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Background 

Crohn’s disease was identified as an emerging disease in humans in the 1940’s and the disease 
has been associated with human populations in developed nations with intensive farming practices 
(Hermon-Taylor and Bull 2002).   In recent years, the bacterium Mycobacterium avium subspecies 
paratuberculosis (Map) has been implicated as a possible causative agent in Crohn’s disease and 
Inflammatory Bowel Disease (Mishina et al 1996; Collins et al 2000).  In the ruminant animal, Map is 
known to cause Johne’s disease, which shares similar etiology to Crohn’s disease.  In ruminants, 
Johne’s disease is a disease typically associated with intensive cattle management practices where 
fecal-oral transmission is high (Chiodini et al 1984; Cocito et al 1994).  In this chronic infection, 
Johne’s disease eventually results in extreme weight loss and poor animal performance.  Diagnosis 
of Johne’s disease in ruminants may only occur when extreme symptoms appear, but Map may be 
carried and shed in feces for many months prior to any diagnosis. 

In cattle, Map infection appears to occur in the neonatal calf via ingestion from a contaminated 
environment.  This contamination can occur from feces of cattle or free-ranging animals infected and 
shedding Map.  Incubation of the pathogen can occur asymptomatic in the bovine host 18-48 
months (Grant et al 2002) and, as a consequence, transmission of Map to humans from production 
animals may occur unbeknownst to producers.  As a result of Johne’s disease in dairy cattle, Map 
has been monitored in dairy cattle as part of a National Animal Health Monitoring System (NAHMS) 
study.   In the NAHMS 1996 study report, Map infection was found in 10% or more of the animals in 
approximately one-quarter of the dairy herds tested (NAHMS 1997).  Contaminated bovine milk has 
been suggested as a potential route of transmission to humans, since Map has been demonstrated 
to be resistant to pasteurization (Grant et al 2002). 

Map are very slow growing bacteria and culture identification of Map in the human food supply has 
been problematic.  Recent adaptation of molecular techniques that specifically target genetic 
elements in this bacterium’s chromosome has dramatically improved detection and time of analysis 
(Ellingson et al 2003).      

At this time, little information exists on prevalence of Map in slaughtered cattle in the United States.  
Feedlots are intensive management systems that concentrate animals and offer an opportunity for 
cross-contamination and prolonged incubation prior to slaughter.  In addition, meat from 
culled dairy and beef cows is predominantly processed into ground beef.  In either fed or cull 
cattle, contamination of feces, hide or carcasses may be potential routes for transmission to 
beef products, but has not been determined.  Determining the prevalence of Map in cattle 
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using molecular techniques will provide information that determines if and where interventions to 
decrease Map transmission need to be applied. 

In this project, we screened 3368 samples from 601 animals to determine the prevalence in feces, 
on hides, on carcasses pre-evisceration, and on post-intervention carcasses using PCR technology.  
Enrichments of samples taken from carcass swabs were performed to confirm PCR results as 
numbers of Map in these samples may be below detectable limit of the methodology.  Animals were 
sampled from slaughter plants in Eastern, Midwestern and Western states the United States, and 
included cull cows and fed cattle.  The project provides information on Map prevalence in cattle and 
identifies possible points for intervention. 

The stated objectives for this work were:  

Determine the prevalence of Mycobacterium avium subspecies paratuberculosis in cattle feces or 
ileocecal lymph nodes, on cattle hides, and on pre-evisceration and post-intervention carcasses in 
cull cow and fed cattle at slaughter plants in the Eastern, Midwestern and Western regions of the 
United States. 

Methodology 

Animals and sites 
Cattle slaughter plants were sampled in the Eastern, Midwestern, and Western regions in the US with 
6-member crews.  Within each region, cull cow and fed cattle slaughter plants were visited for 
sample collection.  We anticipated the Eastern facilities to predominantly slaughter animals of dairy 
breeds, the Midwestern facilities to predominantly slaughter animals of beef breeds, and the 
Western facilities to slaughter a mix of dairy and beef breeds.  As thorough as possible trace back 
information was collected from processing plant so origin (dairy, feedlot, sale barn) of animals can 
be used for data analysis.   
 
