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ABSTRACT 

The present invention provides a method to detect the 
presence of a microorganism or agent in an animal. The 
method encompasses placement of devices at various loca 
tions where the animal resides So as to induce the animal to 
initiate contact with the device. As a result of this contact, 
the animal deposits various microorganisms and agents on 
the device. The device is then tested for the presence of the 
particular microorganism or agent of interest. 
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METHOD TO DETECT THE PRESENCE OFA 
MICROORGANISM OR AGENT IN AN ANIMAL 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application claims priority from Provisional 
Application Serial No. 60/310,706 filed on Aug. 7, 2001, 
which is hereby incorporated by reference in its entirety. 

FIELD OF THE INVENTION 

0002 The present invention generally relates to a method 
for detecting the presence of a microorganism or agent in an 
animal. More particularly, the method provides a means to 
detect the presence of a microorganism or agent in a group 
of animals by isolating a target microorganism or an agent 
from a device. 

BACKGROUND OF THE INVENTION 

0.003 Food-borne diseases are an important public health 
concern. In the United States alone, the occurrence of 
food-borne illness is estimated to be between 6 to 80 million 
illnesses with approximately 9000 deaths annually. The 
most prevalent agent causing food-borne illness is Campy 
lobacter jejuni. This agent alone is estimated to be respon 
Sible for causing 4 million of these cases with more than 
1000 deaths annually. Although less prevalent than Campy 
lobacter jejuni, Salmonella (non-typhoid) is also a major 
health concern because it is responsible for 2 million cases 
of disease and approximately 2000 deaths each year. Further, 
more than 75,000 of these cases with more than 61 deaths 
annually have been attributed to food-borne Escherichia coli 
O157:H7. And while the incidence of disease due to E. coli 
O157:H7 is much more rare than many other food-borne 
pathogens, Such as Salmonella and Campylobacter, it is a 
particular concern because it is often life-threatening in 
children and the elderly. 
0004. In addition to the staggering health concerns asso 
ciated with food-borne illness, is the Severe economic bur 
den these agents cause. Moreover, this economic burden is 
not limited to one specific area of the economy, but stretches 
through Several Sectors. For example, human health costs 
associated with food-borne illness is estimated to be 
approximately 22 billion dollars annually in the United 
States alone. Equally devastating are the Somewhat intan 
gible costs incurred by the livestock industry, Such as 
negative public perception that may cause a reduced demand 
for beef. 

0005 Animals have been identified as a major source of 
these food-borne illnesses when humans consume meat and 
other products contaminated with microorganisms at Slaugh 
ter. Food processors and government agencies have 
responded to this problem by instituting hazard analysis/ 
critical control point (HACCP) models to provide food 
Safety assurance. HACCP systems are designed to System 
atically prevent food Safety hazards from occurring. And 
while HACCP has resulted in a decreased risk of contami 
nation during the post-harvest period, it does not address the 
issue of contamination caused in the pre-harvest period. 
0006 There is growing consensus that microorganism 
control based on risk assessment from the farm to table is the 
most effective Strategy for reducing human food-borne ill 
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neSS. Information on Scientifically based control Strategies 
for the ranch/farm level, however, is currently lacking. This 
lack of information is in part attributable to the inability to 
Successfully and efficiently monitor individual animals. One 
reason for this is the difficulty of determining the infection 
Status of animals at any point in time. Problems in diagnos 
ing result from the fact that the presence of Some microor 
ganisms, Such as E. coli O157:H7, in animals occurs in most 
cases without the manifestation of clinical Signs. Equally, 
these problems exist because there is a lack of reliable 
methods to monitor animals for food-borne microorganisms. 
0007 One method currently employed to detect the pres 
ence of microorganisms in animals is to test individual 
animals by culturing fecal Samples collected from each 
animal. Sufficient Sampling of individual animals to make 
inferences regarding a group of animals, however, is enor 
mous and is impractical in commercial Settings because of 
the time, expense, labor and potential detriment to the 
animals. Even if time, expense, labor or culture methodol 
ogy were not issues, the microorganism Status of groups of 
animals might be incorrectly classified by culturing only 
Some animals within the group. 
0008. Therefore, for effective field studies to determine 
risk and control factors, it must be determined whether 
microorganisms are present and/or prevalent in a group of 
animals, either because the animals in the group are colo 
nized or the environment in which they are housed is 
contaminated. The group level is the unit of interest in most 
animal production Systems because this is the level that 
monitoring and managing health is practical. Therefore, 
most conceivable control points for reducing human food 
borne microorganisms in feedlot animals would be directed 
toward groups of animals rather than individuals. 
0009. Accordingly a need exists for a reliable, cost effi 
cient test that can be conducted at the ranch/farm level in 
order to monitor the microorganism status of groups of 
animals prior to marketing to evaluate control points and 
take corrective actions if necessary. The present invention 
addresses this need by providing a method to detect the 
presence of a microorganism in a group of animals that is 
both reliable and cost efficient. 

SUMMARY OF THE INVENTION 

0010. Among the several aspects of the invention, there 
fore, is provided a method to detect the presence of a 
microorganism or agent in an animal. The method comprises 
placing a device at a location within an area in which the 
animal resides to induce the animal to initiate contact with 
the device and then determining the presence of the micro 
organism or agent on the device. 
0011. In one aspect of the invention, the method is 
employed to detect the presence of a microorganism that is 
a human food-borne pathogen. 
0012 Instill a further aspect of the invention, the method 
is employed to monitor the health Status of an animal or a 
group of animals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 These and other features, aspects, and advantages 
of the present invention will become better understood with 
regard to the following description, appended claims and 
accompanying figures where: 
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0.014 FIG. 1 depicts the percent of cattle making contact 
with either 3 or 7 ropes placed per pen within 2 hours of 
observation. 

