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Abstract

Our objective was to compare bovine respiratory disease
(BRD) first treatment protocols following metaphylaxis with
tulathromycin in a two-phase study. The primary objective of
Phase 1 was to compare effects of tulathromycin + ketoprofen
versus florfenicol + flunixin meglumine (FLO+F) on primary
health outcomes (retreatment and mortality) in ultra-high-
risk feedlot cattle that received on-arrival metaphylaxis with
tulathromycin. The Phase 2 objective was similar, but tildip-
irosin was added as a third treatment group. In Phase 1, steers
and heifers (n = 521; 402 + 57 1b [182 + 26 kg]) were enrolled at
a Texas feedlot, and in Phase 2, steers (n =788; 640 + 105 1b [290
+ 48 kg]) were enrolled at a Canadian feedlot. At first BRD diag-
nosis from natural exposure, cases were individually random-
ized to experimental treatments. Linear and generalized linear
models were used for statistical analyses. Case (BRD) fatality
for cattle enrolled in Phases 1 and 2 were 2.36% (12/508) and
11.04% (87/788), respectively. In Phase 1, there was no evidence
of differences in health outcomes (all P values > 0.60). In Phase
2, retreatment risk did not significantly differ (P=0.93), but to-
tal and BRD-specific mortality were reduced and survival from
enrollment to mortality was longer (P values < 0.05) for FLO+F
compared to the other two treatments. Following tulathromy-
cin metaphylaxis, antimicrobials used for first BRD treatment
had similar effectiveness when subsequent health outcomes
were infrequent (Phase 1), but FLO+F reduced mortalities when
case fatality was higher (Phase 2).
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Introduction

Bovine respiratory disease (BRD) is the leading reason for
injectable antimicrobial drug use in North American feed-
lot cattleb? and is estimated to affect approximately 16.2% of
feedlot cattle.? It is well established as the primary cause of
morbidity and mortality in feedlot systems and imposes a
substantial economic burden on the beef industry.*> To miti-
gate BRD risk, metaphylactic antimicrobial therapy upon ar-
rival has been widely adopted and has been proven effective
at reducing BRD occurrence and mortality in high-risk cattle
populations.®® However, despite the effectiveness of metaphy-
laxis, a subset of cattle still develop clinical BRD and require
treatment. Responses to antimicrobial therapy vary across

studies and cattle populations,®® emphasizing the need for
further evaluation of treatment strategies following metaphy-
lactic administration.

The macrolide class of antimicrobials has been suggested to
offer superior efficacy for BRD control compared to other an-
timicrobial classes.® The 2011 National Animal Health Moni-
toring System survey reported that 21.3% of feedlot cattle
received antimicrobial metaphylaxis upon arrival,’® with
tulathromycin (TUL?) being one of the most commonly used
metaphylactic drugs in North American feedlots.!° Treatment
options for the animals that still develop clinical BRD have
been extensively reviewed in systematic reviews and meta-
analyses, summarizing the comparative effectiveness of avail-
able antimicrobials.!!

Despite the broad use of antimicrobial therapies for BRD,
research needs still exist for the direct evaluation and com-
parison of new treatment protocols, particularly those follow-
ing antimicrobial metaphylaxis.'? Furthermore, few studies
have directly compared the efficacy of different antimicrobial
classes when used following metaphylactic TUL administra-
tion. Notably, a more recently approved combination product
containing TUL (a macrolide) and ketoprofen (a non-steroidal
anti-inflammatory drug, NSAID; TUL+KP) is available for use.
However, its efficacy relative to other commonly used macro-
lide antimicrobials, such as tildipirosin (TILS), remains large-
ly unstudied. Additionally, no published research has directly
compared the combination antimicrobial/NSAID formula-
tions of TUL and florfenicol (FLO9), despite previous studies
reporting differences in health and growth performance out-
comes between TUL and FLO alone.!51315 Given its recent ap-
proval in the United States, there is limited knowledge on the
efficacy of TUL+K relative to other BRD treatment regimens,
particularly in the context of cattle that have received on-ar-
rival metaphylaxis with TUL.

Both TUL+K and florfenicol + flunixin meglumine (FLO+F¢)
contain anti-inflammatory agents as part of their active in-
gredients (ketoprofen and flunixin meglumine, respectively),
whereas TIL does not. Additionally, while both TUL+K and TIL
are macrolides, they differ in chemical structure, with TUL
classified as a 16-membered ring macrolide!'® and TIL classi-
fied as a 15-membered ring macrolide."” In contrast, FLO+F
contains FLO, a broad-spectrum antimicrobial from the
phenicol class.!® Ketoprofen, an NSAID belonging to the pro-
pionic acid derivative class, exhibits analgesic and antipyretic
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properties,!® whereas flunixin meglumine is an organoam-
monium salt NSAID with anti-inflammatory, anti-endotoxic,
and antipyretic properties.?? The inclusion of NSAIDs in BRD
therapy has been shown to reduce pyrexia and inflammation
and may improve clinical signs and welfare outcomes, though
evidence for consistent improvements in treatment success or
performance outcomes remains limited.?!

Two randomized clinical trials - denoted as Phases 1and 2 -
were conducted to evaluate whether a FLO-based regimen or
macrolide alternatives are optimal for first clinical BRD ther-
apy following macrolide metaphylaxis, specifically in terms
of treatment success, retreatment risk, mortality and chronic-
ity. The primary objective of Phase 1 was to evaluate the rela-
tive effectiveness of administering either TUL+K or a FLO+F
combination product for the treatment of initial clinical BRD
on animal health outcomes in feedlot cattle at ultra-high-risk
(UHR) of developing BRD that received on-arrival metaphy-
laxis with TUL. The primary objective of Phase 2 was to evalu-
ate the relative effectiveness of administering either a TUL+K
combination product, TIL, or a FLO+F combination product
for the treatment of initial clinical BRD on animal health out-
comes, specifically case fatality, in UHR feedlot steers that re-
ceived on-arrival metaphylaxis with TUL.

Materials and methods

All procedures involving live animals were approved by the
TELUS Agriculture Animal Care Committee, a holder of a Cer-
tificate of Good Animal Practice, and were conducted in ac-
cordance with the guidelines of the Canadian Council on Ani-
mal Care (2009), with informed consent obtained from animal
owners.