Sample collection 
Samples were taken from same animals throughout slaughter and processing using standardized 
USMARC Meat Safety and Quality Research Unit techniques (Arthur et al 2004).  A hide swab using 
sterile, moistened Speci-Sponges was taken from each animal as it was tagged.  Pre-evisceration 
carcass swabs were taken as soon after hide removal as possible and before any interventions using 
sterile, moistened Speci-Sponges (Nasco).  Ileocecal lymph nodes were sampled following 
evisceration and bagged separately.  Post-intervention carcasses were swabbed again using sterile, 
moistened Speci-Sponges.  All samples were packed on ice and shipped back to USMARC Meat 
Safety and Quality Research Unit for sample analyses. 
 
Sample preparation and analyses 
Hide and carcass swabs:  A 20 ml volume of sterile 0.9% saline was added to each swab sample and 
homogenized after collection.  A 10 ml sample was transferred to a 15-ml conical centrifuge tube 
and bacterial pellets were collected by centrifugation (6000xg, 15min).  Pellets were stored frozen 
for DNA extraction and PCR analysis.  The remaining 10 ml volume of each carcass sample was 
transferred to a separate 15-ml conical centrifuge tube and pellets were collected by centrifugation 
(6000xg, 15min) for Map decontamination and enrichment (see below).  
 
Lymph nodes:  A 2 g sample of each lymph node sample was weighed into a sterile plastic weigh 
boat and minced with sterile scalpel.   A 10 ml volume of 0.9% sterile saline was added to 
each sample and homogenized.  Bacterial pellets were collected by differential 
centrifugation.  Tissue debris was removed by low speed centrifugation (600xg, 5min).  The 
liquid volume was transferred to a clean 15-ml tubes and bacteria pellet was collected by 
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centrifugation (6000xg, 15min).  Bacterial pellets were stored frozen for DNA extraction and PCR 
analysis (see below). 
 
DNA extraction, amplification and analysis 
Bacterial DNA samples from fecal grabs and hide swab bacterial pellets were extracted using 
commercial fecal kits that include treatments to remove PCR inhibitors (Qiagen).  Bacterial DNA from 
pellets from the carcass swabs were extracted with commercial bacterial DNA extraction kits 
(Qiagen).  DNA was eluted from the glass filter columns using sterile ultrapure H2O and the extracted 
DNA samples were stored at –20°C until PCR analysis.   
 
Extracted bacterial DNA was subjected to PCR analysis using primers targeting Map-specific IS900 
repeat genome sequences (Ellingson et al 2003).  Briefly, each 50-μL amplification reaction 
contained 20 pM IS900 DNA amplification primers, 0.2 mM dNTPs, 2.5 mM Mg++, DNA polymerase 
buffer and polymerase, and sterile ultrapure H2O.  A 2-5 μL aliquot from fecal and hide samples, and 
a 10-20 μL aliquot from carcass samples were used in the PCR analyses.  A positive control (10 ng of 
Map ATCC 19698 DNA) and a negative control (ultrapure water) were included with each 96-well 
amplification reaction run.  The amplification reactions underwent an initial denaturing step (10 min 
94°C), 42 amplification cycles (1 min 94°C, 0.25 min 65°C and 2 min 72°C), and a final product 
extension step (10 min 72°C) as reported previously (Ellingson et al 2003).  Products from the 
amplified reactions were separated using a 2% agarose gel in a Tris-Borate buffer (pH 8.3) system. 
 
