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In vitro antimicrobial inhibition profiles of Mycoplasma bovis
isolates recovered from various regions of the United States

from 2002 to 2003

Ricardo F. Rosenbusch,1 Joann M. Kinyon, Michael Apley, Nathan D. Funk, Sean Smith,
Lorraine J. Hoffman

Abstract. Antimicrobial therapy continues to be important in reducing losses due to pneumonic forms of
Mycoplasma bovis disease in beef and dairy calves. Although M. bovis diseases have been documented as
frequent and economically important in the United States, there are no published reports on the antimicrobial
activity of approved compounds against US strains. In this study, the authors report on the activity of 9 different
antimicrobials against 223 recently recovered isolates of M. bovis. These isolates represent accessions from 5
geographic regions of the United States and were grouped by 4 tissues of origin (milk, respiratory, joint, or ear
and eye). A broth microdilution test was used to determine minimum inhibitory concentration (MIC) values by
reading redox changes detected in broth with alamarBlue (resazurin) indicator. For each antimicrobial, the
median, MIC50, MIC90, mode, and range were calculated, and the values used for comparisons. In the absence
of accepted breakpoint values, published MIC cutoff values for animal mycoplasmas as well as Clinical Lab-
oratory Standards Institute interpretive criteria were used as a reference to define in vitro activity. The MIC
values from active antimicrobials were found to distribute independently of region of origin of the isolates or
of tissue of origin. Enrofloxacin, florfenicol, and spectinomycin were found to be active compounds in vitro.
Oxytetracycline and chlortetracycline were active against more than half of the isolates. Very few isolates were
inhibited by tilmicosin and none by erythromycin, ampicillin, or ceftiofur. The antimicrobial profiles determined
for these US strains were remarkably similar to those reported for European isolates. However, unlike in Europe,
there appears to be no diversity of profiles when US isolates are grouped by region or tissue of origin.
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Introduction

Mycoplasma bovis is recognized as a causative
agent of mastitis, pneumonia, polyarthritis, tenosyno-
vitis, middle-ear infections, skin abscesses, and geni-
tal-tract infections that include oophoritis, salpingitis,
endometritis, abortion, and seminovesiculitis.9 Histor-
ically, the first descriptions of M. bovis disease were
those of mastitis,4 and since early years, antimicrobial
treatment of these infections was shown to be unsuc-
cessful.3,6 In contrast, antimicrobial treatment of pneu-
monia, polyarthritis, and middle-ear infections in
young calves has been attempted with some success
and may result in significant reduction of economic
losses for the farmer.9 In European studies, calves with
respiratory disease involving mycoplasmas responded
to high-dose macrolide antimicrobial treatment with
recovery from clinical signs.11 Valnemulin, a pleuro-
mutilin, approved for use in cattle in Europe was
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shown to control disease in calves infected under field
conditions with M. bovis.16 Calves infected experimen-
tally by the intratracheal route and then medicated with
spectinomycin had reduced lung mycoplasma burden
but no change in clinical course.12 In the United States,
a common clinical indicator of M. bovis involvement
in respiratory disease of young calves is the lack of
response to treatment with broad-spectrum antimicro-
bials.1

Whereas in vitro activity of antimicrobials has been
reported and reviewed for European strains of M. bov-
is,2,9,13,17,20 there is paucity of information about the ef-
fect of antimicrobials on American strains. Because
regional differences were noted in some European re-
ports, such differences could also be apparent in North
America. This study reports on the in vitro antimicro-
bial activity of selected antimicrobials approved for
use in calves in the United States. Recently recovered
strains from various regions representing various clin-
ical conditions were included.

Materials and methods

Isolates and grouping assignments. Isolates of M. bovis
were obtained from 5 US regions as low passage uncloned
cultures from case submissions received largely during 2002
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Table 1. Distribution of 233 Mycoplasma bovis isolates among
geographic regions and tissues of origin.

