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Abstract

Tildipirosin was compared to tulathromycin for treat-
ment of bovine respiratory disease (BRD) in feedlot cattle.
Six hundred calves identified with BRD by feedlot pen riders
with a rectal temperature >104.0°F (> 40°C) and no previous
treatments of disease were randomly allocated to treatment
with either tildipirosin or tulathromycin in a 1:1 ratio within
lot. Eligible lots included 2 different risk categories: 1) calves
with low or moderate risk of developing BRD that did not
receive a metaphylactic antimicrobial at arrival, or 2) calves
determined to be at high risk of developing BRD that were
administered a metaphylactic antimicrobial (tilmicosin) at
arrival processing. Calves were returned to their home pen
immediately after treatment and were monitored for 60
days. All enrolled animals which died during the study were
necropsied by a veterinarian or trained feedlot personnel.
Data were evaluated with generalized linear mixed models
including lot as random effect comparing treatment groups
and metaphylaxis status. No differences were observed
(P>0.12) in health outcomes between the 2 treatment groups.
Also, there were no differences in first treatment success or
case fatality rate in calves with differing metaphylaxis status.
Tildipirosin and tulathromycin were both effective antimi-
crobials for first treatment of BRD in medium- to low-risk
populations of feedlot cattle.
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Resume

Latildipirosine a ete comparee a la tulathromycine pour
le traitement du complexe respiratoire bovin (CRB) chez des
bovins en pare d’engraissement. Les employes du pare ont
identifie le CRB chez les veaux lorsque latemperature rectale
etait plus grande ou egale a 104.0°F (> 40°C). Un total de
600 veaux avec CRB et sans traitement au prealable pour la
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maladie ont ete alloues au hasard a I'un des deux traitements
(tildipirosine ou tulathromycine) en gardant un rapport de
1:1 dans chaque lot. Les lots eligibles incluaient deux catego-
ries de risque possibles: 1) les veaux avec un risque faible ou
modere de developper le CRB et qui n‘avaient pas refu d'an-
tibiotigues en metaphylaxie a I'arrivee, 2) les veaux a risque
eleve de developper le CRB et qui avaient refu un traitement
antibiotique en metaphylaxie (tilmicosine) a I'arrivee. Les
veaux etaient retournes a leurs enclos respectifs immediate-
ment apres le traitement et ont ete suivis pendant 60 jours.
Tous les animaux inclus qui sont morts durant I'etude ont ete
necropsies par un veterinaire ou par des employes formes du
pare. Les donnees ont ete evaluees avec des modeles lineaires
mixtes generalises incluant le lot comme effet aleatoire et le
traitement et le statut en metaphylaxie comme effets fixes.
Il n'y a pas eu de difference dans les resultats de sante (P >
0.12) entre les deux traitements. De plus, il n'y a pas eu de
difference entre le succes au premier traitement ou le taux
de letalite selon le statut en metaphylaxie. La tildipirosine
et la tulathromycine etaient des antimicrobiens tout aussi
efficace I'un que I'autre pour le premier traitement contre le
CRB dans des populations de bovins en pare d’engraissement
a risque faible ou modere.

Introduction

Bovine respiratory disease (BRD) continues to be the
most common and economically significant disease affect-
ing the beef industry.10 Costs attributable to BRD include
the cost of treatment, increased mortality risk, decreased
performance, and loss of carcass value.3411,21'5 Management
strategies, vaccinations, and anti-infective products are used
in an attempt to decrease incidence and severity of BRD.

