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Background 

Bacteria can be infected by bacterial viruses (bacteriophages, or simply phages). By nature, they are 
very specific such that an individual phage may only infect and subsequently kill a specific bacterial 
strain within a species. This high degree of specificity allows phages to be used against targeted 
microorganisms in a mixed population such as the ruminant gut without perturbing the microbial 
ecosystem. Bacteriophages are common natural members of the gastrointestinal microbial 
ecosystem of food animals, including ruminants (Adams et al., 1966; Klieve and Bauchop, 1988).  

Virulent bacteriophages attach to specific receptors on the surface of bacteria, inject their DNA, then 
express genes that “hijack” a bacterium; directing a transition from host to phage metabolism that 
leads to the synthesis of new phage DNA and new phage particles, ending with programmed cell lysis 
and the release of dozens or hundreds of new phage particles. This exponential increase in the 
number of phages continues as long as the targeted bacteria are present, thus allowing phages to 
persist in the gut rather than simply degrade over time as do antibiotics. Because phages are 
“infectious” agents, they can be passed between hosts, colonizing other animals and infecting the 
target bacteria in this new host; however, phages they are also self-limiting, if the target bacterium 
(prey) is removed from the environment, then the phage population, like any predator, will diminish. 
Ever since their discovery in 1917 by D’herelle they have been applied in both human and animal 
therapy in many parts of the world, often as a direct replacement for antibiotics.   

Hide as a source of E. coli O157:H7  
For years the gastrointestinal tract was thought to be the proximate source of E. coli O157:H7 
contamination of cattle carcasses in the slaughter plant. Recent research has implicated the hide of 
cattle as contributing a greater proportion of the contamination of carcasses at slaughter. Several 
intervention strategies have been proposed to reduce the carriage of pathogens on the hide entering 
the slaughter plant, including chemical dehairing and steam vacuum treatments. These treatments 
share a common drawback, they must be administered immediately prior to slaughter.   

Bacteriophage offer a unique opportunity to control E. coli O157:H7 on the hides of cattle, that of a 
biological control method that can be used prior to shipment. If phage can be used to reduce 
pathogens on the hide before other intervention strategies are utilized at the plant, then the 
effectiveness of these already beneficial treatments can be enhanced.  

The stated objectives for this work were:  
To anaerobically isolate several E. coli O157:H7 infecting bacteriophage from feedlot manure and 
soils. To determine if previously isolated phage and these new phage could be used to 
reduce E. coli O157:H7 on the hides of cattle prior to their entry to the food chain.  
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Methodology 

Iosolation and characterization of O157:H7-infecting bacteriophages:  
Fecal samples (n=240) were collected from cattle in commercial and research feedlots in NE and TX 
were transported to FFSRU (College Station, TX) for anaerobic isolation of bacteriophage active 
against E. coli O157:H7. We found 31 phage isolates active against E. coli B (a generic indicator 
bacteria), but of these only 8 exhibited any anti E. coli O157:H7 activity. Isolated bacteriophage were 
screened against 20 strains of E. coli O157:H7 and several other bacterial species from our culture 
collection to determine which phage isolates had the broadest spectrum of activity against E. coli 
O157:H7, but with little or no cross-species activity. These phage were examined as to their 
anaerobic activity against Escherichia coli O157:H7 in vitro as part of our continuing research 
previously funded by America's Beef Producers into the use of phage as a dietary addition to cattle to 
reduce intestinal carriage of E. coli O157:H7, and have been stored as part of our ongoing phage 
isolation/collection process. Phages isolated during this study that were active against E. coli 
O157:H7 were screened for their ability to kill E. coli O157:H7 on hides under aerobic and “field” 
conditions.   
 
Screening of individual bacteriophage isolates.  
Cattle hides (n=24) were purchased from a commercial source and were sampled to verify that no E. 
coli O157:H7 or any naturally occurring phages were present. Hides were divided into 225 cm2 
areas by the use of sterile disposable templates. Each individual phage isolated was examined in 
triplicate for its activity against E. coli O157:H7 on the hide at four ratios of phage to targeted cells 
(1:1, 10, 100, 1000 CFU:PFU; n=12 template blocks /phage).  
 