Tissue* Midwest
North
East

South
Central

South
East

South
West

Unknown
region

Respiratory 58 6 18 11 4 1
Joint 12 1 0 3 2 0
Ear and eye 5 0 0 8 1 0
Milk 21 32 0 2 7 0
Unknown 2 18 2 2 4 3

* Isolates from 3 cases culture positive in joint and lung were
grouped as joint cases. One isolate grouped as respiratory was from
a case with lung and ear recoveries.

and 2003. With each isolate, a report of location of case
(locality or state, or both) and of tissue of origin was se-
cured. Each isolate was assigned to 1 of 5 geographic re-
gions (Midwest, North East, South Central, South East,
South West, and a group of unknown origin). Mid West iso-
lates included those from Illinois, Iowa, Kansas, Minnesota,
Missouri, Nebraska, and Wisconsin. North East isolates in-
cluded those from Massachusetts, Maryland, New York,
Ohio, Pennsylvania, and Vermont. South Central isolates
were those from Oklahoma and Texas. Isolates from Ala-
bama, Georgia, Florida, Kentucky, Tennessee, and Virginia
were grouped as South East origin. California and New
Mexico isolates were included in the South West group.
Each isolate was also assigned a tissue category (respiratory,
milk, joint, ear and eye, or unknown tissue). In a few cases,
isolations were made from more than one tissue source, and
the isolate used for the case was categorized according to
the tissue that yielded it. In all instances, a single isolate was
included from each individual field case. The geographic and
tissue distribution of the 223 isolates available for testing is
shown in Table 1.

Test culture batches were prepared for each isolate by
growing to log phase in PPLO Broth,a (formulated with 20%
fetal calf serum, 500 U/ml penicillin G, 200 mg/ml thallous
acetate, and 2.5 mg/ml amphothericin B) supplemented with
5% alamarBlueb as color redox indicator. Aliquots of each
batch were stored frozen at 2708C until needed. Each frozen
batch was titrated by preparing 10-fold dilutions in PPLO
Broth with 5% alamarBlue, placing a 100-ml volume of each
dilution in 2 replicate round-bottom wells (96-well microti-
tration plates), and adding 100 ml of PPLO Broth with 5%
alamarBlue before sealing the plate. Titration endpoints were
read visually for up to 96 hr of incubation at 378C in a 5%
CO2 atmosphere by color change (blue to red shift).

Minimum inhibitory concentration test. Isolates were test-
ed for antimicrobial activity using ‘‘Sensititre’’ plates custom
prepared by drying doubling dilutions of antimicrobials on
round-bottom 96-well plates.c Nine different antimicrobials
were tested, including ampicillin, chlortetracycline, ceftiofur,
enrofloxacin, erythromycin, florfenicol, oxytetracycline,
spectinomycin, and tilmicosin. The cell wall active antimi-
crobials ampicillin and ceftiofur were not expected to show
activity against a mycoplasma, and they were included in
this study as negative controls. Test dilutions were 0.06–32
mg/ml for ampicillin, erythromycin, and florfenicol; 0.03–32

mg/ml for chlortetracycline and oxytetracycline; 0.125–64
mg/ml for ceftiofur; 0.03–4 mg/ml for enrofloxacin; 0.125–
16 mg/ml for spectinomycin; and 0.5–128 mg/ml for tilmi-
cosin. A standard dilution of culture was added to each well
so that 2 3 103 to 2 3 105 color-changing units per well
were delivered in a final 200-ml volume. Ten-fold dilutions
of the challenge culture were also plated into wells without
antimicrobial to confirm that the challenge was within the
acceptable range of color-changing units per well. After seal-
ing the plates, they were incubated at 378C in a 5% CO2

atmosphere for 48 hr. The lowest concentration of antimi-
crobial suppressing growth, as expressed by blue to red shift,
was recorded as the minimum inhibitory concentration
(MIC) for that antimicrobial. For each antimicrobial, the
range of results, MIC50, and MIC90 were obtained for all
strains, as well as for strains grouped by geographic region
and tissue site.

