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ABSTRACT
Forty colostrum-deprived, cross-bred beef 
calves, including males and females 3 to 
8 months of age, were procured and trans-
ported to the test facility 6 days before 
initiation of the study. On Day -2, each calf 
received 60 mL of challenge material by en-
dobronchial infusion. Calves were randomly 
assigned   to either Group 1 (saline at 2.0 
mL/50 kg body weight by subcutaneous in-
jection) or Group 2 (gamithromycin 6.0 mg/
kg [2.0 mL/50 kg body weight] by subcuta-
neous injection).

Clinical assessments of depression 
scores, respiratory character scores, and 
rectal temperatures were conducted daily 
from Day -2 (prior to challenge) through 
Day 10. Calves were humanely euthanized 
and necropsy examinations were conducted 
on Day 10. Lungs were harvested and scored 
according to the percentage of pneumonic 
tissue. Each lung lobe was palpated and 
the percentage consolidation on the dorsal 
and ventral surface of each lung lobe was 

estimated and recorded. Calves treated with 
gamithromycin 6 mg/kg had lower mean 
depression scores, respiratory scores, and 
rectal temperatures than control calves from 
Day 1 through Day 10. On several post-
treatment days, between-treatment differ-
ences were significant (P≤0.05). Treatment 
with gamithromycin also significantly 
reduced lung consolidation scores compared  
to untreated controls. Adverse reactions 
attributable to treatment were not observed 
from any calf treated with gamithromycin. 
It was concluded that a single subcutane-
ous injection of gamithromycin at 6 mg/kg 
body weight was effective in treating clini-
cal pneumonia induced in young calves by 
endobronchial challenge with M. bovis. 

INTRODUCTION
Mycoplasma bovis is a member of the class 
Mollicutes, bacteria that are distinguished by 
the lack of cell walls, having instead a com-
plex plasma membrane.1,2 Mycoplasma bovis 
is an important pathogen of young dairy and 
veal calves and is a causative agent of mas-
titis in adult cows and respiratory disease 
and arthritis in feedlot and stocker calves.3 
Although most cases of bovine respiratory 
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disease (BRD) involve more than one patho-
gen, including Mannheimia haemolytica, 
Pasteurella multocida, and Histophilus 
somni, there are reports of M. bovis being 
the predominant bacteria isolated from the 
lungs of calves with BRD.1,2 Mycoplasma 
bovis is likely to be the causative pathogen 
when pneumonia is chronic and unrespon-
sive to antibiotics.1,3-5 Mycoplasma bovis is 
resistant to antibiotics of the b lactam fam-
ily, which express their activity by inhibiting 
synthesis of the bacterial cell wall. Although 
treatments have been effective against M. 
bovis in vitro, it is not uncommon to have 
treatments for this bacteria fail to resolve 
respiratory disease, arthritis, and mastitis in 
cattle.1-5 

Gamithromycin is an azalide 15-mem-
bered semi-synthetic macrolide antibiotic 
that has been developed for treatment and 
prevention of BRD. Studies of the pharma-
cokinetic and pharmacodynamic properties 
and clinical effect of gamithromycin showed 
that a single subcutaneous dose at 6 mg/
kg body weight provides rapid therapeutic 
and persistent activity in the control and 
treatment of BRD infections.6-9 This study 
was conducted to evaluate the efficacy of 
gamithromycin in the treatment of pneumo-
nia induced in young calves by endobron-
chial challenge with M. bovis.

MATERIALS AND METHODS
Animals
Forty colostrum-deprived, cross-bred beef 
calves, including males and females 3 to 8 
months of age, were obtained from Logan 
Valley Feeders Colostrum Deprived Calf 
Unit in Oakland, NE. Calves were moved 
to the test facility (Midwest Veterinary Ser-
vices, Oakland, NE) 6 days before challenge 
with M. bovis, individually identified by 
uniquely numbered duplicate ear tags, and 
housed as a single group.
Management
Animals in the study were managed similar-
ly and with due regard for their well-being. 
Animals were handled in compliance with 
Merial Institutional Animal Care and Use 

Committee (IACUC) approvals and all ap-
plicable local regulations and requirements 
of  local IACUC. The study monitor and 
investigator ensured that these procedures 
were in compliance with the protocol. 