Cattle populations

Phase 1 was conducted at a commercial feedlot in Texas be-
tween November 2021 and June 2022. A total of 521 mixed
beef-breed steers and heifers classified as UHR upon arrival
were enrolled from a source population of 1,941 cattle across
5 lots that all received metaphylaxis. Phase 2 was conducted
at a commercial feedlot in Saskatchewan, Canada between
October and November 2023. A total of 96 lots were processed
and received metaphylaxis, providing a source population of
24,427 cattle, from which 813 UHR, auction-market-derived
beef steers were enrolled. Ultra-high-risk status was defined
based on expected lot-level BRD morbidity of 10 to 20%, BRD
mortality (case fatality) of 10 to 15%, and overall mortality of
1.5 to 3% following metaphylaxis with TUL.

Cattle were enrolled at the time of first clinical BRD diagnosis
and randomly allocated to treatment groups. In Phase 1, two
treatment groups were evaluated: TUL+K and FLO+F. Phase 2
incorporated an additional treatment group - TIL - which was
evaluated along with TUL+K and FLO+F. The primary health-
related outcomes evaluated included BRD retreatment risk,
first treatment failure, second and third BRD retreatment,
chronicity, wastage, total mortality, BRD-specific mortality,
other mortality, and days-on-feed (DOF) from enrollment to
death (total and BRD-related).

Treatment structure and experimental design
Both Phase 1 and Phase 2 followed a one-way factorial treat-
ment structure in a completely randomized design. In both
phases, cattle were eligible for inclusion if they required a

first-time treatment for clinical BRD following a 5-day post-
metaphylaxis interval (PMI) and met the following criteria: 1)
absence of abnormal clinical signs referable to organ systems
other than the respiratory tract, 2) no prior treatment for BRD,
3) arectal temperature > 104.0 °F (> 40.0 °C), and 4) between 5
and 80 DOF. The experimental protocols were identical across
both phases except for the number of treatment groups and
differences in cattle populations. All animals were monitored
under similar commercial feedlot management conditions
between phases. Cattle were randomly assigned to treatment
groups using a proprietary computer-generated allocation
table. All antimicrobials were administered following manu-
facturer recommendations and Beef Quality Assurance (BQA)
guidelines, using 16-gauge x 5/8-inch (15.88 mm) needles. Each
animal was individually weighed at allocation to ensure ac-
curate dosing. After treatment, cattle were returned to their
original feedlot pens. Study animals were monitored for 100
days post-allocation in both phases.

In Phase 1, cattle were randomly assigned to one of the previ-
ously mentioned treatment groups at the time of first clini-
cal BRD treatment: TUL+K or FLO+F. An a priori sample size
calculation using a =0.05 and = 0.20 (80% power) estimated
that 250 animals per treatment group would be required to
detect an absolute difference in case fatality of 8.5%, using a
likelihood ratio test to compare 2 independent proportions
and relevant historical baseline case fatality data. Cattle in
the TUL+K group received a single subcutaneous (SC) injec-
tion of TUL+K at a dosage of 1.1 mL/100 1b body weight (BW; 2.5
mg TUL and 3 mg ketoprofen per kg BW). Cattle in the FLO+F
group received a single SC injection of FLO+F at a dosage of

6 mL/100 1b BW (40 mg FLO and 2.2 mg flunixin meglumine
per kg BW). The post-treatment interval for both groups was 3
days (Table 1).

In Phase 2, 3 treatment groups were evaluated: TUL+K, FLO+F,
and TIL. An a priori sample size calculation using a = 0.05 and
=0.20 (80% power) estimated that 250 animals per treatment
group would be required to detect an absolute difference in
case fatality of 7.0%, using a likelihood ratio test to compare
independent proportions and relevant historical baseline case
fatality data. Cattle in the TUL+K group received SC TUL+K,
and cattle in the FLO+F group received SC FLO+F at the pre-
viously described dosages (Table 1). Cattle in the TIL group
received a single SC injection of TIL at a dosage of 1 mL/100 1b
(4 mg/kg) BW. The post-treatment interval was 3 days for all
groups (Table 1).

Cattle management and stewardship

Upon arrival, cattle in both Phase 1 and Phase 2 were pro-
cessed following standard commercial feedlot protocols for
health and production management. All animals were indi-
vidually identified and administered SC TUL at a dosage of 1.13
mL/100 1b (2.5 mg/kg) BW in the lateral neck as metaphylaxis.
In Phase 1, all steers and heifers received a multivalent clos-
tridial vaccinef, and two separate multivalent modified live vi-
ral vaccines®™, Steers were additionally treated with an inject-
able parasiticide' and implanted with trenbolone acetate and
estradiol benzoatel. Heifers in Phase 1 also received an oral
dewormerk and a pour-on parasiticidel. In Phase 2, all cattle
received a multivalent clostridial and Histophilus somni bacter-
in-toxoid™, and a multivalent modified live viral vaccine with
Mannheimia haemolytica toxoid™. Additionally, a pour-on para-
siticide® was administered, and steers were implanted with
trenbolone acetate and estradiolP. All health and production
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Table 1: Characteristics of antimicrobial treatments, tulathromycin and ketoprofen (TUL+K), florfenicol and flunixin
meglumine (FLO+F), and tildipirosin (TIL) used as first treatment for clinical bovine respiratory disease following
tulathromycin metaphylaxis in beef cattle in a randomized clinical trial in Phases 1and 2 conducted at commercial feedlots.

Treatment
Item TUL+KT FLO+F* TILS
Dosage, mL/100 lb 1.1 6 1
Post-treatment-intervall, days 3 3 3
Pre-harvest withdrawalf, days 18Us/49¢ 38Ys/60°¢ 21Ys/42¢

T Tulathromycin and ketoprofen (Draxxin KP®; Zoetis Animal Health, Parsippany, NJ) administered subcutaneously.

*  Florfenicol and flunixin meglumine (Resflor®; Merck Animal Health, Madison, NJ) administered subcutaneously.

8 Tildipirosin (Zuprevo®; Merck Animal Health, Madison, NJ) administered subcutaneously in Phase 2 only.

I The interval between antimicrobial administration and the earliest point at which an animal could be re-treated if clinical signs of

BRD persisted or reappeared.

