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CLINICAL RELEVANCE
The purpose of this study was to compare the relative cost-effectiveness of florfeni-
col with that of tulathromycin for treatment of undifferentiated fever (UF) in feedlot
calves at ultra-high risk of developing UF that receive metaphylactic tulathromycin on
arrival at the feedlot. Calves that received therapeutic florfenicol had lower overall
mortality (P = .045) and bovine respiratory disease mortality (P = .050) compared
with calves that received therapeutic tulathromycin, but no significant differences were
detected in feedlot performance, carcass characteristics, or other animal health vari-
ables. There was a net advantage of Can$41.19/treated animal in the florfenicol group
versus the tulathromycin group.This study demonstrates that it is more cost-effective
to use florfenicol than tulathromycin for the initial treatment of UF in feedlot calves at
ultra-high risk of developing UF that receive on-arrival metaphylactic tulathromycin.
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acting oxytetracycline or tilmicosin in feedlot
cattle at high or ultra-high risk of developing
UF has reduced UF morbidity rates, BRD mor-
tality rates, and/or overall mortality rates and
improved average daily gain (ADG) and/or
feed efficiency.9–19 Moreover, a recent study by
Booker et al showed that it was more cost-
effective to use tulathromycin (Draxxin, Pfizer
Animal Health) as a metaphylactic antimicro-
bial in ultra-high-risk calves than tilmicosin or
oxytetracycline.20 These findings have led to the
use of tulathromycin in commercial feedlots
as an on-arrival metaphylactic antimicrobial in
ultra-high-risk calves.

Florfenicol (Nuflor, Schering-Plough Ani-
mal Health) is a synthetic, broad-spectrum an-
timicrobial licensed in Canada and the United
States for the treatment of UF in feedlot cattle.
Several studies have shown that florfenicol is

one of the most efficacious and cost-effective
therapeutic antimicrobials for feedlot UF.6,8,21,22

The comparative cost-effectiveness of flor-
fenicol and tulathromycin for the treatment of
clinical UF that occurs after arrival in commer-
cial feedlot production has not been thorough-
ly studied. In two recently published studies,
the clinical efficacy of florfenicol and tulath-
romycin were compared as part of the pharma-
ceutical licensing process using treatment suc-
cess rate as the primary measure of clinical
efficacy.23,24 While treatment success rate infor-
mation is useful for assessing clinical efficacy as
it pertains to pharmaceutical licensing, a void
of information describing the final clinical out-
come of treatment failures, animals designated

� INTRODUCTION
The clinical syndrome referred to as undif-

ferentiated fever (UF), commonly known as
bovine respiratory disease (BRD), continues to
be one of the most economically significant
health problems in calves entering beef feed-
lots.1–7 UF, a relatively new term, was intro-
duced in feedlot medicine and production as a
more encompassing characterization of the
clinical syndrome commonly diagnosed and
treated in feedlot cattle.8 The term was devel-
oped mainly because it includes potentially sys-
temic diseases (e.g., bovine viral diarrhea
[BVD] virus infection, histophilosis) that are
not necessarily confined to or causing disease in
the respiratory system at the time of clinical di-
agnosis but that are often components of the
disease process in animals deemed “sick” by
feedlot health personnel. In addition, individ-

ual veterinary examination of presumably sick
feedlot calves is usually not feasible in commer-
cial production systems. In the diagnostic sys-
tem at Feedlot Health Management Services, a
feedlot animal is considered to have UF when it
is deemed “sick” based on such subjective crite-
ria as general appearance and attitude, gaunt-
ness, and reluctance to move; has a rectal tem-
perature ≥105.0°F; and does not have abnormal
clinical signs directly attributable to organ sys-
tems other than the respiratory system.

The management of UF continues to be-
come more sophisticated and currently includes
both on-arrival metaphylactic and subsequent
therapeutic administration of parenteral an-
timicrobials. Such metaphylactic use of long-

Bovine respiratory disease continues to be
one of the most economically significant

health problems in calves entering beef feedlots.
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Equations Used to Calculate Morbidity and Mortality Rates

