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Antimicrobial susceptibility of Mycoplasma bovis 
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Abstract
The minimum inhibitory concentrations (MICs) of enrofloxacin, ciprofloxacin, norfloxacin, gentamicin, 
spectinomycin, oxytetracycline, tylosin, florfenicol and tiamulin were determined against 24 
Mycoplasma bovis isolates from cattle in Bosnia and Herzegovina using the microbroth dilution test. 
The lowest MIC values (≤0.03 μg/ml) were obtained for tiamulin, gentamicin and oxytetracycline. 
Spectinomycin and tylosin had the highest MIC values (≥128 μg/ml). Tiamulin had the lowest MIC50 value 
(<0.03 μg/ml) and MIC90 value (0.5 μg/ml). Among the fluoroquinolones, enrofloxacin had the lowest MIC50 
value (0.25 μg/ml) and MIC90 value (1 μg/ml), followed by ciprofloxacin (MIC50 of 0.5 μg/ml; MIC90 of 2 μg/
ml). The highest MIC50 value (4 μg/ml) was found for norfloxacin, oxytetracycline and tylosin, while 
spectinomycin and tylosin yielded the highest MIC90 values (>128 μg/ml). 
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Mycoplasma bovis  is considered one of 
the most pathogenic bovine mycoplasmas and 
has caused large financial losses worldwide20). 
It is a major cause of pneumonia, responsible 
for at least a quarter of all calf pneumonias 
in Europe21). In addition to causing mastitis 
and arthritis, M. bovis  is associated with 
other diseases in cattle including reproductive 
disorders,  keratoconjunctivitis and otitis 
media20). Respiratory disease is one of the most 
common illnesses affecting cattle in Bosnia and 
Herzegovina (B&H). Among mycoplasmas, M. 

bovis is the species most frequently isolated 

from pneumonic cattle (57.4%) in B&H19). 
Since vaccines are not yet available, sanitary 
control measures and appropriate antimicrobial 
treatment are required to control M. bovis 
infections17). Antimicrobials traditionally used 
for control of M. bovis infections are tetracycline, 
tilmicosin and spectinomycin21). Increases in 
antimicrobial resistance in mycoplasmas has 
become a major concern4. Reported variabilities 
in strain susceptibility to antimicrobials may be 
related to geographical origin, year of isolation, 
type of livestock production system, clinical 
presentation, or site of isolation17). Antimicrobial 
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resistance in M. bovis to tetracyclines, macrolides, 
lincosamides, aminoglycosides, chloramphenicols, 
and fluoroquinolones appears to be rising17). Thus, 
antimicrobial susceptibility testing of M. bovis 
isolates is crucial for prompt and appropriate 
antimicrobial treatment, to evaluate changes 
in antimicrobial susceptibility and to reduce 
the development of antimicrobial resistance. 
The objective of this study was to determine the 
minimum inhibitory concentration (MIC) of nine 
antimicrobials against 24 M. bovis isolates from 
cattle in B&H. This is the first study to report the 
antimicrobial profiles of M. bovis in B&H. 

The minimum inhibitory concentrations 
(MICs) of nine antimicrobials were determined 
against 24 field isolates of M. bovis, as well as 
against the reference strain PG45. All isolates 
were obtained from respiratory cases from dairy 
and fattening beef herds located in several 
regions of B&H.  Prior to testing, all isolates were 
cloned and identified as M. bovis by previously 
described polymerase chain reaction (PCR) 
protocols22,25,27). Modified Hayflick's medium30) 
was used for the isolation of mycoplasmas. The 
same medium without thallium acetate and 
antibiotics was used in susceptibility testing. 
The microbroth dilution test was performed 
by previously described recommendations12). 
The stock solutions of the antimicrobials were 
prepared following the guidelines of the Clinical 
and Laboratory Standards Institute (CLSI)5,6). 
Most of  the antimicrobials (enrofloxacin, 
s p e c t i n o m y c i n  s u l p h a t e  t e t r a h y d r a t e , 
oxytetracycline hydrochloride, tylosin tartrate, 
florfenicol, and tiamulin hydrogen fumarate) were 
purchased from FM Pharm Subotica, Serbia. 
Ciprofloxacin, norfloxacin and gentamicin were 
provided by Bosnalijek, Sarajevo, B&H. The final 
concentration ranges were from 0.03 to 128 μg/
ml. Viable counts were made to establish the 
dilutions required to achieve a final concentration 
of 105 colour-changing units/ml (CCU/ml) for 
each isolate. The incubation periods and dilution 
procedures were performed in the same manner 
to produce inoculum for MIC tests12). Each 

