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Abstract
Background  Mycoplasma infections pose a significant economic burden and represent a serious health and 
welfare concern for the livestock sector. Their control often requires repeated antimicrobial treatments. Antimicrobial 
susceptibility testing (AST) procedures for veterinary mycoplasmas lack standardization. Furthermore, clinical 
breakpoints (CBPs) are not available to interpret AST data (i.e., Minimum Inhibitory Concentration, MIC values) and 
categorize isolates as susceptible, resistant, or intermediate to the different antimicrobials used in livestock, nor 
epidemiological cut-offs (ECOFFs), which are a prerequisite to define CBPs. In 2023, the MyMIC network - a consortium 
of 22 laboratories specializing in veterinary mycoplasmas- was established to support efforts in standardizing 
diagnostics and AST, including clinical interpretation. Its initial goals were to (i) review routine diagnostic practices in 
frontline laboratories and examine veterinarians’ prescribing habits and (ii) assess practices for culture, identification 
and AST used in expert laboratories and how these practices may affect MIC results as collected for five major 
livestock pathogens (M. bovis, M. gallisepticum, M. synoviae, M. hyopneumoniae and M. hyorhinis).
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Background
Bacteria of the Mycoplasma genus, trivially referred to 
as mycoplasmas, are characterized by small and wall-less 
cells. Their genome has a low G + C% and is considered 
minimal, albeit with sufficient coding capacity to allow 
autonomous replication in axenic medium. The loss of 
several metabolic pathways in the course of evolution 
has resulted in fastidious bacteria relying on complex in 
vitro growth media. Several species are major pathogens 
in humans or animals [1]. For the sake of clarity and con-
sistency with previous studies, the current List of Pro-
karyotic Names with Standing in Nomenclature (LPSN) 
recommendations [2], and recent developments [3], the 
“classical” taxonomy of the Mycoplasma genus [4, 5] is 
used throughout this manuscript and alternative names 
referring to the revised taxonomy proposed by Gupta 
et al. [6] are mentioned in brackets. In livestock, myco-
plasma-associated diseases are common and often prog-
ress to chronic or lifelong infections (e.g., carrier states). 
They pose a significant economic burden and represent a 
health and welfare concern in avian, porcine, and rumi-
nant livestock populations [7]. Control strategies vary; 
culling may be applicable to certain sectors associated 
with trade and requiring disease freedom, whereas vacci-
nation –when available- and farm-level biosecurity mea-
sures are also essential. However, these control strategies 
face significant limitations. For instance, several of the 
current mycoplasma vaccines provide only partial protec-
tion or are ineffective at preventing transmission in host 
species such as poultry and swine [8, 9]. Consequently, 
the control of these insidious diseases often requires the 
implementation of repeated antimicrobial treatments.

Several studies have shown that suboptimal antimi-
crobial treatments - that fail to completely eradicate 
the pathogens- can result in reduced antimicrobial 

susceptibility and increased acquired resistance in myco-
plasmas, hence hampering treatment efficacy [10, 11]. 
Among animal mycoplasmas, the most alarming situa-
tion currently concerns Mycoplasma (M.) bovis [Myco-
plasmopsis bovis], which demonstrates elevated in vitro 
MICs to multiple antimicrobial classes, except fluoro-
quinolones. Fluoroquinolone-based treatment poten-
tially supported by low MIC values and experimental 
results in a M. bovis infection model is however not a 
recommended first-line option [11–13], since fluoroqui-
nolones are considered critical for human medicine [14] 
and should be used as last resort antimicrobials in live-
stock. Of note, the intrinsic resistance of mycoplasmas 
is important. It precludes the use of antimicrobials that 
inhibit cell-wall synthesis - such as β-lactams, glycopep-
tides, and fosfomycin - as well as first-line antimicrobials 
like sulfonamides and trimethoprim. Some mycoplasmas 
including Mycoplasma (M.) synoviae [Mycoplasmopsis 
synoviae], Mycoplasma (M.) hyopneumoniae [Mesomyco-
plasma hyopneumoniae] and M. bovis, are further natu-
rally resistant to 14-membered ring macrolides such as 
erythromycin [10].

The appropriate choice of treatment for different myco-
plasmas and host body-sites is essential. The in vivo effi-
cacy of antimicrobials can be indirectly assessed by in 
vitro antimicrobial susceptibility testing (AST), but pro-
cedures used for other bacteria like disk diffusion tests 
are not suitable for mycoplasmas and other techniques, 
such as broth dilution, are not currently standardized 
for veterinary mycoplasmas [15]. The lack of approved 
guidelines and quality control strains agreed as most suit-
able for AST of livestock mycoplasmas affects the quality 
and comparability of results from different laboratories. 
Moreover, clinical breakpoints (CBPs) are lacking, and 
only a few epidemiological cut-off values (ECOFFs) are 

Results  A first survey targeting veterinarians from the avian, porcine, and ruminant livestock sectors provided 468 
complete responses from 39 countries worldwide, giving an account of current trends in the treatment and first-line 
diagnosis of veterinary mycoplasmoses. Macrolides, tetracyclines, pleuromutilins, florfenicol and fluoroquinolones 
were the most frequently administered antimicrobials, with usage varying by livestock sector. Veterinarians reported 
requesting diagnostic in 40–75% of clinical cases, but only one-third requested AST regularly. A separate survey 
within the consortium highlighted significant variability in the media and methods used by specialized laboratories, 
particularly for MIC determination, which relied mostly on in-house broth dilution techniques. This methodological 
diversity limited our ability to aggregate collected MIC data for establishing ECOFFs.