0015 FIG.2 depicts the ability of E. coli O157:H7 and S. 
typhimurium to Survive on the Sampling devices indicated. 
0016 FIG. 3 depicts the ability of E. coli O157:H7 and 
Salmonella to Survive on the Sampling devices indicated. 
0017 FIG. 4 depicts the relationship of feedlot pen 
prevalence of fecal shedding of E. coli O157:H7. Each 
different bar shade represents a different feedlot. 
0.018 FIG. 5 depicts the relationship of pen-test rope and 
composite fecal culture results to the percent of cattle in the 
pen shedding E. coli O157:H7. 
0.019 FIG. 6A is a graphic representation of E. coli 
O157:H7 rope-positives per pen-week of Study 1. 
0020 FIG. 6B is a graphic representation of E. coli 
O157:H7 rope-positives per pen-week of Study 2. 
0021 FIG. 7A is a graphic representation of Salmonella 
spp. rope-positives per pen-week of Study 1. 
0022 FIG. 7B is a graphic representation of Salmonella 
spp. rope-positives per pen-week of Study 2. 
0023 FIG. 8 depicts a cow contacting a rope device 
employed in the method of the invention. 

ABBREVIATIONS AND DEFINITIONS 

0024. To facilitate understanding of the invention, a num 
ber of terms and abbreviations as used herein are defined 
below: 

0.025 “Prevalence' shall mean the percentage of animals 
in a group at a given point in time that are infected with the 
microorganism of interest. 
0.026 “Food-borne Pathogen' shall include any microor 
ganism that is pathogenic to humans when present in food 
that is consumed. 

0027 “Sampling Device” and “Device” are used inter 
changeably herein and mean one or more devices as 
described in further detail herein. 

0028 Areas where the animals are “housed’ or “reside” 
means any area where the animal or group of animals are 
located. For farm animals, Such as cattle, this may include 
without limitation a feedlot, pen or pasture. For wild animals 
not in captivity, however, this may include the range or 
territory where the animal or group of animals are located. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0029 Applicants have discovered an efficient, effective 
method to determine the microorganism Status of a group of 
animals. This method, unlike previous approaches, focuses 
on detection at the group level rather than at the individual 
level. Detection at the group level is advantageous because 
in most livestock production Systems it is at this organiza 
tional level at which monitoring and managing animal health 
is practical. Moreover, the current method is also highly 
beneficial because it does not require human-handling of 
individual animals prior to Shipping which often results in 
economic loSS due to shrink, dark cutters, and bruising. 

May 1, 2003 

0030. One aspect of the present invention provides a 
method to detect the presence and/or prevalence of a micro 
organism in a group of animals. Yet another aspect of the 
invention provides a method to detect the presence of an 
agent in a group of animals. Irrespective of the particular 
embodiment, the method encompasses placement of devices 
at various locations where the animals reside So that one or 
Several animals in the group are induced to initiate contact 
with the device. As a result of this contact, the animal 
deposits a Sample on the device that contains various micro 
organisms and agents. The device is then tested for the 
presence of the particular microorganism or agent of inter 
est. A positive test indicates that one or more animals in the 
group are colonized or hide-contaminated with the micro 
organism or agent. 

0031. A basic premise relied upon in the present inven 
tion is that animals are naturally curious. So, when con 
fronted with a new object, they approach, Sniff, lick and 
eventually chew the object or rub against the object with 
their body. With this rudimentary knowledge of animal 
behavior, Applicants have designed various Sampling 
devices for use in the current method that preferably 
heighten the animal’s curiosity for the device and thus, 
induce the animal into making contact with the device. 
Applicants have discovered that the degree of animal curi 
osity for the device is influenced by Several features, includ 
ing, but not limited to the device's size, shape, color, and 
type of material. Of course, different animal Species are 
attracted to devices with varying combinations of these 
features. One skilled in the art can readily design sampling 
devices that maximize each particular animal Species curi 
osity for the device based upon behavioral characteristics 
indigenous to the particular species. 

0032. In addition to inducing the animal to make contact, 
the device is preferably durable. This durability is necessary 
because the device is contacted routinely by one to Several 
animals in the group. The device, accordingly, should be 
able to withstand both the frequency and force of this 
repeated contact. The degree of durability required will be 
highly dependent upon the particular animal Species. Gen 
erally Speaking, however, larger and more active animal 
Species, Such as cattle, require a device that is more durable 
than Smaller and less active Species, Such as sheep. 

0033. In embodiments where the presence of a microor 
ganism is detected, the device employed should also facili 
tate Survival of the particular microorganism. AS detailed 
above, the microorganism is deposited on the Sampling 
device when the animal contacts the device either by making 
nasal and oral contact with the device or by rubbing against 
the device with a part of its body. After being deposited on 
the sampling device, the microorganism preferably is able to 
attach to and Survive on the device for a few hours to several 
days, weeks or even months depending on the particular 
embodiment. Applicants have found that devices con 
Structed from porous materials. Such as fabric, cloth, plastic 
or various other polymers typically enhance Survival of the 
microorganism. 