plate contained an uninoculated medium as a 
negative control and growth controls lacking an 
antimicrobial. The plates were incubated at 37°C 
for 48 hours. The MIC of each antimicrobial was 
determined as the lowest concentration of the 
antimicrobial agent that inhibited the growth of 
M. bovis11,12). 

The MIC range, distribution, mode, mean, 
MIC50 and MIC90 values are presented in 
Table 1. The lowest MIC values (≤0.03 μg/ml) 
were obtained for tiamulin, gentamicin and 
oxytetracycline.  Spectinomycin and tylosin 
showed the highest MIC values (≥128 μg/ml). The 
MIC50 values for all antimicrobials ranged from 
<0.03 to 4 μg/ml, while the MIC90 values ranged 
from 0.5 to greater than 128 μg/ml. Tiamulin 
had the lowest MIC50 value (<0.03 μg/ml) and the 
lowest MIC90 value (0.5 μg/ml). 

Among the fluoroquinolones, enrofloxacin 
showed the lowest MIC50 value (0.25 μg/ml) and 
MIC90 value (1 μg/ml), followed by ciprofloxacin 
(MIC50 of 0.5 μg/ml and MIC90 of 2 μg/ml). 
Norfloxacin yielded the highest MIC50 (4 μg/
ml) and MIC90 values (8 μg/ml). Apart from 
norfloxacin, the highest MIC50 value of 4 μg/ml 
was found with oxytetracycline and tylosin, while 
spectinomycin and tylosin yielded the highest 
MIC90 value (>128 μg/ml). 

Control of M. bovis infection depends on early 
identification and treatment with appropriate 
antimicrobials. Antimicrobials commonly used for 
therapy include the tetracyclines, macrolides and 
some fluoroquinolones17). However, observed MIC 
trends indicate the development of resistance to 
these antimicrobials in M. bovis3,8,17). Due to the 
absence of antimicrobial resistance surveillance 
and the lack of monitoring for antimicrobial 
usage, there is inadequate information on 
antimicrobial agents used in animals in B&H. 
In addition, there are no local guidelines 
for antibiotic use, which effects therapeutic 
approaches for bovine respiratory disease most 
commonly associated with M. bovis19,23). Thus, 
the data on the antimicrobials used in cattle in 
B&H were provided by personal communication 
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with field veterinarians. In the present study, the 
lowest MIC values of <0.03 μg/ml were obtained 
for tiamulin, gentamicin and oxytetracycline. 
Tiamulin was also the most active antimicrobial 
used against M. bovis isolates obtained from 
the cattle affected with respiratory diseases in 
the Netherlands in 199329), in Japan between 
1996 and 199714) and in Belgium between 1997 
and 200031). So far, there have been no reported 
pleuromutilins resistance mechanisms for M. 

bovis17). This could be explained by the fact that 
some pleuromutilins, such as tiamulin, are not 
available for use in cattle33). Considering that only 
a few studies11,14,29,31) included testing of tiamulin, 
the effects of this antimicrobial on M. bovis should 
be further investigated.  In our study, gentamicin 
yielded lower MIC values (<0.03–4 μg/ml) 
compared to those seen in previous studies10,28,31). 