Conclusions  Several concerns regarding best practices for antimicrobial treatments of mycoplasma infections 
may be linked to the lack of AST in frontline laboratories. Based on information collected in expert laboratories, we 
identified multiple sources contributing to inconsistent MIC results. The next step will be to establish consensus 
gold-standard AST methods tailored to specific mycoplasma-antimicrobial combinations to generate reliable MIC 
data for defining ECOFFs. Subsequently, the development of ready-to-use commercial MIC plates for use in frontline 
laboratory will support veterinarians in selecting appropriate treatments.
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available for the accurate and harmonized interpreta-
tion of raw AST data (e.g. Minimum Inhibitory Con-
centration, MIC values) and categorization of isolates 
as susceptible, resistant or intermediate to the different 
antimicrobials currently in use. The combination of these 
deficiencies may ultimately compromise the effectiveness 
of treatments. Early in the diagnostic process, the chal-
lenges associated with culturing and identifying myco-
plasma isolates to the species level may also contribute to 
discouraging first-line laboratories from performing AST. 
No standard medium for an optimal growth of all vet-
erinary mycoplasmas exists due to the diversity of nutri-
tional requirements of different species [1]. The most 
recent recommendations for performing AST on veteri-
nary mycoplasma species date back to 25 years ago [16]. 
In contrast, human medicine has its approved guideline 
since 2011: “M43-A, Methods for Antimicrobial Suscep-
tibility Testing for Human Mycoplasmas” [17], adopted 
by the Clinical and Laboratory Standards Institute 
(CLSI), a not-for-profit organization that develops labo-
ratory standards worldwide. Unfortunately, this standard 
cannot be used for animal mycoplasmas because of their 
different tissue tropisms and nutritional requirements.

In 2023, the MyMIC network, a consortium of 22 
research organizations from 18 countries working on ani-
mal mycoplasmas, was set up under the funding umbrella 
of the Joint Programming Initiative on Antimicrobial 
Resistance (JPIAMR). The ultimate goal of the MyMIC 
network is to establish guidelines for the standardiza-
tion of culture, identification and AST –including clini-
cal interpretation- of veterinary mycoplasmas. This paper 

presents the outcomes achieved to date by the MyMIC 
network. These include: (i) reviewing practices for the 
routine diagnosis of mycoplasmoses in frontline labora-
tories without specific expertise in mycoplasmology, (ii) 
examining antimicrobial prescription practices by vet-
erinarians in different livestock sectors in case of pre-
sumptive mycoplasmosis; and (iii) assessing practices for 
culture, identification and AST in partner laboratories 
with recognized expertise in mycoplasmology.

Several MyMIC partners also provided MIC values 
of the main classes of antimicrobials used against key 
pathogenic Mycoplasma species, together with detailed 
methodologies used to generate these results. This data-
set was used to assess the current level of harmoniza-
tion in AST methods and the consistency of the resulting 
MIC distributions, as a preliminary step toward estab-
lishing ECOFFs.

Results
Account of current practices applied for the control of 
mycoplasmoses in livestock
The survey on antimicrobial use for treating mycoplas-
moses resulted in 468 complete responses from volunteer 
veterinarians in 39 countries. Responses mainly origi-
nated from European countries (n = 336), but also from 
other regions worldwide: Africa (n = 30), Asia (n = 34), 
North America (n = 38), Central and South America 
(n = 16) and Oceania (n = 14). Figure 1 presents the mole-
cules used as first-choice treatment for cattle), swine, and 
poultry. Overall, the main molecules used for first-choice 
treatment of suspected mycoplasmosis were macrolides, 

Fig. 1   First-choice antimicrobial classes used in cattle (panel A, n=226), swine (panel B, n=118) and poultry (panel C, n=109) according to the veterinar-
ians’ survey. The size of each distribution slice is proportional to the percentage of usage as reported by respondents. The main antimicrobial classes are 
indicated with their corresponding percentages. “Combinations” refer to macrolides & tetracyclines for cattle and poultry and to tetracyclines & pleuro-
mutilins or tetracyclines & macrolides or macrolides & florfenicol for swine. “Other” refer to penicillins (both with and without beta-lactam inhibitors), 
trimethoprim/sulfonamides, aminoglycosides, and cephalosporins.“Long-acting forms” are detailed per antimicrobial classes and refer to tulathromycin, 
long-acting tetracyclines and enrofloxacin
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tetracyclines, pleuromutilins, and florfenicol. Of note 
a “no treatment option” was mentioned in up to 8% of 
clinical cases. The main molecules used in cases of first-
treatment failure were the same as those used for first-
choice treatment for all species, except in bovines, where 
fluoroquinolones became the most frequently used fam-
ily (26.1%).

