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CLINICAL RELEVANCE

In this field trial, a new combination product containing florfenicol and flunixin meg-
lumine (FLOR-FM) was compared with commercially available products that con-
tained only tulathromycin (TULA) or ceftiofur crystalline free acid (CCFA) for the
treatment of undifferentiated fever (UF; rectal temperature =105.0°F) in beef calves
that received long-acting oxytetracycline at feedlot arrival. The overall mortality rate
of the FLOR—FM group (2.0%) was significantly (P < .050) lower than the rates in
the TULA and CCFA groups (10.0% and 20.0%, respectively; 50 animals/group),
even though the first UF relapse rate of the FLOR—FM group was significantly (P
< .050) higher than that of the TULA group. In the FLOR-FM group, this resulted
in per-animal economic advantages of Can$46.23 (versus TULA) and Can$108.77
(versus CCFA) based on equal costs for initial UF therapy. These results demon-
strate that it is more cost-effective to administer FLOR—FM than TULA or CCFA for
initial UF therapy in feedlot calves at high risk for bovine respiratory disease that
receive metaphylactic long-acting oxytetracycline at feedlot arrival.

B INTRODUCTION (UF/BRD) continues to be the most common
The clinical syndrome referred to as undif- animal health concern in calves entering beef
ferentiated fever/bovine respiratory disease feedlots.'* Prevention and control strategies for

*This project was funded by Intervet/Schering-Plough Animal Health, Kirkland, Quebec.
‘Correspondence should be sent to Dr. Booker: phone, 403-938-5151; fax, 403-938-5175; email, calvinb@
feedlothealth.com.
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this disease syndrome are multifaceted and
population-based. Although the specific ap-
proach may vary depending on the predicted
risk for development of UF/BRD, it typically
includes a combination of vaccination, meta-
phylaxis, and animal management at or soon
after feedlot arrival. In the diagnostic system
developed and used by the investigators in this
study (Feedlot Health Management Services
Ltd. [FHMS], Okotoks, Alberta, Canada), a
feedlot animal is considered to have UF (a sub-
classification of UF/BRD) when it is deemed
“sick” based on such subjective criteria as gen-
eral appearance, attitude, gauntness, and reluc-
tance to move; has an elevated rectal tempera-
ture (>40.5°C [>105.0°F]); and has an absence
of abnormal clinical signs attributable to organ
systems other than the respiratory system. The
105.0°F rectal temperature cutoff is used be-

mal Health, Pfizer Canada) are examples of an-
timicrobials that may be used for initial UF
therapy in feedlot cattle. The choice of which
antimicrobial to use is often based on compar-
ative field trial data in sick animals that have
not received metaphylaxis on arrival.”” How-
ever, metaphylactic antimicrobial administra-
tion may affect the relative efficacy of thera-
peutic antimicrobials and must be taken into
consideration. The relative cost-effectiveness of
FLOR, CCFA, or TULA for the treatment of
naturally occurring UF in feedlot cattle receiv-
ing metaphylactic oxytetracycline at feedlot ar-
rival is unknown because there are no pub-
lished data from large-scale commercial field
trials comparing those agents.

Flunixin meglumine (FM) (Banamine, In-
tervet/Schering-Plough Animal Health), an
NSAID approved in Canada and the United

The clinical syndrome referred to as
undifferentiated fever/bovine respiratory disease
continues to be the most common animal
health concern in calves entering beef feedlots.

cause it identifies sick animals with a higher risk
of adverse animal health outcomes (relapse,
wastage, or death) than lower rectal tempera-
ture cutoffs (e.g., 104.0°F or 104.5°F) and
therefore allows for greater differentiation of ef-
ficacy between therapeutic options.

Treatment of clinical cases of UF primarily
involves the administration of long-acting an-
timicrobial products licensed for the treatment
of UF/BRD in feedlot cattle. Florfenicol
(FLOR) (Nuflor, Intervet/Schering-Plough
Animal Health, Intervet Canada), tu-
lathromycin (TULA) (Draxxin, Pfizer Animal
Health, Pfizer Canada), and ceftiofur crys-
talline free acid (CCFA) (Excede, Pfizer Ani-

States for use in cattle for the control of pyrex-
ia associated with UF/BRD and endotoxemia,
has been combined with FLOR in a newly de-
veloped product (Resflor, Intervet/Schering-
Plough Animal Health, Intervet Canada) to be
used as a treatment for UF/BRD in feedlot
cattle.

It has been hypothesized that the addition of
an NSAID to antimicrobial therapies may im-
prove the response to treatment in calves with
naturally occurring UF/BRD. Friton and asso-
ciates® reported that animals administered
meloxicam and oxytetracycline for treatment
of UF/BRD had significantly lower rectal tem-
peratures, improved average daily gains (ADGs)
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and carcass weights, and less severe lung lesions
(based on the area affected) compared with an-
imals receiving only oxytetracycline (P < .050).
In a study by Lockwood and colleagues,’ lung
consolidation was significantly (P < .050) re-
duced in cattle treated with FM and ceftiofur
compared with cattle receiving only ceftiofur.
In addition, groups receiving FM and ceftiofur
or ketoprofen and ceftiofur had significantly
lower rectal temperatures than the ceftiofur-
only group (P < .050).” However, published
data describing the effects of NSAIDs as ancil-
lary therapy for UF/BRD have remained limit-
ed, and presently the addition of NSAIDs to
health prevention and/or treatment strategies
is not common within the feedlot industry.

The purpose of this study was to address
knowledge gaps related to the cost-effective-
ness of administering a novel antimicro-
bial-NSAID combination product containing
both FLOR and FM (Resflor) versus antimi-
crobial products containing TULA (Draxxin)
or CCFA (Excede) for the treatment of UF in
feedlot calves that received metaphylactic long-
acting oxytetracycline on arrival at the feedlot.
The relative effects of the treatment regimens
were evaluated in terms of animal health, feed-
lot performance, carcass characteristics, and
lung scores at slaughter.