First UF Relapse Rate =
No. of First UF Relapses

× 100%
No. of Animals Treated for Initial UF

Second UF Relapse Rate =
No. of Second UF Relapses

× 100%
No. of First UF Relapses

Third UF Relapse Rate =
No. of Third UF Relapses

× 100%
No. of Second UF Relapses

Overall Chronicity Rate =
No. of Animals Designated as Chronic

× 100%
No. of Animals Treated for Initial UF

Overall Wastage Rate =
No. of Animals Designated as Chronics That Did Not Die

× 100%
No. of Animals Treated for Initial UF

Overall Mortality Rate =
No. of Mortalities Due to All Causes

× 100%
No. of Animals Treated for Initial UF

BRD Mortality Rate =
No. of Mortalities Due to BRD

× 100%
No. of Animals Treated for Initial UF

Histophilosisa Mortality Rate =
No. of Mortalities Due to Histophilosis

× 100%
No. of Animals Treated for Initial UF

Metabolic Mortality Rate =
No. of Mortalities Due to Metabolic Disease

× 100%
No. of Animals Treated for Initial UF

Lameness Mortality Rate =
No. of Mortalities Due to Lameness

× 100%
No. of Animals Treated for Initial UF

Other Mortality Rate =

No. of Mortalities Due to Causes Other than BRD,
Histophilosis, Lameness, BVD/Enteritis, or Metabolic Disease

× 100%
No. of Animals Treated for Initial UF

BVD/Enteritis Mortality Rate =
No. of Mortalities Due to BVD/Enteritis

× 100%
No. of Animals Treated for Initial UF

aDisease due to Histophilus somni infection.
BRD = bovine respiratory disease; BVD = disease due to bovine viral diarrhea virus infection; UF = undifferentiated fever.



131

T. Perrett, S. M. Abutarbush, B. K. Wildman, M. T. Fuchs, O. C. Schunicht, C. M. Pollock,
R. K. Fenton, G. K. Jim, P. T. Guichon, C. W. Booker, J. Berg, J. Roder, and M. Spire

as having chronic disease, and animals that
were removed from the study makes it very dif-
ficult to properly model the economic impact
of improved treatment success; this is because
the various clinical outcomes (prolonged con-
valescence followed by recovery, sale for salvage
slaughter, and death loss) have substantially dif-
ferent economic values. A more complete com-
parison of the relative efficacy and cost-effec-
tiveness of florfenicol and tulathromycin for the
treatment of clinical UF in feedlot calves in
commercial feedlot production was recently
published and revealed a net advantage of
US$52.50/animal in favor of the use of tu-
lathromycin.25 This net advantage was related
to lower rates of first UF relapse and overall
mortality despite the higher cost of initial UF
treatment and increased proportions of yield
grade USDA 4 carcasses in animals in the tu-

lathromycin group.25 However, in that study,
experimental calves did not receive a metaphy-
lactic antimicrobial or vaccines containing
Mannheimia haemolytica or Histophilus somni
on arrival. Therefore, it is difficult to draw gen-
eral conclusions and apply the results of that
study to populations of feedlot cattle that re-
ceive metaphylactic antimicrobials and compre-
hensive immunization programs to control UF
at feedlot arrival. Furthermore, unpublished re-
sults (data not shown) from an in-house pilot
study conducted by Feedlot Health Manage-
ment Services with a study design analogous to
that used in the current study showed that flor-
fenicol may be more cost-effective than tu-
lathromycin in ultra-high-risk calves that re-
ceive metaphylactic tulathromycin on arrival at
the feedlot. Generally, there are limited data

comparing tulathromycin and florfenicol for
the treatment of clinical UF in large-scale, well-
designed clinical trials under commercial feed-
lot production conditions. Thus, the purpose of
the current study was to follow up on the re-
sults of the pilot study to determine the relative
efficacy and cost-effectiveness of florfenicol
with that of tulathromycin for the initial treat-
ment of clinical UF in recently weaned, cross-
bred, beef feedlot calves at ultra-high risk of de-
veloping UF that receive metaphylactic
tulathromycin on arrival at the feedlot.

� MATERIALS AND METHODS
General Overview

In this commercial field trial, feedlot calves
at ultra-high risk of developing UF that re-
ceived metaphylactic tulathromycin on arrival
at the feedlot were randomly allocated at the

time of initial diagnosis and treatment of clin-
ical UF to one of two experimental groups:
florfenicol or tulathromycin. Experimental an-
imals were followed from allocation until
slaughter, and outcome variables were meas-
ured to compare animal health, feedlot per-
formance, and carcass characteristics between
the two groups. Statistical analyses were used
to determine the probability of whether differ-
ences in outcome variables between the exper-
imental groups were the result of experimental
group effects or random chance. Differences in
outcome variables that were unlikely to be the
result of random chance (P < .05) were subse-
quently incorporated into an economic model
to determine the relative economic impact of
florfenicol therapy to that of tulathromycin
therapy.

Overall mortality and BRD mortality rates were lower
in the FLOR group than in the TULA group.
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Study Facilities
The study was conducted at a commercial

feedlot located near Broken Bow, Nebraska,
with a capacity of approximately 85,000 ani-
mals. The basic design of this feedlot is repre-
sentative of standard designs used in Nebraska.
Open-air, dirt-floor pens are arranged side by
side with central feed alleys. There are 176
large pens in the feedlot with capacities of 200
to 600 animals each. The remaining 102 pens
are smaller, with capacities of 60 to 200 ani-
mals each.

