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Abstract 

A trial was conducted in a commercial feedlot 
in western Canada using fall-placed feedlot calves at 
moderate risk of bovine respiratory disease (BRD) to 
compare the efficacy of gamithromycin to tilmicosin for 
metaphylactic treatment of BRD. First-pull treatment 
rates for BRD were significantly lower (P = 0.01) in calves 
in the gamithromycin group than in the tilmicosin group. 
There were no other significant differences in health or 
performance between the two groups. The 6.6 percent
age point difference in treatment rates for BRD equated 
to a net advantage of $0.03CAN/head for those calves 
given gamithromycin as a metaphylactic drug on arrival 
compared to metaphylactic treatment with tilmicosin. 
Drug cost and disease risk should be carefully evaluated 
in each feedlot and group of incoming cattle to determine 
the most cost-effective metaphylaxis protocol. 
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Resume 

Un essai a ete mene dans un pare d'engraissement 
commercial de l'ouest du Canada avec des veaux de pare 
arrives en automne avec un risque modere pour les mala
dies respiratoires bovines afin de comparer l'efficacite de 
la gamithromycine et de la tilmicosine pour le traitement 
prophylactique des maladies respiratoires bovines. Le 
taux de premier traitement pour les maladies respira
toires bovines etait significativement moins eleve (P = 
0.01) dans le groupe recevant la gamithromycine plutot 
que la tilmicosine. II n'y avait aucune autre difference 
au niveau de la sante et de la performance entre les 
deux groupes. La difference de 6.6% dans le taux de 
traitement pour les maladies respiratoires bovines 
representait !'equivalent d'un avantage net de 0.03$ 
CAN par tete pour les veaux traites prophylactiquement 
avec la gamithromycine plutot qu'avec la tilmicosine a 
leur arrivee. Le cont du traitement et le risque de mala-
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die devraient etre evalues avec soin dans chaque pare 
d'engraissement et dans chaque groupe de betail afin de 
determiner le protocole de prophylaxie le plus rentable. 

Introduction 

Metaphylactic antimicrobials are used in mod
erate to high disease-risk calves to reduce morbidity 
and mortality from bovine respiratory disease (BRD) 
and to improve performance. 8•12 Drugs currently used 
metaphylactically to control BRD in recently weaned 
feedlot calves in western Canada are long-acting oxytet
racycline, tilmicosin, a and tulathromycin. h Numerous 
published field trials demonstrate the efficacy of these 
antimicrobials in :r-educing BRD.1,8,9,12,13 

Gamithromycinc was recently licensed in Canada. 
Gamithromycin is a novel azalide developed for treat
ment and prevention of BRD.3•5•6•10•11 It belongs to the 
macrolide family of antibiotics and is characterized by 
having low serum concentrations, high tissue concen
trations, and extended tissue elimination half-life.5 To 
date, there are no published, large-scale controlled field 
trials conducted in commercial feedlots in North America 
to demonstrate the efficacy of gamithromycin to control 
BRD, nor are there any comparative studies to other 
metaphylactic drugs to demonstrate its cost effectiveness. 

The purpose of this controlled field trial was to 
evaluate the effectiveness of tilmicosin administered 
on arrival compared to gamithromycin administered on 
arrival for reducing morbidity and mortality due to natu
rally occurring BRD in a commercial feedlot. The second 
objective was to compare performance (average daily 
gain (ADG) and dry matter conversion (DMC)) of calves 
administered tilmicosin or gamithromycin on arrival. 

Materials and Methods 

Study Facility 
This study was conducted at a commercial feedlot 

in southern Alberta, Canada with a one-time feeding 
capacity of 25,000 head. The animals were housed in 
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open dirt-floor pens with a heated automatic waterer 
and a concrete feed bunk within the fence line facing 
a common feed alley. Each pen held 250 animals on 
average. The hospital and treatment areas at the 
feedlot were used to manage sick cattle. The hospital 
has a roof and concrete floor and is equipped with a 
hydraulically operated squeeze chute with weigh scale 
and chute-side computer and health data management 
system. d Body temperatures were taken with an elec
tronic thermometer. 

Cattle were fed rations consisting of barley grain, 
barley or corn silage, corn dried distiller grains with 
solubles, and supplement formulated to meet standard 
nutritional requirements of feedlot cattle. Monensin 
sodiume was included in the ration throughout the feed
ing period to improve performance and control bloat and 
coccidiosis. Chlortetracycline was fed in the starter ra
tion to control histophilosis. Cattle were fed ration three 
times daily on an ad libitum basis using truck-mounted 
mixers on load cells. Feed intake was recorded by pen, 
with feed from sick and chronic pens prorated back to 
the original lot of cattle. 