E. coli O157:H7 (resistant to 25 μg/ml novobiocin and 20 μg/ml nalidixic acid to ensure 
identification of the inoculated strain) was grown overnight in Tryptic Soy Broth and sprayed on the 
hide to reach a concentration of 102-5 CFU/cm2 in various screenings, and the spray was allowed to 
dry on the hide for 1-4 h. Each phage isolate was appropriately diluted in phosphate-buffered saline 
(to get final at ratios of phage:E. coli O157:H7 of 0:1, 1:1,10:1, 100:1 and 1000:1) and sprayed onto 
the appropriate template area block.  
 
Samples were collected from each template 2, 6 or 24 h after phage treatment by swabbing the 
template area with a sterile sponge saturated with sterile buffer to collect E. coli O157:H7 
populations on the hide. E. coli O157:H7 populations were determined from each swab by placing 
each swab in a whirl pac bag and stomaching for 2 min. The fluid released was serially diluted (10-
fold increments) in phosphate buffered saline and plated on MacConkey’s agar supplemented with 
25 μg/ml Novobiocin and 20 μg/ml nalidixic acid to determine the populations of the inoculated E. 
coli O157:H7 that were still viable on the hide surface. Phage populations collected from the hide 
were also determined by plating the serial dilutions on E. coli O157:H7 lawns and counting the 
resultant plaques (zones of clearing).  
 
Optimization of phage cocktail treatment.  
Cattle hides (n=10) were purchased from a commercial source and were sampled to verify that no E. 
coli O157:H7 or any naturally occurring phages were present. Hides were divided into 225 cm2 areas 
by the use of sterile templates. A phage cocktail comprised of 14 phage isolates active against E. coli 
O157:H7 were screened in the same manner described above, using several initial E. coli O157:H7 
concentrations. The cocktails were examined at several ratios of phage: E. coli O157:H7 (0:1, 10:1, 
100:1, and 1000:1) to determine the most efficacious treatment ratio for the cocktails. Phage 
populations on the hide were measured as described above.  
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Optimization of phage cocktail treatment timing.  
Following assembly of the phage cocktail and appropriate ratio, this cocktail was examined to 
determine the optimal timing of treatment. Cattle hides (n=10) were purchased from a commercial 
source and were sampled to verify that no E. coli O157:H7 or any naturally occurring phages were 
present. Hides were divided into 225 cm2 areas by the use of sterile templates. Samples were 
collected from each hide at the following time points (0, 2, 6, 8, 24 h). Hides were sprayed with E. 
coli O157:H7 (resistant to novobiocin and nalidixic acid to ensure identification of the inoculated 
strain) grown overnight in Tryptic Soy Broth to reach a final concentration of 102-5 CFU/cm2 in 
several attempts. Control spots were shielded physically to prevent cross-contamination with phage. 
Phage treated hides were sprayed with the cocktail at the appropriate ratio determined above. 
Samples were collected and analyzed as described above to determine E. coli O157:H7 and phage 
populations.   
 
Findings 

We isolated 8 new phages that were capable of killing E. coli O157:H7 under aerobic and anaerobic 
conditions in test-tube type conditions.  Additionally, the 6 most potent anti-E. coli O157:H7 phages 
from our culture collection were also found to be potent against E. coli O157:H7 under lab 
conditions.  However, when these gastrointestinal phage isolates were sprayed onto hides previously 
sprayed with E. coli O157:H7, the populations of E. coli O157:H7 were not reduced.  The ratio of 
phage to bacteria was varied from 1:1 to 10,000:1 (PFU/CFU phage to bacteria) and no reduction in 
E. coli O157:H7 was seen.  To further try to identify what factors were reducing the efficacy in situ, 
the on-hide populations of E. coli O157:H7 were adjusted from 105 to 104, 103 and 102 CFU/sq cm 
hide.  At each of these varied E. coli O157:H7 concentrations, the bacteria: phage ratios were also 
altered to range from 1:1, 1:10, 1:100, 1:1000, and 1:10,000 CFU/PFU.  The E. coli O157:H7 
populations were not reduced by any phage treatment with a single phage at any concentration of E. 
coli O157:H7. 
 