The 2011 National Animal Health Monitoring System
(NAHMS) survey of beef feedlots determined that > 93% of
cattle were administered injectable respiratory vaccines,
while antimicrobial metaphylaxis was administered to
21.3% ofthe cattle placed in the feedlot.2Z7 Both of these risk
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mitigation practices have previously been shown to reduce
incidence of BRD; however, BRD still occurs despite these
practices. 0232628 In the same NAHMS survey, 16.2% offeedlot
cattle were diagnosed with clinical BRD.15227 Cattle with BRD
are commonly administered antimicrobial therapy. Several
factors are used when selecting from antimicrobial options
for treatment of BRD, including but not limited to efficacy,
price, duration of action, and withdrawal period.
Tildipirosin has been evaluated for treatment of BRD.916
Also, mixed treatment comparison meta-analyses have been
performed evaluating tildipirosin against other commer-
cially available antimicrobials for treatment of BRD1819 and
metaphylaxis control of BRD.1 These meta-analyses were
performed with no direct comparisons of tildipirosin to
other antimicrobials. Although indirect comparisons pro-
vide reasonable estimates, additional research is needed
to determine treatment efficacy of tildipirosin in naturally
occurring BRD cases compared to tulathromycin. Dodd et
al reported improved first-treatment success, reduced BRD
mortality, and reduced total mortality in calves treated with
tulathromycin compared to tildipirosin in heifer calves with
a high incidence of acute respiratory morbidity.6 This popu-
lation of calves experienced 75.9% respiratory morbidity in
the first 10 days-on-feed (DOF), and represents only a small
percentage of cattle on feed in typical commercial feedlots.
The primary objective ofthis study was to compare treatment
efficacy oftildipirosin to tulathromycin for first treatment of
BRD and any association to subsequent health outcomes in
a commercial feedlot placing calves at low to moderate risk
of developing BRD. A secondary objective of the study was
to compare health outcomes in calves initially treated for
BRD >21 DOF that received metaphylactic tilmicosin at ar-
rival processing compared to calves which did not receive a
metaphylactic antimicrobial during arrival processing.

Materials and Methods

The study was performed at a commercial feedlot facil-
ity located near Montezuma, Kansas. The study began Novem-
ber 3,2017 and concluded May 15,2018. All procedures were
approved by the Merck Animal Health Institutional Animal
Care and Use Committee prior to study initiation.

Sample size

Bovine respiratory disease case fatality rate7 was
considered the primary outcome for this study and used to
determine sample size estimates. Sample size was based
on the ability to identify a difference of 7 percentage points
with a baseline of 7%. Alpha was set at 0.05, and beta set to
0.20 using a commercial software package,3resulting in 300
calves per treatment group.

Animal enrollment

Calves were observed daily by pen riders for identifi-
cation of BRD based upon subjective evaluation including
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physical appearance, attitude, gauntness, nasal discharge,
and reluctance to move. Calves were removed from the home
pen and moved to a hospital for confirmatory diagnosis and
either enrollment into or exclusion from the study.

All calves identified by pen riders as having clinical
signs of BRD were evaluated by a veterinarian (MET) prior
to enrollment. Inclusion criteria for the study were rectal
temperature > 104.0°F (> 40°C), no previous treatments
for disease, estimated > 60 days to harvest, and absence of
clinical signs of disease in other organ systems. Eligible lots
either did not receive a metaphylactic antimicrobial or did
receive a metaphylactic antimicrobial at arrival processing
(tilmicosin66 mg/Ib [13.2 mg/kg] of body weight (BW) sub-
cutaneously (SC); 2.0 mL/100 Ib [45.5 kg] of BW). The deci-
sion whether or not to metaphylactically treat individual lots
at arrival processing was made by feedyard personnel based
upon subjective risk classification of the cattle at arrival into
the feedlot. All lots of cattle in the feedlot were eligible to be
enrolled based upon meeting the metaphylaxis processing
inclusion criteria. Calves in lots that received a metaphylactic
antibiotic were not eligible for inclusion in the study until
>21 DOF. Once calves were enrolled from an individual lot,
all first BRD treatments which met the inclusion criteria
were enrolled into the study. There was a tentative eligible
population of 56,178 calves at the time of this study, based
upon lot inclusion criteria and enrollment period.