Map enrichment and confirmation 
Bacterial pellets from carcass swabs (from above) were decontaminated and enriched as described 
previously (Ellingson et al 2005; Clark et al 2006).  The bacterial pellets were suspended in 10 ml 
0.7 % hexadecylpyridinium chloride (Sigma) and decontaminated for 3 h.  Decontaminated bacterial 
pellets were collected by centrifugation (1000 g, 30 min).  Pellets were suspended in 1 ml of ANV 
antibiotic cocktail (50 μg/ml amphotericin-B, 100 μg/ml naladixic acid, and 100 μg/ml vancomycin; 
Sigma) and were incubated at 37 °C for 22-24 h.  A 200 μL aliquot was transferred onto Herrold’s 
Egg Yolk Agar slants with ANV and Mycobactin J (HEYA; BD Microbiological).  The media slants were 
incubated at 37 °C for 4-8 weeks until growth appears.  Slant surfaces were scraped and growth 
transferred to 200 μL sterile H2O.  A 100 μL volume was removed for slant, and bacterial DNA was 
extracted and amplified as done above using ISMap02 primers (Stabel and Bannantine 2005).     
 
Data analysis and statistics 
Frequency of Map was determined for each sample type and compared.  Trace back information of 
slaughtered animals was used in data analysis to determine if differences exist between fed beef, 
cull beef cows and cull dairy cows.  Statistical analysis was done using Fisher Exact comparative 
analysis and GLM procedures in SAS. 
 
Findings 

For this study, we were able to access cattle slaughter plants across the U.S. and obtain samples 
from 601 animals to determine the baseline prevalence of Mycobacterium avium paratuberculosis 
(Map) associated with ileocecal lymph nodes and on hides and carcasses.   Samples were collected 
from 246 animals at fed-cattle slaughter plants and 355 animals at cow slaughter plants.  Samples 
obtained from each animal included hide, pre-evisceration carcass, post-intervention carcass, and 
ileocecal lymph node and directly processed to extract bacterial DNA for PCR analysis.  Cohort 
samples for pre-evisceration carcasses and post-intervention carcasses were also processed to 
determine if Map present could grow and replicate using standard protocols.  These latter 
analyses, although time consuming, represent a ‘Gold Standard’ for Map and provide 
additional information as to the viability of the target pathogen in the sample.   
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In cattle, colonization of the animal by Map occurs early in age.  This bacterium resides and slowly 
grows in the ileum epithelial tissue, and eventually is shed into the feces.  In the Map-colonized 
animals, macrophages ingest the bacterium and accumulate in the local lymph tissues.  As such, 
Map presence in gastrointestinal lymph tissue would indicate chronic infection.  We sampled 
ileocecal lymph nodes of animals at slaughter facilities and observed an overall prevalence of Map 
of 20.3 % in the lymph nodes using the direct amplification (PCR) of extracted sample DNA (Table 1).  
However, it should be noted that only one animal (0.4 %) in fed-cattle slaughter facilities yielded a 
positive score for Map in the ileocecal lymph node.  In cow processing facilities where older animals 
were likely being slaughtered, 34.2 % of the ileocecal lymph nodes tested positive for presence of 
Map.  These Map–positive animals can shed the bacterium into the feces, and thus serve as sources 
for possible animal hide contamination.   
 
Based on PCR amplification of Map specific genetic targets, the overall Map prevalence on beef 
hides, pre-evisceration carcasses, and post-intervention carcasses of animals in this study were 
47.1, 23.2, and 14.1 %, respectively (Table 2).  The distribution of Map was highly variable across all 
processing plants with prevalence ranging from 0.8 to 87.8 % on hides, from 0.9 to 50.0 % on pre-
evisceration carcasses, and from 0 to 30.4 % on post-intervention carcasses.  Overall, hide 
prevalence was greater than lymph node prevalence (Total % positives in Table 1), indicating that 
cross-contamination onto hides may be occurring prior to slaughter.      
 