The survey also focused on diagnosis and AST run by 
first-line diagnostic laboratories. Veterinarians reported 
the implementation of laboratory diagnosis in approxi-
mately 40% of cattle cases, 53% of swine cases and 75% 
of poultry cases, with a frequency of either “always” 
(more than 80%) or “often” (more than 50%). Among the 
methods indicated in the survey, the PCR-test was the 
predominant technique for Mycoplasma species identi-
fication, employed in approximately 40% of cases across 
all animal species. A minority of veterinarians reported 
never performing laboratory diagnosis in case of sus-
pected mycoplasmosis in cattle (10%), swine (2.5%) and 
poultry (1.8%). The results of the survey highlighted chal-
lenges in the implementation of AST in the routine work-
flow of first-line laboratories, with 28%, 46%, and 30% 
of cattle, swine, and poultry veterinarians, respectively, 
reporting that they never request AST, versus, respec-
tively 23%, 30% and 37% reporting to have AST per-
formed always (more than 80% of clinical cases) or often 
(more than 50% of clinical cases).

Inventory of current procedures implemented for 
Mycoplasma spp. culture and identification in partner 
laboratories
The survey was sent to all MyMIC partners, i.e. 22 insti-
tutes in 18 countries. Responses were received from 
19 institutes across 15 countries -all located in Europe 
except for Australia- (Fig. 2). Of these, 14 institutes pro-
vided detailed insights into their practices concerning 
M. bovis (including 11 performing AST), eight on M. 
synoviae and M. gallisepticum (including seven and six 
institutes respectively performing AST) and five on M. 
hyorhinis and M. hyopneumoniae (all five performing 
AST). Some questions were unanswered or ambiguously 
answered and responses were therefore recorded as “not 
specified”.

Media used for isolating Mycoplasma strains
Description of culture media used were provided by 
12/14 participants for M. bovis, 7/8 for M. gallisepticum 
and M. synoviae and 4/5 for M. hyopneumoniae and 
Mycoplasma (M.) hyorhinis [Mesomycoplasma hyorhi-
nis]. Several answers mentioned the use of more than 
one medium for isolating a particular species (5/12 for 
M. bovis, 5/7 for M. gallisepticum, 4/4 for M. synoviae, 
3/4 for M. hyopneumoniae, 2/4 for M. hyorhinis). The 
culture media most commonly used for the isolation of 
the Mycoplasma species included in this paper are listed 
in Table  1. These media include industrially produced, 
ready-to-use ones, as well as those prepared in-house 
at each institution. In-house prepared media usually 
included a common basal medium but their supplemen-
tation varied from one laboratory to another (Table  1). 

Fig. 2  Geographical distribution of MyMIC partners that are currently conducting mycoplasma diagnosis and/or AST according to WP1 survey. Partner 
countries are colored in grey while those performing AST are marked with a symbol according to the Mycoplasma species considered
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A high diversity of media used was observed among the 
participants, not only between Mycoplasma species but 
also for the same species. For instance, for M. gallisepti-
cum up to seven different media were identified as being 
in use by participating laboratories.

Growth conditions for isolating Mycoplasma strains
Conditions used for growth are summarized in Table 2. 
The use of a 37  °C humidified incubator with 5% CO2 
was the most common reported practice, irrespective 
of laboratory and Mycoplasma species, for both broth 
and agar media. One laboratory specified incubation in 

Table 1  List of growth media used by the different partners for mycoplasma culture prior to AST
Culture medium Reference Comments No. of partners using this medium per Mycoplasma species

M. 
bovis

M. synoviae M. gallisepticum M. hyopneumoniae M. hyo-
rhinis

APB ® (registered 
trademark)

[33] Patented, home-made 
medium by Dr Poveda 
laboratory

no 1 1 1 1

MolliScience General 
Mycoplasma media

Home-made medium 1 1 1 1 1

Modified Eaton’s 
medium

[34] 2 no no no no

Frey and modified Frey [20, 35] Developed for avian 
mycoplasmas, specially M. 
synoviae

no 3 3 no no

Friis and modified Friis [36, 37] For swine species 
modification consisted of 
supplementation by both 
horse serum (20%) and 
swine serum in identical 
proportions.

2 no 1 4 2

Modified Hayflick [38] Medium B supports the 
growth of most Mycoplasma 
species.

