response induced by a virulent local strain inactivated vaccine and 
the evaluation of its interference with bovine tuberculosis diagnosis in a herd with a high prevalence of PTB. 
We used three groups of 46 calves (1-2 months of age): 1) Silirum vaccine, 2) local strain inactivated with 
adjuvant Montanide ISA 201 (Seppic SA) and 3) unvaccinated group. Serum samples were taken at 2, 4-5, 10-
12, and 22 months post-vaccination (mpv) for the measurement of antibodies. At 4-5 mpv whole blood was 
extracted to evaluate lymphocyte populations (CD4, CD8, WC1, CD335, co-marked with CD25 and IFNg) and 
an in-vitro infection of PBMC as performed (microbicide assay). In addition, the intradermal reaction with 
PPDa and PPDb were evaluated. 
The group vaccinated with the local strain presented a higher and earlier (IgG) humoral immune response 
(with higher antibody titre at 4-5 mpv) and it was the only group that presented a significant response, with 
production of IFNg, from CD4, CD8, WC1 and NK cells (CD335). In the microbicide assay, no significant 
differences were observed. Vaccination did not yield false positive results for the official diagnosis (skin test) 
of bovine tuberculosis after 12 mpv.  
The results indicate that the vaccine with the inactivated local strain induces a humoral and cellular immune 
response, slightly higher than that induced by the commercial vaccine.  
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Paratuberculosis (bPTB) and tuberculosis (bTB) are the two most important chronic diseases of livestock 
caused by Mycobaterium spp. Interferences in the diagnosis of bTB have been attributed to Mycobacterium 
avium subspecies paratuberculosis infection, however, the interference of bTB in the diagnosis of bPTB has 
been little studied, therefore, the aim was to evaluate the possible interference of bTB in the diagnosis of 
bPTB. 
Samples of 228 animals in a tuberculosis endemic area were collected for the diagnosis of bTB 
(retropharyngeal and tracheobronchial lymph nodes) and bPTB (ileocecal valve and ileocecal lymph node) by 
microbiological culture (gold standard tests). Furthermore, the accuracy of an indirect bPTB ELISA and direct 
multiplex qPCR (IS900-F57), were tested on blood serum, and on tissues (ileocecal valve and ileocecal lymph 
nodes) and stool, respectively 
A total of 59 (25.9%) animals were positive for bTB and 53 (23,2%) were positive for bPTB. The sensitivity (SE) 
and specificity (SP) value of direct qPCR on tissue was of 91.7% and 59.6% for bTB + animals, whereas SE and 
SP were 75.6% and 88.3% respectively for bTB - animals. The SE and SP of the direct qPCR on faeces was 75.0% 
and 91.5% for the bTB + animals, and SE and SP of 41.5% and 97.7% for bTB - animals. Finally, the SE and SP 
of the ELISA for bTB + animals were 91.7% and 68.1% respectively, and 24.4% and 96.1% for bTB - animals.  
Higher SE values of bPTB were obtained with direct qPCR and ELISA in bTB + animals (p<0.05). These results 
suggest the need to develop new diagnostic techniques that allow monitoring of paratuberculosis in endemic 
or bovine tuberculosis-free areas. 
In conclusion, bTB interferes with the accuracy of bPTB diagnostic techniques. These results should be taken 
into account when implementing control programs against bovine paratuberculosis disease. 
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A great amount of studies performed both in animals and humans concur that gut microbiota plays a 
fundamental role in immunity and it can be determinant for the efficacy of vaccination. Probiotics can exert 
effects on the microbiota and they have been proposed as a means of enhancing vaccine-specific immunity, 
although results have been inconsistent. In this work, we have investigated the effect of a probiotic in 
combination with vaccination on Map challenge in the rabbit model.   
 