Control and validation of MIC test. The MIC test using
alamarBlue as reported in this study is a novel development
for mycoplasma MIC testing. Test conditions were therefore
subjected to control and preliminary validation. The Sensi-
titre plates and incubation conditions were confronted week-
ly to test cultures of Escherichia coli ATCC 25922 and
Staphylococcus aureus ATCC 29213 using Clinical Labo-
ratory Standards Institute (CLSI; formerly National Com-
mittee for Clinical Laboratory Standards—NCCLS) ap-
proved methods. Test control results from 19 weekly tests
were within acceptable CLSI limits. In addition, a historical
strain of M. bovis (ATCC 25025) was used 27 times and
generated MIC values that ranged within a 2-fold dilution
of the mode value for florfenicol, tilmicosin, enrofloxacin,
and spectinomycin. Values ranged within a 4-fold dilution
of the mode value for oxytetracycline and chlortetracycline
and were all above 32 mg/ml for erythromycin, ampicillin,
and ceftiofur. The type culture strain ATCC 25523 of M.
bovis, also used in this study, gave MIC values of 0.25 mg/
ml for enrofloxacin and 0.125 mg/ml for oxytetracycline,
matching values obtained by others using a different test.17

Although this does not constitute validation of the MIC test
reported in this study, it provides evidence that the test is
comparable with other reported tests.

Statistical analysis. Only data for antibiotics that dem-
onstrated activity against at least some isolates were consid-
ered for statistical analysis. Isolates of unknown geographic
location or unknown tissue were also excluded from statis-
tical analysis. The MIC50 and MIC90 values were analyzed
separately in r 3 c contingency tables, testing the indepen-
dence of active antibiotics and grouping of isolates by region
or tissue of origin.10 Contingency table comparisons between
tissue and region for each active antibiotic could not be per-
formed because not all tissues had isolates from each region.

Results

Ampicillin and ceftiofur did not demonstrate activ-
ity against any of the 223 isolates in the range of con-
centrations tested. Consequently, the values obtained
for these antibiotics were excluded from statistical
analysis. Considering the 7 active antimicrobials, com-
parison of the antimicrobial activity profiles among the
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Figure 1. Distribution of isolates by MIC value (in mg/ml) for each antimicrobial. The MIC50 and MIC90 values are marked with
arrows.

isolates obtained from respiratory tissues, milk, joint
fluid, or ear and eye showed remarkable similarity (no
significant interaction between antimicrobials and tis-
sue of origin was found at P , 0.05). The antimicro-
bial activity profiles were also similar for various US
regions (no significant interaction between antimicro-
bials and region of origin was found at P , 0.05).

Enrofloxacin, florfenicol, and spectinomycin were
found to be active compounds in vitro (Fig. 1; Table
2). Single dilutions separated the MIC50 and MIC90 val-
ues for enrofloxacin and spectinomycin, indicating a
tight distribution of MIC values for these antimicro-
bials. A small population of isolates had high MIC

values for spectinomycin (.16 mg/ml), and these tend-
ed to come from milk submissions (6 of 14) but with-
out any specific regional focus. Chlortetracycline and
oxytetracycline were found to give a more dispersed
distribution of MICs, with chlortetracycline yielding a
slightly higher MIC50 value than oxytetracycline. Til-
micosin MICs clustered into 2 distinct populations,
with 8 of 223 isolates yielding MICs of #4 mg/ml and
the rest clustering with an MIC50 of 64 mg/ml. There
was no discernible pattern to tissue or region distri-
bution among the 8 inhibited isolates. The MICs for
erythromycin clustered broadly around the MIC50 of
32 mg/ml, with no isolates inhibited.
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Table 2. Minimum inhibitory concentration (MIC) values of
223 isolates of Mycoplasma bovis.*

Range† Mode‡
Median and

MIC50§ MIC90\

Chlortetracycline 0.25 to .32 4 4 16
Enrofloxacin 0.03 to 4 0.215 0.25 0.5
Erythromycin 4 to .32 32 32 .32
Florfenicol 0.06 to 8 1 1 4
Oxytetracycline 0.125 to .32 2 2 16
Spectinomycin 1 to .16 2 2 4
Tilmicosin 0.5 to .128 64 64 .128
Ampicillin .32 .32 .32 .32
Ceftiofur 64 to .64 .64 .64 .64

* All MIC values are expressed as mg/ml.
† Range of MIC results for each antibiotic.
‡ Mode, the most frequent result.
§ Median and MIC50, the central result.
\ MIC90, 90% of isolates have MIC below the value.