There are two mobile hospital facilities, one
permanent hospital facility, and an enclosed
processing facility at the feedlot. Each facility
has a hydraulic chute equipped with an indi-
vidual animal scale, a chute-side computer for
recording animal health data, and separation al-
leys to facilitate the return of animals to desig-
nated pens. In addition, there are seven recov-
ery and “chronic” pens, 17 receiving pens, and
several shipping pens located at the feedlot.

Study Animals
Animals enrolled in the study were crossbred

beef steer and bull calves purchased from auc-

tion markets throughout the United States.
Animals were transported by truck to the feed-
lot after assembly at auction markets.

On arrival at the feedlot, animals were moved
through a hydraulic chute for a group of proce-
dures known collectively as processing. All ani-
mals were ear-tagged (to provide unique, indi-
vidual animal identification), administered
metaphylactic tulathromycin (Draxxin) at 2.5
mg/kg SC, implanted with a trenbolone acetate
and estradiol benzoate growth implant (Syn-
ovex Choice, Fort Dodge Animal Health), and
immunized with a multivalent clostridial–
H. somni bacterin–toxoid (Bar Vac 7/Somnus,
Boehringer Ingelheim Vetmedica). In addition,
each animal received an infectious bovine
rhinotracheitis virus, parainfluenza-3 virus,
BVD virus, and bovine respiratory syncytial
virus combination vaccine (Pyramid 5, Fort
Dodge Animal Health), an M. haemolytica and
Pasteurella multocida bacterin–toxoid (Pulmo-
guard PHM-1, Boehringer Ingelheim Vetmed-
ica), and topical ivermectin (0.5%; Ivermectin
Pour-On, Durvet; 1.0 ml/10 kg). Also, all bulls
were castrated.

At an average days on feed (DOF) of ap-

TABLE 1. Morbidity Data Summary from Allocation to Slaughter*

Experimental Group

Morbidity Variable FLOR (n = 281) TULA (n = 274) Relative Risk† 95% CI ‡ P Value

First UF relapse 175 (62.28) 166 (60.58) 1.02 0.90–1.17 .713

Second UF relapse 107 (61.14) 101 (60.84) 0.99 0.83–1.17 .889

Third UF relapse 81 (75.70) 69 (68.32) 1.09 0.91–1.19 .448

Overall chronicity 47 (16.73) 45 (16.42) 0.98 0.67–1.40 .878

Overall wastage 22 (7.83) 15 (5.47) 1.41 0.75–2.72 .283
*Numbers in parentheses are percentages.
†Ratio of the rate of disease in the FLOR group divided by the rate of the disease in the TULA group, corrected for al-
location weight effects using Poisson regression in a log linear model.
‡Calculated for each relative risk, corrected for allocation weight effects using Poisson regression in a log linear model.
UF = undifferentiated fever.
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proximately 110 days for each pen, all animals
were reimplanted with Synovex Choice and
vaccinated with an infectious bovine rhinotra-
cheitis virus vaccine (Pyramid IBR, Fort
Dodge Animal Health).

Experimental Design
Candidate animals arrived at the feedlot be-

tween April 27 and September 8, 2006. After
processing, animals were moved to designated
feedlot pens. Each pen was checked once or
twice daily by experienced animal health per-
sonnel for evidence of sickness. Animals that
were deemed “sick” based on subjective crite-
ria (e.g., general appearance and attitude,
gauntness, reluctance to move) were moved
from the feedlot pen and presented to one of
the mobile hospital facilities. In this study, the
case definition for initial UF was an elevated
rectal temperature (≥105.0°F), an absence of
abnormal clinical signs directly attributable to
organ systems other than the respiratory sys-
tem, a DOF of 7 to 30 days inclusive, and no
previous treatment history for any disease.
Moribund animals were not eligible for alloca-
tion to the study. At the time of allocation, ex-
perimental animals were weighed and, using a
computer-generated randomization program,
randomly assigned to one of two experimental
groups:

• FLOR (n = 281): Animals were treated in
the neck region with a single dose of flor-
fenicol (Nuflor) at 40 mg/kg SC at the time
of initial UF therapy.

• TULA (n = 274): Animals were treated in
the neck region with a single dose of tu-
lathromycin (Draxxin) at 2.5 mg/kg SC at
the time of initial UF therapy.