Study Animals 
Five thousand crossbred steer calves six to 10 

months of age, with an average weight of686 lb (312 kg), 
were used in the study. All animals had been recently 
purchased through the auction market system or direct 
from ranches and shipped to the feedlot. 

Upon arrival at the feedlot, animals were given a 
modified-live infectious bovine rhinotracheitis (IBR) and 
bovine viral diarrhea (types 1 & 2) vaccine, 8-way clos
tridial bacterin, Histophilus somni bacterin, Mannhemia 
haemolytica leukotoxin vaccine, ivermectin pour-on or 
injectable, and an anabolic growth implant. If it was 
raining or wet snow, animals within a processing group 
were treated with an injectable ivermectin rather than 
pour-on ivermectin. Animals were re-vaccinated with a 
modified live IBR-parainfluenza-3 vaccine and they re
ceived a terminal growth promoting implant at approxi
mately 70 days-on-feed (DOF). The implant program was 
consistent across all pens. All animals were uniquely 
identified with a numbered feedlot eartag and Canadian 
Cattle Identification Agency tag. Animals were put onto 
the study within 48 hours after arrival at the feedlot. 

Experimental Design 
A randomized block design was used. Each block 

consisted of two pens . as they were filled. A total of 20 
pens or 10 blocks were created. The sample size used 
is typical for commercial feedlot trials when assessing 
metaphylactic drugs or feed additives, and the pen was 
the unit of analysis. 1,13 

The two treatments were: 1) gamithromycin ad
ministered subcutaneously at 2. 72 mg/lb ( 6 mg/kg) of 
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body weight, and 2) tilmicosin SC at 4.54 mg/lb (10 mg/ 
kg) of body weight. Both drugs were administered at 
arrival regardless of rectal temperature, and no other 
metaphylactic antimicrobials were given. On-arrival 
treatments were dosed according to the average weight 
of animals in that processing group. 

Animals administered gamithromycin were not 
eligible for additional therapy until 10 days following on
arrival treatment (post-metaphylactic interval [PMI]). 
The 10-day PMI was based on the Canadian label claim 
and previous pharmacokinetic information provided in 
the literature. 3•5 Animals administered tilmicosin were 
not eligible for additional therapy until five days follow
ing on-arrival treatment (5 day PMI), the standard PMI 
used for tilmicosin at this feedlot. Moribund animals 
were euthanized for humane reasons, regardless of days 
post-metaphylaxis. 

All animals pulled for treatment for BRD were 
treated according to the feedlot's standard treatment 
protocol for BRD. Animals relapsing a third time with 
BRD were considered chronics; thus, no further treat
ment was given and they were placed in a chronic pen. 
Therapeutic drugs were used at label dose with label 
withdrawals adhered to. Treatment dosages were based 
on the individual body weight of the sick animal. 

Animal Allotment 
Experimental animals were selected from large 

groups of animals arriving at the feedlot from October 18 
to November 30, 2010. As new cattle were presented for 
processing, calves within each arrival processing group 
were randomly assigned to one of two treatment groups 
using systematic randomization. A coin was flipped to 
determine which of the feeding pens was used to house 
cattle treated with tilmicosin or gamithromycin. Then 
a coin was flipped to determine if the first calf through 
the chute for a new block of pens went into the tilmicosin 
or gamithromycin group. Every other animal through 
the chute went into the same treatment group. For ex
ample, if the coin flip was heads and heads was set for 
tilmicosin, then the first calf through the chute received 
tilmicosin, the second calf t~ough the chute received 
gamithromycin, the third calf through the chute received 
tilmicosin, and so on until pens were filled. 

Calves were processed and individually weighed in 
the processing chute. The scale in the processing chute 
was verified with a standard weight and calibrated as 
necessary prior to processing. After every 20 head, the 
scale was tared to zero. Ca]ves from the two treatment 
groups were penned separately. Once two pens were 
full (250 animals each) two new pens were filled until 
20 pens were placed on trial. Each pen was an experi
mental unit and each group of two pens represented 
a block. Animals were moved to their home pen and 
maintained as a unit for the duration of the trial, which 
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was from induction processing until terminal weight 
sorting (approximately 30 to 40 days before slaughter). 
Feedlot personnel who processed the cattle were differ
ent from feedlot personnel who checked the cattle daily 
for illness. The trial could not be blinded because the 
health crew (i.e. pen riders) needed to know the PMI 
of the cattle to determine when sick animals could be 
pulled and treated for BRD. 

