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Abstract

The primary objective of this study was to compare
different gamithromycin post-treatment intervals (PTI) on
clinical health outcomes in cattle naturally affected with
bovine respiratory disease (BRD). Eight hundred cattle iden-
tified with BRD by pen riders, rectal temperature > 104.0°F
(= 40°C), and no previous treatments were randomized in
a 1:1:1:1 ratio to 3-, 6-, 9-, or 12-day PTI within each lot.
Cattle treated for BRD were returned to their home pen, and
followed for 60 days (d) to monitor subsequent health out-
comes. Cattle were categorized by type (dairy-beef or native).
General and generalized linear mixed models were used for
statistical analyses. First treatment success (P = 0.012) and
BRD case fatality risk (P = 0.032) were different among PTI
groups. The 9-d PTI group had the greatest first treatment
success, which was different (P = 0.008) than the 3-d PTL The
12-d PTI group had the poorest BRD case fatality risk, which
was different (P=0.071) than the 9-d PTI group. There were
no significant differences between the 6- and the 9-d PTI
groups. Dairy-beef cattle had an approximately 2-fold higher
BRD case fatality risk (P = 0.012) than natives. Results will
help practitioners to optimally use gamithromycin in the field.

Key words: BRD, dairy-beef cross, feedlot, PTI, treatment,
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Introduction

Gamithromycin® is a 15-membered semi-synthetic
ring azalide macrolide, with a unique alkylated nitrogen at
the 7a carbon of the lactone ring, commercially available
for treatment of bovine respiratory disease (BRD) associ-
ated with Mannheimia haemolytica, Pasteurella multocida,
Histophilus somni, and Mycoplasma bovis in beef and non-

lactating dairy cattle.>* Macrolides are generally considered
bacteriostatic;'> however, gamithromycin has bactericidal
effects against Mannheimia haemolytica.®'' Previous field
efficacy studies have demonstrated gamithromycin to be
an effective antimicrobial for treatment of BRD.®!*!¢ Thera-
peutic concentrations of gamithromycin were present in
pulmonary epithelial lining fluid, bronchoalveolar lavage
cells, and lung tissue cells within 30 min and persisted for
7 d in pulmonary epithelial lining fluid or greater than 15
d in bronchoalveolar lavage cells and lung tissue cells after
a single administration in healthy cattle.!® However, phar-
macokinetics in cattle with BRD have been shown to be
different than in clinically healthy cattle.” Pharmacokinetics
and pharmacodynamic data may not provide optimal infor-
mation for recommended post-treatment interval (PTI).?
The PTI is the amount of time required to pass before the
animal is eligible for additional therapy. In the multiple
comparison studies performed on treatment for BRD, few
studies have evaluated varying PTIs. A previous publication
evaluated different PTIs of tilmicosin.*® Data are available
in technical bulletins where PTIs for tulathromycin“* and
ceftiofur crystalline free acid*?*?? were compared. All 3 trials
showed that extending the PTI to 7 d resulted in improved
health outcomes; however, there are limited published data
available for optimal PTI for gamithromycin.

Beef sires are used on dairy cows to create dairy-beef
cattle to be marketed through the feedlot;** however, pub-
lished literature evaluating products and management strate-
gies in dairy-beef cross feedlot cattle is limited. The primary
objective of this study was to compare different gamithro-
mycin post-treatment intervals on clinical health outcomes
in cattle naturally affected with BRD. Our hypothesis was
that extending the PTI would improve treatment outcomes.
The secondary objective was to evaluate health outcomes in
dairy-beef cross cattle compared to native beef cattle.
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Materials and Methods

The study was performed at Hy-Plains Feedyard, LLC
located near Montezuma, Kansas, which is a custom cattle-
feeding operation. The study began December 15,2019 and
concluded June 19, 2020. All procedures were approved by
the Boehringer Ingelheim Animal Health USA, Inc Animal Care
and Use Committee (APS-19-221) prior to the study initiating.

Sample Size

First-treatment success was considered the primary
outcome for the study and used for sample size estimates.
Sample size was based on ability to detect a difference of
12.5% with a baseline of 80% first-treatment success. Alpha
was set at 0.05, and beta set to 0.20 using a commercial soft-
ware package,® resulting in 193 cattle per PTI treatment group.