A maximum volume of 10 ml was adminis-
tered at each injection site. Animals in both ex-
perimental groups were returned to their orig-

inal feedlot pen after allocation and treatment.
After receiving initial UF therapy, experi-

mental animals were observed once or twice
daily by experienced animal health personnel
for evidence of recurrent or relapse disease. The
animal health personnel were blinded to the
experimental status of each animal. Animals
selected as “sick” with recurrent clinical UF,
based on the subjective assessment criteria de-
scribed previously, were diagnosed as UF re-
lapses provided there was an absence of abnor-
mal clinical signs directly attributable to organ
systems other than the respiratory tract and
that at least 72 hours had elapsed since the
most recent course of UF therapy. UF relapses
were treated as follows, and all cattle were re-
turned directly to their original feedlot pen af-
ter each treatment.

• First UF relapse: Single dose of ceftiofur
crystalline free acid (Excede Sterile Suspen-
sion, Pfizer Animal Health; 6.6 mg/kg SC in
the ear)

• Second UF relapse: Single dose of en-
rofloxacin (Baytril 100, Bayer Animal
Health; 7.7 mg/kg SC in the neck region)

• Third UF relapse: Single dose of tilmicosin
(Micotil 300 Injection, Elanco Animal
Health; 10 mg/kg SC in the neck region)

Three postallocation relapse treatment
regimes (first, second, and third UF relapses)
were the maximum permitted for all animals in
the study. Once an animal was treated as a third
UF relapse, no further treatment for UF was at-
tempted. Animals that were identified with clin-
ical UF subsequent to treatment for a third UF
relapse were deemed to be “chronics,” as were an-
imals unsuitable to be returned to their designat-
ed feedlot pens after treatment based on subjec-
tive appraisal of the attitude and appearance.
Finally, all other diseases were treated according
to a standard feedlot protocol provided by con-
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sulting veterinarians. All treatment events, in-
cluding treatment date, presumptive diagnosis,
and drug(s) and dose(s) administered, were
recorded in the chute-side computer system.

The animal health events of each animal
were followed from allocation to slaughter.
“Chronics” that did not die were classified as
wastage. Trained feedlot personnel prosected
all animals that died during the study using a
standardized method and captured appropriate
digital images as outlined in the written
necropsy protocol provided by the study inves-
tigators. Subsequently, these images were elec-
tronically transferred to the study investigators
and the cause of death of each animal was de-
termined by a veterinarian based on the find-
ings of the gross postmortem examination. An-
imals that did not die were either fed to market
weight and shipped for regular slaughter
(Tyson Fresh Meats, Lexington, NE) or sold
for salvage slaughter according to the standard
procedures used at the feedlot.

Feeding Program
Standard mixed complete feedlot diets, for-

mulated to meet or exceed National Research
Council nutritional requirements of feedlot
cattle were offered ad libitum. Feedlot diets
were blended by combining dry-rolled corn,
high-moisture corn, corn silage, alfalfa hay,
corn steep liquor, and supplement in a mod-
ern, batch-milling facility equipped with over-
head bins. The supplement was manufactured
in a granular form by a commercial feed mill
(Farr Better Feeds, Animal Nutrition Division,
Cargill, Duncan, NE). Animals were adapted
to a finisher diet over a 30- to 35-day period by
increasing the proportions of dry-rolled and
high-moisture corn and decreasing the propor-
tions of corn silage and alfalfa hay at approxi-
mately 7-day intervals. Diets were delivered to
pens once or twice daily using truck-mounted
mixers on load cells. Daily feed allowances to
each pen were recorded. Water was provided ad
libitum.

TABLE 2. Mortality Data Summary from Allocation to Slaughter*

Experimental Group

Mortality Variable FLOR (n = 281) TULA (n = 274) Relative Risk† 95% CI ‡ P Value

Overall mortality 77 (27.40) 94 (34.31) 0.78 0.61–0.99 .045

BRD mortality 59 (21.00) 74 (27.01) 0.76 0.56–1.00 .050

Histophilosis mortality 6 (2.14) 7 (2.55) 0.86 0.30–2.46 .771

Lameness mortality 0 (0.00) 2 (0.73) N/A N/A N/A

BVD/enteritis mortality 0 (0.00) 0 (0.00) N/A N/A N/A

Metabolic mortality 4 (1.42) 5 (1.82) 0.79 0.20–2.95 .718

Other mortality 8 (2.85) 6 (2.19) 1.23 0.53–2.84 .633
*Numbers in parentheses are percentages.
†Ratio of the rate of disease in the FLOR group divided by the rate of the disease in the TULA group, corrected for al-
location rectal temperature (overall mortality and BRD mortality) and allocation weight effects using Poisson regression
in a log linear model.
‡Calculated for each relative risk, corrected for allocation rectal temperature (overall mortality and BRD mortality) and
allocation weight effects using Poisson regression in a log linear model.
BRD = bovine respiratory disease; BVD = bovine viral diarrhea virus infection.
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Data Collection and Management
The computerized animal health data were

