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Abstract 

The objective of this study was to determine the 
occurrence of Campylobacter, Salmonella and Esch
erichia coli O157:H7 in fecal samples from a herd of 
bison and determine antimicrobial susceptibility pat
terns of pathogens isolated. Fecal grabs were obtained 
from the rectum of each bison (n=20). None of the fecal 
samples tested positive for E.coli O157:H7 or Campy
lobacter spp. 1\vo of20 (10%) bison fecal samples tested 
positive for Salmonella spp. The Salmonella isolates 
belonged to the serotypes Salmonella Typhimurium 
(Copenhagen) and Salmonella Worthington. Both iso
lates were resistant to the same 13 of 20 antimicrobials 
tested, including macrolides (erythromycin, tilmicosin, 
tylosin), tetracyclines (chlortetracycline, oxytetracy
cline), florfenicol, most sulfonamides and penicillin. 
S. Worthington was also resistant to ampicillin. They 
were susceptible to at least six antimicrobials includ
ing ceftiofur, enrofloxacin and some aminoglycosides. 

Keywords: bison, salmonella, campylobacter, E. coli 
O157:H7, MAP 

Resume 

L'objectif de cette etude etait de determiner 
la presence de Campylobacter, de Salmonella et 
d'Escherichia coli O157:H7 dans des echantillons fe
caux provenant d'un troupeau de bison et d'identifier 
le profil de resistance aux antimicrobiens des patho
genes isoles. Les echantillons fecaux ont ete obtenus 
a partir du rectum de chaque bison (n=20). Aucun des 
tests des echantillons fecaux n'etait positif pour E. coli 
O157:H7 ou pour Campylobacter. Deux des 20 echan
tillons fecaux de bison (10%) etaient positifs pour Sal
monella spp. Les isolats de Salmonella appartenaient 
awe serotypes Salmonella typhimurium (Copenhagen) 
et Salmonella worthington. Les deux isolats etaient re
sistants a 13 des memes antimicrobiens parmi les 20 
testes incluant des macrolides (erythromycine, tilmi
cosine, tylosine ), des tetracyclines ( chlortetracycline, 
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oxytetracycline), le florfenicol, la plupart des sulphon
amides et la penicilline. L'isolat S. worthington etait 
aussi resistant a l'ampicilline. Les isolats etaient aussi 
susceptibles a au moins six antimicrobiens incluant la 
ceftiofur, l'enrofloxacine et certains aminoglycosides. 

Introduction 

Campylobacter, pathogenic Escherichia coli (E. 
coli) and Salmonella are among the major bacterial 
foodborne pathogens both in the United States (US)5,21 

and worldwide.18•20 In 2005, the Foodborne Diseases Ac
tive Surveillance Network (FoodNet) of the US Centers 
for Disease Control and Prevention (CDC) reported a 
total of 16,614 laboratory-confirmed cases of infections, 
and overall incidence per 100,000 population was 14.55 
for Salmonella, 12.72 for Campylobacter and 1.06 for 
shigatoxin-producing E. coli - STEC 0157.5 Although 
a range of animal hosts, including cattle, have been 
identified as reservoirs for Salmonella,8•9·10•21 Campylo
bacter3•9·22 and E. coli O157:H7,14 data on prevalence of 
these major bacterial pathogens in bison is scanty. 

The emergence of resistant and multi-resistant 
bacteria has become an important worldwide sanitary 
problem, impacting both veterinary medicine and public 
health through the potential for therapeutic failures. 16 

Antimicrobial resistance among bacterial isolates from 
animals is of concern because of the potential for these 
organisms to be foodborne or zoonotic pathogens, or to 
be donors of resistance genes to human pathogens. 16 

Recent investigations suggest the environment, includ
ing water supplies and animal feed, 26 as well as cattle, 9 

pigs, 10 and other farm animals and poultry, 19 may play 
an important role in human infection with these patho
gens. 

American bison (Bison bison) production has tra
ditionally been free-range, presumptively without use 
of antimicrobials. 24 The possibility of cross transmis
sion of several bovine pathogens between free-ranging 
bison and domestic cattle has been suggested, 15 but not 
well investigated. Taylor et al24 evaluated 101 free
ranging American bison from Yellowstone National 
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Park in Wyoming for serologic exposure to infectious 
organisms that commonly infect cattle. No titers were 
detected for bluetongue virus, bovine leukemia virus, or 
Campylobacter fetus. Detectable antibodies were pres
ent against Anaplasma marginale (eight of 76, 11 %), 
bovine respiratory syncytial virus (31 of 101, 31 %), bo
vine viral diarrhea virus (31 of 101, 31 %), bovine her
pesvirus 1 (29 of 76, 38%), parainfluenza-3 virus (27 of 
75, 36%), Leptospira interrogans Icterohaemorrhagiae 
(four of 101, 4%), L. interrogans Hardjo (seven of 101, 
7%), L. interrogans Autumnalis (one of 101, 1%), L. in
terrogans Bratislava (seven of 101, 7%) and L. inter
rogans Australis (one of 101, 1 %). Low antibody titers 
and the lack of clinical signs suggest that while pre
vious exposure to infectious organisms may have oc
curred, none appeared to have active infections. The 
objective of this study was to determine the presence of 
Salmonella spp, Campylobacter spp and E. coli 0157: 
H7 in fecal samples from an apparently healthy bison 
herd in North Dakota. 