Observations 
Any animals appearing "sick" based on subjective 

parameters, such as general appearance and attitude, 
gauntness, reluctance to move, or separation from group, 
were moved to the hospital area of the feedlot for closer 
observation. Upon presentation at the hospital facility, 
the rectal temperature of the "sick" calf was taken with 
an electronic thermometer and its identification entered 
into the chute-side computer. d 

A diagnosis of the initial case of BRD was made 
on an animal if the following criteria were satisfied: 
1) the case abstract, which appeared on the computer 
screen, indicated no previous treatment history for BRD; 
2) there was an absence of clinical signs referable to 
organ systems other than the respiratory tract; and 3) 
animals meeting the temperature criteria (2:: 104.0°F or 
40°C). If all criteria were met, the animal was treated 
and designated as undifferentiated fever (UF). Animals 
not meeting the temperature criteria were treated and 
designated as no fever (NF). All treated animals (UF and 
NF) were returned to their home pen the same day of 
treatment unless they were overly compromised. Cattle 
with compromised mobility were housed in the hospital 
pen until they could be returned home. 

A diagnosis of a relapse case of BRD was made if 
the following criteria were satisfied: 1) the case abstract 
indicated previous treatment for BRD (UF or NF) and 2) 
there was an absence of clinical signs referable to organ 
systems other than the respiratory tract. If treatment 
for BRD was necessary, then animals were treated ac
cording to the feedlot's standard treatment protocol. 

A calf was defined as a chronic ifit had been pulled 
as a third relapse; these animals were sent to the chronic 
pen. If calves were moribund at any time, they were 
humanely euthanized. Calves that were gaining weight 
but could not be returned to their home pen because they 
could not compete with their peers for feed or water were 
sent to a rail pen for fattening for salvage harvest; else, 
they were euthanized. 

,Animals that died during the trial period were 
necropsied by the feedlot veterinarians to determine 
the cause of death. 

Statistical Analysis 
The following data were analyzed on a pen basis 

from arrival to terminal weight sort: 1) BRD initial 
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treatment rate (UFO and NF0); 2) BRD first relapse rate 
(UFl and NFl); 3) BRD second relapse rate (UF2 and 
NF2); 4) BRD chronicity rate (UF3 and NF3); 5) crude 
mortality rate; 6) mortality rate for BRD and histophi
losis; 7) weight gain; 8) ADG; 9) daily dry matter intake 
(DDMI); 10) DMC; and 11) DOF. 

Individual body weights at processing, reimplant, 
and terminal weight sort were imported into a spread
sheet program/ and the average weight was calculated 
for each pen. From the computerized animal health 
data, proportional rates for BRD treatment, overall 
mortality, and BRD/histophilus mortality were calcu
lated for each pen. Histophilus mortality included death 
from myocarditis, pericarditis, pleuritis, and arthritis. 

Body weights, DOF, DDMI, ADG, and DMC were 
calculated for each pen at first implant and at terminal 
weight sort. Reimplant and terminal weight sort body 
weights were shrunk 4%, which is the standard industry 
practice of reducing chute weights by 4% to account for 
animal weight attributed to gut fill. Weight gain per 
pen was the change in average weight from induction 
to terminal weight sort. Average DOF per pen was cal
culated as the total head days divided by the number 
of head inducted, ADG per pen was calculated as the 
reimplant or terminal sort weight minus the total weight 
inducted, divided by the total head days. DDMI per pen 
was calculated as the total pounds of feed fed divided 
by total head days. DMC per pen was calculated as the 
total pounds of feed fed divided by total weight gain. 

Data were analyzed using an analytical software 
program.g A randomized complete block analysis of vari
ance was used to compare outcomes between experimen
tal groups. Statistical significance was set at P :S 0.05. 

The relative cost-effectiveness of the metaphylactic 
drugs was calculated based only on health and perfor
mance variables that were statistically different between 
the two experimental groups. Variables included the 
current metaphylactic antimicrobial therapy costs of 
$16.48CAN for gamithromycin and $14.61CAN for 
tilmicosin, an initial BRD therapy cost of $27 .82CAN 
per animal, plus a $1CAN per animal labor charge for 
pulling and treating BRD cases. 