B MATERIALS AND METHODS
General Overview

In this research trial, beef steer calves at high
risk of developing UF/BRD were the target
study population. Candidate animals were
sourced from four external feedlots. Animals di-
agnosed with UF that met all enrollment criteria
were shipped to the research facility (mean dis-
tance, 86 km; range, 6.5 to 133 km), where they
were randomly allocated to one of three experi-
mental groups (FLOR-FM, TULA, or CCFA),
and treated for UF based on their respective ex-
perimental group assignments. Cattle from all

three groups were commingled and housed in
medium-sized research pens equipped with the
GrowSafe monitoring system (GrowSafe
Systems Ltd., Airdrie, Alberta, Canada). Trial
animals were followed from allocation to har-
vest, and outcome variables were measured to
compare animal health, feedlot performance,
carcass characteristics, and lung scores at slaugh-
ter between groups. Statistical analyses were
used to determine the probability of whether
differences in outcome variables were due to the
effect of the treatment used in each experimen-
tal group or random chance. Differences in out-
come variables that were unlikely to be the result
of random chance (P < .050) were subsequently
incorporated into economic models to deter-
mine the relative economic impact of therapy
with FLOR-FM compared with TULA or
CCFA. This study was conducted in compli-
ance with Good Clinical Practices (veterinary
medicine), approval from the FHMS Animal
Care Committee, and informed consent of the
animal owners.

Study Facilities

The study was conducted at a research feed-
lot near Strathmore, Alberta, Canada, using
four medium-sized research pens. Each pen
measures 33.00 x 41.85 m and can contain up
to 40 animals. Feed intake data were collected
in the research pens with the GrowSafe
monitoring system. Each pen contains five
GrowSafe feed bunk nodes, and each node
allows only one animal to eat at a time. This
system records the individual animal radio
frequency identification tag number of each
animal as its head enters a feed gate and
measures feed consumption by recording the
weight of feed before the animal eats and after
the animal’s head leaves the feed gate.

The basic design of the research feedlot is
representative of the standard designs used in
commercial feedlots in Alberta. Open-air, dirt-
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floor pens are arranged side by side, with cen-
tral feed alleys and 20% porosity wood-fence
windbreaks. A central hospital and weighing fa-
cility contains a hydraulic chute, an individual
animal scale, a chute-side computer for record-
ing individual animal data (Feedlot Health An-
imal Record Management [FHARM], FHMS),
and separation alleys to facilitate animals’ re-
turn to their designated pens.

Study Animals

The candidate animals used in the study were
auction market—derived, British and exotic
crossbred beef steer calves at high risk of devel-
oping UF/BRD. As is common practice in the
industry, the designation of an animal as a “calf”
was based on the body weight, general frame
size, and assessment of the maturity and de-
meanor of the animal at the time of purchase.

etate and estradiol benzoate growth implant
(Synovex Choice, Wyeth Animal Health, Di-
vision of Wyeth Canada) at an average of 104
days after enrollment.

Experimental Design

Candidate animals arrived at the external
feedlots during November and December
2007. After being processed, animals were
moved to designated feedlot pens. Animals in
each candidate pen were checked for evidence
of disease once or twice daily by experienced
animal health personnel. Animals that were
deemed “sick” based on subjective criteria
(e.g., general appearance and attitude, gaunt-
ness, reluctance to move) were moved from the
feedlot pen and presented to a hospital facility
for assessment and diagnosis. To be eligible for
enrollment in the study, cattle at the source

It has been hypothesized that the addition of an NSAID
to antimicrobial therapies may improve the response to
treatment in calves with naturally occurring UF/BRD.

Before being enrolled in the study, candidate
animals were housed at four external feedlots
and subjected to standardized routine process-
ing, animal health, and management proce-
dures, which included on-arrival administration
of long-acting oxytetracycline (Tetradure LA
300, Merial Canada; 30 mg/kg IM) as part of
the UF/BRD prevention/control strategy.
Animals in the study were vaccinated at the
research feedlot with a modified-live vaccine
containing infectious bovine rhinotracheitis
virus, parainfluenza-3 virus, bovine viral diar-
rthea virus, and bovine respiratory syncytial
virus (Titanium 5, Animal Health Solutions of
America, Red Deer, Alberta, Canada) at an av-
erage of 63 days after enrollment. Animals en-
rolled in the study received a trenbolone ac-

feedlot had to meet the following inclusion cri-
teria: an elevated rectal temperature (>40.5°C
[2105.0°F]); signs of depression, lethargy,
nasal discharge, or cough; no history of previ-
ous treatment for any disease; 3 to 30 days on
feed (DOF); and an absence of abnormal clin-
ical signs attributable to organ systems other
than the respiratory system. Moribund animals
were deemed too sick to participate in the tri-
al, and animals with horns were deemed ineli-
gible because of the logistics related to navigat-
ing the GrowSafe feed gates and accurate
reading of identification tags within the feed-
ing system. Candidate animals that met all the
entry criteria (7 = 150) were enrolled in the
study and transported from the external feed-
lots to the research facility that same day. Cat-

E4



S.J. Hannon, T. Perrett, B. K. Wildman, O. C. Schunicht, A. R. Vogstad,

R. K. Fenton, L. O. Burciaga-Robles, C. M. Pollock, G. K. Jim, ]J. Berg, and C. W. Booker

tle were enrolled in the trial from November
29 to December 9, 2007.

When trial animals arrived at the research
feedlot, individual animals from each external
feedlot were immediately moved through a
handling facility, weighed, and randomly as-
signed using a computer-generated randomiza-
tion table to one of three experimental groups:

¢ FLOR-FM (7 = 50): Animals received a sin-
gle SC injection of a combination product
(Resflor) containing both FLOR (40 mg/kg)
and FM (2 mg/kg) administered in the neck
at the time of initial UF therapy.

e TULA (n = 50): Animals received a single
SC injection of TULA (Draxxin, 2.5 mg/kg)
administered in the neck at the time of ini-
tial UF therapy.

* CCFA (n = 50): Animals received a single
SC injection of CCFA (Excede, 6.6 mg/kg)
in the middle third of the ear at the time of
initial UF therapy.