The housing area at the test facility was 
ventilated using high-efficiency particulate 
air filters (HEPA) on both the in-flow and 
out-flows. Heat was provided as needed 
using gas fired propane heaters located 
outside the room. Room temperature in the 
housing area during the acclimation and 
study periods ranged from 12.2°C (54ºF) to 
23.3°C (74ºF). From the day of arrival at the 
test facility, animals were housed together in 
a single group and were fed a complete, pel-
leted calf ration containing monensin at the 
rate of 30 g/ton for coccidia prevention and 
control. Water was supplied ad libitum by an 
automatic water tank.
Inclusion/Exclusion Criteria
Animals selected for participation in the 
study had no history of bacterial pneumonia, 
vaccination against M. bovis, or history of 
receiving any therapeutic antibiotics in the 7 
days prior to challenge. 

Evidence of clinical pneumonia from 1 
to 3 days after M. bovis challenge qualified 
an animal for inclusion in the study. Criteria 
for enrollment included the following:

Depression score ≥1, and
Respiratory character score ≥1, and
Rectal temperature ≥39.7°C (103.5°F)

Animals that did not meet protocol criteria 
were not enrolled for evaluation of the effi-
cacy of gamithromycin. Thirty-one of the 40 
animals met enrollment criteria 2 days after 
challenge (Day 0). One of the 31 animals 
was not enrolled due to its overall condition 
and attitude; leaving 30 calves eligible for 
the study. Animals that were not enrolled 
were treated with tulathromcyin according 
to label recommendations and returned to 
source of acquisition.
Mycoplasma bovis Challenge Preparation
Challenge material was prepared in the labo-
ratory at the test site. Friis broth media was 
prepared and checked for sterility according 
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to the standard operating procedure at the 
laboratory. No contamination was noted for 
either the agar plates or the broth. Frozen 
stock culture of M. bovis (KL100) was 
thawed at room temperature. Once thawed, 
stock culture was added to Friis broth and 
streaked onto two Friis agar plates. All were 
incubated at 37ºC for 48 hours in a 5% CO2 
incubator. The broth–stock culture was 
checked for contamination and was deter-
mined to be free of contamination. The Friis 
agar plates developed for the growth and 
determination of M. bovis bacterial colonies 
revealed typical morphology of M. bovis. 
The broth-stock culture was transferred to 
approximately 2800 mL of Friis broth and 
again incubated as described above. A 10-
mL aliquot of this material, after incubation, 
was taken for titrations. Two plates were 
prepared in the dilution of 106 to determine 
the number of colony forming units (CFU) 
present in 60 mL of challenge material. 
Individual plate counts were 43 for plate 1 
and 36 for plate 2, providing 79 colonies for 
the two plates. The number of bacteria per 
mL of challenge material was determined to 
be 39.5 × 107 CFU. 

Prior to infection of calves, the M. bovis 
isolate used (KL 100, isolated in 2005 at Lo-
gan Valley Feeders), was cultured to deter-
mine the strain present. Minimum inhibitory 
concentration (MIC) testing was performed 
to obtain an indication of the in vitro suscep-
tibility of the challenge strain to gamithro-
mycin. The MIC tests were performed 
according to standard operating procedures 
prepared by the testing laboratory to comply 
with CLSI (Clinical Laboratory Standards 
Institute) standard methods, although at the 
time of this writing, specific CLSI recom-
mendations had not been published for 
testing Mycoplasma spp. Briefly, the isolates 
were subcultured in Hayflick agar to ensure 
purity and each was susceptibility tested 
using MIC plates prepared at the test facility 
laboratory. The KL 100 isolate had an MIC 
of 4 μg/mL for gamithromycin. The results 
indicated that the challenge strain was 
adequately susceptible to gamithromycin 
and therefore suitable for use in this efficacy 

study.
Mycoplasma bovis Challenge
On Day -2, all 40 calves each received 60 
mL of challenge material (2.37 × 1010 CFU 
M. bovis) by endobronchial infusion. An 
additional 60 mL of sterile saline and 60 mL 
of air was used to flush the endoscope port 
following challenge administration. Signs of 
clinical pneumonia were not observed from 
any animal prior to challenge or on the day 
of challenge administration. Animal obser-
vations began immediately prior to chal-
lenge on Day -2, and continued until animals 
met enrollment criteria (depression score ≥1, 
respiratory character score ≥ 1 and a rectal 
temperature ≥39.7°C [103.5ºF]). 
Allocation
Day 0 was the same for all animals in the 
study, and all animals in a replicate were 
enrolled and treated on the same day. On 
Day 0, animals were ranked by increasing 
body weight and allocated consecutively 
to replicates of two animals each. Within 
a replicate, animals were allocated by a 
randomization schedule prepared by a Me-
rial biostatistician in a 1:1 ratio of animals 
treated with gamithromycin to animals 
treated with saline. A randomized complete 
block design was applied for the randomiza-
tion using the PROC PLAN procedure of 
SAS® version 8.2.
Treatment
Treatments were assigned as follows:

Group 1 = saline (2.0 mL/50 kg body 
weight)
Group 2 = Gamithromycin 6.0 mg/kg; 
(2.0 mL/50 kg body weight)

Animals were dosed at 2.0 mL/50 kg body 
weight, with doses rounded up to the nearest 
0.1 mL when necessary. All treatments were 
administered subcutaneously on the right 
side of the neck. No drug was lost at treat-
ment administration. No adverse experienc-
es/health issues related to drug administra-
tion were observed for any animal on Day 0. 
Primary Endpoints
Clinical assessments were conducted daily 
from Day -2 (prior to challenge) through 
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Day 10 at approximately the same time of 
day. Assessments were conducted by the 
same individual, except for Days 8 and 9 
when, due to scheduling conflicts, another 
trained individual assessed the animals. 
The following scales were used for scoring 
depression and respiratory character:
Depression
0  =  normal (no depression observed)
1  =  mild depression (off feed, moved when 
person entered pen)
2  =  moderate depression (off feed, moved 
when physically prompted)
3   =  severe depression (pronounced; very 
reluctant to move when physically prompt-
ed)
4  =  moribund (recumbent, near death)
Respiratory character 
0  =  normal (nothing unusual in respiratory 
character)
1  =  mild respiratory distress (clinical 
signs included mild cough, sneezing; mild 
increase in rate or shallow breathing, mild 
dyspnea)
2  =  moderate respiratory distress (clinical 
signs included increased cough, sneezing; 
moderate increase in rate or shallow breath-
ing, moderate dyspnea)
3  =  severe respiratory distress (clinical 
signs included open-mouth breathing, or 
marked dyspnea or “thumping”)
Rectal Temperatures
Rectal temperatures were taken daily using 
calibrated thermometers from Day -2 (pre-
challenge) through Day 10. Temperatures on 
Day 0 were recorded before treatments were 
administered.
Percentage Lung Consolidation
Calves were humanely euthanized and 
necropsy examinations were conducted on 
Day 10. Lungs were harvested and scored 
according to the percentage of pneumonic 
tissue. Each lung lobe was palpated and 
the percentage consolidation on the dorsal 
and ventral surface of each lung lobe was 
estimated and recorded. The percentage of 
consolidation for the total lung was calcu-

lated by multiplying the percentage consoli-
dation of each lobe by the contribution of 
that specific lobe to the total lung weight. 
The percent weight of each of the lobes 
is as follows: left cranial (apical) 5%, left 
posterior cranial (cardiac) 6%, left caudal 
(diaphragmatic) 32%, intermediate 4%, right 
cranial (apical and accessory) 11%, right 
middle (cardiac) 7%, and right caudal (dia-
phragmatic) 35%. The products of each lobe 
calculation were added to obtain the total 
weighted lung percent consolidation (lung 
score). The same person made the consolida-
tion estimates for all calves.
Secondary Endpoints
Microbiology
Samples were collected from one of the af-
fected lobes that had lung lesions present for 
microbiological determinations. Lung/pneu-
monic lobe samples were transferred directly 
from the necropsy facility to the microbiol-
ogy laboratory. Tissue samples were tested 
for H. somni, P. multocida, M. bovis, and M. 
haemolytica. All samples were processed on 
the same day they were collected. 

The microbiology lab made swabs 
from all 30 lung tissue samples, which 
were streaked onto blood agar, chocolate 
agar, and Friis agar plates. All plates were 
incubated at 37ºC overnight in a 5% CO2 
incubator. All plates were screened the next 
day for bacterial growth to determine if fur-
ther incubation was required. This procedure 
was followed until there was either bacterial 
growth determined or a determination of no 
bacterial growth found (3 days after initial 
inoculation). All isolates positive for M. 
bovis were confirmed by PCR. Mycoplasma 
bovis isolates were stored frozen at -70ºC for 
possible future sensitivity determinations to 
gamithromycin and/or other antimicrobials. 
Statistical Analysis
The arcsine-square root transformed percent 
total lung consolidation scores were ana-
lyzed as a general linear mixed model using 
the MIXED procedure from SAS® version 
9.1.3. Treatment group was the fixed effect 
and replicate was the random effect.