0034 Generally speaking, any device that induces the 
animal to make contact, and is durable may be employed. 
Additionally, in embodiments where the presence of a 
microorganism is detected, preferably the device Selected is 
one which facilitates Survival of the microorganism to be 
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detected. By way of example, in one embodiment the device 
is a rope made of cotton, braided nylon, or natural fiber. In 
yet another embodiment, the Sampling device is a ball. In 
Still another embodiment, the Sampling device is a Sponge. 
And in another embodiment, the device is artificial turf. Of 
course, the particular device employed may vary consider 
ably from these specific devices without departing from the 
Scope of the present invention. Moreover, when more than 
one device is utilized, any combination of different types of 
devices may be employed. 

0035). For embodiments where the method will be 
employed to monitor animals over an extended period of 
time, the type of device used is may be changed on a 
frequent basis. By changing the type of device every Several 
days or weeks, animals curiosity towards the device is 
maintained, thus continually inducing the animals contact 
with the device. For example, if the initial device used is a 
ball, the ball may be used for a week and then the next week 
a rope may be employed and the week after that, a piece of 
artificial turf may be utilized. One of ordinary skill in the art 
can readily determine a desirable frequency of changing a 
device based upon the observation of animals in the pres 
ence of the device. 

0.036 The sample may be collected from the animal with 
the device by any means generally known in the art. In one 
embodiment, the device is used to directly collect a Sample 
from the animal when the animal makes contact with the 
device by chewing, rubbing or licking. For example, the 
device may be a rope that the animal chews, rubs or lickS. 
After the animal contacts the rope, the rope is collected and 
tested for the microorganism or agent of interest as detailed 
herein. In yet another embodiment, the device is used to 
collect and transfer a Sample from the animal. By way of 
example, in this embodiment the device may be a ball. The 
animal makes contact with the ball by rubbing, licking or 
chewing the ball. The ball may then be contacted with a 
Second device or a transport media. In this embodiment, the 
transport media or Second device is then collected and 
analyzed for the presence of the microorganism or agent of 
interest as detailed herein. One skilled in the art can readily 
Select a Suitable means to collect a Sample from the animal. 
0037 After the particular type of device and collection 
method are Selected based upon the criteria above, one or 
more devices are placed in the area the animals reside. In 
general, about one to about twenty Sampling devices are 
placed in the area the animals are housed. More preferably, 
however, about one to about ten Sampling devices are 
utilized and still more preferably, about 3 to about ten 
devices are employed. The device is also preferably placed 
in an area that the animals frequently and routinely visit in 
order to maximize the likelihood or to entice one to Several 
animals to make contact with the device. One skilled in the 
art, again employing basic principles of animal behavior, can 
readily Select these high traffic areas. These areas, however, 
typically include areas where the animals feed, water, or 
shelter are located. For example, the Sampling device may 
be attached to a feedbunk or water tank. The means of 
attachment is generally not a critical feature of the invention 
to the extent that the sampling device cannot be easily 
removed by the animals. 
0.038 Because animals are generally more active at cer 
tain times of the day, another aspect that impacts the 
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likelihood of one or Several animals making contact with the 
device, in addition to its location, is both the time and length 
of time that the device is placed in the area the animals 
reside. Moreover, in embodiments involving the detection of 
a microorganism, both the time and length of time the device 
is placed is an important aspect because it may impact the 
ability of microorganisms to Survive on the device. Typi 
cally, therefore, the device will be placed during the time of 
day and for a length of time that corresponds to the period 
of greatest animal activity. But yet also during the time of 
day and for a length of time So that microorganisms are able 
to Survive on the device. By way of illustration, Applicants 
have found that cattle are most active in the 2 hours prior to 
Sunset ("night-time period”) and E. coli 0157:H7 are able to 
Survive on the rope devices during this time and overnight 
(as described in the examples below). In Some embodiments, 
however, depending upon the agent or microorganism to be 
detected, the device may be collected Several weeks or even 
months after its initial placement. More preferably, the 
device is collected between 2 to about 8 hours after initial 
placement. Of course, the optimal time for placing and 
collecting the device may vary considerably from one ani 
mal Species to another and one skilled in the art can Select 
this time. 

0039. In order to minimize potential contamination and 
decrease experimental error, the devices are preferably asep 
tically placed, collected, Stored and tested. ASeptic condi 
tions may be maintained employing principles of Sterile 
technique generally known to those skilled in the art. 

0040. After its collection, the sampling device may then 
be tested for the presence of the particular microorganism or 
agent of interest. AS detailed above, however, a number of 
microorganism in addition to the microorganisms of interest 
may be present on the sampling device. Accordingly in a 
preferred embodiment, the method employed for detection 
typically will involve a Series of culture techniques designed 
to inhibit growth of undesirable microorganisms, while 
enhancing the growth of the target microorganism. These 
culture techniques generally involve the addition of a com 
pound to the culture media, Such as an antibiotic or a 
particular nutrient, that results in Selection of the target 
microorganism. For example, Applicants have found that the 
addition of brilliant green bile broth to the culture media, as 
described in more detail below, positively selects for 
Escherichia coli O157:H7 and Salmonella, two target micro 
organisms of particular interest. Moreover, any other means 
generally known may be employed to further Select for the 
microorganism of interest, Such as an agglutination test. In 
addition, the polymerase chain reaction and/or DNA 
Sequencing may be utilized to further characterize and 
confirm the identity of the target microorganism. 

0041. The method of the present invention may be 
employed to detect the presence of a microorganism or agent 
in any animal. Typically, however, the animal Species is 
cattle, sheep, Swine, goats, horses, bison, deer, companion 
animals Such as dogs or cats, any animal typically housed in 
a Zoo, or any animal generally classified as a wild animal. In 
a preferred embodiment, the animal Species is cattle. 