2 no no no no

Mycoplasma Experi-
ence Medium (Mam-
mal or avian)

​h​t​t​p​s​:​​​/​​/​w​w​​w​.​​m​y​c​​o​p​l​a​​s​m​​a​​-​e​​​x​
p​.​c​​o​m​/​i​n​​d​e​x​.​h​t​m​l

3 4 3 2 2

PPLO and modi-
fied PPLO (includes 
INDICIA and Oxoid/
Thermofisher agar/
broth + supplement 
G or P as well as ready 
to use plate from 
Thermofisher)

Different commercial refer-
ences are available ​h​t​t​p​:​/​/​
w​w​w​.​o​x​o​i​d​.​c​o​m​/​​​​​; https://
indicia.fr/company/; ​h​t​t​p​s​:​/​/​
w​w​w​.​t​h​e​r​m​o​f​i​s​h​e​r​.​c​o​m​​​​​​

7 1 2 no no

SP4, SP4-Z-glucose or 
SP4-II

[39–41] Various supplements for 
fastidious species

no 2 2 no no

Total 17 12 13 8 6

Table 2  Incubation conditions for Mycoplasma strains by species. The numbers indicate the number of laboratories in each category. 
All laboratories use the same incubation conditions for both broth and agar except two (reported only once in with a "*") that uses 
aerobic incubation for liquid medium and 37 °C humidified incubator with 5% CO2 only for culturing these bacteria on agar medium 
to obtain bigger colonies

Incubation conditions Tot no. of responding labs

37°C 39.5°C

aerobic 5% CO2,humidified 7% CO2; 7% N2 aerobic
M. bovis 3 10 + 1* none none 14
M. synoviae 3 2 + 2* none 1 8
M. gallisepticum 3 1 + 2* 1 1 8
M. hyopneumoniae 2 1 + 2* none none 5
M. hyorhinis 1 2 + 2* none none 5

https://www.mycoplasma-exp.com/index.html
https://www.mycoplasma-exp.com/index.html
http://www.oxoid.com/
http://www.oxoid.com/
https://indicia.fr/company/
https://indicia.fr/company/
https://www.thermofisher.com
https://www.thermofisher.com
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this CO2-enriched atmosphere was preferred for agar 
medium only to obtain bigger colonies.

The most commonly reported method for detecting 
growth in broth medium was the use of a pH indica-
tor such as phenol red, employed by 11/14 institutes for 
M. bovis, all eight institutes for M. synoviae and M. gal-
lisepticum, and all five institutes for M. hyopneumoniae 
and M. hyorhinis. Growth detection based on change in 
turbidity was less frequently reported: 3/14 institutes for 
M. bovis, 2/8 institutes for M. synoviae, 3/5 institutes for 
M. hyopneumoniae. Most of the partners utilized both 
color change and turbidity, but not systematically in 
combination.

Methods used for Mycoplasma species identification
Table 3 shows the most common methods used in rou-
tine by partners for identification of isolates. These were 
(i) primarily PCR-based methods, corresponding to 
either commercial kits or in-house methods, real-time or 
end-point PCRs with various subsequent analyses of the 
amplicons, (ii) MALDI-TOF mass spectrometry (when 
applicable, i.e. mainly used for easily growing species and 
where laboratories have access to a comprehensive Myco-
plasma spp. database) and (iii) more rarely immune-
based methods like MF-dot, immunofluorescence assay 
or immunobinding method (Table  3). A high diversity 
of genetic targets for PCR-based methods used by the 
partners was noted for all Mycoplasma species. Of note, 
three laboratories mentioned the use of whole genome 
sequencing as a complementary test for identification, of 
which one used nanopore sequencing directly as a diag-
nostic method for M. bovis species in general using a 
commercially available method ​(​​​h​t​t​p​s​:​/​/​w​w​w​.​p​a​t​h​o​s​e​n​s​e​
.​c​o​m​/​​​​​)​.​​

Inventory of phenotypic AST methods applied within the 
mymic partners
Eleven participants for M. bovis, seven for M. synoviae, 
six for M. gallisepticum, and five for M. hyorhinis and M. 
hyopneumoniae declared performing phenotypical AST 
methods, resulting in a total of 34 answers (See supple-
mentary Table 1 for a complete overview). The colony 
picking method, preferably after a second passage, was 
the most frequently reported method for colony selection 
prior to AST for M. bovis (7/9 answers), M. gallisepticum 
(4/6 answers), M. synoviae (5/6 answers), M. hyopneu-
moniae and M. hyorhinis (3/5 answers each).

Broth Dilution method (32 of 34 answers)
Broth dilution was the most frequently used AST 
method, with 9/11 participants for M. bovis, all for M. 
synoviae, M. gallisepticum, M. hyopneumoniae and M. 
hyorhinis. Preliminary titration of the inoculum was 
reported by most participants using broth dilution, but 
a variety of methods were used. Color Changing Units 
(CCU) determination was the most frequently reported 
method (four for M. bovis, M. gallisepticum, M. hyo-
pneumoniae, M. hyorhinis and M. synoviae) followed by 
photometry - either absorbance or turbidimetric scat-
tering measurements - (two for M. bovis, and one for M. 
gallisepticum, M. hyopneumoniae, M. hyorhinis and M. 
synoviae) and by CFU counts on agar plates (one for M. 
bovis and M. synoviae). This preliminary titration was 
run before and/or after storage at −70 or −80  °C of the 
inoculum intended for AST.