Materials and Methods 

Study Herd 
Samples were collected on June 28, 2005 from 

bison in a herd located in southeastern North Dako
ta. These bison were purchased about one year ear
lier from a ranch in central North Dakota. Of 21 bi
son purchased, 17 were adults and four were calves, 
with age and gender distribution of the 20 surviving 
animals shown in Table 1. Prior to our visit, one bison 

died on pasture and no postmortem examination was 
performed. The bison grazed together on a 22-acre pas
ture with a ground well as the water source. Average 
temperature and rainfall for the month of sampling 
were: high = 75.0°F (23.9°C); low = 57.7°F (14.3°C); 
total rainfall= 18.54 inches (216:8 mm) (North Dakota 
Agricultural Weather Network [NDAWN]- available at 
http://ndawn.ndsu.nodak.edu/). No other animals were 
raised on the farm with the bison. Although the ani
mals were not housed, a pole barn was available but 
they seldom occupied it. The pasture was incompletely 
fenced, making it possible for wildlife and birds to ac
cess the animals. No antibiotic use in the animals was 
reported. 

All animals were simultaneously tested for Neos
pora caninum antibodies using the Neospora caninum 
Antibody Test Kit, a bovine viral diarrhea virus (BVDV) 
using the BVDV Antigen Test Kith and Mycobacterium 
avium subsp paratuberculosis (Johne's disease). All bi
son were negative to the three tests except for one bull 
that tested positive for Neospora caninum antibodies. 
None of these tests were validated for use in bison. 

Sampling Procedure 
A total of 20 bison remained in the herd on the 

date samples were collected. Animals were run through 
a chute, and approximately 20 grams of feces were col
lected from the rectum of each animal using a clean 
glove to collect each sample. Samples were transferred 
into sterile plastic cups, placed on ice and transported 
within two hours to the laboratory in the Department 

Table 1. Characteristics of bison herd sampled by age, gender and Salmonella status. 

Animal ID Age Gender Age Salmonella status 

1 >1 year Female Adult Negative 
2 >1 year Female Adult Negative 
4 >1 year Female Adult Negative 
15 >1 year Female Adult Negative 
16 >1 year Female Adult Negative 
17 >1 year Female Adult Negative 
18 >1 year Female Adult S. Worthington 
19 >1 year Female Adult Negative 
20 >1 year Female Adult Negative 
21 >1 year Female Adult Negative 
22 >1 year Female Adult Negative 
23 >1 year Female Adult Negative 
24 >1 year Female Adult S. Typhimurium Copenhagen 
51 1 year Male Bull Negative 
52 1 year Female Calf Negative 
53 1 year Female Calf Negative 
54 1 year Female Calf Negative 
55 1 year Female Calf Negative 
56 1 year Male Bull Negative 
97 >1 year Male Bull Negative 
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of Veterinary and Microbiological Sciences at North 
Dakota State University for culture. 

Laboratory Procedures 
Fecal samples were cultured using methods opti

mized for the detection of Salmonella spp in bovine fe
ces.13 Briefly, fecal specimens were enriched overnight 
followed by incubation with immunomagnetic beads 
specific for Salmonellae according to the manufactur
er's directions. After the final wash, the beads were 
transferred to 10 mL of Rappaport Vassiliadis RlO (RV) 
brothd and incubated at 107.6°F (42°C) for 24 hours. 
Following incubation, RV cultures were streaked onto 
modified brilliant green agare and mannitol lysine 
crystal violet brilliant green agar.r Colonies with typi
cal Salmonella characteristics were stabbed in 10-mL 
agar slants of lysine iron agare and triple sugar iron 
agar, e and biochemical results were read after 24 hours 
incubation. All samples were then plated on media se
lective for Salmonella. Presumptive positive isolates 
were sent for serotyping to the National Veterinary 
Services Laboratories (NVSL) in Ames, Iowa. 

Optimized methods for culturing and detecting E. 
coli O157:H7 from fecal samples were used.12•14 Brief
ly, sub-samples (about 10 grams) of the fecal samples 
were put into 90 mL of enrichment broth in whirl-pak 
bagsg and incubated at 98.6°F (37°C) for six hours. The 
enrichment broth was then subsequently subjected to 
biochemical tests as previously described12•14 including 
immunomagnetic separation, and further identified as 
O157:H7 by latex agglutination.h 

For Campylobacter spp, each sample was streaked 
onto campy-cefex media. The plates were incubated un
der a microaerophilic atmosphere in an anaerobic cham
ber using a microaerophilic gas generating systemi at 
107.6°F for 48 hours. Typical colonies (pink with clear 
to diffuse growth) were transferred onto Mueller Hin
ton agare and reincubated under the same conditions. 
Presumptive Campylobacter isolates were sent to the 
US Department of Agriculture (USDA), National Ani
mal Disease Center (NADC), Ames, IA, for speciation. 

Mycobacterium avium subspecies paratuberculo
sis testing was by conventional fecal culture on Her
rold's egg yolk (HEY) agar slants performed as previ
ously described,28 with brief modifications. Briefly, one 
gram of feces was added to 20 mL of sterile distilled 
water, tubes were shaken for 30 minutes and then al
lowed to stand undisturbed for 30 minutes. Five mL of 
supernatant were added to a decontaminant mixture 
containing 25 mL of 0.9% hexadecylpyridinium chlo
ride monohydratei (HPC) and 30 mL of brain heart in
fusion (BHI) broth, and the samples were allowed to 
decontaminate overnight at 98.6°F (37°C). Samples 
were centrifuged at 900 xg for 30 minutes and the su
pernatant discarded. Pellets were re-suspended in 1 mL 
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of antibiotic brew containing 50% BHI broth with 100 
µg/mL vancomycin, 100 µg/mL nalidixic acid, and 50 
µg/mL amphotericin B. Tubes were vortexed and incu
bated overnight at 98.6°F. HEY slopes were inoculated 
with 0.25 mL of the suspension. Each sample was cul
tivated in duplicate on HEY with mycobactin J and one 
tube without mycobactin as the culture medium. Tubes 
were incubated at 98.6°F and observed at two-week in
tervals for 16 weeks. Isolation of a slow-growing, acid
fast organism with colonial morphology typical of MAP 
on HEY with mycobactin, but not on HEY without my
cobactin, was considered a positive culture. 