Table 3. National Commitee for Clinical Laboratory Standards interpretive criteria for selected drugs against disease/pathogen com-
binations. When interpretive criteria are validated for veterinary applications, they are valid only for the stated organisms.

Drug—disease—pathogen(s) for which interpretive criteria are validated
Susceptible
(#mg/ml)

Intermediate
(mg/ml)

Resistant
(mg/ml)

Enrofloxacin-bovine respiratory disease-Pasteurella multocida, Mannheimia haemolytica, Hae-
mophilus somnus

0.25 0.5–1 2

Florfenicol-bovine respiratory disease-Pasteurella multocida, Mannheimia haemolytica, Hae-
mophilus somnus

2 4 8

Spectinomycin-bovine respiratory disease-Pasteurella multocida, Mannheimia haemolytica, Hae-
mophilus somnus

32 64 128

Tilmicosin-bovine respiratory disease-Mannheimia haemolytica (also applicable for Pasteurella
multocida)

8 16 32

Tetracycline-adapted from human medicine and used as interpretive criteria for the tetracycline
group in veterinary medicine

4 8 16

Discussion

There are no CLSI-approved MIC breakpoint values
for mycoplasmas of animals or humans. In addition,
there are no standard methods for testing because my-
coplasma species vary widely in nutritional and cul-
tural requirements.5,21 For antimicrobials demonstrat-
ing inhibitory activity in this study, interpretive criteria
from the CLSI M31-A2 document are shown in Table
3.8 These interpretive criteria have been developed for
the disease and pathogen applications described in the
table. They are valid only when the susceptibility data
being interpreted were generated using standardized
methods specified by the CLSI. Although they are not
advocated in this study as also being valid criteria for
interpretation of M. bovis data, they are presented as
examples of when clinical efficacy is expected for
these drugs against other pathogens. The authors sug-
gest that when the M. bovis susceptibility data are sig-
nificantly higher than the susceptible criteria estab-
lished for other pathogens, there is reasonable doubt
that the antimicrobial will demonstrate clinical effica-
cy. In contrast, the authors may be more optimistic

regarding efficacy when the M. bovis susceptibility
distribution is close to that of other pathogens where
efficacy has been demonstrated. This approach re-
quires clinical validation before acceptance as predic-
tive of clinical efficacy. Alternatively, MICs of #1 and
up to 2 mg/ml have been considered predictive of po-
tential usefulness for treatment. Segregation of myco-
plasmal isolates into 2 distinct populations has also
been taken as evidence of separation between suscep-
tible and resistant populations.22 Combining all these
criteria, ampicillin, ceftiofur, erythromycin, and to a
large extent tilmicosin would not be considered active
compounds against the 223 US isolates tested in this
study.

Several methodologies have been used to report
MIC values for M. bovis. Among the more recent stud-
ies, the preference has clearly been to use a broth mi-
crodilution method. Methods of measuring growth
endpoint are varied because of the characteristic lack
of acid production from sugars by M. bovis. They
range from a redox indicator,18 to growth pellet for-
mation,2 to acid production from pyruvate.19 Stabilized
resazurin (alamarBlue) is used as growth indicator for
MIC studies with mycobacteria,20 as well as gram-neg-
ative and gram-positive bacteria.15 In this study, the
authors report on the use of alamarBlue as a sensitive
redox indicator with no toxicity for M. bovis strains.