Animals

Cattle throughout the feedyard were observed daily by
penriders for identification of BRD. Identification of BRD was
made based upon visual evaluation of physical appearance,
attitude, gauntness, nasal discharge, and/or reluctance to
move. All pen riders had a minimum of 5 years of experience
riding pens in a commercial feedlot, and pen riders would
rotate sections of the feedyard they would ride throughout
the week. Any calf which displayed clinical signs was moved
from the home pen to the hospital for confirmatory diagnosis
and either enrollment into or exclusion from the study. The
feedlot had an average population of 32,109 head during the
enrollment period.

Inclusion Criteria

All cattle identified by pen riders with clinical signs of
BRD were evaluated by a veterinarian (MET) prior to enroll-
ment. Cattle were assigned a subjective clinical attitude score
(Table 1) by the veterinarian prior to enrollment. Inclusion
criteria for the study were identified morbid with BRD by pen
rider, no previous treatments for disease, rectal temperature
> 104.0°F (= 40°C), clinical attitude score 1 to 3, estimated
> 60 days to harvest, and absence of clinical signs of disease
in other organ systems.

Table 1. Description of clinical attitude scoring system used to assess
cattle upon enrollment in a study comparing various post-treatment
intervals following treatment of BRD with gamithromycin.

Clinical attitude score Criteria

Normal; bright; alert; responsive

1 Mild depression; signs of weakness
usually not present

2 Moderate depression; some signs of
weakness; may be reluctant to stand

3 Severe depression; difficulty standing;
head lowered or extended

4 Moribund; unable to stand

Alllots in the commercial feedlot which did not receive
ametaphylactic antimicrobial during arrival processing were
eligible to be enrolled beginning at 1 day on feed (DOF). Lots
which received a metaphylactic antimicrobial of tilmicosin®
(6 mg/1b [13.2 mg/kg] of body weight [BW] subcutaneously
[SC]; 2.0 mL/1001b [45.5 kg] of BW) or tulathromycin® (1.13
mg/lb [2.5 mg/kg] BW; 1.1 mL/1001b of BW SC) were eligible
for inclusion beginning at 21 DOF. Cattle pulled for BRD from
lots which were metaphylactically administered an antimi-
crobial and pulled for BRD prior to 21 DOF were excluded
from the study and treated according to feedlot operating
procedures. The decision to metaphylactically treat individual
lots during arrival processing was made by feedlot personnel
based upon subjective risk classification. Risk classification
was based upon origin, transportation distance, shrink, and
visual appearance of the cattle upon arrival to the feedlot.

Enrollment

Upon meeting the inclusion criteria, cattle were ran-
domized in a 1:1:1:1 ratio to 1 of 4 PTI groups within each
eligible lot: 3-d PTI, 6-d PTI, 9-d PTI, or 12-d PTI following
treatment with gamithromycin (2.72 mg/lb [6 mg/kg] BW;
2.0 mL/110 Ib of BW SC). Table 2 provides an overview for
the timing of events which occurred for each calf. Enrollment
was performed by different personnel (MET) than pen riders
to maintain blinding of treatment groups.

An enrollment form was created to assign cattle to PTI
treatment group in groups of 4 within each lot. A random
number generator® was used to create random numbers for
each blank on the enrollment form. The 4 PTI treatment
groups were written on a piece of paper and drawn from a
hat to determine treatment group assignment based upon
random number generated within each group of 4. The 3-d
PTI was assigned to smallest random number within the
group, 12-d PTI assigned to the second-smallest random

Table 2. Outline of study timeline events for each individual calf enrolled
in a comparative study of post-treatment intervals (PTI) following
treatment of BRD with gamithromycin.

Study day Events
0 Enrollment
1
2
3 3-day PTI eligible for retreatment
4
5
6 6-day PTI eligible for retreatment
7
8
9 9-day PTI eligible for retreatment
10
11
12 12-day PTl eligible for retreatment
60 Study conclusion
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number within the group, 9-d PTI to the third-smallest ran-
dom number within the group, and 6-d PTI to the greatest
random number within the group. The first calf which met
the inclusion criteria was assigned to PTI group assigned to
the first blank on the enrollment form. The next calf from
the same lot which met the inclusion criteria was assigned
to the second blank on the enrollment form, and each calf
from a different lot was assigned to a different group of 4. An
individual lot could be enrolled to more than 1 group of 4 if
there were more than 4 calves enrolled into the study from
the same lot. Cattle were randomized in an effort to evenly
distribute treatments within lot.