Where information was provided (n = 23, with six 
answers for M. bovis, four for M. gallisepticum, three 
for M. hyopneumoniae, four for M. hyorhinis, six for M. 

Table 3  List of methods used for Mycoplasma species detection 
and/or identification
Method Species (no. of 

participants 
detailing the 
method used)

Target (number of 
participants using 
the method1)

Ref-
er-
ence

Molecular biology
Endpoint or real 
time PCR

M. bovis (9) polC (3), oppD (5), 
uvrC (3)

[42–
44]

M. synoviae (7)  16 s rRNA (4), 16–23 
S intergenic spacer 
region (4), vlhA (1)

[45–
49]

M. gallisepticum (6) Mgc2 (6),  16 s rRNA 
(1), fMG-2 (1)

[48–
50]

M. hyopneumoniae 
(3)

I141 probe (1), p102 
(2), 16 S rRNA (1), 
p97 (1)

[51–
55]

M. hyorhinis (2) p37 (2), 16 S rRNA (1) [53, 
56]

High Resolution 
Melting Curve 
analysis or Gene Tar-
geted Sequencing

M. synoviae (7) vlhA (2), oppF (1), 
obg (2), 16 S rRNA (2), 
16–23 S intergenic 
spacer Region (1)

[57]

16S rRNA gene 
PCR + Denatur-
ing Gradient Gel 
Electrophoresis

All (7) V3 region of the 16S 
rRNA coding gene 
(7)

[58–
60]

Mass spectrometry
MALDI-TOF mass 
spectrometry

All (12) but more 
difficult with poorly 
cultivable swine 
species

Protein profile [61–
64]

Immunobased methods
Dot-immunobind-
ing on filtration 
membrane

M. bovis (1) Major antigens [65]

Immunofluores-
cence directly on 
colony-bearing
agar slices

M. bovis (1), M. 
synoviae (1)

Major antigens [66, 
67]

1 Each participant may utilize multiple molecular targets for a single species

https://www.pathosense.com/
https://www.pathosense.com/
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synoviae), the media used for broth dilution were also 
disparate and dependent on the species under test: PPLO 
(3/6 for M. bovis), Mycoplasma experience (2/6 for M. 
bovis, 1/4 for M. gallisepticum, 2/6 for M. synoviae, 1/3 
for M. hyopneumoniae and 2/4 for M. hyorhinis), Friis 
medium (1/6 for M. bovis, 2/3 for M. hyopneumoniae 
and 2/4 M. hyorhinis), modified Frey medium (2/4 for M. 
gallisepticum, 2/6 for M. synoviae), SP4 (1/6 for M. syno-
viae), APB (1/4 for M. hyorhinis, 1/4 for M. gallisepticum 
and 1/6 for M. synoviae). Commercial MIC plates, pre-
loaded with dried standardized antimicrobial dilutions, 
were used among participants especially for M. bovis 
(n = 8), M. gallisepticum (n = 4) and M. synoviae (n = 5), 
M. hyopneumoniae (n = 2) and M. hyorhinis (n = 3), but 
in-house plates, where antimicrobial dilutions were pre-
pared in-house just before use, were favored for M. hyo-
pneumoniae (n = 3) and M. hyorhinis (n = 2). Incubation 
in aerobic conditions was preferred to CO2 enriched 
conditions - that might result in acidification of the broth 
and color change nonrelated to growth-, with the excep-
tion of four participants for M. bovis.

While performing AST, a growth control well (without 
any antimicrobial) was included (all 25 responses), while 
a negative control (sterile medium) was not systemati-
cally included (17/25 answers). The bacterial load after 
the assay was most commonly validated by determining 
CCU (n = 16) or, alternatively, by colony counts on agar 
plates (n = 3). Some laboratories also used photometry 
(n = 5), whereas the remainder do not control the inocu-
lum in each run (n = 8).

Plates were checked daily for most participants and 
rarely twice a day (one for M. hyopneumoniae, M. hyor-
hinis, M. gallisepticum and M. synoviae). The final read-
ing was performed according to the growth of the control 
well and within a limited period which ranged from 24 
to 72 h – with the exception of one laboratory for which 
the incubation was run for one week- for M. bovis and M. 
synoviae, two to five days for M. gallisepticum, M. syno-
viae and M. hyorhinis and three to 14 days for M. hyo-
pneumoniae. Growth was mostly assessed by detection of 
color change (19/19 answers to this question), detected 
by naked eye, with, or without, an inverted mirror or 
light. The detection of turbidity by visual observation was 
additionally mentioned by four participants. Each strain 
was usually tested only once (13 out of 32 answers) or 
two (n = 11) to three times (8 out of 32 answers).