Calves meeting inclusion criteria were randomized in
a 1:1 ratio to 1 of 2 treatment groups within each lot: tildip-
irosinO(TIL) (1.81 mg/Ib [4 mg/kg] BW; 1 mL/100 Ib of BW
SCin left neck) or tulathromycin8(TUL) (1.13 mg/Ib [2.5 mg/
kg] BW; 1.1 mL/100 Ib of BW SC in left neck) by different
personnel (MET) than pen riders. An enrollment form was
created to assign calves to treatment group in pairs within a
lot; random numbers were assigned to each blank. The low-
est random number within a pair was assigned to TlLcand
the highest random number was assigned to TULdwithin
each pair. The first calf which met the case definition was
assigned to the treatment group assigned to the first blank
on the enrollment form. The next calffrom the same lot which
met the case definition was assigned to the second blank on
the enrollment form. Calves were randomized to have treat-
ments evenly distributed within lot; duplicate ear tags were
used to identify each calf. Individual body weight and rectal
temperature were collected for all calves enrolled, and were
recorded in a feedlot animal health computer system.6Calves
treated for BRD were returned to their home pen. Calves
were monitored for 60 days to determine subsequent health
outcomes by feedlot personnel blinded to the experimental
treatment.

BRD retreatments

A 5-day post-treatment interval (PTI) was used for
both the TIL and TUL treatment groups. Calves were eligible
for retreatment if identified with clinical signs of BRD by
pen riders, had a rectal temperature of > 104.0°F (> 40°C)
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and/or lost body weight from first treatment, and met or
exceeded the PTI. All pen riders were blinded to treatment
group. Calves requiring a second treatment for BRD were
administered florfenicoF (18.14 mg/Ilb [40 mg/kg] of BW
SC; 6 mL/100 Ib BW]. A3-day PTI was used after the second
treatment, and calves requiring a third treatment for BRD
were administered enrofloxacin8(4.50 mg/Ib [9.92 mg/kg]
BW SC; 4.5 mL/100 Ib of BW].

Gross necropsies

A gross necropsy was performed by a veterinarian or
trained feedlot personnel on all enrolled animals which died
during the study. A cause of death was determined for all
calves that died during the monitoring period.

Feed, housing, and water

Calves were fed diets formulated to meet or exceed
National Research Council maintenance requirements. Ra-
tions consisted of steam flaked corn, wet distillers' grains,
ground alfalfa hay, chopped corn stalks, supplement, and
ground prairie hay. No feed-grade antimicrobials labeled for
control of BRD were fed to calves during the study. Calves
were housed in dirt floor pens consistent with commercial
feedlot operations. Water was provided ad libitum through
an automatic float-activated system.

Data management

Data from all calves which died due to causes other
than BRD, or required additional treatments not related to
BRD, were removed prior to analysis. Binary variables were
created for treatment successes and case fatality rate health
outcomes. Treatment success was defined as not requiring
additional treatment for BRD, and surviving the 60-day
monitoring period. Case fatality rate was defined as the per-
centage of calves treated that died of BRD during the 60-day
monitoring period. Treatment death interval was calculated
from days of first treatment for BRD to the day of death for
calves that died of BRD.

Statistical analyses

Data were imported into a commercial software
package.3 Continuous outcomes (enrollment body weight,
enrollment rectal temperature, body weight at second treat-
ment, rectal temperature at second treatment, body weight
atthird treatment, rectal temperature at third treatment, and
treatment death interval] were evaluated with linear mixed
models. Binary outcomes (treatment successes and case
fatality rate] were evaluated using generalized linear mixed
models. All models included a fixed effect oftreatment group
and random effect of origin lot. Differences exhibiting a P
value <0.05 were considered statistically significant. Health
outcomes were evaluated using a generalized linear mixed
model where treatment, metaphylaxis status, and treatment
by metaphylaxis status were used as fixed effects, and lot of
origin was used as a random effect.
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Results