In facilities slaughtering only fed cattle, Map prevalence on hides, pre-evisceration carcasses, and 
post-intervention carcasses was 1.2, 1.2, and 1.9 %, respectively, based on DNA amplification (Table 
3).  The low prevalence on hides with fed cattle may reflect little or no fecal shedding of Map from 
these animals.  It is generally recognized that Map colonizes neonates, but due to the slow growth of 
the bacterium, fecal shedding may be insignificant in these younger animals.  As such, little to no 
hide and beef carcass contamination may be occurring in fed cattle and these animals are unlikely 
sources for transmissions to the human food chain.    
 
In the beef processing facilities slaughtering cows, Map prevalence on hides, pre-evisceration 
carcasses, and post-intervention carcasses was 79.6, 39.5, and 22.5 %, respectively, based on 
direct PCR amplification of extracted DNA (Table 4).  The prevalence was significantly higher in these 
cow plants compared to the fed cattle plants for hides (P<0.001), carcasses pre-evisceration 
(P<0.001) and carcasses post-intervention (P<0.001).  These higher numbers reflect the potential 
for older animals to be infected and shedding Map, and the possibility that Map fecal shedders in 
animal production systems may be contaminating hides of other animals.  The observation that 22.5 
% of post-intervention carcasses in the cow slaughtering facilities tested positive for Map specific 
genes suggests that Map-specific DNA may be transferred to the beef carcass surfaces, however it 
should be noted that the presence of the Map DNA target does not necessarily indicate that 
viable/intact bacterial cells are present in the sample.   
 
Viable Map bacterial cells were determined utilized a double-decontamination preparation and 
inoculation onto a Map growth medium.  Bacteria were recovered from the agar medium and DNA 
was extracted for PCR analysis.  Utilizing this approach for analysis of the carcass samples, we 
observed overall Map prevalence of 29.5 % for pre-evisceration carcasses and nearly 50-fold 
decrease (P<0.001) to 0.6 % prevalence for post-intervention carcasses (Table 5).  Comparing the 
data from these culture/enrichment techniques for viable cells to the direct DNA analysis (Table 2), 
we observed a higher overall Map prevalence using the culture techniques (1.3-fold higher, 
P=0.018) with the pre-evisceration carcasses.  In contrast, comparing the data from post-
intervention carcasses (Table 5 vs Table 2), we observed a lower overall prevalence with the 
culture method (24-fold difference, P<0.001).  In the analyses done in this study, the 
culture-based technique utilizes more of the sample for analysis and as a consequence 
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potentially has a 2.5-fold better threshold of detection than does the direct PCR analysis of samples.  
This data comparison indicates that current interventions in the slaughter facilities visited were able 
to reduce the impact of Map presence by reducing the viable cells recovered from the carcass 
samples. 
 
We did not observe viable Map in any sample from the fed-cattle only slaughter facilities (Table 6).  
This data was in agreement to our direct analysis by PCR for Map DNA (Table 3).  We only observed 
the presence of viable Map in cultures from carcass samples from the plants that slaughter cows 
(Table 7 vs Table 5, P<0.001).  As mentioned above, a significant reduction (49-fold, P<0.001) in 
cultured Map was observed in the post-intervention samples (Table 6), indicating that interventions 
were likely effective in cow slaughter plants at achieving this reduction. 
 
The current results demonstrate that fed cattle do not significantly test positive for the presence of 
Map (direct PCR and culture analyses) and these young animals are unlikely sources for 
transmission of the bacterium to the human food chain.  A significant number of cull cows do test 
positive by PCR for the presence of Map in ileocecal lymph nodes and on hides.  Hides are known 
sources for transmission of pathogens to beef carcasses, and as a consequence, the presence of 
Map-specific DNA on pre-evisceration carcasses was significant in the cow plants.  The high 
prevalence of Map-specific DNA on these pre-evisceration carcasses from cow plants was 
corroborated with a high prevalence of Map utilizing culture-based techniques.  The direct 
identification of Map-specific DNA in post-intervention carcasses samples was also significant in 
these cow plants.  However, the presence of Map viable cells as determined utilizing culture 
techniques was significantly less on these post-intervention carcasses.  PCR allows for rapid 
detection of genetic material but cannot discriminate between viable and injured/non-viable cells.  
This latter observation would suggest that few viable Map cells are transmitted into the food chain 
via beef carcasses after current interventions (<1.0 % Map-positive).        
 