0042. One aspect of the invention provides a means to 
detect the presence of any microorganism that is deposited 
on the device by the animal. Typically, the microorganism is 
a bacteria, Virus, protozoa or fungi. In a preferred embodi 
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ment, the microorganism is a bacterium. In an even more 
preferred embodiment, the microorganism is a food-borne 
human pathogen Such as Campylobacter jejuni, Salmonella, 
Escherichia coli, Listeria monocytogenes, and Vibrio. Still 
in a more preferred embodiment, the food-borne microor 
ganism is Escherichia coli O157:H7 or Salmonella. 

0043. In another aspect of the invention, the method may 
be employed to detect the presence of a microorganism that 
is pathogenic to the animal Species. In this embodiment, the 
method may be used as a tool to monitor animal health 
Status. In embodiments where the animal is a cow, examples 
of microorganisms that affect animal health include but are 
not restricted to foot and mouth disease virus, bovine 
diarrhea virus, pseudorabies virus, and Salmonella spp. In 
embodiments where the animal is a pig, examples of micro 
organisms that affect animal health include but are not 
restricted to pseudorabies virus, Swine influenza virus, and 
Mycoplasma hyopneumoniae. In embodiments where the 
animal is a horse, examples of microorganisms that affect 
animal health include but are not restricted to StreptococcuS 
equi, equine herpesvirus 1, and Pseudomonas spp. More 
over, in embodiments where the animal is a cat, examples of 
microorganisms that affect animal health include but are not 
restricted to feline enteric coronavirus, feline calicivirus, and 
feline leukemia virus. 

0044) A further aspect of the invention provides a means 
to detect the presence of an agent present in the animals 
environment. Any agent may be detected to the extent it is 
present in detectable quantities in the animals oral cavity or 
on the animals hide. In one embodiment the agent is a 
chemical Substance. The chemical Substance comprises, 
without limitation, arsenic, organophosphate, organochlo 
rine, carbamate, antibiotic, or Solvent. It should be noted that 
these agents may not be harmful to the animals that come in 
contact there with, but could present a danger for humans if 
they are present in food products derived from Such animals. 
Accordingly, in addition to monitoring the health of animals, 
the detection of these agents is important for preventing 
contamination of food products that are used for human 
consumption. 

0.045. In another embodiment, the agent is a mycotoxin, 
Such as, e.g., aflatoxin, vomitoxin, or Zearalone. Mycotoxins 
are toxic Substances produced by fungi (molds) that can 
grow on grain, feed, or food. A number of these Substances 
exhibit considerable pathology in both animals and humans. 
For instance, aflatoxin is a liver toxin and a carcinogen. In 
Swine, aflatoxin can cause reduced weight gain, hepatitis, 
and death. Consumption of aflatoxin can result in acute 
aflatoxicosis in humans, which is characterized by vomiting, 
abdominal pain, pulmonary edema, convulsions, and death 
in Some cases. Zearalenone is an estrogenic mycotoxin and 
can affect reproduction. In Swine, feed contaminated with 
Zearalenone can cause infertility, abortion and other breed 
ing problems. The presence of vomitoxin in animal feed can 
also cause reduced animal feeding and weight gain. Thus, 
the ability to readily detect the presence of mycotoxins in 
animals plays a role in both animal and human health. 
0046) Agents, as described herein, can be detected by a 
number of assays that are known in the art. These assays 
include, but are not limited to mass spectrometry, high 
pressure liquid chromatography (HPLC) and gas chroma 
tography (GC). By way of example, the detection of the 
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organophosphate insecticide chlorpyrifos can be performed 
by utilizing gas chromatography to analyze the contents of 
the rope or any other device of the present invention that 
contains at least one animal's Salivation thereon. 

EXAMPLES 

0047. In the examples described below, unless indicated 
otherwise, the following Sampling procedures were used. 
0048 Sample Collection Techniques 
0049 Rope sampling 75 cm lengths of 1.3 cm diameter 
manilla rope were folded double and fastened over feed 
bunkS and water tanks using plastic cable ties. Ropes were 
applied and removed using aseptic techniques (Sterile 
gloves) and transported to the lab in double wrapped Sterile 
containers (Whirl-pak(R) bags over inverted plastic sleeves). 
0050 Water tank sampling-Agloved hand and arm was 
used to Scrape 3 Sterile 100 ml containerS along the bottom 
of the water tank to collect water and Sediment. The con 
tainers were Sealed and then double wrapped in the inverted 
sleeve. 

0051 Fecal pat sampling-From each pen, approxi 
mately 5 g each from 20 fresh fecal pats were collected using 
a Sterile glove and placed as a composite Sample into a 
Sterile plastic container. 
0052 Feed sampling-Approximately 1 liter of feed was 
collected from each feedbunk by grabbing 50 ml sub 
samples intermittently from the length of the bunk with 
sterile gloves and transported to the lab within 24 hours in 
a double wrapped plastic container. 
0053 Individual animal feces sampling-Approximately 
30 g of feces were collected from the rectum of cattle 
restrained in a handling chute during routine management 
procedures (re-implanting). The fecal Sample was placed in 
a sterile collection cup. 
0054) Oral Swab Sampling Swab samples were col 
lected from the oral cavity of cattle restrained in a handling 
chute during routine management procedures using methods 
generally known to those of ordinary skill in the art. 