Atotal of 600 calves were enrolled into the study (TIL
n =299; TULn = 301]. Seven calves were removed prior to
analysis due to conditions not directly associated with BRD
(TIL n=4; TUL n= 3]. Two calves with digestive disorders
and 2 with heart failure were removed from the TIL group.
One calfin the TUL group died of thromboembolic meningo-
encephalitis, 1 died of atypical interstitial pneumonia, and 1
calfsustained a shoulder injury during reimplant. These calf
removals occurred prior to the end of the 60-day monitor-
ing period, leaving 295 head in the TIL group for analysis,
and 298 head in the TUL group. Atotal 430 calves were not
administered a metaphylactic antibiotic at arrival, and 163
calves were administered tilmicosin during arrival processing
and were enrolled with >21 DOF.

No differences in treatment success or case fatality rate
were identified between the 2 treatment groups (Table 1].
The statistical models evaluating body weight, rectal tem-
perature, and treatment success at third treatment would
not converge when constructed as described above, therefore
the random effect for origin lot was removed from these
models. There were no significant interactions between treat-
ment group and metaphylaxis status for all health outcomes
(P>0.10; Table 2]. Rectal temperature (P=0.02] atenrollment
and rectal temperature at third treatment for BRD (P=0.02]
were greater in calves not administered tilmicosin upon ar-
rival processing compared to calves treated metaphylactically
with tilmicosin at arrival processing (Table 3]. No other dif-
ferences in health outcomes were identified in the evaluation
of metaphylaxis status.

Discussion

Results from this study indicate there were no differ-
ences in health outcomes in calves treated with tildipirosin
compared to tulathromycin for first treatment of BRD. Judi-
cious use of antimicrobials requires studies to follow cattle
and evaluate treatment efficacies.5To the authors’ knowledge,
this is the first study to compare health outcomes for cattle
which were metaphylactically administered tilmicosin on ar-
rival and treated for BRD >21 DOF compared to calves which
were not metaphylactically treated during arrival processing.

Results ofthe current study differ from a previous study
comparing tildipirosin and tulathromycin for BRD treatment.6
However, this may be explained by the referent populations
used in each study. Dodd et al enrolled 75.9% of a high-risk
contiguous arrival group over a 10-day period,6 and the
current study enrolled calves over a 133-day period from a
feedlot population at low- to moderate-risk for developing
BRD. Calves enrolled in the study by Dodd et al would likely
be administered antimicrobials during arrival processing to
reduce BRD in most commercial feedlot settings.14The aver-
age BRD incidence is 16.2%, and the frequency of lots with
greater than 75% BRD morbidity is small.2427 The referent
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Table 1. Model-adjusted least square means (+ SE) of health outcomes for first treatment of bovine respiratory disease (BRD) by treatment group.
P-value displayed is main effect of treatment group. Model included random effect for origin lot.

Outcome Tildipirosin* Tulathromycin* P-value
Number of observations, n 295 298

Enroliment body weight, Ib 799.44 + 10.15 80291 + 10.15 0.71
Enrollment rectal temperature, °F 104.71 + 0.04 104.68 + 0.04 0.62
First treatment success,* % 80.72 * 242 80.59 * 244 0.97
BRD second treatment, % 1525 * 2.09 1342 + 197 0.52
Body weight at second treatment, Ib 743.46 * 24,99 77346 * 26.67 0.36
Rectal temperature at second BRD treatment, °F 104.35 * 0.07 104.39 * 0.08 0.68
Second treatment success,* % 64.46 * 7.30 70.20 + 749 0.58
BRD third treatment, % 2.68 * 0093 373 * 1.0 0.47
Body weight at third treatments Ib 676.73 t+ 38.62 735.63 * 45.28 0.34
Rectal temperature at third BRD treatments °F 10435 £ 0.20 10448 + 0.17 0.62
Third treatment success,*s % 2727 * 1343 6250 + 17.12 0.12
BRD case fatality rate, % 6.17 + 195 593 + 195 0.89
Treatment death interval, d 2198 + 348 1446 + 343 0.13

*Tildipirosin, Zuprevo®, Merck Animal Health, Whitehouse Station, NJ
*Tulathromycin, Draxxin®, Zoetis Animal Health, Parsippany, NJ

*Treatment success defined as not requiring additional treatment for BRD and not dying of BRD within the 60-day monitoring period.
8Third treatment outcomes did not include random effect for origin lot, as no lots had multiple observations in calves treated 3 times.

