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Key Points

• DRAXXIN® (tulathromycin) Injectable Solution administered as a single subcutaneous 
(SC) injection was safe and effective for the treatment of experimentally induced 
Mycoplasma bovis (M. bovis) respiratory infection in calves.  

• DRAXXIN significantly reduced percentage of days with pyrexia and lung lesions 
compared with saline.

• Animals treated with DRAXXIN gained more weight than animals treated with saline  
in one study.

• M. bovis can be a major contributor to acute and chronic pneumonia in feeder cattle.

Efficacy of DRAXXIN® (tulathromycin) 
Injectable Solution for treatment  
of experimentally induced Mycoplasma 
bovis respiratory infection in calves

Introduction
DRAXXIN contains the active ingredient 
tulathromycin, the first of a new subclass of 
macrolide, the triamilides, discovered and 
developed by Pfizer Animal Health for use 
in livestock. DRAXXIN is a highly effec-
tive, single-dose antimicrobial medication 
indicated for treatment of bovine respiratory 
disease (BRD) caused by Mannheimia hae-
molytica, Pasteurella multocida, Histophilus 
somni and Mycoplasma bovis, and control 
of respiratory disease in cattle at high risk of 
developing BRD caused by M. haemolytica, 
P. multocida, and H. somni. 

DRAXXIN is formulated to have excellent 
syringeability, even at low temperatures, and 
a convenient low-volume dose (1 mL/40 kg; 
1.1 mL/100 lb). When administered accord-
ing to the label dose of 2.5 mg tulathromy-
cin/kg body weight (BW), tulathromycin 
is rapidly absorbed, distributes widely, and 
provides concentrations in bovine lung for 
an extended period.1 Clinical efficacy of 
DRAXXIN for treatment of BRD, as well as 
for control of respiratory disease in cattle at 
high risk of developing BRD, has been well 
documented in multiple studies.2,3,4 In pivotal 
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studies,5  Mycoplasma species were isolated almost as  
frequently as M. haemolytica from animals with clinical BRD. 

In general, Mycoplasma species cause slowly progressive, 
indolent respiratory tract lesions in the species they infect. 
Typically they initially colonize respiratory mucosal surfaces, 
interfering with ciliary function and eliciting chronic airway in-
flammation leading to chronic airway disease, which enhances 
bacterial colonization.6 Mycoplasma respiratory disease in most 
species, particularly swine and laboratory mice, shows incon-
spicuous clinical signs initially, which usually leads to substan-
tial lung involvement before clinical signs of disease are readily 
apparent. Infected animals are typically colonized for long 
periods of time, which facilitates spread within populations 
and increases infection rates before disease is recognized and 
therapeutic intervention occurs. Anecdotal evidence indicates 
that this may occur to some extent in cattle as well. Studies in 
other species demonstrate that Mycoplasma infection augments 
severity of subsequent respiratory infection with other bacteria 
and viruses.7,8,9  

Multiple studies and years of field observations have confirmed 
M. bovis as one of the most common etiologic agents isolated 
from chronic non-responsive bronchopneumonia in feedlot 
cattle. Its role in acute respiratory disease has been less clear 
until recently.10,11,12  Recent studies solidify the role of M. bovis 
as a contributor in both acute and chronic pneumonia in feedlot 
cattle. M. bovis was isolated from 85% of lungs of cattle with 
acute fibrinous pneumonia and 98% of chronic pneumonias 
in 1 study.13  Previous studies had demonstrated that challenge 
with M. bovis 24 hours prior to challenge with M. haemolytica 
substantially increases lung lesion severity and mortality, above 
that seen with M. haemolytica challenge followed by M. bovis 
challenge.14    

Mounting evidence indicates that M. bovis can be a major 
contributor to acute and chronic pneumonia in some classes of 
feeder cattle, requiring better management of M. bovis in treat-
ment and control of BRD in feedlot cattle. To that end, addi-
tional research has since documented the efficacy of DRAXXIN 
in the treatment of experimentally induced BRD caused by  
M. bovis. DRAXXIN is the only antimicrobial approved in the 
U.S. for treatment of BRD caused by M. bovis. 