The EUCAST-recommended full range of concentra-
tions for broth dilution methods were tested less fre-
quently than truncated ranges (14 versus 19 answers, 
respectively). This related to the use of commercial plates 
which - even when customized- are optimized for a max-
imum number of antimicrobials to be tested rather than 
wide concentration ranges. Of 22 answers reporting the 
use of commercial plates, 13 reported a truncated range 

- i.e. a MIC distribution with MIC values given as ≤ x 
mg/L at the lower end of the tested range or as > y mg/L 
at the upper range of the tested range.

Agar Dilution method (three of 34 answers)
Agar dilution methodology was implemented in only 
three laboratories (two for M. bovis and one for M. hyo-
rhinis). Preliminary titration, as a means of standardiz-
ing the inoculum of tested strains was mentioned by two 
out of the three laboratories. Colony counts should fall 
within 30–300 CFU per spot [18]. The agar media used 
were PPLO for M. bovis (n = 1) or Hayflick (n = 1) and 
Friis (n = 1) for M. hyorhinis. All participants incubated 
the agar plates in a 5% CO2 enriched atmosphere. Each 
strain was tested two to three times and plates were read 
after 4–5 days of incubation at 37 °C for M. bovis and 72 
h at 35–37 °C for M. hyorhinis. Full range of concentra-
tions according to EUCAST recommendations - i.e. from 
0.03 to 256 mg/L- were tested by the three participants 
using this method as well as a truncated range (n = 1).

Irrespective of the AST method, i.e. broth versus agar 
dilution, the use of a control strain, with known MICs, 
was reported in 23/27 responses (seven for M. bovis, four 
for M. gallisepticum and five for M. synoviae, three for M. 
hyopneumoniae and M. hyorhinis). Control strains mostly 
belong to the tested species with a majority reporting the 
use of reference, as opposed to field strains (n = 17/23). 
However some respondents reported using controls 
belonging to another species (for instance M. gallisep-
ticum was reported to be used as a control for M. hyo-
rhinis, M. hyopneumoniae and M. synoviae) or genus 
(for instance Escherichia coli, Enterococcus faecalis, and 
Staphylococcus aureus).

First evaluation of raw MIC datasets provided by MyMIC 
partners for their potential to support tentative ECOFFs 
definition
MIC distributions intended to be imported into the 
EUCAST database for aggregation purpose as well as the 
underlying methodology used to obtain the data must 
fulfil a number of basic requirements [19]. Most labo-
ratories of the MyMIC consortium used either broth or 
agar microdilution approaches based on Hannan, 2000 
[16]. However, methodologies differed in respect to the 
media used, either commercial (Mycoplasma Experience, 
Indicia or Oxoid) or in-house prepared (Frey, Friis, modi-
fied PPLO broth, etc.), with or without supplements. 
Other important variables included the incubation time, 
the control strains used and the antimicrobials as well as 
their concentration ranges tested. Table 4 illustrates the 
variety of methods used for M. bovis AST alone across 
MyMIC partners. Some in-house prepared media have 
similar names (Frey, Frey medium 4) as they refer to 
the same original publication [20] and therefore, it will 
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be necessary to check the exact composition of each 
medium to determine the exact formulation and assess 
comparability.

Most laboratories that provided raw MIC data men-
tioned the use of control strains (18/29 answers), which 
were, in most cases, identical within each species, even 
if different names were provided (for example M. syno-
viae ATCC 25204 = NCTC 10124 = WVU 1853), M. hyo-
pneumoniae ATCC 25934 = NCTC 10110 = J type strain 
or M. bovis ATCC 25523 = PG45 type strain). MIC val-
ues obtained for several antimicrobials on control strains 
were mainly grouped within a range of 2–3 dilutions 
(Table 5), despite the fact that different media (commer-
cial or in-house) and different techniques (agar or broth 
dilution) were used (see for example results obtained for 
enrofloxacin, tylosin and florfenicol with strains of M. 
bovis). In contrast, very different results were observed 
for some antimicrobial-Mycoplasma species combina-
tions: e.g. oxytetracycline and M. bovis or enrofloxacin 
and M. synoviae (Table 5).

Within the MIC results provided by the MyMIC part-
ners for field strains, some antimicrobial-mycoplasma 
species combinations had many data, while other com-
binations were tested by few, or even a single laboratory, 
impeding any attempts to aggregate distribution data. 
The MIC distribution patterns for the different field iso-
lates were influenced by the variations in the AST meth-
ods (Fig.  3). For instance, in addition to the different 
media and control strains used (if any), the laboratories 
did not always use the same concentration range or incu-
bation time and truncated distributions prevented the 
aggregation of data.

Discussion
In the overall diagnostics workflow for bacterial diseases, 
AST of the main identified causative agent is an essential 
step so clinicians can set more effective treatments, i.e. 
treatments with a higher chance of clinical success con-
sidering the level of susceptibility of specific pathogens to 
a wide range of antimicrobial agents [21]. To serve this 
purpose not only standardized laboratory methods and 
robust interpretative criteria are required, but also effec-
tive and consistent communication between microbiolo-
gists and field veterinarians.