Depression and respiratory character 
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scores were compared between treatment 
groups by the Wilcoxon rank sum test using 
the NPAR1WAY procedure in SAS® version 
9.1.3 separately for each day. Rectal tem-
peratures were analyzed as a repeated mea-
sures general linear model using the MIXED 
procedure. Treatment, day, and treatment-
by-day interaction were fixed effects, and 
replicate and replicate-by-treatment were 
random effects. The first-order autoregres-
sive covariance structure was used with 
the subject identified by the replicate-by-
treatment interaction. The Kenward-Roger 
option was used to estimate the degrees of 
freedom.

The null hypothesis that the two treat-
ment groups shared the same expected mean 
versus the alternative hypothesis that their 
expected means were different was tested 
using the (two-sided) α=0.05 significance 
level.
RESULTS
Clinical endpoints
Mean depression scores are plotted in Figure 
1. The mean depression score was numeri-
cally lower for the gamithromycin group 
than for the control group throughout the en-
tire study, and the difference between groups 
was significant on Days 3–6 
(P<0.05).

Mean respiratory scores 
are plotted in Figure 2. The 
mean respiratory character 
score for the group treated 
with gamithromycin was 
lower than for the control 
group on each day follow-
ing initiation of treatment, 
and the difference between 
groups was significant 
on Days 3–6, 8, and 10 
(P<0.01).

The mean rectal tempera-
ture for the gamithromycin 
group was lower than the 
control group throughout the 
post-treatment period (Figure 
3). Differences between 
treatments were significant 

on Days 1, and 3–9 (P<0.05).
Lung consolidation scores
Mean total lung consolidation scores were 
14.0% for the control group and 4.6% for 
the gamithromycin group. The difference 
was statistically significant (P=0.024).
Microbiological endpoints
In the saline control group, 11 animals tested 
positive for one or more bacteria. Of these, 
eight tested positive for M. bovis, two for 
H. somni, seven for P. multocida, and one 
for M. haemolytica. Four control animals 
were negative for any bacterial growth. In 
the gamithromycin group, 11 animals tested 
positive, including seven that were positive 
for M. bovis and six for P. multocida. No 
animals were positive for M. haemolytica or 
H. somni. 

Additional swabs were collected from 
the right carpal joint of animal #16 (con-
trol) and the right tarsal joint of animal #26 
(gamithromycin) that became lame during 
the study. These swabs were handled and 
evaluated the same as for lung tissue swabs. 
Both samples tested positive for M. bovis.
Adverse experiences
Lameness observed from two calves (one 

Figure 1. Mean depression scores

* Significantly different from control group; P < 0.05
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from each treatment group) during the 
post-treatment period was noted by the 
investigator as being unrelated to treatment 
and was subsequently found to be caused 
by the presence of M. bovis in a leg joint. 
No deaths occurred in the group of calves 
treated with gamithromycin; however, one 
calf (#37) in the control group died 3 days 
after challenge (1 day after administration of 
saline). Calf #37 (control group) was found 
dead in the pen. A necropsy was performed, 
which provided a diagnosis of fibrous bron-
chopneumonia. It was determined that the 
animal suffered from an acute pneumonia. 
This death was determined to be a result of 
the study challenge and was not recorded as 
an adverse experience.

DISCUSSION
The M. bovis challenge method used in this 
study was successful in inducing clini-
cal signs and lung lesions associated with 
clinical pneumonia in 31 of the 40 calves 
challenged on Day -2. The 30 calves that 
met the criteria for induction of clinical 
pneumonia and were otherwise suitable for 
inclusion in the study all had depression 
and respiratory scores ≥1 and rectal body 
temperatures ≥39.7°C [103.5ºF]) on Day 
0, the designated day of treatment. My-
coplasma bovis and M. haemolytica were 

isolated from lung tissues collected 
from one calf that died on Day 1. 
Calves treated with gamithromycin 
6 mg/kg had lower mean depression 
scores, respiratory scores, and rectal 
temperatures than control calves from 
Day 1 through to the end of the study 
(Day 10). On several post-treatment 
days, the mean values for these clini-
cal signs of respiratory disease were 
significantly lower (P≤0.05) for calves 
treated with gamithromycin than for 
calves in the control group. Treatment 
with gamithromycin also significantly 
reduced lung consolidation scores 
compared with those for untreated 
controls (P≤0.05).