Antimicrobial Resistance 
Antimicrobial resistance of Salmonella isolates was 

determined using a panel of antimicrobials according 
to the manufacturer's instructions. k Each isolate was 
screened for resistance using a CMVlABPF large animal 
plate, using full-range minimum inhibitory concentra
tion. Antimicrobials tested were ampicillin, apramycin, 
ceftiofur, chlortetracycline, clindamycin, enrofloxacin, 
erythromycin, florfenicol, gentamicin, neomycin, oxyte
tracycline, penicillin, spectinomycin, sulfachlorpyrida
zine, sulfadimethoxine, sulfathiazole, tiamulin, tilmico
sin, trimethoprim/sulfamethoxazole and tylosin. 

Results 

None of the fecal samples tested positive for E.coli 
O157:H7 or Campylobacter spp. Two of 20 (10%) fecal 
samples were positive for Salmonella. The Salmonella 
isolates belonged to serotypes Salmonella Typhimuri
um (Copenhagen) and Salmonella Worthington. In a 
panel of 20 antimicrobials, Salmonella Typhimurium 
(Copenhagen) was resistant to 13 of 20 antimicrobials 
(65% resistance), including macrolides (erythromycin, 
tilmicosin, tylosin), tetracyclines (chlortetracycline, 
oxytetracycline), florfenicol, most sulfonamides, and 
penicillin, and susceptible to seven antimicrobials in
cluding ceftiofur, enrofloxacin, some aminoglycosides 
and ampicillin (Table 2). Salmonella Worthington was 
resistant to 14 of 20 antimicrobials (70% resistance), 
including macrolides (erythromycin, tilmicosin, tylo
sin), tetracyclines (chlortetracycline, oxytetracycline), 
florfenicol, some sulfonamides, and penicillins (penicil
lin and ampicillin), and susceptible to six antimicrobi
als including ceftiofur, enrofloxacin and some amino
glycosides (Table 2). Except for ampicillin, both Salmo
nella isolates were resistant to the same antimicrobials 
(Table 3). 

Discussion 

Given the limited number of bison sampled, the 
Salmonella shedding point prevalence of 10% in this 
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bison herd was similar to that reported in beef cattle3,11 

and other livestock4 in the US. A cross-sectional study 
of 212 cattle from seven cow-calf operations in North 
Dakota reported a Salmonella spp shedding point 
prevalence of 7% (15 of 212).25 In another study4 that 

assessed Salmonella spp presence in white-tailed deer 
(Odocoileus virginianus) and domestic livestock simul
taneously grazing the same rangeland in the month 
of September, researchers reported Salmonella prev
alence of 7.69% (2/26) and 7.32% (6/82) in deer and 

Table 2. Antibiotic sensitivity and resistance of Salmonella isolates from a bison herd. 

Salmonella isolates 

Antibiotics S. Typhimurium 
( Copenhagen) 

S. Worthington 

Aminoglycosides 
Apramycin 
Gentamycin 
Neomycin 
Spectinomycin 

Sulfanamides/Potentiated Sulfonamides 
Trimethoprim/Sulfamethoxazole 
Sulfadimethoxine 
Sulfachlorpyridazine 
Sulfathiazole 

Cephalosporins 
Ceftiofur 

Quinolones/Fluoroquinolones 
Enrofloxacin 

Pleuromutilins 
Tiamulin 

Chloramphenicol Analog 
Florf enicol 

Penicillins 
Ampicillin 
Penicillin 

Tetracyclines 
Chlortetracycline 
Oxytetracycline 

Macro Ii des 
Erythromycin 
Tilmicosin 
Tylosin (tartrate base) 

Misc. 
Clindamycin 

R= Resistant, 8= Susceptible, I-Intermediate 
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Table 3. Antibiotic resistance patterns of Salmonella isolates frqm bison. 

Isolate 

S. Typhimurium 
( Copenhagen) 

S. Worthington 

~ Resistance pattern 

Chlo-Oxy-Spec-Sulfachlo-Sulfadi-Sulfathi 

Amp-Chlo-Oxy-Spec-Sulfachlo-Sulphadi-Sulfathi 

Chlo=Chlortetracycline, Oxy=Oxytetracycline, Amp=Ampicillin, Spec=Spectinomycin, 
Amp=Ampicillin, Sulfachlo=Sulfachlorpyridazine, Sulfadi=Sulfadimethoxime 
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sheep, respectively, and a lower prevalence of 3.70% 
(3/81) and 1.25% (1/80) in goats and cattle, respective
ly. 

Dargatz et al7 evaluated the presence of Salmo
nella in fecal samples from cattle in US feedlots (73 
feedlots in 12 states during October 1999 to September 
2000). Fecal samples were not collected from individual 
animals, instead, fecal samples were collected from pen 
floors for culture. Pens of cattle selected for sampling 
were those with cattle that had been in the feedlot for 
the shortest period of time, the longest period of time 
and a randomly selected pen from the remaining pens. 
Overall, 6.3% (654/10,417) of samples cultured positive 
for Salmonella spp; 22.2% (94/422) of pens and 50. 7% 
(37/73) of feedlots had one or more positive samples. 
There was little difference in the proportion of positive 
samples between short-fed (6.1 %, 212/3482), random 
(6.4%, 217/3400) and long-fed (6.4%, 224/3485) pens of 
cattle. Culture results from pens of cattle in the feed
lot the shortest period of time may be most reflective 
of Salmonella prevalence on pasture, where the envi
ronment is more similar to that grazed by the bison in 
our study. This speculation must be approached with 
caution, however, as the feedlot cattle could have been 
exposed during marketing, transport, or after feedlot 
entry. 