This technical bulletin presents the results of two challenge  
studies in which calves were experimentally infected with  
M. bovis and then treated with DRAXXIN or saline. Study  
1 was conducted in the United Kingdom utilizing Kansas  
State University M. bovis isolates. Study 2 was conducted   
in Nebraska utilizing a similar challenge model with a strain  
of M. bovis isolated from a naturally occurring case of BRD. 
The challenge isolate for study 2 was chosen from a candidate  
list of 6 clinical M. bovis isolates based upon their ability  
to induce a febrile response in cattle. 

Study 1
Materials and Methods
Investigators obtained 109 crossbred Holstein calves, 3 to 9 
weeks of age and weighing 94 to 169 lb (43 to 77 kg), from 
local farms. Serology and polymerase chain reaction (PCR) 
testing confirmed that all calves were free of M. bovis infection 
before inoculation. A 12-mL culture (1 x 108 CFU/mL)  
of M. bovis Strain 16150, isolated at Kansas State University, 
was administered via an endoscope to each calf on 3 consecutive 
days (Figure 1). Animals were eligible for enrollment within 5 
days of the last inoculation when they showed clinical signs of 
BRD, including pyrexia (>39.5°C/103.1°F) and abnormal res-
piration. Calves were allocated randomly to 1 of 2 treatments: 
saline at 0.025 mL/kg BW (35 animals) or DRAXXIN at 2.5 
mg/kg BW (35 animals). Treatments were administered SC 
once on study Day 0. Animals were observed daily for clinical 
signs of respiratory disease, including pyrexia, abnormal res-
piration, and depression, by an experienced assessor who was 
unaware of the treatment allocation. At necropsy on day 14,  
the percentage of total lung with lesions typical of  M. bovis 
infection was determined using the method of Jericho and 
Langford.15 In addition, lung lavage samples were collected for 
recovery and quantification (CFU) of M. bovis and for confirma-
tion of the presence of M. bovis by PCR testing.

Figure 1. Study 1 Experimental Design

Figure 2. Mean Rectal Temperature for Calves in Study 1 
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Efficacy was assessed statistically on the basis of the percent-
age of total lung with lesions typical of a M. bovis infection, 
mortality, duration of post-treatment pyrexia, peak rectal tem-
perature, body weight gains, and isolation of M. bovis. Preva-
lence and severity of clinical signs of respiratory disease and 
presence of other respiratory pathogens from bronchial lavage 
samples were summarized. The 5% level of significance was 
used to assess statistical differences for all tests. 

Results
M. bovis was recovered from the lung lavage samples of 66 
animals, 34 in the saline group and 32 in the DRAXXIN 
group. The number of M. bovis recovered from lung lavage  
at necropsy was significantly (P=0.0084) lower in the animals 
treated with DRAXXIN (105.8 CFU/mL) than in those 
treated with saline (106.5 CFU/mL). P. multocida was  
recovered in very low numbers from the lung lavage samples 
of 33 animals, 22 in the saline group (mean 696 CFU/mL) 
and 11 in the DRAXXIN group (mean 100 CFU/mL). No 
other bacteria were recovered during the study. 

Nineteen animals (51.4%) in the saline group were eutha-
nized due to severe clinical signs of respiratory disease. Mortal-
ity was significantly (P<0.0001) lower in the DRAXXIN 
group (2.9%, 1/35) than in the saline group (51.4%, 18/35). 
Lung lesions were consistent with M. bovis induced pneu-
monia. The mean lung lesion scores were significantly 
(P=0.0001) higher in the saline group (28.9%) than in the 
DRAXXIN group (11.3%). 