Example 1 
Animal Behavior Study 

0055 Rope sampling devices were aseptically placed in 
cattle feedlot pens by fastening them with plastic cable ties 
over feedbunks and water tanks. Either 3 devices/pen or 7 
devices/pen were placed in 8 pens in the evening and 
aseptically collected the following morning to match the 
period of greatest cattle activity and to avoid daytime heat 
and Sunlight. Cattle activity was observed and recorded 
during this period. In the late evening hours it was not 
unusual for cattle to make contact with the device within 5 
minutes of placing the device in the pen. The percentage of 
cattle to make contact with the devices within a 2-hour 
period of observation in 8 pens of cattle is Summarized in 
FIG. 1. 

Example 2 
Evaluation of the Adequacy of a General Culture 

Method in Detecting E. coli O157:H7 and 
Salmonella in Various Feedlot Samples 

0056 Swabs were obtained from the mouths of 20 feedlot 
cattle. In addition, ropes that had been placed in the pen 
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overnight and fecal pat Samples from pen floors were 
collected. All Samples were cultured in gram negative (GN) 
broth with Vancomycin, cefixime and cefSulodin added to 
the enrichment broth. Samples were incubated at 37 C. for 
6 hours and Subsequently, 1 ml of the enrichment was 
Subjected to immunomagnetic Separation. 
0057 Immunomagnetic separation was accomplished 
using Dynal Immunomagnetic Isolation kit following the 
manufacturer's directions. Briefly, 20 ul of Dynabeads anti 
E. coli O157:H7 was added to the enrichment. Next, after 
incubating for 30 minutes at 26 C. with constant gentle 
rotation on a rotating rack, the beads were separated using 
a magnetic field and washed twice with phosphate buffered 
saline with Tween. Fifty ul of the recovered beads were 
plated onto Sorbitol-MacConkey agar with cefixime and 
tellurite added (CT-SMAC). After an 18-hour incubation at 
37 C., the plates were overgrown with environmental 
bacterial flora. The flora was characterized using techniques 
generally known to those of ordinary skill in the art. StockS 
of the cultures were made for further testing. Thirteen 
different bacterial species were recovered from the O157:H7 
immunomagnetic Separation and enrichment protocol. These 
Species were: Enterobacter Sakazaki, Enterobacter agglo 
merans, Enterobacter cloacae, Enterobacter taylorae, Kleb 
Siella Oxytoca, Klebsiella pneumoniae, Escherichia coli, 
Escherichia hermannii, Kluyvera cryocrescens, Pseudomo 
nas putida, Proteus vulgaris, Shewanella putrefacienS and 
Bacillus licheniformis. The predominant flora found in these 
samples included Escherichia hermanni, Enterobacter cloa 
cae, Enterobacter amnigenus, Proteus vulgarus, Bordetella 
spp., and Pseudomonas aeruginosa. 

Example 3 

Confirmation of the Effectiveness of a Method 
Specifically Adapted to Inhibit Undesirable Flora 
from Certain Samples while Retaining Favorable 

Culture Conditions for E. coli O157:H7 and 
Non-typhoid Salmonella 

0.058. The flora encountered in feedlot environmental 
Samples and cattle mouths is considerably different than that 
found in feces and therefore many of these bacteria are 
positively Selected by even the most Sensitive and Selective 
culture methods. This experiment tested a method to exclude 
this flora while positively enriching the Samples for the 
target E. coli O157:H7 and Salmonella organisms. 
0059 Rope samples and mouth Swabs were taken using 
the procedures outlined above. The ropes and mouth Swabs 
were added to a brilliant green bile (BGB) broth containing 
2% bile and 0.0013% brilliant green while approximately 
maintaining a 1 g of Sample to 10 ml of media ratio. The 
samples were placed in an incubator at 37 C. 
0060 E.coli O157:H7 Isolation and Confirmation Proce 
dure: 

0061. After 6 hours of incubation at 37° C., 1 ml of 
Sample was removed and placed into the Dynal anti 
O157:H7 immunomagnetic Separation protocol discussed in 
example 2. Fifty ul of the final resuspension was plated on 
Sorbitol-MacConkey agar with cefixime and tellurite added 
(CT-SMAC) and incubated 18 hours at 37° C. Sorbitol 
negative Suspect colonies were picked and transferred to a 
96-well MUG/MAC plate using a sterile toothpick. The 
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MUG/MAC plate was read and Suspect isolates were trans 
ferred to blood plates which were then incubated for 24 
hours at 37 C. Next, each isolate was tested using the Remel 
RIME.coli O157:H7 agglutination test following the manu 
facturer's directions. Cultures of each isolate that tested 
positive for O157:H7 antigen were transferred to 100 ul of 
distilled water and boiled in a heat block at 100° C. for 5 
minutes. This lysate was then used to reconfirm O157:H7 
agglutination test results and was further tested by PCR. 
PCR confirmation of each isolate was determined by ampli 
fication of specific genetic markers (i.e. wbdn, StX, and eae 
genes). 