For this purpose the following treatments were administered previous to oral challenge with Map: a 
commercial inactivated Map vaccine applied alone, the same vaccine in combination with the probiotic, the 
probiotic alone and a non-treated group. Weight loss, bacterial burden and pathological lesions in tissues 
were the parameters selected to evaluate efficacy, whereas phagocyte reactive oxygen species (ROS) activity, 
neutrophil bacterial killing assays, antibody levels and lymphocyte subpopulation analysis were performed to 
evaluate immunomodulation. 
 
Peripheral neutrophils from the only vaccinated group showed higher ROS activity against Map antigens and 
higher bactericidal activity, compared to the rest of the groups at 30 days post vaccination. These effects were 
maintained as a tendency 60 and 90 days post vaccination. The combined treatment of vaccine and probiotic 
presented higher plasma IgA levels and lower bacterial burden as seen by tissue culture. In the vaccinated 
and the combined treatment groups, Map was contained to sacculus rotundus and vermiform appendix 
presenting 50% and 75% reductions compared to the infected control group, respectively. These results 
indicate that the probiotic administered to the vaccinated animals was able to modulate the immune 
response, ultimately affecting protection. This work shows that the administration of a probiotic can affect 
the efficacy of vaccination, further highlighting the importance of intestinal bacteria in PTB immunity.  
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Globally livestock industry is a major employer therefore protecting animal health and production becomes 
priority for stakeholders. Country has a growing demand for low-price, rapid and trustworthy diagnostics in 
veterinary medicine. Point of care diagnostics (PoCD) have remarkable advantages over existing laboratory-
based tests, owing to low cost, onsite application and rapidity. PoCD is especially important to the context of 
resource poor/ limited areas. Present study reports the development of PoCD lateral flow assay-based 
antibody detection for rapid diagnosis of paratuberculosis. 
Different antigens; commercial PPA, native PPA (prepared using native strain), and specific recombinant 
protein (RP) mix (1693c, 2168c, 2677c, 3547c and 4308c) were evaluated as candidates to coat LFA strips. On 
reference positive serum (60), RP based LFA showed maximum detection limit (90.0%). Hence RP based LFA 
was selected for further studies. Optimized LFA had sensitivity of 77.7%, 75.4% and 75.3% with tissue culture, 
fecal PCR and plate ELISA, respectively. This LFA showed 100% specificity with all reference tests. In relation 
to plate ELISA (titer detection limit); RP based LFA had 100% sensitivity of detection when S/P ratio of serum 
sample is >1.0 and sensitivity is 80% in the S/P ratio range of 0.8-1.0. Positive predicted value (PPV) for this 
LFA was 100% with all reference tests. Negative predicted value (NPV) ranged between 73.1% to 76.3%. 
Statistically LFA had nearly perfect agreement with tissue culture, fecal PCR and plate ELISA. Field sera (608) 
were also tested using LFA and 283 (46.5%) were found positive. Higher positivity was found because these 
samples belonged to farms with history of clinical disease. Using present LFA diagnosis can be done in less 
than five minutes time. In third party validation LFA was reproducible. LFA was also reproducible using 
different batches of RPs. In conclusion, present LFA will play major role in controlling paratuberculosis. 
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Cultural detection of MAP in ovine faeces and tissues is laborious, because sheep are often infected by MAP 
S-type strains, which grow even more slowly than MAP C-type strains. Liquid culture using a modified 
Middlebrook 7H9 medium, which is more sensitive than culture on solid media, takes up to 12 weeks for 