There are numerous reports about antimicrobial in-
hibition of isolates of M. bovis. In the United States,
36 M. bovis isolates from 1979 to 1996 cases of calf
pneumonia in the Midwestern states were not inhibited
by ampicillin, spectinomycin, tylosin, tilmicosin, cef-
tiofur, and erythromycin. They were inhibited by tet-
racycline and lincomycin. In contrast, 5 of 9 isolates
from calf pneumonia and polyarthritis cases of the
same origin and time span were not inhibited by the
antibiotics tested.14. In that report, a cutoff value of
#2.5 mg/ml was used to define susceptibility. In con-
trast, several recent or benchmark reports were pro-
duced, studying European strains. An early study re-
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ported on the susceptibility of 16 Dutch isolates col-
lected from 1983 to 1988 from mastitis, pneumonia,
and polyarthritis cases.18 They reported enrofloxacin
and spectinomycin MIC50 and MIC90 values compa-
rable with those reported in this study. Their oxytet-
racycline and chlortetracycline MIC50 values were 8-
fold and 4-fold higher, respectively, than those report-
ed in this study. A British study reported on 62 pneu-
monia isolates from 1996 to 1997.2 A fluoroquinolone
(danofloxacin) gave results comparable with those the
authors report for enrofloxacin, and spectinomycin val-
ues were comparable to those obtained in this study.
As in the Dutch report, oxytetracycline MIC50 values
were much higher than in this study (16-fold). Flor-
fenicol values were 4-fold higher than those reported
in this study. They also reported total resistance to til-
micosin, in general concordance with data of this
study. A Belgian report on 40 isolates from calf pneu-
monia cases (collected 1997–2000) reported danoflox-
acin and enrofloxacin susceptibility of isolates.19 It
should be noted that MIC90 values of 4 mg/ml for en-
rofloxacin were much higher than those from previous
studies or the current study. Spectinomycin and oxy-
tetracycline MIC50 values were comparable with those
the authors report in this study. Overall, these recent
European studies indicate few differences with the cur-
rent study, primarily the high level of oxytetracycline/
chlortetracycline resistance of the Dutch and British
reports and the recovery of florfenicol-resistant iso-
lates in the British report. Of note is an Italian report
of susceptibility of M. bovis isolates to oxytetracy-
cline.7 This raises the question of existence of hetero-
geneity of antimicrobial profiles among European iso-
lates of M. bovis, which the authors do not observe in
this study of US isolates.

The chlortetracycline MIC50 value reported in this
study for M. bovis must be interpreted with caution.
Underestimation of MIC50 of mycoplasmas to chlor-
tetracycline has been reported because of the in vitro
thermal lability of aqueous solutions of this antimicro-
bial (Wu CC, Wolff, T: 2002, In vitro susceptibility of
chlortetracycline vs. Mycoplasma hyopneumoniae.
Proceedings of the Annual Meeting of the American
Association of Swine Veterinarians, pp 149–151, Kan-
sas City, MO). Because M. bovis is a fast-growing my-
coplasma, the potential underestimation of MIC values
should be less than that reported for M. hyopneumon-
iae.

The study of antimicrobial inhibition of 223 recent
US isolates of M. bovis showed that all isolates were
inhibited by enrofloxacin. Florfenicol was active on
most isolates, although the MIC90 value of 4 mg/ml
indicated some isolates might be resistant. Spectino-
mycin showed excellent activity, although a few iso-
lates, primarily from mastitis cases, separated into a

perhaps resistant population (Fig. 1 panel C). These
isolates would be considered susceptible by compari-
son with CLSI criteria. Although the distribution of
MIC values for oxytetracycline, and to a lesser degree
chlortetracycline, would support the activity of these
antimicrobials on many isolates, their use should be
studied in vivo to validate the data. Tilmicosin, eryth-
romycin, ampicillin, and ceftiofur could not be rec-
ommended for treatment of M. bovis infections. As
pointed out by others,2 antibiotics effective against
gram-negative pathogens of the bovine respiratory
tract should still be considered in mycoplasmal pneu-
monia cases because combined infections are usually
observed.
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