Time between when the antimicrobial was administered and when the animal could be harvested for consumption.

us pre-harvest withdrawal period in days for cattle treated in the U.S. (Phase 1).
¢ Pre-harvest withdrawal period in days for cattle treated in Canada (Phase 2).

procedures were standardized across experimental groups,
with the exception of experimental treatments administered
at the time of initial BRD diagnosis.

Cattle in both phases were provided ad libitum access to water
and a standardized, mixed complete feedlot diet formulated
to meet or exceed the nutritional requirements for beef cattle
(NASEM, 2016). Diets were mixed in truck-mounted mixer
boxes equipped with electronic load cells and delivered up to
twice daily. Animals were transitioned to a high-concentrate
diet through multiple step-up rations, following feedlot pro-
tocols. Housing conditions were consistent between phases,
with cattle housed in open-air pens with dirt floors, arranged
side-by-side along central feed alleys. In Phase 2, additional
20% porosity wood-fence windbreaks were present. Each han-
dling facility was equipped with an individual animal scale
and a chute-side computer system integrated with data collec-
tion and management softwared. Open-air containment pens
were adjacent to each facility.

The primary health-related outcomes were assessed over a
100-day follow-up period and included BRD retreatment risk,
first treatment failure, second and third retreatments, chro-
nicity, wastage, total mortality, BRD-specific mortality, other
mortality, and DOF from enrollment to death (total and BRD-
related) as defined in Table 2. Bovine respiratory disease re-
treatment risk was defined as the percentage of enrolled ani-
mals that required a second BRD treatment at any time within
the 100-day period. First treatment failure was assessed using
2 definitions: 1) the proportion of enrolled animals that re-
quired a second BRD treatment and/or died from any cause
within 100 days, and 2) the proportion of enrolled animals
that required a second BRD treatment and/or died specifically
from BRD within 100 days.

Second and third retreatments were calculated as the pro-
portion of enrolled animals requiring additional BRD treat-
ments (i.e., a third or fourth treatment) at any point during
the 100-day period. Chronicity was defined as the percentage
of enrolled animals designated as chronic cases by the end
of the study, while wastage referred to the proportion that
were chronic animals and did not die. Mortality outcomes
were categorized into total mortality (death from any cause),

BRD-specific mortality and mortality due to other causes,
including Histophilus (HS), metabolic disease, lameness and
miscellaneous causes. Days-on-feed from enrollment to death
was recorded separately for total mortality and BRD-related
mortality. Cattle were monitored daily by trained animal
caretakers, who assessed health outcomes and determined the
need for BRD retreatment. Cattle were eligible for retreatment
if clinical signs persisted, provided they were beyond the 3-day
post-treatment interval. Retreatment decisions were based
solely on clinical signs, with rectal temperature recorded but
not used as a determining factor. Days-on-feed and BW were re-
corded at the time of retreatment.

Retreatment protocols varied slightly between phases. In
Phase 1, first-time BRD retreatment (second overall treatment)
consisted of SC enrofloxacin® at 5.5 mL/100 1b (12.5 mg/kg) BW.
Second-time BRD retreatment (third overall treatment) in-
volved an intramuscular injection of oxytetracycline® at

4.5 mL/100 1b (30 mg/kg) BW in the lateral neck. Third-time
BRD retreatment (fourth overall treatment) was a SC injection
of tilmicosint at 1.5 mL/100 1b (10 mg/kg) BW. In Phase 2, first-
time BRD retreatment (second overall treatment) involved a
SC injection of danofloxacin mesylate" at 2 mL/100 1b (8 mg/kg)
BW in the lateral neck. Second-time BRD retreatment (third
overall treatment) consisted of SC FLO at 6 mL/100 1b (40 mg/kg)
BW. Third-time BRD retreatment (fourth overall treatment)
involved an intramuscular injection of oxytetracycline dihy-
drate’ at 4.5 mL/100 1b (20 mg/kg) BW.

Cattle requiring a fourth retreatment (fifth overall BRD treat-
ment) in either phase were classified as chronic and no fur-
ther therapy for BRD occurred. Chronics that did not result in
mortality during the study were defined as wastage. All non-
BRD diseases were treated according to standard feedlot pro-
tocols established by the consulting veterinarian(s), utilizing
a hierarchical evidence-based approach and economic model-
ing to determine the most cost-effective treatment strategy.
Treatment protocols for all non-BRD diseases were standard-
ized across experimental groups. Necropsies were conducted
by trained feedlot personnel or a licensed veterinarian when
possible. All health outcome assessments were performed

by animal caretakers who were blinded to experimental
treatments.
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Table 2: Definitions and calculations of individual animal-level health outcome variables in Phases 1 and 2 which
evaluated feedlot cattle that received on-arrival tulathromycin for the control of bovine respiratory disease (BRD) and
were subsequently treated with either tulathromycin and ketoprofen (TUL+K), florfenicol and flunixin meglumine (FLO+F),

or tildipirosin (TIL) upon first clinical signs of BRD.

Morbidity

Retreatment risk (treated twice)

First treatment failure,

Retreatment and/or any death

First treatment failure,

Retreatment and/or BRD death

Second retreatment
Third retreatment
Chronicity

Wastage

Mortality

% of enrolled animals treated for BRD
a second time

% of enrolled animals treated for BRD
a second time and/or died of any cause

% of enrolled animals treated for BRD
a second time and/or died of BRD

% of BRD2 animals treated for BRD
a third time

% of BRD3 animals treated for BRD
a fourth time

% of enrolled animals that became
chronic

% of enrolled animals that became
chronic that did not die

Number treated for BRD2/
number enrolled

Number treated for BRD2 and/or
died of any causes/number enrolled

Number treated for BRD2 and/or
died of BRD/number enrolled

Number treated for BRD3/
number treated for BRD2

Number treated for BRD4/
number treated for BRD3

Number of chronic animals/
number enrolled

Number of wastage animals/
number enrolled

Total mortality

BRD mortality
Histophilus mortality
Metabolic mortality
Lameness mortality

Other mortality

% of enrolled animals that died of
all causes

% of enrolled animals that died of BRD

% of enrolled animals that died of HS
% of enrolled animals that died of
metabolic disease