0062 Salmonella spp. Isolation and Confirmation Proce 
dure: 

0063. After removing 1 ml of the sample for the E. coli 
isolation and confirmation, the Sample was returned to the 
incubator. After a total incubation period of 24 hours at 37 
C., 1 ml of the BGB enrichment culture was transferred to 
a tube containing tetrathionate broth and processed as pre 
viously described in Fedorka-Cray et al., 1998 (Survey of 
Salmonella Serotypes in feedlot cattle, Journal of Food 
Protection 61:525-530). This process involved incubating 
the TET tube at 37 C. for 48 hours, then inoculating a tube 
containing Rappaport Vassiliadis R-10 broth (RAP) from the 
TET broth using a sterile Swab. The RAP tubes were then 
incubated at 37 C. for 24 hours. Next, a sterile inoculating 
loop was used to inoculate half of an XLT4 plate and Streak 
the other half of the plate. After the XLT4 plates were 
incubated at 37° C. for 24 hours, any suspect colonies were 
picked using a Sterile wire pick and transferred to a Triple 
Sugar Iron Agar (TSI) Slant tube and a Lysine Iron Agar 
(LIA) slant tube. These tubes were then incubated at 37 C. 
for 24 hours. Any positives were tested using the Difco 
Salmonella Poly O agglutination test following the manu 
facturer's directions. 

Example 4 

Comparison of Using Oral Versus Rectal Sampling 
to Classify the E. coli O157:H7 Status of 
Individuals and Pens of Feedlot Cattle 

0064. Rectal fecal samples and cotton gauze Swabs of the 
oral cavity were collected using the procedures described 
above for 196 feedlot cattle in 22 pens containing 8-10 
animals each. The oral-Swab Samples were cultured using 
the method described in example 3. Approximately 10g of 
the fecal material was transferred from the collection cup to 
a Whirl-pakCR bag and 100 ml of Gram Negative Hajna broth 
with Vancomycin, cefixime and cefsulodin (GN V/C/C) was 
added. The samples were incubated at 37 C. for 6 hours. 
Following incubation, the E. coli O157:H7 identification 
procedures described in example 3 were performed. 

0065 E. coli O157:H7 was isolated from both feces and 
oral Swabs of 26 animals, from only the feces of 41 animals, 
and only the oral Swabs from 28 animals. The organism was 
not isolated from either sample from 101 animals. The 
agreement between rectal and oral Sample results was only 
slightly beyond that expected by chance (Kappa=0.179, 
p<0.05). E. coli 00157:H7 was isolated from feces from at 
least 1 animal in 16 pens, and from oral Swabs from at least 
1 animal in 19 pens. 
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Example 5 

Evaluation of the Ability of Various Sampling 
Devices to Retain and Promote the Recovery of 

Certain Microorganisms 

0.066. This experiment tested the ability of E. coli 
O157:H7 and Salmonella to survive on various sampling 
devices. The three devices chosen were: (A) braided nylon 
rope, (B) natural fiber manilla rope and (C) cotton rope. 
Each type of Sampling device was Submerged in Suspension 
of 2x10" cfu/ml of log phase E. coli O157:H7 strain ATCC 
43895. Ropes were quantitatively cultured using gram nega 
tive (GN) broth, and sorbitol-MacConkey agar with 
cefixime and tellurite added (CT-SMAC) plates using the 5 
tube impn method as previously described in Gray et al., 
1995 (Influence of inoculation route on the carrier State of 
Salmonella choleraeSuis in Swine, Veterinary Microbiology 
47:43-59). 
0067 E. coli O157:H7 was found to survive well on 
Sampling device B, declining only approximately 1.5 logs 
over a 5.5 day period. We observed larger declines on 
Sampling device C with an approximately 3.5 log decline 
over 5.5 dayS. Sampling device A had the highest initial 
counts of O157:H7, nearly 1 log higher than the other 
devices. This is due to the fact that Sampling device A 
retained approximately 115% of the ropes weight in water, 
whereas Sampling devices B and C retained approximately 
20%. However, despite the initial high counts, the O157:H7 
numbers declined approximately 4 logs in 12 hours and to 
undetectable levels within 36 hours. The results of this 
experiment are shown in FIG. 2. 

0068 A second experiment was performed utilizing Sam 
pling device A and Sampling device B with both E. coli 
O157:H7 and S. typhimurium to determine if the same results 
could be observed with Salmonella spp. Briefly, the sam 
pling devices were Submerged in phosphate buffered Saline 
(PBS) containing 2x10" cfu/g of the respective organism. 
The Sampling devices were cultured immediately, at 72 
hours and at 6 days post inoculation using quantitative 
measures described above. The results of this experiment are 
shown in FIG. 3. 

Example 6 

Validation of a Method of Culturing the Sampling 
Devices to Detect E. coli O157:H7 from Among the 

Flora Present in Feedlot Pens 

0069. To evaluate the pen test culture methods ability to 
detect target organisms from among the natural flora present 
in feedlot pens, natural fiber manilla ropes (sampling device 
B from example 5) were placed in feedlot pens containing 
cattle for approximately 15 hours (overnight). Next, the 
ropes were inoculated with 1x10° cfu/cm of E. coli O157:H7 
and 3x10 cfu/cm S. typhimurium. The ropes were stored 
overnight at 26 C. in a biologically secure location. The 
ropes were Subjected to the pen test culture methods as 
described in example 3. The culture methods successfully 
recovered the E. coli O157:H7 and the S. typhimurium 
inoculum after 18 hours of Storage. Uninoculated control 
pieces of the pen ropes were negative for the target organ 
SS. 
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Example 7 

Determining the Prevalence of E. coli in 
Commercial Feedlots 

0070 Twenty-nine commercial feedlot pens from FIVE 
Midwestern feedlots were Included in the study. Pen size 
ranged from 36 to 231 (median 107) cattle. Seven ropes 
(sampling device B in example 5) were placed in each pen 
the evening prior to Sample collection. Feces were collected 
from the rectum of all cattle in each pen and concurrent rope 
Samples were collected. Additionally, a composite Sample of 
20 fresh fecal pats from the pen Surface, water from water 
tanks, and partially consumed feed from feedbunks were 
collected and tested. 