Animals treated with DRAXXIN showed a significant 
(P<0.05) reduction in rectal temperature compared to  
animals treated with saline from study Day 1 to study  
Day 7 inclusive (Figure 2). The difference between the 2  
treatments was significant for peak rectal temperature (P=0.0033,  
40.2°C/104.3°F in the saline group vs. 39.7°C/103.5°F 
in the DRAXXIN group) and for the duration of pyrexia 
(P=0.0074, 2.6 days vs. 1.2 days, respectively). There were 
no differences in the distribution of respiratory clinical signs 
of abnormal respiration between treatments (P=0.2665) and 
there was no treatment by day interaction (P=0.6629). There 
were no differences in the distribution of respiratory clinical 
signs of depression between treatments (P=0.5445) and there 
was no treatment by day interaction (P=0.7935). A priori 
contrasts to compare day of study for each treatment showed 
significant (P=0.0003) reduction of clinical signs of depression 
from Day 0 to Day 14 in animals treated with DRAXXIN. The 
weight gains were lower in animals treated with saline (6.7 
kg) than in animals treated with DRAXXIN (8.8 kg); this dif-
ference was not significant (P=0.0786). DRAXXIN adminis-
tered as a single dose of 2.5 mg/kg BW was highly effective 
in the treatment of induced M. bovis respiratory disease as 
gauged by marked reduction in mortality, lung lesion volume,  
Mycoplasma recovery, and mean peak temperature. 

Study 2
Materials and Methods
The challenge model used in this study was originally devel-
oped by using 48 Holstein calves, 6 to 9 weeks of age, and 6 
M. bovis isolates or growth media. Only 2 isolates were ca-
pable of soliciting a febrile response (>103º F). The percent-
age of pneumonic lung lesions in animals infected with M. 
bovis (4.5% to 35.2%) vs. media (0.3%) demonstrated that 
the lesions were indeed produced by the M. bovis. 

Figure 3. Study 2 Experimental Design 

A study pool of 126 Holstein bull calves, 4 to 9 weeks of age 
and weighing 86 to 143 lb (39 to 65 kg), was confirmed free 
of M. bovis by both serology and nasopharyngeal swab PCR. 
Eligible calves were inoculated with M. bovis endotracheally, 
using an endoscope inserted nasally, for 3 consecutive days 
(Figure 3). The day following the last inoculation, each calf 
was assigned a respiratory score and had its rectal temperature  
measured. The first 96 calves with a rectal temperature 
≥103ºF and a respiratory score ≥1 (scale: 0=normal; 
1=slightly increased respiration rate and/or slightly abnormal 
character; 2=moderately increased respiration rate and/or 
moderately abnormal character; 3=severely increased respira-
tion rate and/or markedly abnormal character) were randomly 
assigned to receive a single injection of either saline at 0.025 
mL/kg or tulathromycin at 2.5 mg/kg BW. Full enrollment 
occurred in 1 day. Day 0 was defined as the day of enroll-
ment, allotment and administration of test article. Calves 
were individually penned. The investigator and clinical  
veterinarian remained masked to treatment and conducted  
all clinical assessments including postmortem observations. 
On Days 1 through 14, each calf was assigned a respiratory 
score and an attitude score (scale: 0=normal; 1=mild depres-
sion, reduced responsiveness and/or decreased appetite; 
2=moderate to marked depression, may be reluctant to stand; 
3=moribund, unable to stand without assistance). Rectal  
temperatures were also recorded each day. Calves were 
observed daily and euthanized 14 days post-treatment. The 
primary end point was percentage of pneumonic lung lesions. 
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Results
Cultures from lung tissues identified M. haemolytica in 2 
calves from each treatment group, P. multocida in 9 animals 
treated with saline and 4 animals treated with DRAXXIN, 
and H. somni in 2 animals treated with saline. M. bovis was 
recovered from all animals treated with saline and 26 animals 
treated with DRAXXIN.