In addition, each study animal was tagged with
a reusable half-duplex radio frequency ident-
ification tag, a newly assigned uniquely num-
bered visual feedlot identification tag, and a re-
search tag corresponding to the designated trial
pen. Each animal’s Canadian Cattle Identifica-
tion Agency electronic tag was scanned,
recorded, and correlated to the visual feedlot
identification tag. After treatment, research
pens equipped with the GrowSafe monitoring
system were filled one pen at a time, ensuring
that all three experimental groups were equally
commingled in each GrowSafe pen (12 or 13
animals/group/pen).

After receiving initial UF therapy, trial ani-
mals were observed once or twice daily by ex-
perienced animal health personnel for evi-
dence of recurrent disease (relapse). The
animal health personnel were blinded to the
experimental group of each animal. Animals

that were deemed “sick” with recurrent clini-
cal UF, based on the subjective assessment
criteria described previously, were diagnosed
as UF relapses provided there was an absence
of abnormal 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 described below,
and all cattle were returned directly to their
original research pen after each treatment.

e First UF relapse: Single injection of en-
rofloxacin (Baytril 100, Bayer Healthcare,
Bayer Animal Health; 7.7 mg/kg SC in the
neck)

* Second UF relapse: Single injection of
tilmicosin (Micotil 300 Injection, Elanco
Animal Health, Division Eli Lilly Canada;
10.0 mg/kg SC in the neck)

* Third UF relapse: Three consecutive daily
injections of trimethoprim—sulfadoxine
(Trivetrin, Intervet/Schering-Plough Ani-
mal Health; 2.66 mg trimethoprim + 13.33
mg sulfadoxine/kg IM in the neck)

Three postallocation relapse treatment regi-
mens (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 attempted. Animals that were identified as
“sick” after receiving treatment for a third UF
relapse were deemed “chronics.” Finally, all
other diseases were treated according to a stan-
dard feedlot protocol provided by consulting
veterinarians. All treatment events, including
treatment date, presumptive diagnosis, drug(s)
used, and dose(s) administered, were recorded
in the chute-side computer system (FHARM).

The animal health events of each animal
were followed from allocation to slaughter.
“Chronics” that did not die were classified as
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Slaughter Lung Scoring System for
Bronchopneumonia and Pleural Adhesion

Bronchopneumonia Score

0 = No visible lesions, lung consolidation, or
mild hyperemia of the cranioventral lung
lobe(s)

1 = Consolidation of <50% of the
cranioventral lobe(s)

2 = Consolidation of >50% of the
cranioventral lobe(s)

Pleural Adhesion Score

0 = No adhesions

1 = Adhesions present and involving <50% of
the pleural surface of the lung

2 = Adhesions present and involving >50% of
the pleural surface of the lung

wastage. Trained personnel from FHMS per-
formed gross necropsy examinations on all an-
imals that died during the study. In some in-
stances, an FHMS veterinarian performed the
postmortem examination on site; in other cas-
es, trained personnel from FHMS prosected
the carcass using a standardized method to
capture appropriate digital images as outlined
in the written FHMS necropsy protocol, and
the captured images were electronically trans-
ferred to FHMS for evaluation and review by
an FHMS veterinarian. In all cases, the cause
of death for each animal was determined by a
veterinarian based on clinical history and gross
postmortem examination findings.

The target carcass weight used in the study
was 850 Ib. Based on historical feedlot per-
formance data and implant weights for the
study animals, the number of days required for
each animal to reach the target carcass weight
was estimated and used to set the harvest
schedule. Animals from all three groups were
commingled and shipped for regular slaughter
(Cargill Foods, High River, Alberta, Canada)

when they met the target carcass weight.
Lungs from trial animals were evaluated at
line speed (average, 200 to 250/hour) in the
packing plant by a FHMS veterinarian. The
veterinarian was blind to the experimental
group of each animal. Scoring was done visual-
ly for each lung lobe beginning cranially, and
bronchopneumonia and pleural adhesion
scores were assigned to the lungs from each an-
imal. The slaughter lung scoring system used
in the study for bronchopneumonia and pleu-
ral adhesion scores is described in the box on

this page.

Feeding Program

Study animals in each research pen were
conditioned to a high-concentrate diet (ap-
proximately 90% barley, 8% barley silage, and
2% granular supplement on a 100% dry mat-
ter [DM] basis) over a 25- to 32-day period.
The animals remained on the high-concen-
trate diet for the remainder of the study. The
diets were formulated to meet or exceed the
National Research Council nutritional re-
quirements of feedlot cattle. The granular sup-
plement was manufactured by a commercial
feed mill (Landmark Feeds, Strathmore, Al-
berta, Canada) and contained monensin (Ru-
mensin, Elanco Animal Health, Division Eli
Lilly Canada) and tylosin (Tylan, Elanco Ani-
mal Health, Division Eli Lilly Canada) for-
mulated into the mixed, complete feedlot di-
ets at levels of 25 mg/kg and 11 mg/kg DM,
respectively. The diets were delivered to the
pens once or twice daily. Daily feed al-
lowances to each pen were recorded. Water
was provided ad libitum. Individual animal
daily feed intake data were collected over the
duration of the feeding period using the
GrowSafe monitoring system.

Data Collection and Management
All animals were individually weighed at al-

E6



S.J. Hannon, T. Perrett, B. K. Wildman, O. C. Schunicht, A. R. Vogstad,
R. K. Fenton, L. O. Burciaga-Robles, C. M. Pollock, G. K. Jim, ]J. Berg, and C. W. Booker

Equations Used to Calculate Ancillary Production Variables

Hot Carcass Weight

Slaughter Weight
DOF = Slaughter Date — Allocation Date

Total Dry Matter Consumed”
DOF

DDMI =

Slaughter Weight = Average net weight on the 2 days immediately before slaughter
Weight Gain = Average Slaughter Weight — Allocation Weight

Carcass Weight = Hot carcass weight obtained from the packing plant

Dressing Percentage = x 100%

2100% dry matter basis.
DDMI = daily dry matter intake; DOF = days on feed.

location, vaccination, and implantation and on
the 2 days immediately before slaughter.
Weighing conditions were standardized for all
animals each time weight was measured. All
animals that died during the trial were also
weighed. Hip height was measured and record-
ed for all animals on the day of allocation. All
measurements were recorded in FHARM.