The survey of veterinary practices revealed several con-
cerns regarding best practices for mycoplasma infections, 
as treatments without prior diagnosis -including AST- 
remain relatively common, though varying by livestock 
sector.

The main antimicrobial classes used when myco-
plasma infections are suspected include macrolides, tet-
racyclines, phenicols, pleuromutilins, regardless of the 
livestock sector, while fluoroquinolones are typically 
used following treatment failure in cattle. These choices Ta
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primarily reflect the framework of marketing authori-
zations for antimicrobial agents. Such authorizations 
typically consider the extensive intrinsic resistances of 
mycoplasmas [11] but insufficiently address their ability 
to acquire additional resistance mechanisms. For exam-
ple, in the case of M. bovis, markedly elevated MIC val-
ues have been reported for several antimicrobial classes 
in several countries [10, 11], including macrolides. The 
continued use of macrolides may be driven more by their 
anti-inflammatory properties than by their antimicrobial 
efficacy [22–24]. Although fluoroquinolones have gener-
ally retained low MICs against M. bovis and may repre-
sent a potential therapeutic option, their use is restricted 
due to their classification as critically important for 
human medicine and should only be considered when no 
alternative treatments are available [14]. In the absence of 
CBPs, the rationale for selecting appropriate treatments 
should more thoroughly incorporate antimicrobial resis-
tance surveillance data specific for each livestock sector 
and country, with ECOFFs—when available— offering 
additional guidance for practitioners. A no treatment 
option – in case of moderate clinical signs- was also men-
tioned by several veterinarians, especially for poultry and 
swine, which should also be considered with caution in 
light of animal welfare concerns.

A clear discrepancy can be noted in between 54 and 
72% veterinarians, depending on the livestock sector, 
requesting AST from time to time versus a mean of 33% 
veterinarians (all sectors combined) requesting it often 
or always, suggesting that the latest have an easy access 
to laboratories being able to actually run AST. The rela-
tive paucity of laboratories able to routinely perform AST 
might also be a hurdle to more frequent AST requests by 
veterinarians, in addition to the lack of CBPs. The estab-
lishment of routine-compatible diagnostic tests in all sec-
tors as well as guidelines for a standard, reference method 
for AST will certainly help laboratories to set up AST, 
as already emphasized for other bacteria of veterinary 
importance [22]. However, gold standard AST methods 

are often time-consuming and hence incompatible with 
the necessity to take everyday treatment decisions, par-
ticularly considering the need for an early treatment 
in the case of mycoplasmosis. Furthermore, the use of 
PCR as preferred technique for mycoplasma detection in 
first-line diagnostic laboratories, as revealed by the sur-
vey here, is a major hindrance to phenotypic AST, which 
requires isolation of strains. To ensure broad accessibil-
ity of mycoplasma AST, method validation must consider 
the practical and economic constraints faced by front-
line laboratories. Establishing ECOFFs could enable the 
design of standardized AST plate formats tailored to each 
mycoplasma species, with antimicrobial dilution ranges 
optimized around the ECOFFs, thus supporting the 
development of ready-to-use commercial testing plates.

The survey on diagnostic procedures within specialized 
laboratories – i.e. MyMIC partners in contrast to first-
line laboratories – revealed a high diversity of methods 
used for culturing and identifying mycoplasma isolates. 
This diversity is due to the different nutritional require-
ments of the various species [1] but is also related to 
the individual history of each laboratory regarding their 
mycoplasmology know-how, resulting in multiple, appar-
ently minor variations in recipes to prepare growth 
media. While media variability has limited impact on 
cultivation prior to identification, it can compromise the 
comparability of MIC values in AST. Mycoplasma media 
typically contain animal-derived complex components 
-such as brain heart infusion, beef extracts, peptones, 
pancreatic digest of casein, and serum-, which can also 
affect batch-to-batch reproducibility. Chemically defined, 
serum-free media are usually developed only for vaccine 
production [25]. In addition to growth conditions, sub-
stantial variability among laboratories was observed in 
inoculum density, incubation time, antimicrobial dilution 
ranges, and use of quality control strains, all of which can 
compromise the consistency of MIC results across labo-
ratories. A comparative study of different AST methods 
(e.g., broth versus agar dilution) using well-characterized 

Fig. 3  Example of MIC distributions of datasets provided by six MyMIC-participating laboratories for tylosin/M. synoviae without preliminary harmoniza-
tion of the AST methodology
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strains could help guide recommendations to reduce 
inter-laboratory variability and promote best practices.

