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Background 

There is considerable data on the prevalence of Salmonella and MDR-Salmonella in processing plant 
environments; however, it is impossible to attribute the source of the organism to any specific group 
of slaughtered cattle due to the significant impact of the lairage environment.  Also, Salmonella may 
enter the beef chain through alternate methods such as in lymph node tissue that may be included 
in ground beef materials. 

Salmonella that have acquired resistance to multiple antibiotics (MDR-Salmonella) are of increasing 
concern.  Many studies have implicated cull cattle from particular production systems as a reservoir 
of MDR-Salmonella that may be entering the beef chain, but conclusive data is lacking.  The 
shedding of Salmonella has been described to increase in cattle due to the stress involved in 
transport and lairage, and the lairage environment itself may be responsible for the increased 
prevalence.  The best sample to collect would be one that is free of the effects of the lairage 
environment, such as feces from cattle at slaughter, but this too has been brought into question by 
studies from pork production where the acquisition of Salmonella was observed during very short 
times in lairage.  The studies of objective 1 were initiated to determine if feces collected from the 
distal portion of the colon of cattle at the processing plant are an accurate indicator of Salmonella 
rates in the production environment.   

Several items that are not strictly carcass surface trim tissue, such as lymph nodes, are included in 
ground beef.  There are several reports of bacteria isolated from the lymph nodes of cattle at 
slaughter; however most of the studies have dealt with mesenteric lymph nodes that are not 
normally incorporated into ground beef.  There are only a few lymph nodes that are located in 
products that go into ground beef.  As such, these tissues may be a source of Salmonella that could 
potentially contaminate the ground product.  The studies of objective 2 focused on determining the 
presence, levels, and resistance status of Salmonella in beef lymph nodes likely to be incorporated 
into ground beef. 

As mentioned above, cull cattle from particular production systems such as dairies have been 
implicated as a reservoir of MDR-Salmonella that may be entering the beef chain, but conclusive 
data is lacking.  There are processing plants that routinely process cull dairy and beef cows and bulls 
as well as fed cattle.  Samples collected at processing plants are desirable because multiple lots of 
cattle from wide ranging geographic areas can be sampled at a central location.  Using the fecal 
sampling method validated in Objective 1, feces was collected at processing plants across the U.S. 
to build a comprehensive set of data to identify whether a specific segment of the 
production system is more likely to introduce MDR-Salmonella into the beef chain. 

The stated objectives for this work were to:  
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1. Demonstrate that the collection of feces from distal colon provides a sample that represents the 
levels of Salmonella in the production environment and that this particular sample is not affected by 
factors such as transport and lairage. 

2. Determine if lymph nodes are a source of Salmonella that could potentially contaminate ground 
beef products. 

3. Determine if MDR Salmonella can be attributed to cattle from a particular production environment 
such as cull beef cows, dairies, or feed lots. 

Methodology 

Objective 1:  Two truckloads of market ready cattle were followed from feedlot to processing plant on 
three different occasions.  Rates of hide and fecal prevalence of Salmonella at the processing plant 
were compared to those at the feedlot.  
 
Objective 2: Lymph nodes from fed cattle (n = 285) and from cull cattle (n = 285) were collected 
during fabrication and analyzed for the presence, levels, and resistance status of Salmonella.  
 
Objective 3:  Cull cow and fed beef processing plants were visited.  Samples were collected for 3 
days each trip.  Each day cattle production type (dairy, beef, fed) was determined by sales 
documentation and breed identification during slaughter of 360 cattle.  The hide of every third 
carcass was sampled to provide data on salmonella present/deposited during lairage.  Feces was 
aseptically collected from distal following evisceration.  All samples were analyzed for the presence, 
and resistance status of Salmonella.  
 
Sample collection.  Hide samples were collected from feed lot cattle and cattle during slaughter 
using established USMARC methods.   
 
Feces samples were collected from the distal portion of the colon (approximately 0.5 m).  Each colon 
section was aseptically cut open using a knife that was sterilized by spraying with 95% ethanol and 
wiped dry with a followed by dipping in 85°C hot water sterilizer.  The contents of the colon were 
collected using an inverted Whirl-Pak sample bag to grab approximately 25 g of feces.  As each 
sample was collected, the sample bag was sealed and placed in a cooler with ice packs, then 
transported back to laboratory for processing. 
 
Lymph nodes.  Bovine lymph nodes from two carcass locations, chuck and flank, were collected at 
four commercial beef processing plants during fabrication. The superficial cervical lymph node was 
obtained from the chuck and the subiliac lymph node was collected from the flank.  Chuck and flank 
lymph nodes were collected from cull cows/bulls or fed cattle in sample sets of 95 of each type of 
lymph node. Sample sets were collected three times each from cull cows/bulls and fed cattle, such 
that 570 lymph nodes (285 each of chuck or flank) from each cattle population were obtained.  No 
effort was made to ensure that the flank and chuck lymph nodes came from the same animal.  
Following collection, the lymph nodes were placed on ice and shipped to USMARC for analysis. 
 
Sample processing.  Hide samples (sponges) were used directly in Salmonella analysis.  Feces 
samples were weighed out to 10g and enriched in a 1:10 dilution of phosphate buffed tryptic soy 
broth (TSB) for Salmonella analysis.  Lymph nodes were processed as follows.  Upon arrival at the 
lab, excess fat and fascia was trimmed from each lymph node.  Trimmed lymph nodes were 
surface sterilized by immersion for 3 sec in a boiling water bath.  Lymph nodes were then cut 
into multiple pieces using a sterile scalpel, placed into a filtered stomacher bag, weighed, 



National Cattlemen’s Beef Association|9110 East Nichols Ave.|Centennial, CO 80112|303-694-0305 

and pulverized with a rubber mallet.  Pulverized lymph nodes were then diluted 1:10 in TSB for 
analysis.  
 