% of enrolled animals that died of
lameness

% of enrolled animals that died of
miscellaneous causes

Number of enrolled animals that died of
all causes/number enrolled

Number of enrolled animals that died of
BRD/number enrolled

Number of enrolled animals that died of
HS/number enrolled

Number of enrolled animals that died of
metabolic disease/number enrolled

Number of enrolled animals that died of
lameness/number enrolled

Number of enrolled animals that died of
miscellaneous causes/number enrolled

Statistical analyses

The same statistical approach was applied to both Phase 1 and
Phase 2 datasets. Linear or generalized linear models (LM or
GLM, respectively) were used to assess the outcomes of inter-
est, and were implemented using Proc GLIMMIX (SAS 9.4%).
In all models, the individual steer or heifer was specified as
both the experimental and observational unit, with treatment
as a fixed effect. In Phase 1, sex was additionally included in
all models as a fixed effect for the adjustment of treatment
means, regardless of its significance (a = 0.05). The interaction
between treatment and sex was also tested but was not found
to be significant for any outcome and was therefore not in-
cluded in the final models.

For continuous outcomes, LMs were fitted using a Gaussian
distribution with an identity link function. Model estima-
tion was conducted using restricted maximum likelihood and
utilized Newton-Raphson with ridging optimization proce-
dures. A Kenward-Roger degrees of freedom adjustment was
applied for estimation of standard errors. Model assumptions
of homoscedasticity and normality were assessed through
visual inspection of marginal studentized residual plots. For

dichotomous outcomes, GLMs were fitted using a binary dis-
tribution with a logit link function, were estimated via maxi-
mum likelihood, and again included a Kenward-Roger degrees
of freedom adjustment and Newton-Raphson with ridging
optimization procedures. All GLM estimates were back-trans-
formed to the original scale for interpretation. In all models, a
statistical significance threshold of a = 0.05 was set a priori for
overall treatment effects, and a Tukey-Kramer adjustment was
applied to adjust for multiple pairwise comparisons among
treatment means with a = 0.10.

Results
Phase 1

In Phase 1, cattle were enrolled at an average of 11 DOF (range:
5to 70 DOF) between January 8, 2022, and June 18, 2022.

Table 3 presents the summary statistics for the enrollment
characteristics of steers and heifers included in the trial,
where TUL+K and FLO+F had 252 and 256 animals enrolled,
respectively. No significant differences were observed be-
tween treatment groups for enrollment body weight (P = 0.68),
rectal temperature (P = 0.45), or DOF (P = 0.45), suggesting
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Table 3: Model adjusted means and standard errors of the means (SEM) for enrollment data on feedlot cattle that
received on-arrival tulathromycin for the control of bovine respiratory disease (BRD) and were then randomly assigned
tulathromycin and ketoprofen (TUL+K) or florfenicol and flunixin meglumine (FLO+F) treatments upon first clinical signs of

BRD in Phase 1.*

Treatment
Item TUL+K' FLO+F* SEM P-value
BRD cases enrolleds, n 252 256 - -
Initial body weight, lb 400 403 3.6 0.52
Days-on-feed at enrollment, n 10.9 11.4 0.54 0.45
Rectal temperature at enrollment, °F 104.81 104.86 0.053 0.45

* Trial was conducted as a randomized clinical trial at a feedlot in Texas, and randomly assigned BRD cases to one of the 2 experimental
treatments; steers and heifers received on arrival metaphylaxis with tulathromycin (Draxxin®; Zoetis Animal Health, Parsippany, NJ).

T Tulathromycin and ketoprofen (Draxxin KP®; Zoetis Animal Health, Parsippany, NJ) administered subcutaneously.
*  Florfenicol and flunixin meglumine (Resflor Gold®; Merck Animal Health, Madison, NJ) administered subcutaneously.

that the randomization process effectively yielded balanced
comparison groups. Across the two treatment groups, the
mean initial BW ranged from 400 to 403 1bs (182 to 183 kg),
mean rectal temperature ranged from 104.8 to 104.9 °F (40.4 to
40.5 °C), and the mean DOF at the time of the first clinical BRD
treatment ranged from 10.9 to 11.4 days. A total of 13 animals
were removed from the study prior to analysis: 5 animals
received incorrect relapse products, 7 were shipped prior to
reaching 100 days on trial, and 1 animal was treated off-protocol
within the 3-day post-treatment interval window. As a result,
the final number of animals analyzed for the primary out-
comes was 252 in the TUL+K group and 256 in the FLO+F group,
out of the 261 and 260 animals originally enrolled, respectively.

The treatment group means for BRD treatment failure and re-
treatment are in Table 4. The retreatment risks (treated twice)
for TUL+K and FLO+F were 61.0% and 59.1%, respectively,
which did not differ significantly (P = 0.67). There was no evi-
dence for a difference between treatment groups for the prob-
ability of having a first treatment failure and/or any death

(P =0.60). There was no evidence for differences between
treatment groups for probabilities of having a second BRD
treatment (P = 0.68) or third BRD treatment (P = 0.83). The
effects of treatment group on the probability of becoming
chronic, wastage, or a mortality are also in Table 4. There was
no evidence of a difference for BRD mortality (case fatality;
P=0.98) or total mortality (P =0.76) between treatment
groups. There were also no significant differences for chron-
ics (P =0.85) or wastage (P = 0.78). The timing of mortality
events, based on DOF from enrollment to any mortality
(P=0.88) or BRD mortality (case fatality; P=0.87), also did not
differ significantly between treatment groups.

Phase 2

In Phase 2, cattle were enrolled at an average of 33 DOF
(range: 5 to 79 DOF) between November 16, 2023, and Decem-
ber 24, 2023. Table 5 summarizes the enrollment character-
istics of steers included in the trial, where 265, 260 and 263
animals were enrolled for TUL+K, FLO+F, and TIL, respec-
tively. There were no significant differences among treatment
groups in enrollment body weight (P = 0.70), rectal tempera-
ture (P=0.25), or DOF (P =0.46), again indicating that the ran-
domization process resulted in balanced groups. Across the 3

treatment groups, the mean initial body weight ranged from
637 to 644 1bs (289 to 292 kg), the mean rectal temperature was
approximately 105.3 °F (41.0 °C), and the mean DOF at the first
clinical BRD treatment ranged from 32.0 to 33.6 days. A total
of 25 animals were removed from the study prior to analysis
due to protocol deviations: 1 animal was not enrolled at the
time of initial BRD diagnosis, 1 received the incorrect alloca-
tion product, 1 was enrolled twice, 3 animals were not listed
on the allocation sheet, and 19 animals received incorrect
relapse products. Consequently, the number of animals ana-
lyzed for the primary outcomes was 265 in the TUL+K group,
263 in the TIL group, and 260 in the FLO+F group, compared to
the originally enrolled 272, 272 and 269 animals, respectively.