collected, verified, and summarized. From
these data, risk rates for first UF relapse, sec-
ond UF relapse, third UF relapse, overall
chronicity, overall wastage, overall mortality
(mortality due to all causes), BRD mortality
(mortality due to BRD), histophilosis mortali-
ty (mortality due to H. somni infection), lame-
ness mortality (mortality due to lameness),
BVD/enteritis mortality (mortality due to
BVD or enteritis), metabolic mortality (mor-
tality due to metabolic disease), and other
mortality (mortality due to causes other than
BRD, histophilosis, lameness, BVD/enteritis,
or metabolic disease) were calculated for each
experimental group (see box on page 130).

The weight of each animal was measured and
recorded at allocation, and the carcass weight of
each animal shipped for regular slaughter was
retrieved from the packing plant. These data
were subsequently imported into a spreadsheet
program (Microsoft Excel 2003), where the an-
cillary production and feedlot performance vari-
ables (allocation weight, slaughter weight, car-
cass weight, weight gain, DOF, and ADG) were
calculated for each animal and summarized for
each experimental group. Carcass weights were
converted to live slaughter weights using a fixed
dressing percentage of 63.0%. The dry-matter
intake:gain ratio was not calculated because the
commingled study design did not facilitate the
collection of individual animal–specific or ex-
perimental group–specific feed intake.

The yield grade (YG) and quality grade
(QG) designations of each animal shipped for
regular slaughter were retrieved from the pack-
ing plant. With respect to YG, the proportion
of animals grading USDA 1, USDA 2, USDA
3, and USDA 4 was calculated for each exper-
imental group. With respect to QG, the pro-
portion of animals grading USDA Prime,
USDA Choice, USDA Select, No Roll, and

USDA Standard was calculated for each exper-
imental group.

Statistical Analysis
Data were analyzed using an analytical soft-

ware program (SAS for Windows, Release 9.1,
SAS Institute, Cary, NC). The various animal
health indices were compared between the ex-
perimental groups using Poisson regression in a
log linear model for experimental group ef-
fects, with individual animals as the unit of
analysis.26,27 Body weight and rectal tempera-
ture obtained at allocation were included as co-
variates in the model for each animal health
outcome variable when significant (P < .05) ef-
fects were detected. Calculation of CIs was
done using the partially maximized likelihood
function (likelihood ratio-based CIs).28

Ancillary production and performance vari-
ables were compared between the experimental
groups using least squares analysis of variance
for experimental group effects.29 The baseline
variables were tested as covariates of the feedlot
performance variables and included in the final
model used for comparison of each variable be-
tween the experimental groups when signifi-
cant (P < .05) effects were detected.28 Carcass
characteristic variables were compared between
the experimental groups using rectangular con-
tingency tables to assess the overall distribu-
tions of YG and QG and two-by-two tables to
compare the frequency of each YG and QG
level, using likelihood ratio χ2 tests.28

Economic Analysis
The relative cost-effectiveness of the experi-

mental groups was calculated using a propri-
etary computer spreadsheet program (Mi-
crosoft Excel 2003) that simulates all economic
aspects of feedlot production.1-4,6,20,25 The actu-
al morbidity and mortality rates, carcass
weight–based average daily gain, and carcass
characteristics of each experimental group were
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included in the economic model when the
probability of each observed difference being
due to chance alone was <5% (P < .05). When
there were no significant (P ≥ .05) differences
between the experimental groups, the morbid-
ity and mortality rates, average daily gain car-
cass weight basis, and carcass characteristics of
the FLOR group were used for both experi-
mental groups. All other factors were fixed in
the economic simulations. The initial UF ther-
apy costs used in the economic analyses were
Can$23.14 (Canadian dollars) and Can$25.99
for FLOR and TULA, respectively. These costs
were based on Canadian pharmaceutical pric-
ing for treating a 531-lb animal. The therapeu-
tic antimicrobial costs used in the economic
analyses were representative of the market costs
of the products used and standardized between
experimental groups.

The economic value of the difference in
overall mortality between the two groups was

calculated based on a feeder purchase price of
Can$102/100 lb body weight and an interest
rate of 6%/year. The value of chronics that did
not die (wastage) was reduced by Can$100.00/
animal as compared with other study animals.
The value of a dead animal was Can$0.00.
Feed consumed by animals before death was
not estimated.

� RESULTS
The morbidity and mortality data sum-

maries are presented in Tables 1 and 2, respec-
tively. Overall mortality and BRD mortality
rates were lower (P = .045 and P = .050, re-
spectively) in the FLOR group than in the
TULA group. There were no significant differ-
ences detected in UF relapse rates, overall
chronicity and overall wastage rates, or other
cause-specific mortality rates between the ex-
perimental groups at the P < .05 level.