All feed data were extracted from the
GrowSafe monitoring system and verified. On
a daily basis, the daily feed disappearance for
each pen was compared with the daily feed as-
signed to individual animals in that pen. From
November 29, 2007, to July 31, 2008, if the
total daily assignment for a pen was <90% of
the daily feed disappearance for any day, the in-
dividual animal feed intake data for that day
were calculated by averaging the individual an-
imal-specific feed intake data from the day be-
fore and the day after the affected day. Similar-
ly, from August 1, 2008, to October 2, 2008, if
the total daily assignment for a pen was <85%
of the daily feed disappearance for any day, the
individual animal feed intake data for that day

were calculated as described previously. This
process allowed for a realistic estimate of total
feed intake over the feeding period.

All baseline, ancillary production, animal
health, carcass characteristic, and slaughter
lung scoring data were subsequently compiled,
collated in a computer spreadsheet program
(Microsoft Office Excel 2003), and verified.

The ancillary production variables (slaugh-
ter weight, weight gain, carcass weight, dress-
ing percentage, DOF, and daily DM intake
[DDMI]) were calculated on an individual
animal basis for all animals that completed
the feeding period and were shipped for
slaughter (see box on this page for definitions
of the variables).

Animal health variables for first, second, and
third UF relapse; lameness treatment; overall
mortality (mortality from all causes); UF/BRD
mortality; histophilosis mortality; lameness
mortality; metabolic mortality; and miscella-
neous mortality were binarized (yes/no) for
analysis (see box on page E8). Syndromic clas-
sifications were used to categorize each mortal-
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Equations Used to Calculate Animal Health Variables

No. of First UF Relapses

First UF Relapse Rate = x 100%
No. of Animals Treated for Initial UF
No. of Second UF Relapses
Second UF Relapse Rate = x 100%
No. of First UF Relapses
No. of Third UF Relapses
Third UF Relapse Rate = 100%
No. of Second UF Relapses
No. of Animals Designated as Lame
Lameness Rate = x 100%
No. of Animals Treated for Initial UF
No. of Mortalities Due to All Causes
Overall Mortality Rate = x 100%

No. of Animals Treated for Initial UF

No. of Mortalities Due to UF/BRD
UF/BRD Mortality Rate = X
No. of Animals Treated for Initial UF

100%

No. of Mortalities Due to Histophilosis

Histophilosis? Mortality Rate = x  100%
No. of Animals Treated for Initial UF
No. of Mortalities Due to Lameness
Lameness Mortality Rate = x  100%
No. of Animals Treated for Initial UF
No. of Mortalities Due to Metabolic Disease
Metabolic Mortality Rate = x 100%

No. of Animals Treated for Initial UF

No. of Mortalities Due to Causes Other than UF/BRD,

. . Histophilosis, Lameness, or Metabolic Disease
Miscellaneous Mortality Rate = X

No. of Animals Treated for Initial UF

100%

“Gross postmortem findings consistent with Histophilus somni infection.
BRD = bovine respiratory disease; UF = undifferentiated fever.

ity based on the presence of lesions consistent
with UF/BRD, Histophilus somni infection
(histophilosis), lameness, metabolic disease, or
miscellaneous causes (mortalities that were not
consistent with UF/BRD, histophilosis, lame-
ness, or metabolic disease) based on gross
necropsy findings and clinical history.

Feedlot performance variables (ADG and
the DM intake:gain ratio [DM:G]) were calcu-
lated using two methods: the live weight basis
method used the live weights obtained on the
2 days immediately before slaughter, and the
carcass weight basis method used the hot car-
cass weights obtained from the packing plant.
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L
Equations Used to Calculate Feedlot Performance Variables
ADG Live Slaughter Weight — Allocation Weight
Weight Basis DOF
ADG Carcass (Carcass Weight + Fixed Dressing Percentage?) — Allocation Weight
Weight Basis DOF
DM:G Live _ DDMI
Weight Basis ADG Live Weight Basis
DM:G Carcass DDMI
Weight Basis ADG Carcass Weight Basis
“Fixed dressing percentage = 60%.
ADG = average daily gain; DDMI = daily dry matter intake; DM:G = dry matter intake:gain ratio; DOF = days on feed.

Feedlot performance variables were calculated
on an individual animal basis for all animals
that completed the feeding period and were
shipped for slaughter (see box on this page).

The hot weight, quality grade (QG), and
yield grade (YG) of each carcass were collected
at slaughter using the standard electronic data
recording systems in the packing plant that
correlate these observations to the Canadian
Cattle Identification Agency tag number of
each animal. Carcass characteristic data collect-
ed at slaughter were used to create the follow-
ing binary (yes/no) carcass characteristic vari-
ables: QG Canada Prime, QG Canada AAA,
QG Canada AA, QG Canada A, QG B4 (dark
red rib eye), YG Canada 1, YG Canada 2, and
YG Canada 3.

The lung lesion data collected at slaughter
were manually entered into a computer spread-
sheet program (Microsoft Office Excel 2003)
and were used to construct three binary
(yes/no) slaughter lung scoring variables: lung
lesion, bronchopneumonia, and pleural adhe-
sion. An animal was positive for lung lesion if
the bronchopneumonia score, pleural adhesion
score, or both were >0. An animal was positive

for bronchopneumonia if the bronchopneu-
monia score was >0 and positive for pleural ad-
hesions if the pleural adhesion score was >0.

Statistical Analysis

Data were analyzed using an analytical soft-
ware program (SAS for Windows, Release 9.2,
SAS Institute, Cary, NC). The individual ani-
mal was the unit of analysis, and experimental
group comparisons for FLOR-FM versus
TULA or CCFA were described.

Baseline, ancillary production, and feedlot per-
formance variables were compared between the
experimental groups using least squares analysis
of variance for experimental group effects, adjust-
ing for intra-pen clustering of ancillary produc-
tion and feedlot performance variable observa-
tions."” Baseline variables were tested as covariates
of the feedlot performance variables and were in-
cluded in the final models for the feedlot per-
formance variables when significant (P < .050)
covariate effects were detected. Animal health,
carcass characteristic, and slaughter lung scoring
variables were compared between the experimen-
tal groups using Poisson regression in a log linear
model for experimental group effects, with the
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TABLE 1. Economic Model Input Values and Sensitivity Analysis

(Can$/treatment)

Economic Impact*

Change Evaluatedin ~FLOR-FM  FLOR-FM
Description (unit) Input Value  Sensitivity Analysis ~ vs. TULA*  vs. CCFA?
Purchase price’
(Can$/100 Ib body weight) Can$100.00 Can$10.00 Can$4.83 Can$10.88
Incerest rate 6.0% 1.0% Can$0.16  Can$0.37
(%/year)

i t

First UF relapse treatment cost Can$17.18 Can$1.00 Can$0.10 N/A

input value changes evaluated in the sensitivity analysis.