reliable results. Direct detection of MAP genome in clinical samples by qPCR has the potential to speed up 
diagnostics considerably. Aim of the present study was to compare the results of liquid culture and direct 
qPCR for the detection of MAP in faecal and tissue samples of German sheep. 
Eighty faecal and 13 tissue samples (small intestine or mesenterial lymph nodes) of individual sheep with 
previously undefined MAP status were analysed in parallel. The samples had been submitted to the German 
National Reference Laboratory for paratuberculosis in the context of flock monitoring programmes of regional 
animal health services. Liquid culture was performed for 12 weeks after decontamination with HPC using a 
modified Middlebrook 7H9 medium supplemented with egg yolk and mycobactin J. Presence of MAP in the 
culture broth was proven after magnetic separation by endpoint PCR targeting IS900. Direct detection of MAP 
genome in the faecal and tissue samples was done using a commercial qPCR kit (Adiavet ParaTB real time, 
Bio-X) after DNA extraction using the QIAamp DNA Mini Kit (Qiagen).  
MAP was detected in 18/93 samples by direct qPCR and in 16/93 samples by liquid culture. The accordance 
between both methods was 91.4 % with matching results for 13 positive and 72 negative samples. These data 
confirm that direct detection of MAP genome by qPCR is a reliable and less laborious alternative to cultural 
isolation allowing rapid detection of MAP in faecal and tissue samples of sheep. 
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Colostrum is considered a source for early infection with Mycobacterium avium subspecies paratuberculosis 
(MAP). MAP is generally assumed to be secreted directly into the colostrum and/or introduced by faecal 
contamination during milking or storage before feeding the kids. This study aimed at determining whether a 
disinfection of the udder can lead to a reduction of the MAP burden. Colostrum samples of 55 goats from a 
paratuberculosis affected herd with high contamination of the bedding in the lambing pen and the waiting 
pen as determined by environmental sampling were tested for the presence of MAP. Nine goats (16.4%) were 
confirmed as MAP positive before the study by faecal culture.  
One colostrum sample per goat was obtained before and one after treatment of the udder skin with a 
mycobactericidal disinfectant on the day of lambing. Besides, bulk colostrum samples were collected. Before 
disinfection a swab sample from the udder skin was taken with a dry cotton swab to quantify the MAP burden. 
Individual and bulk colostrum samples were analysed by immunomagnetic separation followed by qPCR using 
commercial kits. DNA extraction and qPCR as well as cultural isolation on Herrold's Egg Yolk Medium were 
performed for swab samples.   
The limit of detection of the methods as evaluated before was between 10¹ and 10² cfu/mL for colostrum 
samples and 10³ cfu/cm² for swab samples. None out of 110 individual and 14 bulk colostrum samples showed 
a positive result. MAP was detected in 1/27 udder swabs by qPCR but not cultivation.   
Despite the remarkable MAP contamination of the barn environment, MAP was not detected in most samples 
and therefore, a substantial transmission of the pathogen via the udder skin into the colostrum during the 
milking process is unlikely. In MAP affected goat herds hygienic milking without additional udder skin 
disinfection can be recommended. 
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Background: Mycobcaterium avium subspecies paratuberculosis (MAP) infection leads to major production 
losses in domestic livestock. Infection of humans through consumption of milk and milk products made from 
pasteurized milk is not safe and is serious public health concern globally, since MAP is not inactivated during 
pasteurization. Microscopy (ZN-staining), Indirect fluorescent antibody test (i_FAT), IS900 PCR and IS1311 
PCR} were evaluated for detection of MAP in  spiked and un-spiked milk samples. 
 