Duplicate ear tags were used to identify each calf upon
study enrollment. The date a calf was eligible for retreatment
was written on the tag for the pen rider to be able to identify
when eligible for additional treatment. No information about
the day initial treatment was administered was placed on the
calf to maintain blinding of pen riders to treatment group;
however, the pen riders may have been able to identify treat-
ment group if the pen riders remembered when they pulled
the calf the first time. Individual body weight and rectal tem-
perature were collected for all cattle enrolled and recorded in
a feedlot animal health computer system. Cattle treated for
BRD were returned to their home pen. Cattle were followed
for 60 d to monitor subsequent health outcomes by feedlot
personnel blinded to treatment group.

BRD Retreatments

Cattle were eligible for retreatment within the 60-d
monitoring period post-enrollmentifidentified by pen riders
as morbid for BRD, met or exceeded the PTI period, and had
arectal temperature = 104.0°F (= 40°C) or lost body weight
from first treatment. Cattle which required a second treat-
ment for BRD were administered enrofloxacin® (4.50 mg/
b [9.92 mg/kg] BW SC; 4.5 mL/ 100 1b of BW). A 3-d PTI
was used after the second treatment for BRD. Cattle which
required a third treatment for BRD were administered flor-
fenicol' (18.1 mg/lb [40 mg/kg] BW SC; 6 mL/100 1b BW). No
calves were marketed until they cleared the longest antibiotic
withdrawal period from time of administration.

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 each
case that died during the monitoring period based upon
visual observations. No diagnostic samples were collected.

Feed, Housing, and Water

Cattle were fed diets formulated to meet or exceed
National Research Council'* maintenance requirements.
Feed rations consisted of steam flaked corn, wet distillers’
grains, ground alfalfa hay, supplement, and ground prairie
hay. No feed-grade antimicrobials for control of BRD were
fed to cattle throughout the trial. Cattle 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 management steps were completed in a spread-
sheet.!Binary variables were created for treatment successes
and case fatality risk health outcomes. Treatment success was
defined as not requiring additional treatment for BRD, cause
of death not due to BRD, or not railed due to BRD during the
60-d monitoring period. Case fatality risk was defined as
cattle dying due to BRD during the 60-d monitoring period.
Treatment-death interval was calculated from day of first
treatment for BRD to the day of death for cattle that died of
BRD during the monitoring period. The BRD outs was calcu-
lated as died due to BRD or railed due to BRD. Dairy-beefand
native beef cattle were categorized at the lot level.

Statistical Analyses

Data were imported into a commercial software
package’ for analyses. Data analyses were aligned with the
randomized complete block design and animal as the ex-
perimental unit assigned to 1 of 4 PTI treatments within lots.
General and generalized linear mixed models were used for
statistical analyses with distributions and standard link func-
tions aligned with the outcome variable: Gaussian, binomial,
and cumulative logistic for continuous (days on feed, BW, and
rectal temperature), dichotomous (heifer, dairy-beef, treat-
ment success, case fatality risk, and mortality), and ordinal
(clinical attitude score and metaphylaxis status) outcomes,
respectively. Lot was included as a random intercept term
in animal-level models. The PTI group and corresponding
interaction terms were included in analyses of secondary
objectives. Models were fitted with Kenward-Roger degrees
of freedom approximation and Newton-Raphson and Ridg-
ing optimization procedures. An alpha=0.05 was used for all
overall tests of treatment effects, and for subsequent pairwise
comparisons an alpha=0.10 was used after adjusting for
multiple comparisons using Tukey methods.

Results

A total of 800 cattle from 250 lots were enrolled in the
study (Table 3). Cattle were enrolled from December 15,2019
through April 20, 2020 with a range of body weight of 350 to
1348 1b (159 to 611 kg). There was no evidence that cattle
characteristics differed among treatment groups at time of
enrollment (Table 3; P > 0.10). First-treatment success (P =
0.012; Figure 1A), BRD case fatality risk (P = 0.032; Figure
1B), and BRD outs (P =0.039) were all significantly associated
with PTI (Table 4). The 3-d PTI treatment group had the low-
est first-treatment success and was significantly (P = 0.008)
different compared to the 9-d PTI treatment group which had
the greatest first-treatment success. The 12-d PTI treatment
group had the numerically poorest BRD case fatality risk and

THE BOVINE PRACTITIONER—VOL. 54, NO. 2—2020

© Copyright American Association of Bovine Practitioners; open access distribution. 107



Table 3. Characteristics of cattle at enrollment into treatment groups.* Model-adjusted means (SEM) from generalized linear mixed models with a
random intercept to account for clustering within lots.