Results and Discussion 

First-pull treatment rates for BRD were signifi
cantly lower in the gamithromycin group than in the 
tilmicosin group (Table 1). There were no other sig
nificant differences in health or performance (Table 2) 
between treatment groups. The overall disease rates 
may have been lower in both groups due to the feeding 
of chlortetracycline to reduce morbidity and mortality 
from histophilosis. This may have reduced our ability 
to see treatment differences in relapses or mortality. It 
is typical in many western Canadian feedlots to feed 
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Table 1. Effect of on-arrival treatment with tilmicosin or gamithromycin on morbidity and mortality offeedlot steer 
calves at moderate risk for BRD. 

Experimental Group 

Variable 

No. pens 
No. animals 
First BRD (UF+NF) treatment(%) 

First UFc treatment(%) 
First NFd treatment(%) 

First BRD relapse(%) 
First UF relapse(%) 
First NF relapse(%) 

Second BRD relapse(%) 
Second UF relapse(%) 
Second NF relapse(%) 

Third BRD relapse(%) 
Third UF relapse(%) 

Total mortality ( % ) 
BRD/histophilus mortality(%) 

Tilmicosina 

10 
2500 
20.2 
19.2 
1.0 
16.3 
16.9 
5.0 
9.2 
9.3 
0 

10.0 
10.0 
0.9 
0.4 

aMicotil®, Elanco Animal Health, Guelph, Ontario, Canada 
hZactran®, Merial Canada Inc., Baie Durfe, Quebec, Canada 
cUF = undifferentiated fever 
dNF = no fever 

Gamithromycinb 

10 
2500 
13.6 
12.8 
0.8 
13.0 
13.7 

0 
8.1 
8.1 
0 
0 
0 

1.3 
0.6 

SEM 

1.5 
1.3 
0.2 
1.8 
1.8 
3.5 
3.5 
3.5 
NA 
7.1 
7.1 
0.2 
0.1 

P-value 

0.01 
0.008 
0.37 
0.22 
0.25 
0.34 
0.83 
0.81 
1.0 

0.34 
0.34 
0.10 
0.14 

Table 2. Effect of on-arrival treatment with tilmicosin or gamithromycin on performance of feedlot steer calves at 
moderate risk for BRD. 

Experimental Group 

Variable 

No. pens 
No. animals 
Induction weight (lb) 
DOFc at first reimplant 
1st reimplant weight (lb) 
DDMid at pt reimplant (lb) 
ADGe at pt reimplant (lb/day) 
DMCf at pt reimplant 
DOF at terminal sort 
Terminal sort weight (lb) 
Weight gain (lb) 
Terminal wt sort DDMI (lb) 
Terminal wt sort ADG (lb) 
Terminal wt sort DMC 

Tilmicosina 

10 
2500 
686 
69 

881 
15.4 
2.71 
6.29 
192 

1284 
598 
19.1 
3.08 
6.52 

8Micotil®, Elanco Animal Health, Guelph, Ontario, Canada 
hZactran®, Merial Canada, Inc., Baie Durfe, Quebec, Canada 
cooF = days-on-feed 
dDDMI = daily dry matter intake 
eADG = average daily gain 
f'DMC = dry matter conversion 
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Gamithromycinb 

10 
2500 
686 
69 

886 
15.7 
2.72 
6.33 
192 
1282 
596 
19.0 
3.04 
6.63 

SEM 

0.68 
0.09 
2.22 
0.18 
0.05 
0.12 
NA 
5.73 
5.90 
0.07 
0.03 
0.07 

P-value 

0.84 
0.17 
0.11 
0.28 
0.86 
0.78 
1.0 

0.82 
0.84 
0.34 
0.43 
0.31 
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chlortetracycline in starter rations to reduce morbidity 
and mortality from histophilosis. 

Another factor which may have affected treatment 
response rates in both groups is dosing the metaphylac
tic drug based on the average induction weight of each 
incoming processing group. Thus, some individual cattle 
may have received more drug than the label dose, which 
may have provided no additional health benefits. Other 
cattle may have been under dosed, potentially reducing 
treatment response. Given that the dose of the metaphy
lactic drug was averaged in both treatment groups, it 
is unlikely that there was any directional bias favoring 
one drug over the other. It is typical in large commer
cial feedlots which process over 100 head of cattle per 
hour to base the dose of the metaphylactic drug on the 
average arrival weight of the incoming group of calves. 
At this feedlot, calves are bought in 100 lb ( 45.5 kg) 
weight groups; therefore, the variability in incoming 
weight within a processing group of calves is typically 
not very large, suggesting that averaging the dose of the 
metaphylactic drugs within each processing group most 
likely had little effect on overall treatment responses. 