The differences in MIC values for gentamicin 
obtained in the present and other studies 
could be due to rare use of this antimicrobial 
agent in cattle in B&H.  In the present study, 
spectinomycin and tylosin exhibited MIC90 values 

of >128 μg/ml, indicating potential antimicrobial 
resistance in the Bosnian isolates. However, these 
antimicrobials are scarcely used for treatment of 
bovine respiratory disease in B&H. Significant 
differences between the MIC50 (1 µg/ml) and 
the MIC90 (>128 µg/ml) values detected for 
spectinomycin are in accordance with the results 
obtained for the isolates in Britain (4 and >128 
µg/ml, respectively)1) and Israel (2 and >1024 µg/
ml, respectively)10). In France, the MIC50 values 
for this antimicrobial increased from 4 to > 64 
µg/ml8) over a three decade period. In contrast, 
low MIC values for spectinomycin were observed 
in M. bovis in the United States by Rosenbusch 
et al24), in Canada by Cai et al3) and in Japan by 
Uemura et al32). Macrolides are often the first-
line treatment for respiratory infection in cattle34). 
Resistance to macrolides is widely distributed 
in M. bovis isolates17). Tylosin was among the 
first macrolides introduced for animal use7). An 
increase in MIC50 values for tylosin was recorded 
in France (from 2 to  >64 µg/ml)8) and in Canada 
(from 0.5 to 16 µg/ml) over a 30 year period3). Our 

Table 1. MIC distribution for nine antimicrobial agents against 24 Mycoplasma bovis isolates from cattle in Bosnia and 
Herzegovina 

Antimicrobial
agent Number of isolates with MIC (μg/ml) of MIC50

a 
(μg/ml)

MIC90
b 

(μg/ml) Mode Mean

≤0.03 0.0625 0.125 0.25 0.5 1 2 4 8 16 32 64 ≥128

Fluoroqui-
nolones

Enro-
floxacin 7 7 6 2 1 1 0.25 1 0.125 1.07

Cipro-
floxacin 1 3 7 3 5 4 1 0.5 2 0.25 2.03

Nor-
floxacin 4 4 1 7 6 1 1 4 8 4 5.5

Aminogly-
cosides

Genta-
micin 4 1 1 5 6 3 3 1 0.5 2 0.5 0.73

Specti-
nomycin 2 3 4 6 1 1 1 6 1 >128 1 34.46

Tetracycline Oxytetra-
cycline 1 3 2 4 5 3 2 3 1 4 32 4 10.31

Macrolide Tylosin 4 3 3 2 6 1 2 3 4 >128 8 22.13

Phenicol Florfe-
nicol 2 7 6 5 4 1 4 0.5 1.5

Pleuromutilin Tiamu-
lin 14 1 4 3 1 1 <0.03 0.5 <0.03 0.16

aMIC50, the lowest concentration of antimicrobial that inhibit 50% of the isolates; 
bMIC90, the lowest concentration of antimicrobial that inhibit 90% of the isolates.
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study detected MIC90 values of >128 µg/ml for 
tylosin, which is in agreement with the studies 
in Hungary28), Canada15) and Israel10). Low MIC 
values for this macrolide were identified in the 
Netherlands (MIC range 0.06-4 µg/ml) in 199329) 
and in Japan (MIC range 0.78-12.5 µg/ml) in 
200314). There was a significant overall increase 
of MIC values for tylosin in isolates obtained 
before 2000 (0.025–>100 µg/ml) compared to those 
obtained from isolates between 2000 and 2016 
(0.125–>256 µg/ml)9). These observations indicate 
acquired resistance to tylosin in M. bovis isolates 
from various countries worldwide. In a study 
conducted on M. ovipneumoniae isolates in B&H, 
tylosin was one of the antimicrobials yielding 
the highest MIC90 values18). In our study MIC50 
value of 4 µg/ml for oxytetracycline corresponds 
well to values determined from respiratory 
cases in European isolates13,16). Oxytetracycline 
was among the antimicrobials that exhibited 
the highest MIC90 values for M. ovipneumoniae 
isolates in B&H18). This antimicrobial is one of the 
most commonly used drugs in B&H for therapy 
of respiratory disease. Nevertheless, changes in 
M. bovis susceptibility against this antimicrobial 
were previously demonstrated. The MIC50 values 
increased in UK cattle between 2004 and 2009, 
from 1 to 32 µg/ml2). In Canada, the MIC50 values 
increased between 1978 and 1991, from 2 to 4 µg/
ml, and remained at this level from 1991 until 
20093). The MIC50 value of 1 µg/ml derived in our 
study for florfenicol is lower than those values 
reported in most European countries2,16), which 
may be due to the limited application  of this 
antimicrobial in cattle in B&H. Florfenicol was 
found to be one of the most effective antimicrobials 
against M. bovis (MIC range of 2–32 µg/ml) 
in the United States26). In the present study, 
enrofloxacin had an MIC50 value of 0.25 μg/ml, 
similar to the results from previous investigations 
in Europe13,16), Canada15), the United States24) 
and Japan32). An increase in MIC50 values from 
0.25 to 0.5 µg/ml was reported for enrofloxacin 
in UK isolates from 2004 and 2009, and between 
1978–1979 and 2010–2012 for French isolates2,8,17). 