A phage cocktail comprised of 14 phage isolates from this and previous studies was also examined.  
The phage cocktail was very effective at killing E. coli O157:H7 in test-tube conditions.  However, 
when the cocktail was applied to E. coli O157:H7 on the hides, populations of E. coli O157:H7 were 
not significantly reduced by phage cocktail treatment.  Again, the concentrations of E. coli O157:H7 
were varied (102, 103, 104, and 105 CFU/sq cm hide), as was the relative ratio of bacteria:phage 
(1:1, 1:10, 1:100, 1:1000, and 1:10,000 CFU/PFU).  Phage populations were reduced almost 1 
log10 by the phage cocktail at a ratio of 10:1 PFU/CFU (Figure 1); but this was not statistically 
significant given the variation.   
 
These results indicate that, at least in this case, phage treatment did not work to reduce E. coli 
O157:H7 on the hides of cattle.  This could be due to several factors.  The most likely factor is simply 
that the phage selected during this study had very high activity when their prey was grown in rich 
media (test-tube conditions), but when forced to target bacteria in a less rich environment (on the 
hides) the phage were incapable of colonizing and/or replication.  Additionally, our method of 
selection of phage uses an initial anaerobic screening to isolate phage able to survive in the gut of 
animals and replicate, since that is the environment they have been living in. These phage were able 
to produce plaques on E. coli O157:H7 plates when grown aerobically, so we felt that issue had been 
eliminated.  However, coupling the low nutrient density of the hide environment with the highly 
aerobic conditions may have raised a second hurdle to the action of these phages that was 
insurmountable. 
 
Recently, Omnilytix corporation was granted approval by FDA to utilize a phage spray to 
reduce E. coli O157:H7 on cattle hides.  In all available information about this spray, we 
have been unable to determine the source of these phage (i.e., animal, sewage, 
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environmental) or the method used to grow them.  These questions are important to understand the 
efficacy and mode of action of this product.  Their successful product (having passed FDA trials) is an 
indication that this project was a worthwhile endeavor and expenditure of funds, but that the source 
for a phage for use on the hides may have been from somewhere other than the cattle themselves.    
 
The concept of phage as a pre-harvest strategy to reduce E. coli O157:H7 on hides has been proven, 
but not by the present study.  We found phages that killed E. coli O157:H7 in in vitro studies under 
aerobic an anaerobic conditions.  However, when these same phages were applied to the hide, they 
did not significantly reduce E. coli O157:H7 populations on the hides.  We altered phage to bacterial 
ratios, the length of time of E. coli O157:H7 was on the hide, and the length of time that E. coli 
O157:H7 was exposed to phages.  E. coli O157:H7 populations were significantly reduced in none of 
these studies.  We will continue to screen phage in ongoing studies for use against E. coli O157:H7 
on the hide. 
 
Implications 
 
In this study, we were unable to demonstrate that our phages could reduce E. coli O157:H7 
populations on the hides of cattle. We think that the low nutrient density of the hide and the oxygen-
rich conditions may have created multiple hurdles to the bacteria-killing action of our phages that 
were insurmountable for a phage of intestinal origin.  Recently a company has received FDA approval 
for a phage product to reduce E. coli O157:H7 on cow hides.  Their product (having passed FDA 
trials) is an indication that this project was a worthwhile concept and expenditure of funds, but that 
the best source for phages for use on the hides may have been from somewhere other than the 
cattle themselves.   
 

 
 
Figure 1, Effects of bacteriophage cocktail (14 isolates) at three different phage to bacteria 
ratios on E. coli O157:H7 populations on cow hides. In this case the incubation of the phage 
and bacteria was 6 h. 