Overall
Parameter 3-day PTI 6-day PTI 9-day PTI 12-day PTI P value
No. cattle (No. lots) 196 (129) 187 (126) 208 (142) 209 (145) -
Days on feed at enrollment, d 61.02 (3.43) 64.39 (3.46) 60.53 (3.39) 61.80 (3.38) 0.499
Body weight at enrollment, Ib 818.49 (14.91) 848.06 (15.04) 830.45 (14.66) 831.77 (14.60) 0.165
Heifer, % 35.74 (6.35) 37.54 (6.50) 43.91 (6.48) 44.33 (6.40) 0.577
Dairy-beef, % 18.37(2.77) 18.72 (2.85) 16.83 (2.59) 17.70 (2.64) 0.963
Rectal temperature, °F 104.93 (0.06) 104.92 (0.06) 104.88 (0.06) 104.87 (0.06) 0.893
Clinical attitude score, hd (%)
1 91 (46.43) 92 (49.20) 110 (52.88) 96 (45.93) 0.310
2 95 (48.47) 86 (45.99) 93 (44.71) 102 (48.80)
3 10 (5.10) 9 (4.81) 5 (2.40) 11 (5.26)
Metaphylaxis, hd (%)
None 151 (77.04) 143 (76.47) 157 (75.48) 154 (73.68) 0.968
Tilmicosint 29 (14.80) 29 (15.51) 37 (17.79) 37 (17.70)
Tulathromycini 16 (8.16) 15 (8.02) 14 (6.73) 18 (8.61)
*Treatment groups: 3-, 6-, 9-, or 12-day post-treatment intervals (PTI) in feedlot cattle treated for BRD with gamithromycin
T Micotil®, Elanco Animal Health, Greenfield, IN
¥ Draxxin®, Zoetis Animal Health, Parsippany, NJ
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Figure 1. Outcome means (+ SEM) first treatment success (A) and bovine respiratory disease (BRD) case fatality risk by post-treatment interval.
Generalized linear mixed models included a random intercept to account for clustering within lots. Means without common superscripts differ (P
<0.10; adjusted for multiple comparisons).

Table 4. Outcome means (+ SEM) by treatment group* from generalized linear mixed models with a random intercept to account for clustering
within lots. Means without common superscripts differ (P <0.10; adjusted for multiple comparisons).

Outcome 3-day PTI 6-day PTI 9-day PTI 12-day PTI Overall P value
First treatment success,t % 56.832 + 3.75 67.60%® + 361 72300 + 3.26 67.55® + 341 0.012
Second treatment success,T % 61.01 * 5.85 45.76 + 7.03 56.06 + 7.46 58.02 + 7.30 0.397
Third treatment success,t % 71.02 + 894 84.04 + 7.73 80.39 * 9.56 45,15 + 13.86 0.099
Treatment death interval, d 19.27 + 441 22.00 + 4.66 21.02 + 4.36 23,59 + 3.26 0.879
BRD case fatality risk, % 8.56® + 2.07 7.56% + 201 7.24°  + 1.86 15.02* + 2.64 0.032
Dead, % 9.06 + 212 8.62 £ 212 8.72 % 2.04 1548 + 2.66 0.076
BRD outs, % 8.59% + 2.08 8.11% +  2.09 7.26° 1.87 15.07° + 2.64 0.039
Total outs, % 9.08 + 213 9.18 + 221 875 % 2.04 1552 + 2.67 0.090

*Treatment groups: 3-, 6-, 9-, or 12-day post-treatment intervals (PTI) in feedlot cattle treated for BRD with gamithromycin
T Treatment success was defined as not requiring additional treatment for BRD, cause of death not due to BRD, or not railed due to BRD.
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BRD outs; the BRD case fatality (P =0.071) and BRD outs (P =
0.071) were both significantly different for 9-d PTI and 12-d
PTI treatment group pairwise comparisons.