Table 2. Model-adjusted least square means (+ SE) of health outcomes for first treatment of bovine respiratory disease (BRD) by treatment group
and lot metaphylaxis with tilmicosin status. Model included random effect for origin lot. P-value is for treatment group by metaphylaxis interval.
Eligible lots were not metaphylactically administered an antimicrobial during arrival processing program, or were metaphylactically administered
tilmicosin* (2.0 mL/100 Ib of body weight) upon arrival to the feedyard with > 21 days on feed for first pull for BRD.

Tildipirosin®

Outcome No metaphylaxis
Number of observations, n 218
Enrollment body weight, Ib 811.84 + 11.81
Enrollment rectal temperature, °F 104.77 £ 0.05
First treatment success,® % 8172 * 276
BRD second treatment, % 1422 + 237
Body weight at second treatment, Ib 77481 * 30.08
Rectal temperature second BRD treatment, °F 104.26 + 0.09
Second treatment success,® % 63.17 + 9.16
BRD third treatment, % 413 + 1.35
Body weight at third treatment,ll Ib 731.00 * 38.99
Rectal temperature third BRD treatment,ll °F 104.25 + 0.17
Third treatment success,®Jl % 33.33 + 1571
BRD case fatality rate, % 590 + 2.09
Treatment death interval, d 25,63 + 431

* Micotil®, Elanco Animal Health, Greenfield, IN
*Tildipirosin, Zuprevo®, Merck Animal Health, Whitehouse Station, NJ
*Tulathromycin, Draxxin®, Zoetis Animal Health, Parsippany, NJ

Tildipirosin* Tulathromycin* Tulathromycin*
Metaphylaxis No metaphylaxis Metaphylaxis P-value
77 212 86 -
765.66 + 19.25 806.56 * 12.01 793.59 + 18.48 0.12
104.53 * 0.09 104.70 + 0.05 104.61 + 0.08 0.25
77.95 + 476 78.37 + 2098 86.10 * 3.80 0.11
18.18 = 4.40 1557 + 249 8.14 * 295 0.07
677.41 + 4353 780.30 * 29.22 762.47 * 62.63 0.33
10454 + 0.13 104.37 + 0.09 10439 * 0.19 0.28
67.19 + 12.69 76.26 £ 7.88 42.06 * 19.59 0.16
260 * 181 236 + 1.04 349 * 198 0.42
532.00 * 63.68 708.20 *+ 49.32 781.33 * 63.68 0.10
105.10 + 0.28 10424 * o0.22 10453 * 0.28 0.25
0.00 * 0.00 60.00 + 21.91 66.67 * 27.22 0.27
6.81 £ 3.19 6.04 + 215 554 * 276 0.72
15.67 + 5.88 1476 + 4.19 1388 + 6.02 0.38

§ Treatment success defined as not requiring additional treatment for BRD and not dying of BRD within the 60-day monitoring period.
I Third treatment outcomes did not include random effect for origin lot, as no lots had multiple observations in calves treated 3 times.

population in the current study may be more representative
of the majority of commercial feedlot cattle.