In a large study3 conducted to assess risk factors 
associated with hide and carcass contamination of beef 
cattle during transport to slaughter, a total of 281 sal
monellae were isolated from 1,050 rectal (400), hide 
(400), carcass (200) and environmental (50) samples. 
For feedlot cattle, salmonellae were recovered from 
4.0% ofrectal samples, 37.5% of hide samples, 19.0% of 
carcass samples and 4 7.4% of environmental samples. 
In non-feedlot cattle, salmonellae were recovered from 
10.9% of rectal samples, 37 .5% of hide samples, 54.2% 
of carcass samples and 50.0% of environmental sam
ples3 while grazing on pasture. This ubiquitous nature 
of Salmonella further confirms our reluctance to specu
late the prevalence of Salmonella in feeder steers and 
heifers prior to feedlot entry. 

It is possible that the time of sampling may in
fluence the prevalence of Salmonella reported, as sea
sonal changes have been reported to affect prevalence 
of Salmonella fecal shedding in cattle. Dargatz et al7 
reported samples collected during the period of April to 
June (6.8%; 209/3054) and July to September (11.4%; 
286/2500) were more likely to be positive than those 
collected during October to December (4.0%; 73/1838) 
and January to March (2.8%; 86/3025). In this study 
we sampled bison in June 2005, while Theis25 sampled 
cattle from September to November, 2004. 

The Salmonella isolated in this study belonged to 
the serotypes Salmonella Typhimurium (Copenhagen) 
and Salmonella Worthington. Bovine are a common 
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source of Salmonella Typhimurium. 6 It is interesting 
to note that the same serotypes, Salmonella Typhimuri
um (Copenhagen) and Salmonella Worthington, were 
recovered from cattle on cow-calf operations in North 
Dakota during the same year. 25 However, Beach et al2 

reported that the five serotypes most commonly asso
ciated with feedlot cattle and their environment were 
Salmonella Anatum (18.3% of isolates), Salmonella 
Kentucky (17.5%), Salmonella Montevideo (9.2%), Sal
monella Senftenberg (8.3%) and Salmonella Mbandaka 
(7 .5% ). The five serotypes most commonly associated 
with non-feedlot cattle and their environment were 
Salmonella Kentucky (35.4%), Salmonella Montevideo 
(21.7%), Salmonella Cerro (7.5%), Salmonella Anatum 
(6.8%) and Salmonella Mbandaka (5.0%).2 

In this study, both Salmonella isolates were sus
ceptible to at least six antimicrobials on the panel in
cluding ceftiofur and enrofloxacin, both of which are 
clinically important to beef and dairy practitioners. 
Both isolates demonstrated multidrug resistance (re
sistance to ~ 13 antimicrobials) in a panel of 20 anti
microbials, with resistance most frequently to tetracy
cline, streptomycin and/or ampicillin. Dargatz et al7 
determined antimicrobial resistance patterns of Sal
monella spp recovered from feedlot cattle using a panel 
of 17 antimicrobials. The majority of isolates (62.8%, 
441/702) were sensitive to all of the antimicrobials 
tested. Resistance was most frequently observed to 
tetracycline (35.9%, 252/702) followed by streptomycin 
(11.1 %, 78/702), ampicillin (10.4%, 73/702) and chlor
amphenicol (10.4%, 73/702). Resistance to two or more 
antimicrobials (multidrug resistance) was observed for 
11. 7% (82/702) of isolates. 

It is also noteworthy that Salmonella enterica se
rovar Hadar was the major Salmonella serotype iso
lated from processed bison carcasses originating in the 
same region as our sampled animals.17 These salmo
nellae organisms were resistant to tetracycline, genta
micin, sulfamethoxazole and streptomycin, 17 similar to 
results from isolates in apparently healthy bison in our 
study. In the absence of studies that correlate recovery 
of Salmonella from the same bison pre and post-har
vest, it is difficult to ascertain the sources of contami
nation of bison carcasses post-harvest. 

In comparison with human isolates, 2,613 iso
lates were tested in 1999-2000 at the 17 public health 
laboratories participating in National Antimicrobial 
Resistance Monitoring System (NARMS). Of these, 
26% (679) were resistant to more than one antimicrobi
al compound, and 21 % (546) were multidrug resistant 
(resistant to >2 agents). 1 Three multidrug resistant 
strains accounted for 10% (263/2613) of all Salmonella 
isolates, 38% (263/679) of resistant isolates and 48% 
(263/546) of multidrug resistant isolates. In particular, 
30% (162/546) of multidrug resistant Salmonella were 
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S. Typhimurium R-type ACSSuT, 12% (63/546) were S. 
Typhimurium R-type AKSSuT and 7% (38/546) were S. 
Newport R-type ACSSuT; no other multidrug resistant 
patterns accounted for more than 5% of multidrug re
sistant salmonellae. 

In spite of reports that antibiotics were not used 
in the study herd, and that no other domestic animals 
were raised on the farm with the bison, antimicrobi
al resistance was detected in the Salmonella isolates 
recovered. It is possible that wildlife, birds and other 
domestic livestock had access to the animals and that 
Salmonella isolated from the bison could have acquired 
resistance through horizontal transfer from other mul
tidrug resistant organisms originating from wildlife, 
birds or other domestic livestock. 