Atotal of 143 cattle (from 31 lots) were enrolled which
were dairy-beef cross cattle and 657 (from 219 lots) were
native cattle (Table 5). The dairy-beef cattle were enrolled at
later DOF (P = 0.012) with lighter BW (P < 0.001) compared
to the native cattle. The dairy-beef cattle also had decreased
clinical attitude score (P =0.049) and less use of metaphylaxis
(P < 0.001) compared to native cattle at time of enrollment.
There was no evidence for significant interactions between
PTI treatment group and cattle type (Table 6); however,
dairy-beefhad decreased third treatment success (P =0.015),
greater BRD case fatality risk (P = 0.012), greater death
loss (P = 0.036), greater BRD outs (P = 0.016), and greater
total outs (P = 0.043) compared to the native cattle health
outcomes (Table 6).

Discussion

To the authors’ knowledge, this is the first study to look
at different PTIs for gamithromycin in naturally occurring
BRD cases. Results of the current study support extending
the PTI up to 6- or 9-d after initial treatment with gamithro-
mycin with no adverse animal health outcomes; however,
extending the PTI to 12-d resulted in increased case fatality.
These results help provide recommendations for judicious
use of antimicrobials resulting in decreased selection for
antimicrobial-resistant pathogens in the field.*¢

Previous studies, with different antimicrobials, have
evaluated different PTIs with similar results to the current
study.?**!?2 Evaluation of health outcomes with only a 3-d PTI
may result in an overestimation of treatment failures which
agrees with other macrolide evaluations.® Allowing cattle
to be treated with additional antimicrobials at the 3-d PTI

Table 5. Characteristics of native vs dairy type cattle at enrollment into a study comparing 4 post-treatment intervals (PTI) following treatment of
BRD with gamithromycin. Model-adjusted means (SEM) unless otherwise noted.

Parameter Dairy-beef Native Overall P value
No. cattle (No. lots) 143 (31) 657 (219) -
Days-on-feed at enrollment, d 81.44 (8.28) 58.97 (3.17) 0.012
Body weight at enrollment, b 619.45 (31.24) 861.64 (12.12) <0.001
Heifer, % 25.73 (9.78) 43.27 (4.89) 0.152
Rectal temperature, °F 104.75 (0.04) 104.92(0.10) 0.101
Clinical attitude score, hd (%)

1 85 (59.44) 304 (46.27) 0.049

2 54 (37.76) 322 (49.01)

3 4(2.80) 31(4.72)
Metaphylaxis, hd (%)

None 133 (93.01) 472 (71.84) <0.001

Tilmicosin* 0(0.00) 132 (20.09)

Tulathromycint 10 (6.99) 53 (8.07)

* Micotil®, Elanco Animal Health, Greenfield, IN
* Draxxin®, Zoetis Animal Health, Parsippany, NJ

Table 6. Outcome means (+ SEM) by cattle type from generalized linear mixed models with a random intercept to account for clustering within lots

in a study comparing 4 post-treatment intervals following treatment of BRD with gamithromycin.

Parameter

Dairy-beef

Native

Dairy-beef /native

PTl interaction

P value P value*
First treatment success,* % 61.88 + 5.06 67.16 + 2.13 0.328 0.730
Second treatment success,* % 45.20 + 8.61 57.42 + 4.05 0.210 0.342
Third treatment success,* % 43.18 + 13.36 81.53 + 5.99 0.015 0.574
BRD case fatality risk, % 16.39 + 3.96 7.66 + 1.19 0.012 0.483
Dead, % 16.38 + 3.95 8.86 + 1.27 0.036 0.643
BRD outs, % 16.39 + 3.97 7.91 + 1.21 0.016 0.552
Total outs, % 16.39 * 3.96 9.10 + 1.29 0.043 0.705

* Treatment success was defined as not requiring additional treatment for BRD, cause of death due to BRD, or railed due to BRD.
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resulted in no improvement in BRD case fatality or mortality
outcomes. Extending the PTI to 6 or 9 d, allowed additional
time for the cattle to return to normal based on visual ap-
pearance or provided additional time for the exposure of the
drug concentration to improve health outcomes as previously
suggested;® however, extending the PTI to 12 d resulted in
sub-optimal health outcomes. Gamithromycin has been de-
tected 10 d after initial treatment for BRD in the plasma and
pulmonary epithelial lining fluid, but the researchers did not
evaluate concentrations in plasma or pulmonary epithelial
lining fluid after 10 d.” The current study had optimal health
outcomes at the 6-d and 9-d PTI treatment groups. Pharmaco-
dynamics and pharmacokinetic data have at times provided
misleading optimal PTI recommendations;? however, results
from the current study agree with the pharmacokinetic data
of gamithromycin being present in the plasma and pulmonary
epithelial lining fluid for up to 10 d.” The authors recom-
mend performing clinical field studies to determine optimal
PTI recommendations. Determination of the PTI used in the
field needs to optimize the animal health outcomes as well as
include labor, treatment costs, and the ability of the feedlot
crew to withhold treatment of cattle based on poor appear-
ance in the midpoint of the PTI.