Meta-analyses have been conducted evaluating treat-
ment efficacy of different antimicrobials used for metaphy-
laxis?17 and BRD treatment.1819 These meta-analyses show
advantages for using tulathromycin instead of tildipirosin
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for both BRD treatment and metaphylaxis, but the studies
included for meta-analyses were commonly performed on
high-risk cattle. Summarized results of meta-analyses of
high-risk studies are only relevant to other similar referent
populations. High-risk cattle experience greater treatment
failure compared to low-risk cattle, but the difference be-
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Table 3. Model-adjusted least square means (+ SE) of health outcomes for first treatment of bovine respiratory disease (BRD) by lot metaphylaxis
(with tilmicosin*) status. P-value displayed is main effect of metaphylaxis status. Model included random effect for origin lot.

Outcome No metaphylaxis Metaphylaxis P-value
Number of observations, n 430 163 -
Enrollment body weight, Ib 809.29 + 10.56 780.95 + 16.60 0.15
Enrollment rectal temperature, °F 104.74 + 0.04 10457 + 0.06 0.02
First treatment success,1'% 80.00 * 193 82.21 = 3.00 0.54
BRD second treatment, % 1488 + 171 12.88 * 262 0.54
Body weight at second treatment, Ib 772.86 * 22.90 713.18 * 38.59 0.19
Rectal temperature at second BRD treatment, °F 104.31 £ 0.07 10452 = o0.12 0.12
Second treatment success,1'% 61.98 * 10.75 68.78 * 5.88 0.57
BRD third treatment, % 326 £ o0.86 307 £ 135 0.91
Body weight at third treatment,* Ib 706.36 * 35.13 688.00 T 58.78 0.79
Rectal temperature at third BRD treatment,* °F 10482 £ 0.14 104.28 + 0.23 0.02
Third treatment success,*,* % 4286 + 0.13 40.00 + 21.91 0.91
BRD case fatality rate, % 6.02 + 184 6.16 + 243 0.95
Treatment death interval, d 1932 + 3.00 1541 + 4.60 0.48

* Micotil®, Elanco Animal Health, Greenfield, IN

+Treatment success defined as not requiring additional treatment for BRD and not dying of BRD within the 60-day monitoring period
*Third treatment outcomes did not include random effect for origin lot, as no lots had multiple observations in calves treated 3 times

tween the risk classification is less with greater DOF.2 Per-
forming studies in medium- to low-risk populations of cattle
provides data for future meta-analyses evaluating outcomes
by risk classification.

Interestingly, there were no observed differences in
health outcomes among calves not administered metaphylax-
is upon arrival compared to calves which were administered
tilmicosin metaphylaxis and subsequently pulled for BRD
>21 DOF. Additionally, there were no significant (P>0.05) in-
teractions between treatment group and metaphylaxis status.
Metaphylaxis has been shown to shift the nasopharyngeal
microbiota and antimicrobial susceptibility profile of BRD
pathogens.1320 Additionally, nasopharyngeal microbiota and
the antimicrobial susceptibility profile of BRD pathogens have
been shown to change within the first 2 DOF12and between
feedlot arrival and 90 DOF.8 Additional work is needed to
establish any association to clinically relevant outcomes, such
as treatment failures, chronic animals, and mortality, and the
results of in vitro antibiograms.

One limitation of this study was that calves were only
monitored for 60 days post-enrollment, and no performance
outcomes were collected. Sample size was determined based
upon a large case fatality rate difference between treatment
groups; however, clinically there appears to be minimal differ-
ences between treatment groups in the medium- to low-risk
population of cattle evaluated. The power for identifying a
difference in outcomes by metaphylaxis status was less than
treatment comparison; however, these results provide initial
results for further studies. Additional research is needed to
evaluate treatment efficacies using antimicrobials that are
in the same class as those used in a metaphylactic program.
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Conclusions

No health differences were identified in calves treated
with tildipirosin compared to tulathromycin for first treat-
ment of BRD or between calves receiving a metaphylactic
antibiotic compared to calves that did not. Tildipirosin and
tulathromycin were effective antimicrobials for first treat-
ment of BRD in the medium- to low-risk populations of cattle.
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