None of the fecal samples tested positive for E. 
coli O157:H7. The transient23 and seasonal11 nature of 
shedding of these organisms, and the low prevalence 
of this organism would make detection unlikely in a 
pool of 20 animals. Previous researchers reported very 
low prevalence of E. coli O157:H7 (1.3%) in cow-calf 
operations23 and white-tailed deer grazing the same 
rangeland with livestock.4 In the latter study,4 E. coli 
0157 was found in fecal samples from 1.25% of cattle 
and 1.22% of sheep sampled in September, however, 
no E.coli 0157 was found in other sampled months or 
in goats or white-tailed deer. Failure to detect E. coli 
O157:H7 in bison feces in this study does not indicate 
absence of the organism. Future studies on more bison 
herds utilizing longitudinal study designs are needed 
to contribute to our understanding of the ecology of this 
organism in bison. 

No fecal samples in this study tested positive for 
Campylobacter spp. A previous study24 that evaluated 
101 free-ranging American bison from Yellowstone Na
tional Park, Wyoming for exposure to infectious organ
isms reported no antibody titers for Campylobacter 
fetus. Failure to detect Campylobacter spp in bison fe
ces in this study does not necessarily indicate absence 
of these organisms. Additional studies and diagnostic 
tests validated for bison are needed to better under
stand the ecology of these organisms in bison. 

Conclusion 

These data indicate that salmonellae were shed 
in feces of bison in this North Dakota herd in a preva
lence range similar to that of cattle herds in the US. 
However, the point prevalence of salmonellae in this 
study must be interpreted with caution because of the 
small herd/sample size. Recovered isolates were multi
drug resistant, and highlight that antimicrobial resis
tant Salmonella organisms are present in bison. The 
multidrug resistance reported among the Salmonella 
isolates warrants further study considering that sero-
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type S. Typhimurium is widely distributed and has the 
potential to impact human and animal health. 

Endnotes 

aIDEXX Laboratories, Inc, 1 IDEXX Drive, Westbrook, 
ME 
hSyracuse Bioanalytical, Inc, 23 Corporate Circle, East 
Syracuse, NY 13057 
cDynabeads® anti-Salmonella, Dynal Biotech, Inc, Lake 
Success, NY 
dBecton Dickinson, Sparks, MD 
8Becton Dickinson, Sparks, MD 
roxoid LTD, Basingstoke, UK 
gN asco, Fort Atkinson, WI 
hRemel, Lenexa, KS 
iAnaeroPack System™, Mitsubishi Gas Chemical 
America, Inc, New York, NY 
iSigma, USA, St. Louis, MO 63103 
kSensititre®, Trek Diagnostics System, Inc, Westlake, 
OH 

Acknowledgements 

This project was funded by USDA/APHIS research 
grant in biosurveillance. The authors wish to thank 
the National Veterinary Services Laboratories (NVSL, 
Ames, Iowa) for serotyping the salmonellae, the USDA, 
National Animal Disease Center (NADC, Ames, IA) for 
speciation of Campylobacter and the bison producer for 
participating in the study. 

References 

1. Angulo F, Rossiter S, Barrett T, and the NARMS Working Group: 
Three prevalent multidrug-resistant strains among human Salmo
nella isolates in the United States, 1999-2000: S . Typhimurium R
type ACSSuT, S. Typhimurium R-type AKSSuT, and S. Newport R
type ACSSuT. The 41 •t I nterscience Con{ on Antimicrobial Agents and 
Chemotherapy Annual Meeting, Chicago, Illinois, 2001. 
2. Beach JC, Murano EA, Acuff GR: Serotyping and antibiotic resis
tance profiling of Salmonella in feedlot and nonfeedlot beef cattle. J 
Food Prot 65:1694-1699, 2002. 
3. Beach JC, Murano EA, Acuff GR: Prevalence of Salmonella and 
Campylobacter in beef cattle from transport to slaughter. J Food Prot 
65:1687-1693, 2002. 
4. Branham LA, Carr MA, Scott CB, Callaway TR: E. coli 0157 and 
Salmonella spp in white-tailed deer and livestock. Curr Issues Intest 
Microbiol 6:25-29, 2005. 
5. Centers for Disease Control and Prevention (CDC): Preliminary 
FoodN et data on the incidence of infection with pathogens trans
mitted commonly through food -10 states, United States. MMWR 
55:392-395, 2006. 
6. Cray PJ, Bailey JS, Frye JG, et al: Update: the National Anti
microbial Resistance Monitoring System enteric bacteria (NARMS): 
Animal Arm. United States Animal Health Association Proceedings, 
2006. 
7. Dargatz DA, Fedorka-Cray PJ, Ladely SR, et al: Prevalence and 
antimicrobial susceptibility of Salmonella spp isolates from US cattle 
in feedlots in 1999 and 2000. J Appl Microbiol 95:753-761, 2003. 