*All economic impact values should be interpreted as the effect on the economic analysis that is associated with the

"Purchase price and first UF relapse treatment costs were based on a 592 Ib animal.
iSee text for a description of the treatment protocol for each group.

TABLE 2. Baseline Data Summary

Experimental Group* P Value
Standard FLOR-FM  FLOR-FM

Baseline Variable FLOR-FM  TULA CCFA Error vs. TULA vs. CCFA
Animal Health Analyses (m=50) (2=50) (n=50)
Initial weight (Ib)’ 591.8 582.4 576.1 +8.3 427 .186
Hip height (in.)* 46.21 46.19 45.90 +0.26 .956 .395
Ancillary Production
and Performance Analyses (n=47) (n=41) (n=38)
Initial weight (Ib)’ 596.0 588.2 584.5 £9.1 .535 374
Hip height (in.)* 46.27 46.16 46.24 +0.27 776 .940

*See text for a description of the treatment protocol for each group.
"The average of individual animal initial weights collected on days —1 and —2.
¥The average hip height of the animals in each experimental group.

use of generalized estimating equations to control
for intra-pen clustering of observations."

Economic Analysis

The relative cost-effectiveness of the experi-
mental groups was calculated using a comput-
er spreadsheet program (Microsoft Office Ex-

cel 2003) that simulates all economic aspects
of feedlot production.'” In the economic mod-
el, factors that did not vary between the exper-
imental groups—including the initial weight,
feeder price, slaughter price, processing cost,
ration cost, yardage rate, and interest rate—
were fixed for both experimental groups.
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TABLE 3. Ancillary Production Data Summary
Experimental Group’ P Value

Ancillary FLOR-FM  TULA CCFA Standard ~ FLOR-FM  FLOR-FM
Production Variable* (n = 47) (n=41) (n=38) Error vs. TULA vs. CCFA
Slaughter weight (Ib) 1,412.2 1,408.1 1,438.8 +12.1 .805 .120
Weight gain (Ib) 816.1 819.3 853.7 +15.0 .869 .059
Carcass weight (Ib) 850.5 864.3 871.1 +7.3 .170 .046
Dressing percentage 60.25 61.41 60.57 +0.26 .002 .382
Days on feed 251.1 256.1 269.8 +8.0 .505 .016
Daily dry matter intake
(Ib/animal/day) 20.10 20.26 19.78 +0.27 .622 .350
*Refer to box on page E7 for the equations used to calculate ancillary production variables.
TSee text for a description of the treatment protocol for each group. Animals that died or had incomplete feed intake
records were excluded from the analyses.

Two economic analyses were performed, one
comparing FLOR-FM with TULA and one
comparing FLOR-FM to CCFA. Animal
health, feedlot performance (ADG carcass
weight basis and DM:G carcass weight basis),
and carcass characteristics variable values for
each experimental group were included in the
economic model when the probability that the
observed difference could be the result of
chance was small (P < .050). If it was likely that
the difference could be the result of chance
(P 2 .050), then both values in each compari-
son were fixed using the TULA or the CCFA
value, respectively. A summary of the econom-
ic model input values that affect the analyses is
presented in Table 1.

Because FLOR-FM is not yet available on
the Canadian market, it was not possible to en-
ter a cost for initial UF therapy with FLOR~
FM in the economic analyses. As a result, the
initial UF treatment cost for FLOR-FM was
equal to the cost of TULA or CCFA in the re-
spective comparisons. UF relapse antimicro-
bial costs were representative of the market
costs of the products and were standardized be-

tween experimental groups. The purchase
price of cattle and the UF relapse treatment
costs were based on a 592 Ib animal. The val-
ue of a dead animal was Can$0.00. Feed con-
sumed by animals before death was not esti-
mated. This economic model is a relatively
conservative estimate of the economic impacts
and was chosen for its straightforward ap-
proach, its ability to ascribe economic effects
to specific outcomes, and its ease of interpreta-
tion by producers.

B RESULTS
General Findings

One hundred fifty animals were enrolled in
this study, and all were included in the animal
health analyses. Twenty-four animals were ex-
cluded from the ancillary production, feedlot
performance, and carcass characteristic analyses
because 15 animals died, 1 was condemned at
slaughter (included in the mortality data), and 8
had incomplete feed records (FLOR-FM, 7 = 2;
TULA, n = 4; CCFA, n = 2). Only 123 animals
were assessed for lung lesions at slaughter

(FLOR-FM, 2 = 45; TULA, n = 41; CCFA, n
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TABLE 4. Animal Health Data Summary
Experimental Group’
(No.[%])

Animal
Health FLOR-FM TULA CCFA
Variable* (n=50) (n=50) (n=50) Comparison RRF  95% CI° P Value
Morbidity
First UF 7 2 12 FLOR-FM vs. TULA 3.50 1.48-8.30 .004
relapse (14.00) (4.00) (24.00) FLOR-FM vs. CCFA 0.58 0.25-1.35 .209
Second UF 2 1 2 FLOR-FM vs. TULA  0.57  0.24-1.35 204
relapse (28.57)  (50.00) (16.67) FLOR-FMvs. CCFA 1.71 0.11-27.74 704
Third UF 0 1 2 FLOR-FM vs. TULA N/A** N/A** N/A**
relapse (0.00)  (100.00) (100.00) FLOR-FM vs. CCFA N/A** N/A** N/A**
Lameness 1 6 7 FLOR-FM vs. TULA 0.17 0.02-1.12 .065