The effects of experimental treatments on health outcomes
are in Table 6. Retreatment risks (treated twice) for TUL+K,
FLO+F, and TIL were 32.5%, 31.2% and 31.2%, respectively,
which did not differ significantly (P = 0.93). There was no evi-
dence for a difference among treatment groups for the prob-
ability of having a first treatment failure and/or any death
(P=0.25), or BRD death (P=0.31). There was no evidence of a
difference among treatment groups for the probability of hav-
ing a second BRD retreatment (P = 0.10) or third BRD retreat-
ment (P=0.58). There were no significant differences for the
probability of cattle classified as chronic (P = 0.26) or wastage
(P =0.60).

Total mortality was significantly impacted by the experimen-
tal treatment regimen used for first clinical BRD treatment
(P=0.05); it was reduced for the FLO+F group (12.31%) com-
pared to the TUL+K (19.62%, P = 0.06) and TIL (19.01%, P = 0.09)
groups (Table 6). Similarly, BRD-specific mortality was af-
fected by treatment regimen (P = 0.01), as it was lower for the
FLO+F group (6.15%) than for the TUL+K (13.58%, P =0.02) and
TIL (13.31%, P =0.02) groups (Table 6). There was no evidence
of differences across treatment groups for any other health
outcome (Table 6). However, the mean DOF from enrollment
to any death differed among the treatment groups (P < 0.01),
as it was significantly longer for the FLO+F group (43.59 days)
than for the TUL+K (26.13 days, P = 0.004) or TIL (25.80 days,
P=0.003) groups (Table 6). Similarly, the mean DOF from en-
rollment to BRD death was impacted by treatment group

(P <0.01); it was longer for the FLO+F group (49.13 days) than
for the TUL+K (24.39 days, P = 0.001) and TIL (29.49 days,
P=0.01) groups (Table 6).
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Table 4: Model adjusted means and standard errors of the means (SEM) for subsequent health outcomes of feedlot
cattle that received on-arrival tulathromycin for the control of bovine respiratory disease (BRD) and were then randomly
assigned either tulathromycin and ketoprofen (TUL+K) or florfenicol and flunixin meglumine (FLO+F) treatments upon first

clinical signs of BRD in Phase 1.*

Treatment
TUL+K' FLO+F*

Items, Mean SEM n Mean SEM n P-value
Morbidity, %

Retreatment risk (treated twice)s 61.03 3.18 157 59.11 3.18 155 0.67
E‘éf;‘et;f;temntega‘;&}gtr’;eny death 62.28 3.16 160 59.94 3.16 157 0.60
Second retreatment!! 63.28 4.12 104 60.83 4.26 100 0.68
Third retreatment? 46.28 5.84 55 48.07 6.17 56 0.83
Chronicity 17.12 2.78 55 16.39 2.79 56 0.85
Wastage 15.28 2.78 53 16.39 2.79 56 0.78
Mortality, %

Total mortality 3.22 1.12 8 2.76 1.04 7 0.76
BRD mortality 2.42 0.97 6 2.38 0.96 6 0.98
Other mortality 0.81 0.57 2 0.003 0.40 1 0.97
E;gf];,ogégetf]d R ERTeL e 18.25 4.78 8 17.13 5.16 7 0.88
f:‘é;g'é:gfﬁ R EETe e 14.17 5.52 6 15.50 5.52 6 0.87

* Trial was conducted as a randomized clinical trial at a feedlot in Texas, and randomly assigned BRD cases to one of the 2

experimental treatments; steers and heifers received on arrival metaphylaxis with tulathromycin (Draxxin®; Zoetis, Parsippany, NJ).
T Tulathromycin and ketoprofen (Draxxin KP®; Zoetis Animal Health, Parsippany, NJ) administered subcutaneously.
*  Florfenicol and flunixin meglumine (Resflor Gold®; Merck Animal Health, Madison, NJ) administered subcutaneously.

8 Steers requiring a second treatment at any time for BRD were administered enrofloxacin (Quellaxin™ 100, Aspen Veterinary
Resources, Ltd., Liberty, MO).

I Steers requiring a third treatment at any time for BRD were administered oxytetracycline (Noromycin 300 LA, Norbrook Inc., Lenexa, KS).
1 Steers requiring a fourth treatment at any time for BRD were administered tilmicosin (Micotil™ 300 Injection, Elanco US, Inc., Greenfield, IN).

Table 5: Model adjusted means and standard errors of the means (SEM) for enrollment data on feedlot cattle that
received on-arrival tulathromycin for the control of bovine respiratory disease (BRD) and were then randomly assigned
tulathromycin and ketoprofen (TUL+K), florfenicol and flunixin meglumine (FLO+F), or tildipirosin (TIL) treatments upon
first clinical signs of BRD in Phase 2.*

Treatment
Item TUL+K' FLO+F* TILS SEM P-value
Animals enrolled, n 265 260 263 - -
Initial body weight, lb 644 637 638 6.54 0.70
Days-on-feed at enrollment, n 34 32 32 0.98 0.46
Rectal temperature at enrollment, °F 105.34 105.32 105.26 0.06 0.25

* Trial was conducted as a randomized clinical trial at a feedlot in Saskatchewan, Canada, and randomly assigned BRD cases to one of
the 3 experimental treatments; steers received on arrival metaphylaxis with tulathromycin (Draxxin®; Zoetis, Parsippany, NJ).