The ancillary production and feedlot per-

TABLE 3. Ancillary Production and Feedlot Performance Data Summary*

Experimental Group

Production/Performance Variable FLOR TULA P Value

Allocation weight (lb)† 531.1 (7.9) 531.2 (8.1) .994

Slaughter weight (lb)‡ 1,238.6 (9.2) 1,243.0 (9.5) .693

Carcass weight (lb)§ 780.3 (5.8) 783.1 (6.0) .693

Weight gain (lb)# 696.2 (9.2) 700.6 (9.5) .693

Days on feed** 276.4 (3.4) 277.4 (3.5) .806

Average daily gain (lb/day)†† 2.57 (0.05) 2.58 (0.05) .813
*Values presented are least squares means, with the standard error of each least squares mean in parentheses. Values have
been corrected for the significant (P < .05) effects of allocation weight when appropriate. Complete weight data from al-
location to regular slaughter were available from 180 animals in the FLOR group and 157 animals in the TULA group.
†Calculated using the individual animal live weight obtained at the time of allocation.
‡Calculated using the individual animal carcass weight, converted to a live weight using a fixed dressing percentage of 63.0%.
§Calculated using the individual animal carcass data obtained at regular slaughter.
#Calculated using the allocation and slaughter weights of the individual animal.
**Calculated using the allocation and slaughter dates of the individual animal.
††Calculated using the weight gain and days on feed of the individual animal.
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formance data summary is presented in Table
3, and the carcass characteristic data summary
is presented in Table 4. Complete weight and
carcass records from allocation to regular
slaughter were available from 337 animals. In-
complete records encompassed 171 dead ani-
mals, 26 animals shipped for salvage slaughter,
and 21 animals that could not be successfully
tracked through the packing plant at the time
of regular slaughter. There were no significant
differences detected in carcass weight–based
ADG, YG variables, or QG variables between
the experimental groups at the P < .05 level
(Tables 3 and 4).

Using Canadian pharmaceutical prices in
the economic modeling, there was a net ad-

vantage of Can$41.19/treated animal in the
FLOR group compared with the TULA group
as a result of the lower costs of the initial UF
treatment (Can$2.91/treated animal) and
overall mortality (Can$38.28/treated animal).

� DISCUSSION
This study demonstrates that florfenicol is

more cost-effective than tulathromycin for ini-
tial UF treatment in feedlot calves at ultra-high
risk of developing UF that receive metaphylac-
tic tulathromycin on arrival at the feedlot. This
was evidenced by the significant reduction in
overall and BRD mortality rates and the net
advantage of Can$41.19/treated animal in the
florfenicol group compared with the tu-
lathromycin group.

As noted in the introduction, the study by

Schunicht et al demonstrated that tulath-
romycin was superior to florfenicol when it
was used as a treatment for the initial occur-
rence of UF in calves that did not receive a
metaphylactic antimicrobial or vaccines con-
taining M. haemolytica or H. somni at the time
of feedlot arrival.25 The findings of the current
study may seem to contradict the results of the
Schunicht et al study; however, in the current
study, animals treated for UF with tula-
thromycin had already received tulathromycin
at feedlot arrival to control UF. Perhaps sensi-
tive microorganisms were targeted with the
metaphylactic use of the drug and the mi-
croorganism populations that caused UF in the
study animals were not as sensitive to tu-

lathromycin as they might otherwise have
been. Metaphylactic use of tulathromycin may
have selected for bacterial populations with
greater resistance to tulathromycin, or sensitive
populations may have developed or acquired
resistance to tulathromycin after metaphylactic
exposure. The latter seems less likely consider-
ing the relatively short interval between meta-
phylactic and therapeutic exposure. Another
possibility is that the use of metaphylactic tu-
lathromycin and vaccines containing M.
haemolytica or H. somni at the time of feedlot
arrival may have sufficiently changed the mi-
lieu of bacterial pathogens that caused disease
in the current study such that florfenicol be-
came a more effective therapeutic antimicro-
bial than it was in the study by Schunicht et al.
Additional research is needed to further under-

This study demonstrates that florfenicol is more cost-effective
than tulathromycin for initial UF treatment in feedlot calves

at ultra-high risk of developing UF that receive
metaphylactic tulathromycin on arrival at the feedlot.
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TABLE 4. Carcass Characteristic Data Summary*