Implications 
 
In this study examining over 3300 samples from more than 600 animals collected at U.S. beef 
processing plants, Map was detected in only 0.4 % of the younger fed-cattle and viable Map was not 
detected on any beef carcasses from these animals.  Based on this research, beef from younger 
animals (less than 3 years of age) does not appear to be a significant source for Map transmission to 
humans.  However, Map was detected in 34.2 % of older cattle, but viable Map was detected on only 
0.6% of beef carcasses from these animals.  Based on this research, it would appear that Map is 
widely distributed in older cattle in the U.S., but current interventions implemented by the beef 
processors appear to minimize possible transmission of this bacterium to humans. 
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Table 1. Prevalence of Mycobacterium avium paratuberculosis (as determined by DNA amplification of IS900 
genetic sequence) in lymph node samples from beef processing plants in the U.S. 

 

 

Map Score 

 

Total 

Fed-cattle Plants Cow Plants 

N=562 N=232 N=330 

Count % Count % Count % 

Positive 114 20.3 1 0.4 113 34.2 

Negative 448 79.7 231 99.6 217 65.8 

 
 
Table 2. Prevalence of Mycobacterium avium paratuberculosis (as determined by DNA amplification of IS900 
genetic sequence) on hide and carcass samples from beef processing plants in the U.S. 

 

Map Score 

Hide Pre-evisceration Post-intervention 

N=586 N=577 N=512 

Count % Count % Count % 

Positive 276 47.1 134 23.2 72 14.1 

Negative 310 52.9 443 76.8 440 85.9 

 
 
Table 3. Prevalence of Mycobacterium avium paratuberculosis (as determined by DNA amplification of IS900 
genetic sequence) on hide and carcass samples from beef processing plants in the U.S. slaughtering only fed 
cattle. 

 

Map Score 

Hide Pre-evisceration Post-intervention 

N=243 N=245 N=210 

Count % Count % Count % 

Positive 3 1.2 3 1.2 4 1.9 

Negative 240 98.8 242 98.8 206 98.1 
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Table 4. Prevalence of Mycobacterium avium paratuberculosis (as determined by DNA amplification of IS900 
genetic sequence) on hide and carcass samples from beef processing plants in the U.S. slaughtering mature 
cows. 

 

Map Score 

Hide Pre-evisceration Post-intervention 

N=343 N=332 N=302 

Count % Count % Count % 

Positive 273 79.6 131 39.5 68 22.5 

Negative 70 20.4 201 60.5 234 77.5 

 

Table 5. Prevalence of viable Mycobacterium avium paratuberculosis (as determined by selective growth and 
DNA amplification of ISMap02 genetic sequence) on carcass samples from beef processing plants in the U.S. 

 

Map Score 

Pre-evisceration Post-intervention 

N=583 N=512 

Count % Count % 

Positive 172 29.5 3 0.6 

Negative 411 70.5 509 99.5 

 

Table 6. Prevalence of viable Mycobacterium avium paratuberculosis (as determined by selective growth and 
DNA amplification of ISMap02 genetic sequence) on carcass samples from beef processing plants in the U.S. 
slaughtering only fed cattle. 

 

Map Score 

Pre-evisceration Post-intervention 

N=245 N=210 

Count % Count % 

Positive 0 0 0 0 

Negative 245 100 210 100 

 
 
Table 7. Prevalence of viable Mycobacterium avium paratuberculosis (as determined by selective growth and 
DNA amplification of ISMap02 genetic sequence) on carcass samples from beef processing plants in the U.S. 
slaughtering mature cows. 

 

Map 

Score 

Pre-evisceration Post-intervention 

N=338 N=302 

Count % Count % 

Positive 172 50.9 3 1.0 

Negative 166 49.1 299 99.0 

 

 

 
 
 