Although enrofloxacin is frequently used for 
treatment of affected cattle in B&H, it showed low 
MIC50 and MIC90 values. This could be explained 
by the fact that this antimicrobial has only in the 
last few years been used routinely for the therapy 
of infectious respiratory diseases in cattle in 
B&H. Ciprofloxacin had an MIC50 of 0.5 μg/ml and 
MIC90 of 2 μg/ml, similar to previous studies (0.5 
and 1 μg/ml, respectively)17). This antimicrobial 
is rarely administered in affected cattle in B&H. 
In addition, enrofloxacin and ciprofloxacin 
had the lowest MIC50 and MIC90 values for M. 
ovipneumoniae isolates from sheep and goats in 
B&H18). On the other hand, norfloxacin yielded 
the highest MIC50 (4 μg/ml) and MIC90 values 
(8 μg/ml). This fluoroquinolone is not available 
for use in B&H, and thus its administration is 
most likely limited, which raises the question of 
natural resistance in M. bovis isolates. 

However, fluoroquinolones should not be 
used as a first line treatment and without prior 
antimicrobial susceptibility testing33). Variations 
in antimicrobial susceptibility of M. bovis 
observed in different studies worldwide could 
be related to the genetic heterogeneity of the 
isolates. However, in some studies, the acquisition 
in M. bovis of resistance to antimicrobials 
was attributed to the emergence and spread 
of a single clone17). In addition, differences 
in antimicrobial susceptibilities of M. bovis 
isolates could be associated with differing usage 
practices for antimicrobials, the year of isolation, 
clinical presentations, or the sites of isolation9,17).  
Although conducted on relatively small numbers 
of isolates, the present study revealed differences 
in the antimicrobial profiles of M. bovis from 
cattle with respiratory disease in B&H. The MIC50 
and MIC90 values suggest tiamulin, followed 
by enrofloxacin as the most effective in vitro 
antimicrobials for M. bovis isolates. Gentamicin 
and ciprofloxacin, followed by florfenicol were also 
efficient in vitro antimicrobial agents against M. 

bovis. High MIC values were observed for several 
antimicrobials, particularly for spectinomycin, 
tylosin and oxytetracycline. These findings imply 
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a need to monitor antimicrobial susceptibility 
pat terns  in  M. bovis  in  order  to  ensure 
appropriate antimicrobial treatment, assess 
changes in antimicrobial susceptibility and to 
prevent antimicrobial resistance.  In view of the 
growing ineffectiveness of antibiotics in treating 
M. bovis infections and due to a lack of effective 
vaccines, other control measures should be applied 
to prevent M. bovis infections: screening animals 
for M. bovis prior their introduction in herds, 
early detection of infected animals, separation of 
calves from the adults, culling chronically infected 
animals, reducing stocking densities, improving 
ventilation, and other actions that support good 
farming practices17,20,21).
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