Pneumonia was the most prevalent 
manifestation of M. bovis infection in 
calves humanely euthanized and nec-

ropsied on Day 10; however, M. bovis also 
was isolated from a carpal joint in one calf 
and from the tarsal joint of a second calf that 
developed lameness during the study. 

Mycoplasma bovis was first isolated 
from cattle with severe mastitis in 1961 in 
the United States.10 Since that time, infection 
with M. bovis has been reported through-
out the world.10 Mycoplasma bovis is an 
important target for treatment of BRD in 
beef calves during the early weeks in the 
feedlot, particularly since there is increas-
ing evidence that M. bovis is immunosup-
pressive, compromising host defenses and 
predisposing the animal to invasion by other 
bacterial pathogens.10,11 It is expected that 
the prevalence of M. bovis is frequently 
underestimated because other respira-
tory pathogens are generally isolated first 
from calves with signs of pneumonia, and 
few laboratories routinely monitor for the 
presence of mycoplasmas.10 Mannheimia 
haemolytica, P. multocida, and H. somni 
were the most common isolates associated 
with cases of bronchopneumonia in several 
studies in Canadian and US feedlots; how-
ever, following a 1989 report of an outbreak 
of pneumonia in the UK, there has been 
a noticeable increase in the prevalence of 

Figure 2. Mean respiratory character scores

* Significantly different from control group; P < 0.05
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chronic pneumonia and polyarthritis 
associated with M. bovis.3,4,12-15 

Chronic pneumonia and polyar-
thritis caused by M. bovis in calves are 
often refractory to antibiotic treat-
ment.2-5,16 In particular, M. bovis is 
resistant to antibiotics of the b lactam 
family, which express their activity 
by inhibiting synthesis of the bacte-
rial cell wall (a feature that is lacking 
in the Mollicutes).1,2 Other antibiotics 
representing various classes found to 
be ineffective against M. bovis include 
streptomycin, neomycin, erythromy-
cin, and flumequin.2 Poumarat2 report-
ed that spectinomycin, an aminocy-
clitol antibiotic, a class that is closely 
related to the aminoglycosides, administered 
at 20 mg/kg significantly reduced M. bovis 
counts in the lungs, but the treatment did not 
provide significant reduction in lung lesions.

Gamithroymcin is an azalide member 
of the macrolide antibiotics and is currently 
licensed for treatment and control of BRD 
pathogens M. haemolytica, P. multicida, 
and H. somni in Canada and Europe.6,17,18 
Azalide macrolides are particularly effective 
for treatment of upper and lower respiratory 
infections because of their excellent potency 
against the organisms responsible for those 
infections and their ability to achieve high 
concentrations in lung macrophages and in 
epithelial lining fluid of the bronchioles, 
where BRD pathogens, such as M. bovis, 
multiply and cause extensive damage.17,19,20 
Several macrolide antibiotics, including 
erythromycin, tylosin, tilmicosin, spira-
mycin, and tulathromycin, are approved 
for treatment and control of BRD in cattle 
in the United States and other countries.20 
Although these compounds are generally 
well absorbed and reach effective con-
centrations in lung tissue, many of them 
bind extensively to plasma proteins, which 
restricts their extravascular distribution.6,19,20 
However, only 26% of gamithromycin binds 
to bovine plasma protein.6,17 Maximum 
plasma concentrations of gamithromycin are 
reached 1 hour after subcutaneous dosing, 

and distribution into lung tissue is rapid and 
extensive, reaching peak concentrations by 
24 hours. Concentrations of gamithromycin 
in lung tissue are prolonged as a result of 
its long elimination half-life (90.4 hours) in 
those tissues.6 

Management procedures to prevent 
infection by M. bovis would be preferred to 
treatment; however, because there are still 
many unknowns about the epidemiologic 
features of this pathogen, it has been dif-
ficult to establish practices that will effec-
tively prevent transmission and infection of 
cattle subjected to the stresses associated 
with handling and transport to the feedlot. 
Therefore, treatment with effective antibi-
otics, such as gamithromycin, remains an 
important method for control of M. bovis 
infection in young calves.

CONCLUSION
A single subcutaneous injection of gamithro-
mycin at 6 mg/kg body weight was effective 
in treating clinical pneumonia induced in 
young calves by endobronchial challenge 
with M. bovis. 
® All marks are the property of their respec-
tive owners.
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