Treatment Group

Carcass Characteristic Variable FLOR TULA P Value

Yield grade (overall effect)† .227

USDA 1 38 (21.11) 43 (27.39) .179

USDA 2 97 (53.89) 85 (54.14) .963

USDA 3 38 (21.11) 27 (17.20) .363

USDA 4 7 (3.89) 2 (1.27) .125

Quality grade (overall effect)‡ .358

USDA Prime 0 (0.00) 2 (1.27) .080

USDA Choice 66 (36.67) 59 (37.58) .863

USDA Select 77 (42.78) 65 (41.40) .799

No Roll 36 (20.00) 31 (19.75) .953

USDA Standard 1 (0.56) 0 (0.00) .262
*Carcass data were available from 180 animals in the FLOR group and 157 animals in the TULA group.
†Yield grade values are the number of carcasses, expressed as a percentage of carcasses in parentheses, from each experi-
mental group that graded in each yield grade category.
‡Quality grade values are the number of carcasses, expressed as a percentage of carcasses in parentheses, from each ex-
perimental group that graded in each quality grade category.

stand the mechanisms responsible for differ-
ences in relative therapeutic efficacy between
florfenicol and tulathromycin depending on
the situation in which the two antimicrobials
are compared.

Theoretically, it is possible that type 1 exper-
imental error in the current study, the study by
Schunicht et al, or both could explain the vast
difference in relative outcome observed be-
tween the two studies. However, the results of
the study by Schunicht et al are supported by
additional studies with similar experimental
designs,21,22 and the results of the current study
are in agreement with unpublished results
from an in-house pilot study conducted by
Feedlot Health Management Services with a
study design analogous to that used in the cur-
rent study (data not shown). As a result, it

seems likely that the difference in relative ther-
apeutic efficacy between florfenicol and tu-
lathromycin is a real phenomenon that de-
pends on the situation in which the two
antimicrobials are compared and is unlikely to
be the result of a type 1 experimental error.

Based on the differences in outcomes be-
tween the current study and the study by Schu-
nicht et al, it will be tempting for some veteri-
narians and researchers to conclude that using
the same antimicrobial for both metaphylaxis
and treatment in the same animal will result in
inferior outcome regardless of the antimicro-
bial used. While it is possible that these find-
ings may not necessarily be restricted to tu-
lathromycin, it is probably not appropriate to
broadly conclude that this is a general phe-
nomenon based solely on the current study.
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More importantly, the findings of the current
study and the study by Schunicht et al high-
light the usefulness and importance of con-
ducting well-designed, large-scale field trials
that incorporate all of the standard disease pre-
vention, control, and treatment programs nor-
mally used in commercial feedlot production
so that the results obtained have external valid-
ity for extrapolation to other similar produc-
tion scenarios. In addition, the results of these
studies reinforce the multifactorial and sophis-
ticated character of the disease prevention,
control, and treatment programs that may be
implemented in each feedlot operation.

� CONCLUSION
The results of this study demonstrate that it

is more cost-effective to use florfenicol than tu-
lathromycin for the initial treatment of UF in
feedlot calves at ultra-high risk of developing
UF that receive metaphylactic tulathromycin
on arrival at the feedlot.

� ACKNOWLEDGMENT
We thank the management and staff of Adams Land &
Cattle Company, Broken Bow, Nebraska, for their assis-
tance and cooperation in conducting this study.

� REFERENCES
1. Booker CW, Schunicht OC, Guichon PT, et al. An eval-

uation of the metaphylactic effect of ceftiofur crystalline
free acid in feedlot calves. Vet Ther 2006;7:257-274.

2. Schunicht OC, Booker CW, Jim GK, et al. Compari-
son of a multivalent viral vaccine program versus a uni-
valent viral vaccine program on animal health, feedlot
performance, and carcass characteristics of feedlot
calves. Can Vet J 2003;44:43-50.

3. Schunicht OC, Guichon PT, Booker CW, et al. A
comparison of prophylactic efficacy of tilmicosin and
a new formulation of oxytetracycline in feedlot calves.
Can Vet J 2002;43:355-362.

4. Guichon PT, Jim GK, Booker CW, et al. Relative cost-ef-
fectiveness of treatment of feedlot calves with ivermectin
versus treatment with a combination of fenbendazole, per-
methrin, and fenthion. JAVMA 2000;216:1965-1969.

5. Booker CW, Guichon PT, Jim GK, et al. Seroepide-

miology of undifferentiated fever in feedlot calves in
western Canada. Can Vet J 1999;40:40-48.

6. Jim GK, Booker CW, Guichon PT, et al. A compari-
son of florfenicol and tilmicosin for the treatment of
undifferentiated fever in feedlot calves in western
Canada. Can Vet J 1999;40:179-184.