153 



8. Fegan N, Vanderlinde P, Higgs G, Desmarchelier P~ Quantification 
and prevalence of Salmonella in beef cattle presenting at slaughter. 
J Appl Microbiol 97:892-898, 2004. 
9. Fitzgerald C, Stanley K,Andrew S, Jones K: Use of pulsed-field gel 
electrophoresis and flagellin gene typing in identifying clonal groups 
of Campylobacter jejuni and Campylobacter coli in farm and clinical 
environments. Appl Environ Microbial 67:1429-1436, 2001. 
10. Gebreyes WA, Thakur S, Morrow WE: Comparison of prevalence, 
antimicrobial resistance, and occurrence of multidrug-resistant Sal
monella in antimicrobial-free and conventional pig production. J 
Food Prot 69:743-748, 2006. 
11. Hancock DD, Besser TE, Rice DH, Herriott DE, Tarr PI: Alongi
tudinal study of Escherichia coli 0157 in fourteen cattle herds. Epi
demiol Infect 118:193-195, 1997. 
12. Khaitsa ML, Bauer ML, Lardy GP, et al: Fecal shedding of Esch
erichia coli O157:H7 in North Dakota feedlot cattle in the fall and 
spring. J Food Prot 69:1154-1158, 2006. 
13. Khaitsa ML, Kegode R, Bauer ML, et al: A longitudinal study 
of Salmonella shedding and antimicrobial susceptibility patterns in 
North Dakota feedlot cattle. J Food Prot 70(2)476-481, 2007. 
14. Khaitsa ML, Smith DR, Stoner JA, et al: Incidence, duration, 
and prevalence of Escherichia coli O157:H7 fecal shedding by feedlot 
cattle during the finishing period. J Food Prot 66:1972-1977, 2003. 
15. Kita J, Anusz K~ Serologic survey for bovine pathogens in free
ranging European bison from Poland. J Wildl Dis 27:16-20, 1991. 
16. Lathers CM: Role of veterinary medicine in public health: anti
biotic use in food animals and humans and the effect on evolution of 
antibacterial resistance. J Clin Pharmacol 41:595-599, 2001. 
17. Li Q, Skyberg JA, Fakhr MK, et al: Antimicrobial susceptibil
ity and characterization of Salmonella isolates from processed bison 
carcasses. Appl Environ Microbiol 72:3046-3049, 2006. 
18. Marimon JM, Gomariz M, Zigorraga C, Cilla G, Perez-Trallero E: 
Increasing prevalence of quinolone resistance in human nontyphoid 
Salmonella enterica isolates obtained in Spain from 1981 to 2003. 
Antimicrob Agents Chemother 48:3789-3793, 2004. 

Acknowledgement 

19. Mayrhofer S, Paulsen P, Smulders F JM, Hilbert F: Antimicrobial 
resistance profile of five major food-borne pathogens isolated from 
beef, pork, and poultry. Int J Food Microbiol 97:23-29, 2004. 
20. McEvoy JM, Doherty AM, Sheridan JJ, Blair IS, McDowell DA: 
The prevalence of Salmonella spp in bovine fecal, rumen and car
cass samples at a commercial abattoir. J Appl Microbiol 94:693-700, 
2003. 
21. Mead PS, Slutsker L, Dietz V, et al: Food-related illness and death 
in the United States. Emerg Infect Dis 5:607-625, 1999. 
22. Samuel MC, Vugia DJ, Shallow S, et al: Epidemiology of sporadic 
Campylobacter infection in the United States and declining trend in 
incidence, FoodNet 1996-1999. Clin Infect Dis 38:S165-174, 2004. 
23. Sargeant JM, Gillespie JR, Oberst RD, et al~ Results of a longitu
dinal study of the prevalence of Escherichia coli O157:H7 on cow-calf 
farms. Am J ¼t Res 61:1375-1379, 2000. 
24. Taylor SK, Lane VM, Hunter DL, et al: Serologic survey for infec
tious pathogens in free-ranging American bison. J Wildl Dis 33:308-
311, 1997. 
25. Theis MJ: Salmonella occurrence in beef cattle: characteriza
tion and comparison with clinical salmonellosis. Thesis submitted to 
North Dakota State University, Fargo, ND, 2006. 
26. Van Donkersgoed J, Berg J, Potter A, et al: Environmental sourc
es and transmission of Escherichia coli 0157 in feedlot cattle. Can 
¼t J 42:714-720, 2001. 
27. Warnick LD, Kaneene JB, Ruegg PL, et al: Evaluation of herd 
sampling for Salmonella isolation on midwest and northeast US 
dairy farms. Prev Vet Med 60:195-206, 2003. 
28. Whitlock RH, Rosenberger AE: Faecal culture protocol for Myco
bacterium paratuberculosis: a recommended procedure. Proc Annual 
Meeting US Anim Health Assoc 94:280-285, 1990. 

Thank you to those involved with production of the journal in 2008: 

proofreaders Drs. Lou Anne Wolfe, Hui-Chu Lin, John Kirkpatrick and Ron Welsh; 

154 

clerical assistants Ann Govek and Becky Kosmicki; layout and production Kelli Jo Carrier; 

advertising agent John O'Brien; and last but not least, thank you to the many authors and reviewers. 

THE BOVINE PRACTITIONER-VOL. 42, NO. 2 



Baytril® 100 (enrofloxacin) is approved for use in dairy 
replacement heifers less than 20 months of age! 

Biylril® 100 
(enrofloxacin) 

Right the first time· 

• 



It's about time to recognize the 

impact of BRD in dairy replacement heifers. © 
When BRD hits a dairy replacement heifer, it n 

0 

attacks fast and hard. It will rob a calf of healthy~ 
I-! 

lung tissue each day it goes untreated and cio" µ 
lung damage can be permanent. It jeopardizes ► 

not only the health of the calf, but also the ~ 
I-! 

earning potential of your investment. 0 · 
§ 

Baytril® 100 (enrofloxacin) goes directly to ~ 
en 

the site of the infection and starts killing BRD- g · ..... 
causing bacteria in minutes, not days.1 ~ o· 

µ 

0.. ..... 
en 

Dairy replacement heifers are not just a ~ 
s-: financial investment: they represent the future g ..... 

of your operation. They're too valuable to risk, ~ 

especially to the damage BRD can inflict. 

• The cost of replacement heifers is second 

only to feed costs in most dairy operations. 