The lower first-pull BRD treatment rates in the 
gamithromycin group may be due to differences in the 
pharmacokinetics of gamithromycin compared to tilmi
cosin, including its elimination half-life and distribution 
to lung tissue. 5•7 It may also be due to the shorter PMI 
imposed on the tilmicosin treated cattle in this study, 
which could have reduced the treatment success rate for 
tilmicosin. Cattle which may have recovered on their 
own if given more time may have been prematurely re
pulled and retreated in the tilmicosin group. A five-day 
PMI was used for tilmicosin since it was the standard 
PMI used for the drug in this feedlot. Previous work has 
suggested that the PMI for tilmicosin can be extended 
from three to seven days, improving treatment success 
rates.2 

The health crew was not blinded to the metaphylac
tic treatments because of the different PMI set for each 
drug. It is not known if this lack of blinding created any 
directional bias in the results. Gamithromycin was a 
new drug on the market and the crew had never heard of 
or used it previously, so it is unlikely that the crew, which 
were experienced pen riders, had any preconceived views 
on its efficacy that could have biased repull rates. 

Additional studies should be conducted comparing 
the two drugs with no PMI or the same PMI. As well, 
additional studies should be conducted in different 
disease-risk calves, and the studies should be followed 
through from arrival to harvest and include carcass data. 

The unit of analysis in this study, the pen, could 
not be maintained as a unit from arrival until harvest. 
This study was discontinued at terminal weight sorting 
due to mixing of cattle into different pens prior to sale 
to reduce overweight and underweight carcasses. How-
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ever, it is unlikely that following the cattle through to 
harvest would have changed the health or performance 
outcomes given that most BRD occurred early in the 
feeding period and any performance differences, if not 
observed at terminal weight sort, are unlikely to occur 
later on in the feeding period. It is unknown whether 
there were differences in carcass traits between the 
treatment groups. Typically, differences in carcass 
data are only observed in cattle with BRD following 
multiple treatments for BRD (chronics) and when there 
are also significant performance differences observed. 4 

There were no differences in BRD relapse rates between 
treatment groups and no differences in performance; 
therefore, it is unlikely that there would have been dif
ferences in carcass traits if the cattle had been followed 
through to harvest. 

The 6.6% difference in treatment rates equated to 
a $1.90CAN/head greater (0.066 x $28.82/head) first
pull BRD treatment cost for tilmicosin cattle than for 
gamithromycin cattle. When the difference in the cost 
of metaphylaxis was included ($1.87CAN/head) in the 
economic calculation, the net advantage was $0.03CAN/ 
head for those calves administered gamithromycin as a 
metaphylactic drug on arrival as compared to tilmicosin. 
At the time the study was conducted in 2010, there was 
a net economic advantage of $10.19CAN/head for the 
tilmicosin group due to the higher purchase price of 
gamithromycin and the lower cost of the first therapeutic 
drug used to treat BRD. The current small difference 
in cost-effectiveness of these two metaphylactic drugs 
suggests that practicing veterinarians should regularly 
evaluate the costs and efficacy of various drugs. Based 
on current treatment costs and health response differ
ences in differing disease-risk cattle, bovine practitio
ners can determine which drugs are most cost-effective 
for their feedlot clients at any given time. 

Conclusion 

Metaphylactic treatment with gamithromycin 
reduced first-pull treatments by 6.6 percentage points 
compared to treatment with tilmicosin in fall steer 
calves at moderate risk of BRD. However, drug costs 
and disease risks need to be evaluated carefully on a 
case-by-case basis in each feedlot to determine the most 
cost-effective metaphylactic protocol. 