7. National Agriculture Statistics Service. Cattle Death
Loss. Washington, DC: USDA; 1996.

8. Booker CW, Jim GK, Guichon PT, et al. Evaluation
of florfenicol for the treatment of undifferentiated
fever in feedlot calves in western Canada. Can Vet J
1997;38:555-560.

9. Guthrie CA, Laudert SB, Zimmerman AG. Metaphy-
laxis for undifferentiated bovine respiratory disease.
Compend Contin Educ Pract Vet 2000;22:S62-S67.

10. Young C. Antimicrobial metaphylaxis for undifferenti-
ated bovine respiratory disease. Compend Contin Educ
Pract Vet 1995;17:133-142.

11. Van Donkersgoed J. Meta-analysis of field trials of an-
timicrobial mass medication for prophylaxis of bovine
respiratory disease in feedlot cattle. Can Vet J 1992;33:
786-795.

12. Lofgreen GP. Mass medication in reducing shipping
fever bovine respiratory complex in highly stressed
calves. J Anim Sci 1983;56:529-536.

13. Harland RJ, Jim GK, Guichon PT, et al. Efficacy of
parenteral antibiotics for disease prophylaxis in feedlot
calves. Can Vet J 1991;32:163-168.

14. Vogel GJ, Laudert SB, Zimmerman A, et al. Effects of
tilmicosin on acute undifferentiated respiratory tract dis-
ease in newly arrived feedlot cattle. JAVMA 1998;212:
1919-1924.

15. Galyean ML, Gunter SA, Malcolm-Callis KJ. Effects
of arrival medication with tilmicosin phosphate on
health and performance of newly received beef cattle.
J Anim Sci 1995;73:1219-1226.

16. Schumann FJ, Janzen ED, McKinnon JJ. Prophylac-
tic tilmicosin medication of feedlot calves at arrival.
Can Vet J 1990;31:285-288.

17. Schumann FJ, Janzen ED, McKinnon JJ. Prophylac-
tic medication of feedlot calves with tilmicosin. Vet
Rec 1991;128:278-280.

18. Morck DW, Merrill JK, Thorlakson BE, et al. Pro-
phylactic efficacy of tilmicosin for bovine respiratory
tract disease. JAVMA 1993;202:273-277.

19. Merrill JK, Jim GK, Guichon PT, Booker CW. A com-
parison of the prophylactic use of tilmicosin injection
and long-acting oxytetracycline injection on morbidi-
ty, mortality, and performance of feedlot calves [ab-
stract 547]. J Anim Sci 1994;72(Suppl 1):143.



Veterinary Therapeutics • Vol. 9, No. 2, Summer 2008

140

20. Booker CW, Abutarbush SM, Schunicht OC, et al. Eval-
uation of the efficacy of tulathromycin as a metaphylactic
antimicrobial in feedlot calves. Vet Ther 2007;8:183-
200.

21. Schunicht OC, Booker CW, Guichon PT, et al. An
evaluation of the relative efficacy of a new formulation
of oxytetracycline for the treatment of undifferentiat-
ed fever in feedlot calves in western Canada. Can Vet J
2002;43:940-945.

22. Hoar BR, Jelinski MD, Ribble CS, et al. A compari-
son of the clinical field efficacy and safety of florfeni-
col and tilmicosin for the treatment of undifferentiat-
ed bovine respiratory disease of cattle in western
Canada. Can Vet J 1998;39:161-166.

23. Nutsch RG, Skogerboe TL, Rooney KA, et al. Com-
parative efficacy of tulathromycin, tilmicosin, and
florfenicol in the treatment of bovine respiratory dis-
ease in stocker cattle. Vet Ther 2005;6:167-179.

24. Skogerboe TL, Rooney KA, Nutsch RG, et al. Com-

parative efficacy of tulathromycin versus florfenicol and
tilmicosin against undifferentiated bovine respiratory
disease in feedlot cattle. Vet Ther 2005;6:180-196.

25. Schunicht OC, Booker CW, Guichon PT, et al. An
evaluation of the relative efficacy of tulathromycin for
the treatment of undifferentiated fever in feedlot
calves in Nebraska. Can Vet J 2007;48:600-606.

26. McDermott JJ, Schukken YH. A review of methods
used to adjust for cluster effects in explanatory epi-
demiological studies of animal populations. Prev Vet
Med 1994;18:155-173.

27. McDermott JJ, Schukken YH, Shoukri MM. Study
design and analytic methods for data collected from
clusters of animals. Prev Vet Med 1994;18:175-191.

28. SAS Institute Inc. SAS/STAT User’s Guide. Version 6,
4th ed., Vol 1 and 2. Cary, North Carolina: SAS In-
stitute;1989.

29. Snedecor GW, Cochran WG. Statistical Methods. 7th
ed. Ames: Iowa State University Press; 1987.