(2.00) (12.00) (14.00)0 FLOR-FM vs. CCFA 0.14 0.01-1.44 .099
Mortality
Opverall 1 5 10 FLOR-FM vs. TULA  0.20  0.05-0.87 .032
mortality (2.00) (10.00) (20.00) FLOR-EM vs. CCFA 0.10  0.01-0.67 .018
UF/BRD 1 2 4 FLOR-FM vs. TULA  0.50  0.13-2.00 327
mortality (2.00) (4.00) (8.000 FLOR-FMvs. CCFA 0.25 0.04-1.56 138
Histophilosis 0 1 2 FLOR-FM vs. TULA N/A** N/A** N/A**
mortality (0.00) (2.00) (4.000 FLOR-FM vs. CCFA N/A** N/A** N/A**
Lameness 0 0 1 FLOR-FM vs. TULA N/A** N/A** N/A**
mortality (0.00) (0.00) (2.000 FLOR-FM vs. CCFA N/A** N/A** N/A**
Metabolic 0 0 1 FLOR-FM vs. TULA N/A** N/A** N/A**
mortality (0.00) (0.00) (2.000 FLOR-FM vs. CCFA N/A** N/A** N/A**
Miscellaneous 0 2 2 FLOR-FM vs. TULA N/A** N/A** N/A**
mortality (0.00) (4.00) (4.000 FLOR-FM vs. CCFA N/A** N/A** N/A**
*Refer to box on page E8 for the equations used to calculate animal health variables.
TSee text for a description of the treatment protocol for each group.
RR (relative risk) is the ratio of the rate of disease in the FLOR-FM group divided by the rate of the discase in the
TULA or CCFA group.
$Calculated for each RR using Poisson regression in a log linear model for experimental group effects and correcting for
intra-pen clustering of disease with generalized estimating equations.
**The models for third UF relapse and histophilosis, lameness, metabolic, and miscellaneous mortality would not
converge due to the small number of events.
BRD = bovine respiratory disease; UF = undifferentiated fever.

= 37) because 15 animals died, 1 was con- the next morning without notice before an
demned at slaughter, and 11 (FLOR-FM, 7 = FHMS veterinarian could arrive at the plant to
4; TULA, n = 4; CCFA, n = 3) were held perform the lung lesion scoring.

overnight at the packing plant and slaughtered Baseline, ancillary production, animal health,
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TABLE 5. Feedlot Performance Data Summary
Experimental Group’ P Value

Feedlot Performance ~ FLOR-FM TULA CCFA Standard ~ FLOR-FM  FLOR-FM
Variable* (n=47) (n=41) (n=238) Error vs. TULA vs. CCFA
Average Daily Gain (Ib/animal/day)
Live weight basis* 3.28 3.24 3.19 +0.08 .618 281
Carcass weight basis 3.31 3.37 3.24 +0.08 456 459
Dry Matter Intake:Gain Ratio
Live weight basis 6.17 6.31 6.26 +0.11 255 501
Carcass weight basis 6.13 6.08 6.15 +0.11 703 .856
*Refer to box on page E8 for the equations used to calculate animal health variables.
“See text for a description of the treatment protocol for each group. Animals that died or had incomplete feed intake
records were excluded from the analyses.
*Adjusted for the effects of hip height.

feedlot performance, carcass characteristic,
and slaughter lung scoring data summaries are
presented in Tables 2 to 7, respectively. In ad-
dition, a summary of the economic analysis is
presented in Table 8 and a summary of the
economic model sensitivity analysis in Table
1. None of the animals in the study were con-
sidered chronically ill, and there were too few
mortality events to accurately compare histo-
philosis, lameness, metabolic, or miscella-
neous mortality rates between groups (Table
4). Thirteen animals were identified with
bronchopneumonia at slaughter (FLOR-FM,
n =5; TULA, n = 4; CCFA, n = 4), and all of
these animals were assigned a severity score of
1. In the FLOR-FM group, five animals were
identified with pleural adhesions at slaughter:
three were assigned a severity score of 1, and
two were assigned a severity score of 2. In the
TULA group, three animals were identified
with pleural lesions at slaughter: two were as-
signed a severity score of 1, and one was as-
signed a severity score of 2. In the CCFA
group, seven animals were identified with
pleural lesions at slaughter: three were as-

signed a severity score of 1, and four were as-
signed a severity score of 2 (Table 7).

FLOR-FM versus TULA

There were no significant differences detect-
ed in initial weight or hip height between the
FLOR-FM and TULA groups (Table 2). The
dressing percentage of the TULA group was
1.9% higher than the FLOR-FM group (P =
.002), whereas no significant differences were
detected between the two groups in slaughter
weight, weight gain, carcass weight, DOF, or
DDMI (P > .050) (Table 3). The first UF re-
lapse rate was higher in cattle treated with
FLOR-FM than in cattle treated with TULA
(relative risk [RR], 3.50; 95% CI, 1.48-8.30; P
=.004). No significant differences in second or
third UF relapse or lameness treatment rates
were identified between the groups (2= .050).
The overall mortality rate of the FLOR-FM
group was lower than the TULA group (RR,
0.20; 95% ClI, 0.05-0.87; P = .032), although
the UF/BRD mortality rate was not signifi-
cantly different between the two groups (P =
.327) (Table 4). There were no significant dif-
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TABLE 6. Carcass Grading Data Summary

Experimental Group™* (No. [%)]) P Value
Carcass Grading FLOR-FM TULA CCFA FLOR-FM FLOR-FM
Variable (n=47) (n=41) (n = 38) vs. TULA vs. CCFA
Yield Grade
Canada 1 22 (46.81) 19 (47.50) 22 (59.46) 951 .179
Canada 2 21 (44.68) 17 (42.50) 9 (24.32) 770 159
Canada 3 4 (8.51) 4 (10.00) 6 (16.22) .887 447
Quality Grade
Canada Prime and AAA 31 (65.96) 29 (70.73) 24 (63.16) .283 .781
Canada Prime 1(2.13) 0 (0.00) 0 (0.00) N/AT N/AT
Canada AAA 30 (63.83) 29 (70.73) 24 (63.16) 113 .949
Canada AA 16 (34.04) 11 (26.83) 13 (34.21) .082 983
Canada A 0 (0.00) 0 (0.00) 0 (0.00) N/AT N/AT
B4# 0 (0.00) 1 (2.44) 1(2.63) N/AT N/AT
*See text for a description of the treatment protocol for each group. Animals that died or had incomplete feed intake
records were excluded from the analyses.
"Models for QG Canada Prime, Canada A, and B4 would not converge due to the small number of events.
Refers to dark red rib eye; animals that grade QG B4 do not receive a YG.

ferences in feedlot performance or carcass char-
acteristic variables detected between the groups
(P2 .050) (Tables 5 and 6). Lung lesions were
identified in cattle at slaughter; however, no
differences in the proportions of animals with
bronchopneumonia or pleural adhesions at
slaughter were identified between groups (P 2
.050) (Table 7). In the economic analysis,
there was a net advantage of Can$46.23/treat-
ed animal in the FLOR-FM group compared
with the TULA group as a result of signifi-
cantly lower overall mortality in the FLOR-

EM group even though there were more first
UF relapses (Table 8).