T Tulathromycin and ketoprofen (Draxxin KP®; Zoetis Animal Health, Parsippany, NJ) administered subcutaneously.
*  Florfenicol and flunixin meglumine (Resflor®; Merck Animal Health, Madison, NJ) administered subcutaneously.
8 Tildipirosin (Zuprevo®; Merck Animal Health, Madison, NJ) administered subcutaneously.
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Table 6: Model adjusted means and standard errors of the means (SEM) for subsequent health outcomes of feedlot
cattle that received on-arrival tulathromycin for the control of bovine respiratory disease (BRD) and were then randomly
assigned either tulathromycin and ketoprofen (TUL+K), florfenicol and flunixin meglumine (FLO+F), or tildipirosin (TIL)
treatments upon first clinical signs of BRD in Phase 2.*

Treatment Group*

TUL+K' FLO+F* TILS
Items, Mean SEM n Mean SEM n Mean SEM n P-value
Morbidity, %
g‘f;gﬁfﬂﬁ\,’:z e"‘;hSk 3245  2.88 86 | 3115 2.87 81 | 3118  2.86 82 | 093
First treatment failure,
Retreatment and/or any 43.02 3.04 114 36.15 2.98 94 41.44 3.04 109 0.25
death
Retreatment and/orBRD | 3547 599 103 | 3260 291 85 | 3726 298 98 | 031
Second RetreatmentT 4535 537 39 | 3580 533 29 | 2927 503 24 0.10
Third Retreatment 2821 721 11 1724 701 5 2500  8.84 6 0.58
Chronicity 4.15 1.23 11 192  0.85 5 228 0.9 6 0.26
Wastage 2.26 0.91 6 115  0.66 3 1.52 0.75 4 0.60
Mortality, %
Total mortality 19.62°  2.44 52 | 12312 204 32 | 19.01° 242 50 0.05
BRD mortality 13.58 2.1 3 | 6152 149 16 | 13.31>  2.09 35 0.01
HS mortality 3.40 1.11 9 346 113 9 3.80 1.18 10 0.96
Metabolic mortality 0.75 0.53 2 0.38 038 1 0.00 0.00 0 0.86
Lameness mortality 0.75 0.53 2 1.15 0.66 3 0.38 0.38 1 0.62
Other mortality 1.13 0.65 3 115  0.66 3 1.52 0.75 4 091
gﬁyjuﬂ:‘e‘;’i‘iﬂ ‘:r?;" eath | 2613° 463 52 | 43592 463 32 | 25.80°  4.63 50 | <0.01
gﬁi’ju‘r’ﬁeﬁﬁ ggg‘ death | 2439° 608 36 | 49132 608 16 | 2949  6.08 35 | <001

* Trial was conducted as a randomized clinical trial at a feedlot in Saskatchewan, Canada, and randomly assigned BRD cases to one
of the 3 experimental treatments; all steers received on arrival metaphylaxis with tulathromycin (Draxxin®; Zoetis Animal Health,
Parsippany, NJ).

Means with different superscript letters, within rows, differ significantly (P < 0.05) after adjusting for multiple comparisons.
T Tulathromycin and ketoprofen (Draxxin KP®; Zoetis Animal Health, Parsippany, NJ) administered subcutaneously.

*  Florfenicol and flunixin meglumine (Resflor®; Merck Animal Health, Madison, NJ) administered subcutaneously.

8 Tildipirosin (Zuprevo®; Merck Animal Health, Madison, NJ) administered subcutaneously.

I Steers requiring a second treatment at any time for BRD were administered danofloxacin (A180™, Zoetis Canada Inc., Kirkland,
Québec, CA).

I Steers requiring a third treatment at any time for BRD were administered florfenicol (Fenicyl™, Vetoquinol N.-A. Inc., Lavaltrie,
Québec, CA).

&
=
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Discussion

This research was conducted in 2 phases to evaluate the effec-
tiveness of first BRD treatments following metaphylactic TUL
administration in 2 different study populations. In the initial
study comparing TUL+K to FLO+F (Phase 1), the BRD risk
profile in the enrolled population was lower than anticipated
- evidenced by low overall mortality (case fatality) for both
treatment groups. Overall BRD mortality (BRD case fatality)
for cattle enrolled in Phase 1 was 2.36% (12/508), whereas for
Phase 2, case fatality was 11.04% (87/788). The lack of observed
differences among treatment groups in Phase 1 could be due
to infrequent occurrences of subsequent negative clinical out-
comes. Specifically, there were no significant effects on BRD
treatment failure, retreatment risk, case fatality, total mortal-
ity, chronicity or wastage between TUL+K and FLO+F. Given
these findings and the lower-than-expected BRD risk profile,
Phase 2 provided a follow-up study with higher risk cattle

to better evaluate treatments in a population more aligned
with the initial targeted health burden. Phase 2 was designed
to target UHR cattle and to expand treatment comparisons

by including TIL as an additional macrolide for evaluation.
The UHR population in Phase 2 consisted of auction-market-
derived, beef-breed steers in a commercial feedlot in Sas-
katchewan, Canada; a population of cattle where lot-level
BRD morbidity of 10 to 20%, BRD case fatality of 10 to 15%,
and overall mortality of 1.5 to 3% are expected following TUL
metaphylaxis.

Macrolides - particularly TUL - are often regarded as an an-
timicrobial class of choice, as they have been consistently
ranked as top options for both treatment!! and control®® (i.e.,
metaphylaxis) of BRD from meta-analyses. Although TUL
has been shown to yield improved health outcomes over FLO,
there are studies where the inverse has been observed.?%%3
The bulk of published literature on comparative efficacy or
effectiveness of the specific antimicrobials used herein has
been without the addition of NSAIDs, therefore offering lim-
ited direct comparisons to the current study. Both NSAIDs in-
corporated in the treatment groups are meant to reduce fever
and inflammation, but it is important to recognize that their
pharmacodynamics may differ. Unlike the overall findings of
the previously referenced meta-analyses of TUL and FLO,%%11
TUL+K did not yield improved treatment outcomes compared
to FLO+F in either Phases 1 or 2 of this study.