Endnotes 

aMicotil®, Elanco Animal Health, Division of Eli Lilly 
Canada Inc., Guelph, Ontario, Canada 
hDraxxin®, Pfizer Animal Health, Pfizer Canada Inc., 
Kirkland, Quebec, Canada 
czactran®, Merial Canada Inc., Baie Durfe, Quebec, 
Canada 
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dDG Pro, Computer Aid, Okotoks, Alberta, Canada 
eRumensin Premix, Elanco Animal Health, Division of 
Eli Lilly Canada Inc., Guelph, Ontario, Canada 
Microsoft® Office Excel®, Microsoft Corporation, One 
Microsoft Way, Redmond, WA 
gStatistix 8 Analytical Software, Tallahassee, FL 

Acknowledgements 

We thank the management and staff at the par
ticipating feedlot and Kerry Hyatt for her assistance in 
data collection. The project was funded by Elanco, a 
Division of Eli Lilly Canada, Inc. 

References 

1. Booker CW, Abutarbush SM, Schunicht OC, Jim GK, Perrett T, 
Wildman BK, Guichon PT, Pittman TJ, Jones C, Pollock CM. Evalua
tion of the efficacy oftulathromycin as a metaphylactic antimicrobial 
in feedlot calves. ¼t Ther 2007;8:183-200. 
2. Carter BL, McClary DG, Mechor GD, Christmas RA, Corbin MJ, 
Guthrie CA. Comparison of3-, 5-, and 7-day post-treatment evaluation 
periods for measuring therapeutic response to tilmicosin treatment 
for bovine respiratory disease. Bou Pract 2006;40:97-101. 
3. Forbes AB, Ramage C, Sales J, Baggott D, Donachie W. Determina
tion of the duration of antibacterial efficacy following administration 
of gamithromycin using a bovine Mannheimia haemolytica challenge 
model. Antimicrob Agents Chemother 2011;55:831-835. 
4. Holland BP, Burciaga-Robles LO, VanOverbeke DL, ShookJN, Step 
DL, Richards CJ, Krehbiel CR. Effect of bovine respiratory disease 
during preconditioning on subsequent feedlot performance, carcass 
characteristics, and beef attributes. J Anim Sci 2010;88:2486-2499. 

SPRING 2012 

5. Huang RA, Letendre LT, Banav N, Fischer J, Somerville B. Phar
macokinetics of gamithromycin in cattle with comparison of plasma 
and lung tissue concentrations and plasma antibacterial activity. J 
Vet Pharmacol Ther 2009;33:227-237. 
6. Lechtenberg K, Daniels CS, Royer GC, Bechtol DT, Chester ST, Blair 
J, Tessman RK. Field efficacy study of gamithromycin for the control 
of bovine respiratory disease in cattle at high risk of developing the 
disease. Intern J Appl Res ¼t Med 2011;9:184-192. 
7. Lombardi KR, Portillo T, Hassfurther R, Hunter RP. Pharmacokinet
ics of tilmicosin in beef cattle following intravenous and subcutaneous 
administration. J ¼t Pharmacol Ther 2011;34:583-587. 
8. Nickell JS, White BJ. Metaphylactic antimicrobial therapy for bo
vine respiratory disease in stocker and feedlot cattle. ¼t Clin North 
Am Food Anim Pract 2010;26:285-301. 
9. Nickell JS, White BJ, Larson RL, Blasi DA, Renter DG. Comparison 
of short-term health and performance effects related to prophylactic 
administration of tulathromycin versus tilmicosin in long-hauled, 
highly stressed beef stocker calves. ¼t Ther 2008;9:147-156. 
10. Sgoifo R, Vandoni SL, Bonfanti M, Forbes AB. Effects of arrival 
medication with gamithromycin on bovine respiratory disease in 
feedlot cattle in Italy. Intern J Appl Res Vet Med 2010;9:87-96. 
11. Sifferman RL, Wolff WA, Holste JE, Smith LL, Drag MD, Yoon S, 
Kunkle BN, Tessman RK. Field efficacy evaluation of gamithromycin 
for treatment of bovine respiratory disease in cattle at feedlots. Intern 
J Appl Res ¼t Med 2011;9:166-175. 
12. Van Donkersgoed J. Met-analysis of field trials of antimicrobial 
mass medication for prophylaxis of bovine respiratory disease in feedlot 
cattle. Can ¼t J 1992;33:786-795. 
13. Van Donkersgoed J, Merrill JK, Hendrick S. Comparative efficacy 
of tilmicosin versus tulathromycin as a metaphylactic antimicrobial 
in feedlot calves at moderate risk for respiratory disease. ¼t Ther 
2008;9:241-247. 

51 


	0052
	0053
	0054
	0055
	0056
	0057