• The cost of replacement heifers has 

increased considerably in the last few 

years, reaching approximately $2,000 

in summer 2007. 

Federal law restricts this drug to use by or on the 
order of a licensed veterinarian. Extra-label use of 
this product in food-producing animals is prohibited. 



Because BRD moves fast, you need 
an antibiotic that works fast. 

Baytril ® 100 (enrofloxacin): concentration-dependent 

to start working in minutes.2 

Baytril 100 has an ideal 
concentration-de~endent profile.2 

- Druglevel 

• Bacterial Population 

Baytril 100 is concentration-dependent: it achieves high drug 
levels at the site of infection to quickly kill bacteria . 

Because BRD moves fast, you need an antibiotic 

that works fast. Some BRD treatments are time

dependent; they need to be at therapeutic levels 

at the site of the infection for a long period of time 

to be effect ive. 

Baytril 100 is concentration-dependent, not time

dependent It goes directly to the site of infection 

and starts ki ll ing BRO-causing bacteria in minutes, 

not days. Baytril 100 reaches therapeutic blood levels 

with in 30 minutes, and therapeutic lung levels 

within 60 minutesY 

Baytril® 100 {enrofloxacin) is unique: 
it actually kills BRO-causing bacteria. 

Major Antibacterials: Modes of Action 

Many antibiotics are bacteriostatic. They do not kill 

bacteria immediately; they inhibit bacterial growth. 

Baytril 100 is bactericidal. The unique mode of action 

of Baytril 100 allows it to penetrate the bacterial cell 

wall, disrupt the DNA and kill BRO-causing bacteria 

fast. And Baytril 100 kills bacteria in both the resting 

and growth phases of development. 

Were food-safety questions addressed 
regarding the use of Baytril 100 in 

dairy replacement heifers? 

Yes. The safety of Baytril 100 is well documented 

and food-safety questions were recently addressed 

through a Risk Assessment that estimated the 

potential risk to public health to be at or near zero. 

Baytril 100 is an effective, lifesaving tool for the 
producer and veterinarian. 

aiytrH®100 
( enrofloxacin) 

Right the first time· 



Baytril® 100 
(enrofloxacin) 

100 mg/ml Antimicrobial 
Injectable Solution 

For Subcutaneous Use in Beef and Non-Lactating Dairy Cattle Only 
Not For Use In Female Dairy Cattle 20 Months of Age or Older 

Or In Calves To Be Processed For Veal 

CAUTION: 
Federal (U.S.A.) law restricts this drug to use by or on the order of a licensed veterinarian. 

Federal (U.S.A.) law prohibits the extra-label use of this drug in food-producing animals. 

PRODUCT DESCRIPTION: 
BaytriP 100 is a sterile, ready-to-use injectable antimicrobial solution that contains enrofloxacin, a broad
spectrum fluoroquinolone antimicrobial agent. 
Therapeutic treatment with BaytriP 100 may be administered as a single-dose or as a multiple-day therapy. 
Each ml of BaytriP 100 contains 100 mg of enrofloxacin. Excipients are L-arginine base 200 mg, n-butyl 
alcohol 30 mg, benzyl alcohol (as a preservative) 20 mg and water for 
injection q.s. 

CHEMICAL NOMENCLATURE AND STRUCTURE: 
1-cyclopropyl-7-( 4-ethyl-1 -piperazinyl)-6-fluoro-1,4-dihydro-4-oxo-3-
quinolinecarboxylic acid. 

INDICATION: 
BaytriP 100 is indicated for the treatment of bovine respiratory disease (BRO) associated with Mannheimia 
haemolytica, Pasteurella multocida and Histophilus somni (previously Haemophilus somnus) in beef and 
non-lactating dairy cattle. 

DOSAGE AND ADMINISTRATION: 
BaytrilllD 100 provides flexible dosages and durations of therapy. 
BaytrilllD 100 may be administered as a single dose for one day or for multiple days of therapy. Selection 
of the appropriate dose and duration of therapy should be based on an assessment of the severity of 
disease, pathogen susceptibility and clinical response. 

Single-Dose Therapy: Administer once, a subcutaneous dose of 7 .5 - 12.5 mg/kg of body weight (3.4 -
5.7 ml/100 lb). 

Multiple-Day Therapy: Administer daily, a subcutaneous dose of 2.5 - 5.0 mg/kg of body weight (1.1 -
2.3 ml/100 lb). Treatment should be repeated at 24-hour intervals for three days. Additional treatments 
may be given on days 4 and 5 to animals that have shown clinical improvement but not total recovery. 

Administered dose volume should not exceed 20 ml per injection site. 

BaytrlP 100 Dose and Treatment Schedule for Cattle* 

WEIGHT 
(lb) 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 

Single-Dose Therapy 
7.5-12.5 mg/kg 

Dose Volume (ml) 
3.5 - 5.5 
7.0 - 11 .0 

10.5 - 17.0 
14.0 - 22.5 
17.0 - 28.5 
20.5 - 34.0 
24.0 - 39.5 
27.5 - 45.5 
31 .0 - 51.0 
34.0 - 57.0 
37.5 - 62.5 

Multiple-Day Therapy 
2.5 - 5.0 mg/kg 

Dose Volume (ml) 
1.5 - 2.0 
2.5 - 4.5 
3.5 - 6.5 
4.5 - 9.0 
5.5 - 11.5 
7.0 - 13.5 
8.0 - 16.0 
9.0 - 18.0 
10.0 - 20.5 
11 .0 - 23.0 
12.5 - 25.0 

*Dose volumes have been rounded to the nearest 0.5 ml within the dose range. 