Previous research has demonstrated that antimicrobial
choices for BRD treatment can significantly influence health
outcomes, particularly in the context of prior metaphylactic
treatment. For example, a multi-site study by Skogerboe et al.
(2005)?* comparing TUL, FL.O and TIM (tilmicosin) for BRD
treatment found that TUL had improved treatment success
and lower mortality than FLO in certain locations. An impor-
tant distinction, however, is that the cattle in that study did
not receive an antimicrobial upon arrival at the feedlot. Un-
like Skogerboe et al. (2005),2* and also Hannon et al. (2009)%°
where FLO-treated cattle had a higher retreatment risk than
those administered TUL, there were no significant differ-
ences in treatment failure or retreatment risk across treat-
ment groups in Phases 1 and 2 in this study. However, total
and BRD-specific mortality were significantly lower for cattle
treated with FLO+F compared to those treated with TUL+K or
TIL in Phase 2 of this study. These results suggest that while
a FLO-based treatment may provide a survival advantage
following macrolide metaphylaxis - potentially dependent
on cattle populations (i.e., Phases 1vs. 2) - differences in

retreatment risks may depend on factors such as disease pres-
sure, the antimicrobial class used for metaphylaxis, or NSAID
inclusion.

The lower observed total- and BRD-specific mortality for cat-
tle treated with FLO+F compared to those treated with TUL+K
or TIL in Phase 2 could be due to one or more factors. It is un-
clear whether the observed advantage of FLO+F versus TUL+K
was attributable to superiority of flunixin meglumine versus
ketoprofen, superiority of florfenicol versus tulathromycin,
the impact of prior metaphylactic treatment with a macrolide,
or a combination of these factors. Some practitioners may ar-
gue against using the same antimicrobial, or even the same
class of antimicrobial for both metaphylaxis and first treat-
ment of clinical BRD, although there is minimal published
literature on this topic. Coetzee et al. (2020)%° reported that al-
ternating between bacteriostatic and bactericidal antimicro-
bials for bovine respiratory disease treatment was associated
with morbidity (but not mortality), performance and carcass
quality outcomes in feedlot cattle. However, these observa-
tions were based on survey data, not prospective experimen-
tal studies. The antimicrobial treatments evaluated herein
and used after TUL metaphylaxis are classified as bacterio-
static, and our study design does not enable a direct compari-
son with Coetzee et al. (2020)2°. Further research would be
needed to validate and explain our findings, testing effects of
the antimicrobials with and without an NSAID(s), potentially
in multiple cattle populations, including those that received
one or more antimicrobial metaphylaxis options and those
that do not.

In addition, the timing of first treatment relative to prior
metaphylaxis (PMI) and the timing of retreatment (PTI) are
important considerations for BRD treatment studies. This
study applied a 5-day PMI, reflecting standard practices in the
feedlots during Phases 1 and 2 and aligning their protocols.
However, previous research with tulathromycin and other
macrolides has demonstrated that longer PMIs, such as 7-, 10-,
or 14-day intervals, can reduce BRD pulls and retreatments
without adversely affecting mortality or performance,?%27
suggesting that treatment timing may have influenced the
observed outcomes. Similarly, with the 3 different treatments
evaluated in this study (TUL+K, FLO+F, TIL), different PTIs
could have been used. However, to achieve a similar time at-
risk for subsequent health outcomes, a 3-day PTI was used for
all treatment groups.

An additional consideration that was not evaluated in our
study was the potential impact of antimicrobial resistance. It
is possible that the sequential use of the same antimicrobial
(TUL metaphylaxis followed by TUL+K) or the same antimi-
crobial class (macrolides TUL metaphylaxis followed by TIL)
could lead towards increased and selective resistance pres-
sure, which could alternatively be circumvented by use of a
different antimicrobial class (e.g., FLO). However, this may
not necessarily be the case, as it has been observed that rotat-
ing between bacteriostatic and bactericidal antimicrobials
for treatment and re-treatment of BRD may yield increased
resistant pathogen isolation compared to repeated use of an-
timicrobials with similar mechanisms.?® This same observa-
tion could be true when comparing the antimicrobial classes,
pharmacodynamics and their combinations in our trials;
however, this is an area that would require future research
and a study designed to specifically address that question.
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When comparing the 2 macrolide treatment groups in Phase
2, TUL+K and TIL, no significant differences were observed.
When these treatments were used as the first treatment regi-
men for clinical BRD, variable responses have been reported.
Similar to our findings, some have reported comparable
treatment effects between TUL and TIL,%%3% while Dodd et

al. (2018)%! conversely found reduced mortality and improved
first treatment success for heifers given TUL compared to TIL
(again noting that TUL did not contain ketoprofen in these
studies). Cattle populations (e.g., sex, risk), management (e.g.,
prior metaphylaxis), and environmental factors potentially
impact the disparities between these studies. Fewer direct
comparisons between FLO and TIL in the literature have been
made, and their comparative clinical effectiveness in feedlot
cattle is largely dependent on estimates from meta-analyses.!!
Research in pre-weaned dairy calves has suggested that both
antimicrobials are similarly effective at treating clinical pneu-
monia symptoms and lowering the risk of relapse.3%33 Un-
like TUL+K and FLO+F, the TIL treatments did not include an
NSAID; while this yields a relevant comparison between prod-
ucts available on the market, it also potentially yields a biased
assessment of the antimicrobial agents themselves.

This is the first publication known by the authors to compare
these specific antimicrobials in a randomized clinical trial
when used for first treatment of clinical BRD after metaphy-
laxis with TUL. Van Donkersgoed et al. (2009)3* reported
that TUL was less effective for BRD treatment compared to

a FLO+F combination product in cattle that had received
metaphylactic TIM at arrival, again suggesting that prior mac-
rolide metaphylaxis may have reduced the relative effective-
ness of TUL for clinical treatment. Although TIM and TIL are
distinct antimicrobial compounds, both are 16-membered
ring macrolides and share a similar mechanism of action,
inhibiting bacterial growth by binding to the 50S ribosomal
subunit and disrupting protein synthesis.?® The findings of
Phase 1 further support the notion that in populations with
lower disease pressure, the effectiveness of these treatment
regimens may not be distinguishable. The lack of significant
differences in morbidity and mortality in Phase 1 aligns with
findings from previous studies where macrolide- and FLO-
based treatments performed similarly when BRD risk was
lower.?? However, in the higher-risk population evaluated in
Phase 2, FLO+F demonstrated a substantial mortality advan-
tage over TUL+K and TIL, reinforcing the idea that disease
burden plays a key role in influencing biologically significant
treatment outcomes.