0071 Culture methods were specific to the type of 
sample collected. The culture method for the oral Swab and 
rope Samples is provided in example 3. The culture method 
for the rectal feces Sample is described in example 4. The 
composite fecal Sample was mixed well and 10 g of the 
Sample was enriched and analyzed using the same procedure 
outlined in example 4 for rectal feces Samples. The water 
samples were poured into a filtra-bag and 10 ml of 10xBril 
liant green bile (BGB) was added to the sample. Then, the 
water Samples were analyzed using the same procedure used 
for analyzing the Swab and rope Samples outlined in 
example 3. One-third of the feed Sample was placed into a 
filtra-bag and approximately 300 ml of BGB was added. 
Then, the feed Sample was analyzed using the same proce 
dure used for analyzing the Swab and rope Samples outlined 
in example 3. 
0072 The results of the experiment are shown in FIG. 4. 
E. coli O157:H7 was isolated from 714 of 3162 cattle tested 
(23%) including at least 1 animal from all 29 pens. The pen 
prevalence of cattle Shedding detectable levels of the organ 
ism varied widely ranging from 0.7% to 79.8% (median 
17.1%). Feedyards did not differ by pen prevalence 
(Kruskal-Wallis P-0.10); however, the pen prevalence dif 
fered widely within feedyards (chi square P-0.001). 

Example 8 

Comparison of the Accuracy of Sampling Device B 
and Composite Fecal Sampling in Predicting Pen 
Prevalence of Fecal Shedding and Differentiating 
High Prevalence Pens from Low Prevalence Pens 

0073 Culture results from rope (sampling device B 
described in example 5) and composite fecal Samples were 
evaluated as potential pen-tests to predict pen prevalence of 
fecal shedding. E. coli O157:H7 was recovered from at least 
one rope from 15 pens and from the composite fecal Sample 
from 8 pens. Recovery of E. coli O157:H7 from at least one 
rope or composite fecal Sample was more likely to occur 
from the higher prevalence pens (Wilcoxon rank Sums 
p=0.001). Ropes and composite feces were evaluated as 
pen-tests to differentiate high prevalence pens from low 
prevalence pens. Ropes were optimally efficient (greatest 
percentage of pens classified correctly) when pens were 
distinguished as high or low prevalence at a cut-off point of 
16% prevalence. Composite feces were optimally efficient 
when pens were distinguished as high or low prevalence at 
a cut-off point of 37% prevalence. Only one pen was 
classified as positive for Salmonella Spp based on either the 
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pen-test or composite fecal Samples. Salmonella were iso 
lated from individual fecal samples from only 9 of 3162 
cattle tested (0.3%) in 5 of the 29 pens (17%). These results 
are Summarized in FIG. 5. 

Example 9 

Feedlot Studies 

0.074 The presence of food safety pathogens was tested 
in two separate Studies by utilizing rope Sampling devices. 
Study 1 contained five feedyards that included a total of 31 
feedlot pens, with a mean pen size of 157 cattle/pen (ranging 
from 59 cattle/pen to 282 cattle/pen). The mean observation 
period in Study 1 was 20 weeks (ranging from 15 to 26 
weeks). Study 2 also consisted of five feedyards, which 
included a total of 24 pens, with a mean pen size of 11 
cattle/pen (ranging from 46 to 203 cattle/pen). The mean 
observation period in this study was 18 weeks (from 11 to 
25 weeks). 
0075 Rope sampling devices were aseptically placed in 
cattle feedlot penS by fastening them with plastic cable ties 
over feedbunks and water tankS. 7 devices/pen were placed 
in pens in the evening, two hours before Sunset, and asep 
tically collected the following morning to match the period 
of greatest cattle activity and to avoid daytime heat and 
Sunlight. Cattle activity was observed and recorded during 
this period. 
0.076 Rope samples were taken using the procedures 
outlined above. The ropes were added to a brilliant green 
bile (BGB) broth containing 2% bile and 0.0013% brilliant 
green while approximately maintaining a 1 g of Sample to 10 
ml of media ratio. The Samples were placed in an incubator 
at 37 C. E.coli O157:H7 and Salmonella spp. isolation and 
confirmation procedures were performed as described in 
Example 3; however, other methods that are known in the art 
for isolating food pathogens may also be used. 
0077. In Study 1, 627 pen-weeks were observed, wherein 
274 (44%) tested positive for E. coli O157:H7. In Study 2, 
425 pen-weeks were observed, wherein 177 (42%) tested 
positive employing the method of the invention. There was 
no significant Statistical difference between the two studies 
(p=0.55). The number of pen-weeks, as used herein, was 
calculated according to the following formulas: 
0078 Study 1: 

0079) i-31 
0080 pen-week=Xpenix(number of weeks pen was 
observed) 

0081) i-1 
0082) Study 2: 