Previous studies have compared the efficacy of
gamithromycin to other antimicrobials for initial BRD treat-
ment?®3! and metaphylaxis.??*?°32 Van Donkersgoed et al
used a 5-d PTI following initial treatment for BRD compared
to florfenicol, and identified no health outcome differences
between the 2 treatment groups.?! Torres et al identified a
higher retreatmentrisk in cattle administered gamithromycin
compared to cattle administered tulathromycin; however, the
PTI used for the gamithromycin or tulathromycin treatments
groups was not stated.?® Meta-analyses also have been per-
formed for summarizing the outcomes for BRD treatment!®1¢
and metaphylaxis;*!>!” however, none of the meta-analyses
have accounted for PTI or post-metaphylaxis intervals used
which may impact health outcomes. Consideration of the PTI
used, study population, and referent population is needed to
make appropriate comparisons between antimicrobials as
previously described.?¢

Health outcomes of the dairy-beef cattle provide some
novel results as the dairy-beef population is becoming more
frequent in the feedlot industry.>° There were no interactions
between metaphylaxis status and cattle type, indicating same
PTIs can be used in the dairy-beef cattle type as native cattle.
Overall treatment response was poorer in the dairy-beef
cattle compared to the native cattle. It is important to note
the dairy-beef cattle had a lower average BW compared to
the native cattle, and BW has been previously associated
with treatment response.*?’” The authors hypothesize if BW
was similar between the dairy-beef and native cattle, health
outcomes may have been similar as well; however, additional
research is needed to support or refute this hypothesis.

A limitation of the current study was monitoring for
60 d post-enrollment, and no performance outcomes were

collected; however, the primary objective of the study was
to evaluate health outcomes. The 60-d monitoring period is
beyond the 35-d monitoring period previously suggested.?®
Capturing data on performance outcomes may have put
increased strain on the hospital management system and
resulted in decreased health outcomes, which then may not
represent outcomes observed in the field.”*3 Another po-
tential limitation of the study was the possibility of the pen
rider to become unblinded to treatment group if the pen rider
remembered when an individual calf was pulled to detect PTI
treatment group; however, each pen rider was evaluating ap-
proximately 8,000 calves each day. Each lot could have new
animals enrolled into the study each day resulting in different
eligible retreatment dates, making it difficult to identify the
PTI treatment group allocation. The study was not initially
designed or powered to identify a difference in health out-
comes by cattle type; however, these results provide initial
results for future studies.

Conclusions

Optimal PTI for gamithromycin was 6 d or 9 d based
on health outcomes. A 3-d PTI following initial treatment
with gamithromycin resulted in decreased first-treatment
success. The 12-d PTI treatment group resulted in increased
BRD case fatality risk. There were no significant differences
in health outcomes between the 6- and the 9-d PTI groups.
There were no interactions between cattle type indicating the
same PTIs can be used in the dairy-beef cattle type as native
cattle; however, overall treatment response was poor in the
dairy-beef cattle compared to the native cattle. Determina-
tion of the PTI used in the field needs to optimize the animal
health outcomes as well as include the labor, treatment costs,
and ability of the feedlot crew to withhold treatment of
cattle based on poor appearance in the midpoint of the PTI.
The results of the study will help practitioners to optimally
use gamithromycin antimicrobial related to animal health
outcomes.

Endnotes

aZactran®, Boehringer Ingelheim Animal Health USA, Inc,,
Duluth, GA

bMicotil®, Elanco Animal Health, Greenfield, IN

Draxxin®, Zoetis Animal Health, Parsippany, NJ

dExcede®, Zoetis Animal Health, Parsippany, N]

¢R Studio Team 2016, Boston, MA

fMicrosoft Office Excel, Microsoft Corp, Redman, WA

¢ Animal Management System, Animal Health International,
Greeley, CO

hBaytril®, Bayer Animal Health, Shawnee, KS

" Nuflor®, Merck Animal Health, Whitehouse Station, NJ

I SAS Glimmix, Version 9.4, SAS Institute Inc, Cary, NC
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