Enumeration of Salmonella in lymph nodes.  The number of Salmonella present in the lymph nodes 
was determined using established USMARC protocols utilizing hydrophobic grid membranes on XLD 
agar plates. 
 
Culture isolation and confirmation of Salmonella.  The prevalence of Salmonella was determined by 
established USMARC methods that employ a nonspecific enrichment in TSB (phosphate buffed TSB 
for feces) followed by immunomagnetic separation (IMS) of Salmonella.  After the Salmonella is 
concentrated by IMS, and the IMS beads are selectively enriched by incubation in Rappaport-
Vassiliadis-Soya (RVS) broth before plating to Hektoen Enteric (HE) agar and Brilliant Green medium 
with Sulfadiazine.  Suspect colonies were isolated and confirmed to be Salmonella by PCR for the 
invA gene. 
 
Identification and characterization of MDR-Salmonella.  Salmonella isolates were stamped in 96-well 
block format, using a Boekel Microplate Replicator, onto four 150mm HE plates containing either no 
antibiotics, ampicillin at 32 mg/L, tetracycline at 32 mg/L or kanamycin at 64 mg/L. These plates 
were incubated and isolates that demonstrated individual or multiple resistance were taken forward 
for antibiotic sensitivity analysis and serological identification. Antibiotic sensitivity testing was 
performed using the Sensititre Broth Microdilution System (TREK Diagnostic Systems, Toledo, OH) 
and CMV1AGNF test plates, according to manufacturer’s instructions. 
 
Serological identification of Salmonella.  Salmonella isolates were identified to serotype level using a 
combination of molecular and serologic techniques.  Salmonella O-groups and phase1 and phase 2 
H-antigens were identified using PCR methods described previously. Any Salmonella isolates that 
had an ambiguous serotype after molecular testing were serogrouped using the Welcollex Colour 
Serogrouping Kit and further serotyped using O-factor and H-factor antisera according to the 
manufacturer’s instructions. 
 
Findings 

Objective 1:  We are confident that feces collected from the distal portion of the colon at processing 
plant will reflect the pre-transport prevalence of Salmonella in the production environment of the 
sampled cattle (Table 1).  Salmonella prevalence on hides and in feces at the feedlot was zero.  At 
the processing plant prevalence of Salmonella on hides ranged from 14% to 100% due to acquisition 
during lairage.  The prevalence in feces at the processing plant following overnight lairage was zero.  
These cattle did not acquire or begin to shed Salmonella during transport or lairage.   
 
Objective 2:  Salmonella prevalence in the lymph node samples was low with an overall prevalence 
of 1.6% and a 95% confidence interval (95% CI) of 0.85 to 2.3% (Table 2).  Lymph nodes from cull 
cattle carcasses had a higher prevalence of Salmonella as compared to those from fed cattle 
carcasses.  Lymph nodes from the flanks of cows/bull carcasses had the highest prevalence at 
3.86%; while lymph nodes from the chuck of fed cattle carcasses had the lowest prevalence at 
0.35%.  Three (all from cows/bulls) of the 18 Salmonella-positive lymph node samples contained 
multidrug-resistant Salmonella.  Two contained Salmonella Typhimurium isolates that were resistant 
to six and eight antibiotics; and one contained Salmonella Newport resistant to 10 antibiotics. 
 
Objective 3:  The original project plan called for the collection of samples from feces, hides, 
and carcasses at processing plants that mostly/exclusively processed cull dairy, cull beef 
and fed cattle.  However, no such plants (with exception of fed beef) were available.  Instead 
plants that process all types of cull cows and bulls were visited.  Carcass samples were 
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proposed to determine the impact of attributed MDR-Salmonella in each category of processing 
plant.  However, since such plants could not be utilized, carcass samples would not provide unique 
data.  Also, after initial sample collection the prevalence was examined it was determined that many 
more fecal samples would be needed if the hypothesis of Salmonella attribution was to be 
determined.  Therefore, sample procedures were modified to sample 120 hides and 360 feces a day 
for 3 days at each plant, while recording the production source (dairy, beef, or fed).  In order to 
accommodate the additional number of fecal samples the carcass samples were dropped from the 
sampling plan. 
 
In total 1618 hides were sampled, and 3647 feces were sampled.  The prevalence of Salmonella 
and MDR-Salmonella on the hides of fed cattle was slightly lower than cull dairy and beef cattle.  
When feces was examined it was observed that fed cattle carried Salmonella and MDR-Salmonella 
but much less than cull dairy and beef cattle did (Table 3).  The data indicate that the cull dairy 
segment of the production system is slightly more likely to introduce MDR-Salmonella into the beef 
chain. 
 
Implications 
 
Salmonella could be found in lymph nodes that may end up in ground beef, but it is very infrequent 
and very few are MDR-Salmonella. The prevalence of MDR-Salmonella in regard to different sources 
of beef indicated that fed beef cattle are not a significant source as compared to culled dairy and 
beef cattle. 
 
 
 
 
 
Table 1. Prevalence of Salmonella on hides and in feces of heifers and steers at feedlot and at processing 
plant for 3 separate trips. 
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Table 2. Observed mean prevalence (percent and standard deviation (SD)) of Salmonella in lymph nodes from 
chuck and flank trimmings. 

 
 
 
Table 3. Prevalence (number followed by percentage) of Salmonella and MDR-Salmonella in hides and feces of 
cattle from different production sources. 

 