FLOR-FM versus CCFA

There were no significant differences detected
in initial weight or hip height between the
FLOR-FM and CCFA groups (Table 2). Ani-
mals in the CCFA group were fed an average of

19 days longer and had significantly higher car-
cass weights than animals in the FLOR-FM
group (P = .016 and P = .046, respectively),
whereas no significant differences in slaughter
weight, weight gain, dressing percentage, or
DDMI were detected between the two experi-
mental groups (P = .050) (Table 3). No signifi-
cant differences in first, second, or third UF re-
lapse or lameness treatment rates were identified
between the groups (P > .050). The overall mor-
tality rate of the FLOR-FM group was lower
than the CCFA group (RR, 0.10; 95% CI, 0.01-
0.67; P = .018), although the UF/BRD mortali-
ty rate was not significantly different between
the two groups (P = .138) (Table 4). There were
no significant differences in feedlot performance
or carcass characteristic variables detected be-
tween the groups (P = .050) (Tables 5 and 6).
Lung lesions were identified in cattle at slaugh-
ter; however, no differences in the proportion of
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TABLE 7. Slaughter Lung Scoring Data Summary

Experimental Group*
(No. [%])

Slaughter Lung FLOR-FM TULA CCFA
Scoring Variable (n=45) (nh=41) (n=237) Comparison RR" 95% CF P Value
. 8 6 9 FLOR-FM vs. TULA 1.21 0.30-4.90 .784
Lung lesion
(17.78) (14.63) (24.32) FLOR-FM vs. CCFA 0.73 0.34-1.56 .418
Bronchopneumonia™* 5 4 4 FLOR-FM vs. TULA 1.14 0.34-3.78 .832
ONCHOPREUMOMA (11 11)  (9.76) (10.81) FLOR-FMvs. CCFA 1.03 0.49-2.15 .942
Pleural adhesion’ 5 3 7 FLOR-FM vs. TULA 1.52 0.36-6.44 .571
u (11.11)  (7.32) (18.92) FLOR-FMvs. CCFA 0.59 0.28-121 .151

*See text for a description of the treatment protocol for each group. In the FLOR-FM group, 5 animals did not receive
lung lesion scores (4 animals did not receive lung lesion scores at the plant and 1 died before being sold for regular
slaughter). In the TULA group, lung scores were not available for 9 animals (lung scores were not collected from 4 an-
imals at slaughter, 4 animals died before slaughter, and 1 animal was condemned at slaughter). In the CCFA group, 13
animals did not receive lung lesion scores (3 animals did not receive lung lesion scores at the plant, and 10 animals died
before being sold for regular slaughter).

'RR (relative risk) is the ratio of the rate of disease in the FLOR-FM group divided by the rate of the disease in the
TULA or CCFA group.

Calculated for each RR using Poisson regression in a log linear model for experimental group effects and correcting for

intra-pen clustering of disease with generalized estimating equations.

SAn animal was positive for lung lesion if its bronchopneumonia score, pleural adhesion score, or both were >0.
**An animal was positive for bronchopneumonia if its bronchopneumonia score was >0.

"An animal was positive for pleural adhesion if its pleural adhesion score was >0.

animals with bronchopneumonia or pleural ad-
hesions at slaughter were identified between
groups (P = .050) (Table 7). In the economic
analysis, there was a net advantage of
Can$108.77/treated animal in the FLOR-FM
group compared with the CCFA group as a re-
sult of significantly lower overall mortality in the
FLOR-FM group (Table 8).

B DISCUSSION

This trial compared the effects of a new prod-
uct that contains both an antimicrobial and an
NSAID (FLOR-FM [Resflor]) against the ef-
fects of products containing only an antimicro-
bial (TULA [Draxxin] or CCFA [Excede]) for
initial UF therapy in cattle receiving long-acting
oxytetracycline metaphylaxis at feedlot arrival.

This study measured individual animal feed in-
take using the GrowSafe feed monitoring sys-
tem and looked at the effects of the experimen-
tal group treatments on animal health, feedlot
performance, carcass characteristics, and lung
score indices. The most economically important
finding in this study was that the overall mor-
tality rate in cattle treated for UF with FLOR~
FM was significantly (P < .050) lower than in
cattle treated for UF with TULA or CCFA.

A comparison group that received FLOR
(without FM) for initial UF treatment was not
included in the design of this study because of
resource and logistic constraints. As a result, it is
not possible to say with certainty whether the ef-
fects seen were the result of the inclusion of the
NSAID (FM) in the treatment regimen. Fur-
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TABLE 8. Economic Analysis Summary

Outcome Variable

Economic Impact/Treated Animal*

FLOR-FM vs. TULA FLOR-FM vs. CCFA

First UF relapse rate
Overall mortality rate
Total economic advantage for FLOR-FM

—Can$2.10 N/A
Can$48.33 Can$108.77
Can$46.23 Can$108.77

*All values represent the economic impact of the observed significant (2 < .050) differences between the experimental
groups. See text for a description of the treatment protocol for each group.