In addition to treatment impacts on mortality, the mean DOF
from enrollment to any-cause death was longer for FLO+F
than TUL+K or TIL. Van Donkersgoed et al. (2009)3* report-
ed differences in DOF before mortality between treatment
groups, with the median DOF at mortality being 32 days for
FLO+F treated cattle compared to 25 days for TUL treated cat-
tle. Additionally, the median days between the first BRD treat-
ment and death was 26 days for FLO+F and 14 days for TUL,
indicating a longer survival period for FLO treated cattle.3°
Similarly, Hannon et al. (2009)?* found that FLO+F treated
cattle survived longer on average before mortality than those
treated with TUL. These findings align with the results of the
Phase 2, where mean DOF from enrollment to death was sig-
nificantly longer for cattle treated with FLO+F compared to
those treated with TUL+K or TIL.

Despite careful design, several limitations should be acknowl-
edged when interpreting these results. First, Phase 1 may have
been underpowered for mortality outcomes due to unexpect-
edly low BRD mortality (case fatality) risk, reducing the abil-
ity to detect meaningful differences in treatment effects. The
2 study phases were conducted in different regions (Texas vs.
Saskatchewan) and at different times of year, making direct
comparisons more complex. Differences in season, circulat-
ing pathogens, and environmental conditions between sites
may have contributed to variation in BRD dynamics. Further-
more, diagnosis and retreatment decisions were based largely
on clinical signs observed by caretakers, introducing an ele-
ment of subjectivity that could vary with individual training
and experience. Although rectal temperature was recorded, it
was not the sole determinant for retreatment, which may af-
fect consistency in identifying and managing relapses.

As typical for commercial feedlot production systems, neither
study phase included detailed pathogen identification or anti-
microbial resistance profiling, leaving open questions about
the specific bacterial strains and resistance patterns that
could have influenced treatment responses. The study also
focused on short-term outcomes related to animal health over
a100-day period. There are other outcomes or stakeholder
values that were not measured, such as animal performance,
carcass characteristics, cost effectiveness and antimicro-

bial stewardship, which could result in alternative decisions
depending on their prioritizations. Finally, each phase was
carried out within a single commercial feedlot using specific
vaccination and management protocols, which may limit the
external validity of these findings for operations with differ-
ent practices. Taken together, these factors underscore the
need for caution in extrapolating these results broadly, and
highlight opportunities for future research to address these
limitations.

Conclusions

In Phase 1, the disease burden was lower than expected and
there was no evidence for differences in clinical outcomes be-
tween calves given TUL+K versus FLO+F for first-time clinical
BRD treatment following on-arrival metaphylaxis with TUL.
In Phase 2, which experienced a higher disease burden as
evidenced by the overall and BRD case fatality in all groups,
first-time clinical BRD treatment with FLO+F resulted in sig-
nificantly lower BRD-specific mortality (case fatality) and to-
tal mortality than treatments with either TUL+K or TIL. Steers
treated with FLO+F also survived longer from first treatment
to death, both for all-cause and BRD-specific mortality as
compared to either TUL+K or TIL. However, no statistically
significant differences were observed in morbidity-related
outcomes, such as retreatment risk or chronicity. These find-
ings underscore the possibility that, in populations under
higher disease pressure, the phenicol-NSAID combination
may confer a survival advantage relative to macrolide-based
therapies following macrolide metaphylaxis.

Despite similar morbidity outcomes across treatments, the
observed reduction in mortality highlights a potential clinical
benefit for producers seeking to manage severe BRD in high-
risk cattle. Future research could build on these results by
exploring the economic implications of different antimicro-
bial choices. Additional investigations into how different an-
timicrobial classes might be rotated or used strategically also
could contribute to broader antimicrobial stewardship goals,
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given the industry-wide priority to maintain effective thera-
pies for BRD. Ultimately, the optimal first-treatment antimi-
crobial for BRD following TUL metaphylaxis may depend on
cattle population risk level, disease burden and management
practices, calling for continued refinement of these strategies
under diverse production conditions.

Endnotes

a2TUL; Draxxin®, Zoetis Canada Inc., Kirkland, Quebec, CA;
Zoetis Animal Health, Parsippany, NJ; or generic equivalent

b TUL+K; Draxxin KP® Zoetis Animal Health, Parsippany, NJ
¢TIL; Zuprevo®, Merck Animal Health, Madison, NJ

dFLO; Fenicyl™, Vetoquinol N.-A. Inc., Lavaltrie, Quebec, CA;
or generic equivalent

¢ FLO+F; Resflor Gold®, Merck Animal Health, Madison, NJ
fCavalry 9, Merck Animal Health, Intervet Inc., Madison, NJ

8 Bovi-Shield Gold® IBR-BVD, Zoetis Animal Health,
Parsippany, NJ

hinforce 3, Zoetis Inc., Parsippany, NJ
i Dectomax Injectable, Zoetis Inc., Parsippany, NJ
jSynovex Choice, Zoetis Inc., Parsippany, NJ

kSafe-Guard Suspension 10%, Merck Animal Health,
Intervet Inc., Madison, NJ

ICydectin Pour-on, Elanco US Inc., Greenfield, IN
mUltrabac 7 Somubac, Zoetis Inc., Parsippany, NJ

% Bovi-Shield Gold One Shot, Zoetis Inc., Parsippany, NJ

° Bimectin Pour-on, Bimeda Animal Health, Dublin, Ireland
PRevalor 100, Merck Animal Health, Madison, NJ

9iFHMS®; Feedlot Health, Okotoks, Alberta, or TELUS
Agriculture & Consumer Goods, Okotoks, Alberta

" Quellaxin™ 100, Aspen Veterinary Resources, Ltd.,
Liberty, MO

$ Noromycin 300 LA, Norbrook Inc., Lenexa, KS

tMicotil™ 300 Injection, Elanco US, Inc., Greenfield, IN;
or generic equivalent

U A180™, Zoetis Canada Inc., Kirkland, Quebec, CA
¥ Oxyvet® 300 LA, Vetoquinol N.-A. Inc., Lavaltrie, Quebec, CA
WSAS Institute Inc., Cary, NC
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