Method: Samples (104) of raw and pasteurized liquid milk were spiked and un-spiked with MAP. Milk samples 
were heated to 80.00C before screening by Microscopy, i_FAT, IS900 PCR and IS1311 PCR. 
 
Results: Of 104 milk samples (raw and pasteurized), 26 were spiked with MAP and rest 74 were un-spiked. Of 
these 26 spiked milk samples, 24 (92.3%), 12 (46.1%), 24 (92.3%) and 24 (92.3%), were detected positive by 
microscopy, i_FAT, IS900 PCR and IS1311 PCR, respectively. Sensitivity of microscopy, IS900 and IS1311 PCR 
was high (92.3%) followed by i_FAT (46.1%). However, percent infection of both raw and pasteurized milk 
with MAP infection was very high (24.0 to 37.0%) in India. Lower detection of MAP bacilli by i_FAT may be 
due to curdling of milk samples during pasteurization, since due hot summer season at that time and un-
proper storage during transport led to capturing the bacilli by curdled milk. Results showed that when 
infection of MAP is high (here due to spiking), any of the two tests combinations (Microscopy with IS900 or 
IS1311 PCR), may be chosen as the tests of choice for the detection of MAP infection. 
 
Conclusions: Sensitivity and specificity of three tests was equal (92.3%), providing equal opportunity for 
detection in spiked or during heavy contamination by MAP. However, sensitive of the i_FAT test was poor in 
pasteurized milk samples, therefore may not be optimum test.
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Introduction: Copper and its alloys are natural and very well-proven antimicrobial materials. The mechanisms 
of action through which copper is highly effective to have been described at the molecular and cellular levels. 
However, both the design of the studies carried out and the nature of the microorganisms studied have meant 
that this research has been of limited scope. In the present study, we examined the action mechanisms of a 
copper ion treatment on the integrity of Mycobacterium avium subsp. paratuberculosis (MAP), a highly 
resistant animal pathogen. 
 
Material and Methods: To investigate the mechanisms that would explain how copper ions exert effective 
control on MAP, a study was proposed that evaluated the integrity of the nucleic acids (Comet assay), proteins 
(ROS and oxidation proteins), and cell wall (lipid oxidation) of this pathogen, as response variables against this 
treatment. 
 
Results: The copper ion treatment applied to MAP cells resulted in nucleic acid degradation and 
disintegration, increased ROS production, and protein alteration. However, it had no effect on the integrity 
of the MAP cell wall, which offers a possible scientific explanation for the observed tolerance of this pathogen 
to this copper-based treatment. 
 
Conclusion: This new evidence about the observed tolerance in the MAP cell wall against the copper ion may 
help us to understand how we can improve the proposed copper-based treatment, and finally achieve a 
totally effective alternative to control MAP. 
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Nontuberculous mycobacteria (NTM) are well established to cause lung and other diseases. Recently, 
pulmonary NTM infection have dramatically increased globally. Due to differences in treatment regime 
discrimination of NTM from Mycobacterium tuberculosis (MTB) complex is critical. Sputum microscopy 
cannot discriminate between NTM and MTB complex. Thus, NTM infections are commonly misdiagnosed as 
pulmonary TB, especially in resources-limited areas. Presently, WHO recommends immediate anti-TB 
treatment after smear-positive results. Hence NTM infection is not considered and may result in inappropriate 
treatment. Culture followed by biochemical/molecular identification is more definitive method. Commercially 
paraffin slide culture (PSC) technique is available that supports the growth of NTM but not of MTB complex. 
Mahatama Gandhi Institute of Medical Sciences (MGIMS), Sevagram developed an inhouse method of PSC in 
early 21st century and found PSC a better tool to isolate NTMs compared to other methods. However, PSC is 
not popular for isolation of NTM. Present study evaluated the utility of PSC in isolation and characterization 
of NTM. Inhouse PSC method optimized by MGIMS, Sevagram was adopted. Briefly, paraffin was sterilized by 
autoclaving and coated on sterile glass slides. These slides were placed in McCartney bottles containing 5.0 
mL of basal salt solution/ Czepak broth containing PANTA antibiotic mix. These bottles were inoculated with 
0.5 mL decontaminated inoculum from soil and water. Of the total 40 samples inoculated (soil-16 and water-
24), 12 were positive (soil-08 and water-04) for NTM. Colonies appearing on paraffin slides were directly 
submitted to ZN staining and PCR. It took 20-30 days for colonies to appear. NTM nature was confirmed due 
to presence of hsp65 gene and absence IS6110 element. For speciation biochemical analysis and/or restriction 
analysis (BstEII and HaeIII) of hsp65 PCR product can be done. In conclusion, inhouse PSC technique was found 
user-friendly tool to isolate NTM.
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Introduction: he UK National Johne's Management Programme (NJMP) has engaged over 8700 dairy 
producers with Johne's Disease (JD) risk assessment, surveillance and vet led control plans. The predominant 
surveillance and control strategies involve milk ELISA testing with an estimated 71% using strategic testing, 
management and culling to manage the disease. The next stage with the NJMP was to develop a more robust 
monitor of progression utilising improved outcome measures and drivers of JD infection within herd spread. 
 