ther, the relative therapeutic efficacy of FLOR
compared with TULA or CCFA in cattle with
UF that receive long-acting oxytetracycline
metaphylaxis at feedlot arrival has not been es-
tablished. In a previous study in which feedlot
cattle did not receive any metaphylactic antimi-
crobial, it was more cost-effective to use TULA
for the treatment of UF compared with FLOR
owing to lower first UF relapse, overall mortali-
ty, and UF/BRD mortality rates (P < .050) in
the TULA group.® Further, in research using a
macrolide antimicrobial (either TULA or tilmi-
cosin) for metaphylaxis at feedlot arrival, lower
UF/BRD mortality,” lower UF/BRD histo-
philosis mortality,”” and lower overall mortality
rates’ were observed in calves subsequently treat-
ed for UF with FLOR versus TULA. As a result,
additional studies in commercial feedlot cattle
that receive metaphylactic long-acting oxytetra-
cycline at feedlot arrival are essential to deter-
mine whether the observed differences in overall
case fatality rates are the result of the effects of
the antimicrobial treatment (FLOR), the
NSAID therapy (FM), or both (FLOR-FM).
The results of this study are similar to those
from a recently published commercial field tri-
al in Alberta, Canada, in which FLOR-FM
was compared with TULA in fall-placed calves
treated with tilmicosin at arrival.” In both

studies, the overall mortality rate was signifi-
cantly lower in the FLOR-FM group (P <

.050) while the UF/BRD rate was not different
between the groups (2 = .050). Cattle that re-
ceived FLOR-FM in our study had higher first
UF relapse rates compared with cattle that re-
ceived TULA (P < .050). While the Van
Donkersgoed study' reported no statistically
significant difference in first, second, or third
relapse rates between the FLOR-FM and
TULA groups, more animals were identified as
first UF relapses in the FLOR-FM group.
These finding suggests that the postallocation
clinical appearance of cattle treated with
FLOR-FM was not as good as those treated
with TULA, even though the former animals
received an NSAID. This seems counterintu-
itive since the use of FM in conjunction with
antimicrobial treatment has been shown to re-
duce pyrexia in cattle with UF/BRD,’ theoret-
ically improving clinical appearance. Regard-
less, both studies found lower overall mortality
rates in cattle with UF, which is a more eco-
nomically important outcome variable than re-
lapse rate.

In this study, cattle from commercial feedlots
were shipped to the research feedlot so that in-
dividual animal feed intakes could be moni-
tored. The effects of shipping candidate animals
from the commercial feedlots of origin to the re-
search feedlot on response to therapy are un-
known; however, the process was standardized,
the travel times and distances were relatively
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short, and the candidates were randomized to
experimental group at the research feedlot.

The GrowSafe system allowed for the calcu-
lation of individual animal DM:G, which has
not been measured over the entire feeding pe-
riod in previously reported therapeutic com-
parisons between antimicrobials.>*'*" Inter-
estingly, there were only small differences in
carcass weight—adjusted DM:G between the
experimental groups in both study compar-
isons, suggesting that the measurement of in-
dividual animal DM:G over the entire feeding
period may not be of added benefit in thera-
peutic efficacy comparisons. However, further
research comparing a variety of therapeutic op-
tions should be evaluated before reaching any
broad-sweeping or definitive conclusions in
this regard.

Cattle that died over the course of the study
were assigned syndromic mortality classifica-
tions based on the findings from gross post-
mortem examination and clinical history. These
classifications are described as “syndromic”
rather than “cause specific” because they are
based on pattern recognition of organ patholo-
gy at necropsy rather than on laboratory confir-
mation of specific diseases or etiologic agents.
Further, the classifications are designed to group
disease processes and body system pathology
into a few meaningful categories as a means of
facilitating disease prevention and management
strategies within the feedlot production system.
There were very few events in many of the syn-
dromic mortality classifications, and differences
between experimental groups could have been
the result of chance alone. Specifically designed
studies with larger numbers of animals would be
required to fully evaluate the effects of this new
FLOR-FM product on individual syndromic
mortality classifications.

Animals in the CCFA group were fed an av-
erage of 19 days longer and had higher carcass
weights than animals in the FLOR-FM group.

As described previously, the harvest schedule
was developed using historical feedlot perform-
ance data and implant weights as a means of
estimating the number of days required for
each animal to reach the target carcass weight.
At the time implant weights were collected, an-
imals in the CCFA group were an average of
approximately 40 to 50 Ib lighter than animals
in the FLOR-FM group. Consequently, it was
estimated that these lighter animals would re-
quire additional DOF to reach the target car-
cass weight. Based on the results observed, an-
imals receiving CCFA gained faster than
anticipated and reached the target carcass
weight sooner than predicted.

It is interesting to note that the average
dressing percentage of cattle in the FLOR-FM
group was significantly (P <.050) lower than
for cattle in the TULA group. This relation-
ship was observed consistently throughout the
harvest schedule. The effect of this finding was
that the numeric trends toward improved
ADG and DM:G in the FLOR-FM group on
a live weight basis were lost when feedlot per-
formance was assessed on a carcass weight ba-
sis. Perhaps the consistent finding of reduced
dressing percentage in the FLOR-FM group is
a result of injection site trim that occurs at the
packing plant, which was not assessed in the
current study. Additional research would be re-
quired to investigate this observation further.

In this study, the number of cattle with lung
lesions and the extent of lung consolidation
were similar between experimental groups, in
contrast to previous research that found that
the extent of lung consolidation was reduced
in cattle that received FM as part of their ther-
apeutic regimen for UF/BRD (P < .050).
Even though the scoring system used for lung
lesions in this study was designed as a very gen-
eral assessment tool of gross respiratory tract
pathology that could be used at line speed in a
commercial packing plant, finding no differ-
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ences in the presence of lung lesions between
the experimental groups may partially explain
why there were minimal differences in feedlot
performance and carcass characteristics in
treated cattle that survived to slaughter.

B CONCLUSION

The results of this study suggest that it is
more cost-effective to use a FLOR-FM combi-
nation product (Resflor) compared with an an-
timicrobial only (TULA [Draxxin] or CCFA
[Excede]) for initial UF treatment in feedlot
cattle at high risk of developing UF/BRD that
receive long-acting oxytetracycline at feedlot
arrival. However, the magnitude of the cost—
benefit will depend on the relative therapeutic
cost of Resflor, which will not be known until
the product is licensed for commercial use. Ad-
ditional studies are warranted to validate the
findings of the current study in the large-pen
commercial feedlot production system.
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