0083) i-24 
0084 pen-week=Xpenix(number of weeks pen was 
observed) 
0085) i-1 

0086) The results for E. coli O157:H7 detection are shown 
in FIGS. 6A and 6B that depict the number of positives per 
pen-week for Study 1 and Study 2, respectively. AS can be 
Seen form the Figures, there were Significant differences 
among feedyards in both studies (p<0.0001). However, 
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while there were no differences among pens within feed 
yards in Study 1, pens within two feedyards in Study 2 
differed in positives/pen-week (p<0.01)(marked with aster 
isks). It should be noted that in both studies, E. coli 0157:H7 
was recovered at least once from each pen. 
0087. In assaying for the presence of Salmonella spp., 
142 (23%) pen-weeks tested positive in Study 1, whereas 78 
(18%) pen-weeks tested positive in Study 2. There was no 
Significant difference between the percentages of Salmonella 
positive pen-weeks of the two studies (p=0.10). 
0088. The results for Salmonella spp. are depicted in 
FIGS. 7A and 7B. Salmonella was recovered at least once 
from 27 pens in Study 1 (87%) and from 23 pens in Study 
2 (96%). As seen with E. coli sampling, there were signifi 
cant differences among feedyards in both Studies 
(p<0.0001). In addition, pens differed within 2 feedyards 
(p<0.05) in Study 1 (marked with asterisks), whereas there 
were no differences among pens within feedyards in Study 
2. 

0089. In light of the detailed description of the invention 
and the examples presented above, it can be appreciated that 
the Several aspects of the invention are achieved. 
0090. It is to be understood that the present invention has 
been described in detail by way of illustration and example 
in order to acquaint otherS Skilled in the art with the 
invention, its principles, and its practical application. Par 
ticular formulations and processes of the present invention 
are not limited to the descriptions of the Specific embodi 
ments presented, but rather the descriptions and examples 
should be viewed in terms of the claims that follow and their 
equivalents. While Some of the examples and descriptions 
above include Some conclusions about the way the invention 
may function, the inventor does not intend to be bound by 
those conclusions and functions, but puts them forth only as 
possible explanations. 

0091. It is to be further understood that the specific 
embodiments of the present invention as Set forth are not 
intended as being exhaustive or limiting of the invention, 
and that many alternatives, modifications, and variations 
will be apparent to those of ordinary skill in the art in light 
of the foregoing examples and detailed description. Accord 
ingly, this invention is intended to embrace all Such alter 
natives, modifications, and variations that fall within the 
Spirit and Scope of the following claims. 

What is claimed is: 
1. A method to detect the presence of a microorganism in 

an animal, the method comprising: 

(a) placing a device at a location within an area in which 
the animal resides to induce the animal to initiate 
contact with the device; and 

(b) determining the presence of the microorganism on the 
device. 

2. A method to detect the presence of an agent in an 
animal, the method comprising: 

(a) placing a device at a location within an area in which 
the animal resides to induce the animal to initiate 
contact with the device; and 

(b) determining the presence of the agent on the device. 
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3. The method of claim 1 wherein the microorganism is 
Selected from the group consisting of bacterium, Virus, 
protozoa and fungi. 

4. The method of claim 3 wherein the microorganism is a 
bacterium. 

5. The method of claim 4 wherein the bacterium is a 
human food-borne pathogen. 

6. The method of claim 5 wherein the human food-borne 
pathogen is Selected from the group consisting of Campy 
lobacter jejuni, Salmonella, Escherichia coli, Listeria mono 
cytogenes, and Vibrio. 

7. The method of claim 6 wherein the human food-borne 
pathogen is Escherichia coli O157:H7. 

8. The method of claim 6 wherein the human food-borne 
pathogen is Salmonella. 

9. The method of claim 2 wherein the agent is a chemical 
Substance. 

10. The method of claim 9 wherein the chemical Sub 
stance is Selected from the group consisting of arsenic, 
organophosphate, organochlorine, carbamate, antibiotic, or 
Solvent. 

11. The method of claim 1 or 2 wherein the animal resides 
with a group of animals. 

12. The method of claim 1 or 2 wherein the device is 
Selected from the group consisting of a rope, a ball, a Sponge 
and artificial turf. 

13. The method of claim 12 wherein the device is a rope. 
14. The method of claim 13 wherein the rope is made of 

natural fiber, nylon, or cotton. 
15. The method of claim 14 wherein the rope is made of 

natural fiber. 
16. The method claim 1 or 2 wherein the animal contacts 

the device by rubbing any part of its body against the device 
or by placing the device in its mouth. 
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17. The method claim 1 or 2 wherein the animal is 
Selected from the group consisting of cattle, sheep, Swine, 
horse, goat, bison, deer, companion animal, and Zoo animal. 

18. The method of claim 17 wherein the animal is a cow. 
19. The method of claim 1 or 2 wherein the area the 

animal resides is a feedlot or a pasture. 
20. The method of claim 1 further comprising isolating 

the microorganism. 
21. The method of claim 2 further comprising isolating 

the agent. 
22. The method of claim 1 further comprising identifying 

the microorganism. 
23. The method of claim 22 wherein the microorganism is 

identified by the polymerase chain reaction, an agglutination 
test, or by DNA sequencing. 

24. The method of claim 2 further comprising identifying 
the agent. 

25. The method of claim 24 wherein the agent is identified 
by chromatography or mass Spectrometry. 

26. The method of claim 1 wherein the microorganism is 
detected as a means to monitor the health Status of the 
animal. 

27. The method of claim 26 wherein the animal is a cow 
and the method is used to detect the presence of a micro 
organism Selected from the group consisting of foot and 
mouth disease virus, bovine diarrhea virus, pseudorabies 
Virus, and Salmonella spp. 

28. The method of claim 2 wherein the agent is a 
mycotoxin. 

29. The method of claim 28 wherein the mycotoxin is 
Selected from the group consisting of aflatoxin, vomitoxin, 
and Zearalone. 
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