► RESIDUE WARNINGS: 
Animals intended for human consumption must not be slaughtered within 28 days from the 
last treatment. Do not use in female dairy cattle 20 months of age or older. Use of 
enrofloxacin in this class of cattle may cause milk residues. A withdrawal period has not 
been established for this product in pre-ruminating calves. Do not use in calves to be 
processed for veal. 

HUMAN WARNINGS: ◄ 
For use In animals only. Keep out of the reach of children. Avoid contact with eyes. In case of contact, 
immediately flush eyes with copious amounts of water for 15 minutes. In case of dermal contact, wash skin 
with soap and water. Consult a physician if irritation persists following ocular or dermal exposures. lndMduals 

BaylriflOO 
( enrofloxacin) 

Right the first time· 

with a history of hypersensitivity to quinolones should avoid this product. In humans, there is a risk of user 
photosensitization within a few hours after excessive exposure to quinolones. If excessive accidental 
exposure occurs, avoid direct sunlight. For customer service or to obtain product information, including a 
Material Safety Data Sheet, call 1-8D0-633-3796. For medical emergencies or to report adverse reactions, 
call 1-800422-9874. 

PRECAUTIONS: 
The effects of enrofloxacin on cattle reproductive performance, pregnancy and lactation have not been fl 
adequately determined. U 
Subcutaneous injection can cause a transient local tissue reaction that may result in trim loss of edible (J 
tissue at slaughter. 0 
BaytriP 100 contains different excipients than other BaytriP products. The safety and efficacy of this formulation ~ 
in species other than cattle have not been determined. .-; 
Quinolone-class drugs should be used with caution in animals with known or suspected Central Nervous (JO · 
System (CNS) disorders. In such animals, quinolones have, in rare instances, been associated with CNS ~ 
stimulation which may lead to convulsive seizures. Quinolone-class drugs have been shown to produce .-+

erosions of cartilage of weight-bearing joints and other signs of arthropathy in immature animals of various ► 
species. See Animal Safety section for additional information. 8 
ADVERSE REACTIONS: ~ 
No adverse reactions were observed during clinical trials. c=:; • 

MICROBIOLOGY: 
Enrofloxacin is bactericidal and exerts its antibacterial effect by inhibiting bacterial DNA gyrase (a type II 
topoisomerase) thereby preventing DNA supercoiling and replication which leads to cell death.1 

Enrofloxacin is active against Gram-negative and Gram-positive bacteria. 

§ 
> 00 
00 

:::i~~~:: with naturally-occurring BRO were treated with BaytriP100 in eight field trials located in 5 · 
five cattle-feeding states. Response to treatment was compared to non-treated controls. Single-dose and e_ 
multiple-day therapy regimens were evaluated. BRO and mortality were significantly reduced in o · 
enrofloxacin-treated calves. No adverse reactions were reported in treated animals. :=s 
TOXICOLOGY: 0 
The oral LOSO for laboratory rats was greater than 5000 mg/kg of body weight. Ninety-day feeding studies ~ 
in dogs and rats revealed no observable adverse effects at treatment rates of 3 and 40 mg/kg respectively. v.,; 
Chronic studies in rats and mice revealed no observable adverse effects at 5.3 and 323 mg/kg respectively. 9 
There was no evidence of carcinogenic effect in laboratory animal models. A two-generation rat reproduction ....., 
study revealed no effect with 10 mg/kg treatments. No teratogenic effects were observed in rabbits at doses of 5 · 
25 mg/kg or in rats at 50 mg/kg. (D 

ANIMAL SAFETY: ~ 
Safety studies were conducted in feeder calves using single doses of 5, 15 and 25 mg/kg for 15 consecutive ~ 
days and 50 mg/kg for 5 consecutive days. No clinical signs of toxicity were observed when a dose of 5 mg/kg .-+

was administered for 15 days. Clinical signs of depression, incoordination and muscle fasciculation were :::=;..· 
observed in calves when doses of 15 or 25 mg/kg were administered for 1 0 to 15 days. Clinical signs of o · 
depression, inappetance and incoordination were observed when a dose of 50 mg/kg was administered for :=s 
3 days. No drug-related abnormalities in clinical pathology parameters were identified. No articular cartilage (D 

lesions were observed after examination of stifle joints from animals administered 25 mg/kg for 15 days. ~ 
A safety study was conducted in 23-day-old calves using doses of 5, 15 and 25 mg/kg for 15 consecutive " • 
days. No clinical signs of toxicity or changes in clinical pathology parameters were observed. No articular .§ 
cartilage lesions were observed in the stifle joints at any dose level at 2 days and 9 days following 15 days (D 

of drug administration. :::S 
An injection site study conducted in feeder calves demonstrated that the formulation may induce a tran
sient reaction in the subcutaneous tissue and underlying muscle. No painful responses to administration 
were observed. 

f:; 
(") 
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STORAGE CONDITIONS: Protect from direct sunlight. Do not refrigerate, freeze or store at or above 40°C ~ 
(104°F). Precipitation may occur due to cold temperature. To redissolve, warm and then shake the vial. 

HOW SUPPLIED: 
BaytriP100: 

Code: 08711170-023699 
Code: 08711278-032199 

REFERENCES: 

100mg/ml 
100mg/ml 

100mLBottle 
250mLBottle 

1. Hooper, D. C., Wolfson, J. S., QuinoloneAntimicrobia/Agents, 200 ed, 59- 75, 1993. 

U.S. Patent No. 4,670,444 

For customer service or to obtain product information, including a Material Safety Data Sheet, call 1-800-
633-3796. 
For medical emergencies or to report adverse reactions, call 1-800-422-987 4. 
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