Methodology: A pilot study from 39 herds (652 test dates, 157,985 test results) utilising quarterly milk ELISA 
testing was evaluated to define more robust outcomes and drivers for Johne's disease in dairy herds.  
The key outcomes  identified were Average Test Value of all results, % cows positive at differing thresholds ( 
> 30,60,100). The key drivers identified were New Detection rate ( index case test positive), % repeat positive 
and relative risks of culling and service of JD positive cows compared to non JD positive cows  
The measures were subsequently benchmarked over 257 randomly chosen quarterly milk testing herds, over 
7 test periods in 2018-19, to develop quartile ranges to produce a template report called the Johne's Progress 
Tracker.  
The database code was developed within Interherd + and  then shared with the three main Milk Recording 
Organisations. 
 
Results: The use of the revised outcome measures and infection drivers has delivered new insights into 
established ELISA testing programmes. The commonest failings were failing to control infection risks and an 
over reliance on culling as a control point. Risk management is central to JD control. 
 
Summary: More effective analysis and graphical illustration of outcome and driver measures of data can 
deliver improved JD control at farm level and is more motivational than simply benchmarking herds by % 
testing positive. 
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Introduction: The complexities of a long incubation period, tests of low sensitivity and discrepancies between 
test and true herd prevalence hamper Johne's Disease (JD) control resulting in farmer and vet despondency. 
Developing tools to explain risk and prevalence better has been central to the success of the UK JD program 
 
Methodology: Two web-based tools have been the cornerstone of vet and farmer engagement with JD 
control.  
Myhealthyherd- a web-based health planning tool based on a predict and prevent model of disease 
management. Risks are captured and traffic light scored to assess the likelihood of disease introduction and 
spread. Within the JD module a prevalence prediction graph was developed to illustrate future true herd 
prevalence. A control planner with inbuilt robustness checker allows for more effective JD plans to be created. 
Plans that were robust were highlighted green and those requiring further work amber or red.  
Herdwise- A web-based reporting system for interpreting quarterly milk ELISA results using a traffic light 
system based on the Danish control system. Cows are categorised into high, medium and low risk and disease 
control progression is illustrated by graphs tracking prevalence and date of birth of infection. Cohort 
monitoring and latterly the integration of the Johne's Progress Tracker have further enhanced the value of 
the testing program.  
  
Results: The use of graphical based web-based tools aids cost effective management of JD. The traffic light 
scoring of risks and results avoided the more typical binary positive/ negative reporting of results. The 
Myhealthyherd and Herdwise programs have become tools to help farmers understand Johne's control more 
readily.  
 
Discussion: JD is a complex disease requiring risk management and behaviour change to effectively control 
spread. Graphical web-based tools provide a simple, cost effective way of illustrating the complexity of JD 
whilst maintaining farmer engagement.   
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Introduction: In 2009 a National Johne's engagement plan was developed with the support of milk processors, 
laboratories, database providers, farming and veterinary groups. By December 2021 93% (8,700) of the UK 
Dairy Farmers will have completed a risk assessment, surveillance and have installed a JD control plan utilising 
an accredited vet.  
 
Methodology: Milk processors and retailers define the priorities for UK Dairy farmers as part of their 
contractual arrangements. A cohesive national plan (NJMP) for Johne's Disease (JD) control was developed in 
2015 which with the objective of JD reduction in the UK.  
A flexible framework for JD control was established allowing farmers to choose one of 6 potential control 
strategies using advice from an accredited JD vet.  
The success has been achieved through focusing on creating practical JD plans that match the need of the 
farmer and create commercial consultancy opportunities for the private vet.  The engagement of milk 
processors and laboratories are major drivers to engagement of farmers. 
 