Figure 4. Mean Rectal Temperature for Calves in Study 2 

There were no mortalities. Animals treated with DRAXXIN 
had significantly less (P<0.0001) total lung lesions at Day 
14 than did animals treated with saline (15.0% vs. 30.7%). 
In addition, animals treated with DRAXXIN had a reduced 
percentage of days with pyrexia (19.0% vs. 37.3%, P=0.003), 
fewer days with abnormal attitude scores (39.3% vs. 72.3%, 
P<0.0001), and fewer days with abnormal respiratory scores 
(49.9% vs. 88.3%, P<0.0001) than did animals treated with 
saline. The mean rectal temperature of calves receiving 
DRAXXIN was the same (103.7°F vs. 103.7°F, P=0.75) as 
that of animals treated with saline on Day 0 but was sig-
nificantly less (P<0.05) on 12 of the 14 post-treatment days 
(Figure 4); there were no significant differences (P≥0.06) in 
rectal temperature between treatment groups on Days 1 and 
4. Animals treated with DRAXXIN gained significantly more 
weight during the 14-day post-treatment period than did  
animals treated with saline (10.3 vs. 4.7 lb, P=0.0002). 

DRAXXIN was effective and safe for the treatment  
of experimentally induced respiratory disease associated  
with M. bovis.

Discussion
The association of M. bovis with respiratory disease in cattle 
has been obvious for decades; however, the evolving question is 
to what extent M. bovis contributes to the early events of BRD. 
Evidence from other studies cited earlier suggests that M. bovis 

can predispose to more severe bacterial respiratory infection 
and may be a significant component of acute as well as chronic 
BRD in some classes of cattle. Furthermore, the magnitude 
and severity of pneumonia caused by M. bovis in these studies 
provides evidence that it merits respect as a respiratory pathogen 
of cattle. It seems prudent to consider that comprehensive treat-
ment of acute BRD should consider effectiveness against M. 
bovis as a criterion for anti-infective selection in high-risk cattle, 
especially in circumstances where response to traditional anti-
biotic therapy is less than anticipated. Isolation of other bacteria 
from lungs at necropsy could be due to: a) contamination during 
nasal passage of the endoscope at challenge inoculation; or b) 
predisposition of lung infected with M. bovis to infection by 
other pathogens, as has been demonstrated with mycoplasmas  
in other species. 

It is obvious that none of the microbiological contributors to 
BRD operate independently and that single-agent inoculation 
studies may not cause the full spectrum of events occurring in 
natural BRD. It should be recognized, however, that DRAXXIN 
is labeled for treatment and control of the four major BRD  
bacterial pathogens, and has exhibited superior clinical efficacy 
against naturally occurring BRD in multiple clinical studies.2,3,4 
In the 2 studies presented here, DRAXXIN significantly re-
duced severity of pneumonic lesions and days of fever resulting 
from M. bovis pulmonary challenge. In study 1, DRAXXIN sig-
nificantly reduced mortality from M. bovis challenge, from over 
51.4% to 2.9%, indicating that this was both a robust challenge 
and that DRAXXIN was exceptionally effective in reducing 
mortality. There is evidence of difference in virulence among  
M. bovis isolates, which could explain the difference in mortal-
ity between these 2 studies. An important point to note is even 
though the challenge resulted in over 50% mortality in the  
control (saline-treated) group, the mean rectal temperatures  
never exceeded 103.5°F post challenge. In many production  
settings, rectal temperature is used as an aid in diagnosing  
disease, prescribing treatment, and evaluating treatment 
response. The relatively mild elevations seen in this study may 
indicate that rectal temperature is an unreliable indicator of 
disease caused by M. bovis, and it may have limited diagnostic 
utility when M. bovis is a factor in the Bovine Respiratory  
Disease Complex (BRDC).

Conclusions
Results of these challenge studies provide evidence that DRAXXIN 
was effective for the treatment of experimentally induced M. bovis 
respiratory infection. DRAXXIN significantly reduced per-
centage of days with pyrexia and lung lesions in both studies 
compared with saline, and significantly reduced mortality in 
study 1. Animals treated with DRAXXIN gained more weight 
than animals treated with saline in study 2.

Do not use DRAXXIN in female dairy cattle 20 months of age 
or older. Effects on reproductive performance, pregnancy and 
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lactation have not been determined. Do not use in calves to be 
processed for veal. Do not use in chickens or turkeys. Do not use 
in animals known to be hypersensitive to the product.

Prepared from study reports 513E-03-03-264, 1131C-60-04-441, 
and 1131C-60-04-442.
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