Results: In October 2019 the NJMP became a compulsory National Farm Assurance standard for all dairy farms 
supplying farm assured milk. 
47 milk processors with an estimated 93% of UK producers are now engaged with the NJMP. By December 
2020 declared control strategies from 5215 farmers were improved farm management (IFM) and strategic 
testing (42%), IFM and test and cull (28%), biosecurity protect and monitor (11%), breed to terminal sire (12%) 
IFM alone (6%) and vaccination (0.03%). Data on strategies was not collated from 11 farmers. 
Over 1700 vets have been accredited by the British Cattle Veterinary Association to deliver the JD plan.  
 
Discussion: Milk processor and Retailer influence created drivers for engagement. The development of a 
practical, flexible and commercial approach to JD control, which appeals to all, is central to the success of the 
NJMP. 
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Our objective was to evaluate the diagnostic accuracy of the individual fecal culture (IFC), fecal PCR (FPCR), 
and serum ELISA for the detection of Mycobacterium avium subsp. paratuberculosis (MAP) infections in sheep 
from four governorates in Egypt using a latent class model (LCM) fitted within a Bayesian framework (BLCM). 
 
Fecal and blood samples were collected from 370 sheep in four Egyptian governorates. Fecal samples were 
analyzed by IFC and RT-PCR based on ISMav2 insertion sequence, while ELISA was performed on serum 
samples. The median sensitivity (Se) and specificity (Sp) and 95% Bayesian credibility intervals (95% BCI) of 
the three diagnostic tests were estimated using a hierarchical BLCM.  
 
The median Se estimates for IFC, FPCR, and serum ELISA were 32.2% (23.3-42.2), 52.0% (33.2-84.2), and 64.2% 
(43.0-83.4), respectively. The median Sp estimates for IFC, FPCR, and serum ELISA were 97.7% (96.1-98.8), 
97.6% (95.5-99.4), and 98.4% (96.8-99.3), respectively. The median within-governorate MAP prevalence was 
11.9% (BCI: 5.0-27.8).  
 
At a threshold of >45%, ELISA showed the highest Se and comparable Sp to IFC and FPCR. The test ELISA 
evaluated in this study is an interesting alternative for detecting MAP in sheep due to its higher Se, lower cost, 
and shorter turnaround laboratory time compared to IFC and FPCR. 
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If virulence differences exist between Mycobacterium avium subspecies paratuberculosis (MAP) subtypes, 
they may be attributed to genetic characteristics that could be exploited in tools used to control 
paratuberculosis (Ptb) in farmed ruminants. Currently, we have no confirmatory evidence of virulence 
differences between MAP genotypes. Circumstantial evidence from population-based studies in New Zealand 
suggest that certain genetic variants of MAP might be associated with different pathogen virulence and a 
preliminary investigation in Germany found that IS900-RFLP-(BstEII)-Type-C1 was isolated more often in cattle 
with pathological macroscopic lesions characteristic of Ptb compared to those without lesions. The current 
study aimed to uncover associations between phenotypical and genetic characteristics of individual MAP 
strains originating from different host species and environments. We investigated genomic differences 
between MAP isolates from German cattle with and without Ptb typical macroscopic lesions within the gut, 
and New Zealand deer and sheep with phenotypic tissue markers (histopathology), clinical signs, and varying 
shedding levels. In addition, isolates from before and after passage through cattle and sheep hosts were 
studied. All of these data were subjected to conventional and WGS bioinformatics methods including WGS-
SNP-profiling, combined MIRU-VNTR, IS900-RFLP and SSR genotyping. We did not observe any association 
between specific MAP genotypes and phenotypes in any of the examined hosts (cattle and deer and sheep) 
or MAP sub-types (MAP-C, sheep MAP-S). However, results of WGS-SNP analysis showed a strong association 
with that of combined genotyping. Furthermore, no additional SNPs were detected in MAP strains after 
passages thru different animal hosts. In conclusion, results likely reflect the slow rate at which MAP 
incorporates changes into its genome and suggest that differences in clinical signs in MAP infected animals 
are more likely to be caused by pathogen independent characteristics such as variable infective dose, 
frequency of, and age at exposure, and variation in host immune response.  
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