MIC data provided by MyMIC partner laboratories 
showed some deviations, primarily due to the use of dif-
ferent media and varying incubation times. For instance, 
in the case of oxytetracycline, which is a bacteriostatic 
antimicrobial known to degrade rapidly, the different 
incubation times used (Table 4), might be the cause of the 
important differences observed between results of labo-
ratories for the control strain of M. bovis with a higher 
MIC value 32 mg/mL (lab. 8) versus 2 mg/mL (lab. 1 and 
6) when the reading time is higher (Table 5). The use of 
shortened concentration ranges prevented us from deter-
mining tentative ECOFFs for all antibiotic-mycoplasma 
combinations. However, analysis, in collaboration with 
the EUCAST steering committee, is ongoing on a prom-
ising subset of MIC data, acceptable for creating distribu-
tions and defining tentative ECOFFs. Together with the 
current results, this analysis will be valuable for develop-
ing AST guidelines that recommend appropriate media 
and/or media suppliers –amongst the ones used by 
MyMIC partners-, optimal reading times and the estab-
lishment of control ranges for selected control strains for 
each Mycoplasma species. These guidelines will be fur-
ther reinforced through two-laboratory and subsequently 
five-laboratory ring trial studies.

Because gold standard AST methods rely on in-house 
antimicrobial stock solutions and involve extensive prep-
aration, frontline laboratories are often inclined to use 
ready-to-use commercial plates instead [26]. However, 
such commercial systems often fail to include the com-
plete range of antimicrobial concentrations or all mole-
cules of clinical relevance. Including the most-often-used 
molecules in AST routine is of importance to assist vet-
erinarians in decision making and for monitoring resis-
tance trends over time. Currently, most of the standard 
“off-the-shelf” commercial plates for AST in veterinary 
medicine target either Gram-positive or Gram-negative 
bacteria, but not mycoplasmas. Consequently, they do 
not include pleuromutilins –demonstrated to be used 
regularly in the swine and poultry sectors- but comprise 
other antimicrobials with little relevance to Mycoplasma 
spp. Moreover, ordering customized plates remains 
expensive today and limited to laboratories with a suf-
ficient number of analyses. Besides, reading microbroth 
dilution commercial plates for mycoplasmas requires 
some training especially for species showing weak color 
change/turbidity. Therefore, training first-line laborato-
ries must be an essential part of the roadmap for improv-
ing mycoplasma AST.

Whether genotyping –in contrast to phenotypic- AST 
could be considered a valuable solution in routine diag-
nostic laboratories is also debated. MIC data are increas-
ingly being supported by molecular evidence of genetic 

mutations consistent with antimicrobial resistance, thus 
many molecular methods targeting these mutations have 
been proposed lately, all claiming to be robust, rapid and 
cost-effective. This topic is currently being addressed in 
another article from the MyMIC consortium (Sulyok et 
al., in preparation).

Interpretation of phenotypic AST results relies on 
CBPs, where ECOFFs are part of the basis for the defi-
nition of CBPs [27]. An additional objective initially pro-
posed in the framework of MyMIC was to gather PK/PD 
data for the determination of CBPs used as interpreta-
tion criteria. However, few time-kill curves, which pro-
vide essential data needed for determination of CBPs, 
were readily available in partners’ laboratories and there 
is general paucity of essential PK/PD data. Obtaining 
this additional information would have required exten-
sive laboratory work, which was beyond the scope of this 
project, so this objective was abandoned and MyMIC 
focused on ECOFFs only. At the time of writing, only 
a few distributions resulting in tentative ECOFF val-
ues were available on the EUCAST site for Mycoplasma 
species of animal origin (​h​t​t​p​​s​:​/​​/​m​i​c​​.​e​​u​c​a​​s​t​.​​o​r​g​/​​s​e​​a​r​c​
h): one for M. hyopneumoniae/florfenicol and two for 
M. bovis/florfenicol and M. bovis/enrofloxacin. By com-
parison, more than 15 years ago the CLSI mandated 10 
laboratories for establishing AST guidelines for three 
human mycoplasma species, i.e. the cultivable M. homi-
nis, M. pneumoniae and U. urealyticum, which resulted 
in the publication of the CLSI reference broth dilu-
tion method (M43-A for Human mycoplasmas) [17]. At 
that time, even with only three species, and because of 
the growth medium complexity, some derogations were 
requested from the stringent requirements of the CLSI 
and the authors clearly stated that procedures and ref-
erences should be limited to testing only the species for 
which they are described [17]. This makes the MyMIC 
challenge even greater considering the large number of 
pathogenic Mycoplasma species in livestock, each requir-
ing its own standard for growth, as illustrated here. Here, 
only five major species were considered -whose relevance 
stems from their global distribution in livestock- but 
there are other species posing significant health and eco-
nomic challenges that should be considered for antimi-
crobial resistance over the more than 140 Mycoplasma 
species discovered to date [1]. This refers primarily to 
major pathogens with a limited geographic distribution, 
such as M. mycoides subspecies mycoides, the agent of 
Contagious Bovine Pleuropneumonia (CBPP), or M. 
capricolum subsp. capripneumoniae, the agent of Con-
tagious Caprine Pleuropneumonia (CCPP), and to the 
four (sub)species involved in contagious agalactia of 
small ruminants, namely M. agalactiae [Mycoplasmopsis 
agalactiae], M. capricolum subsp. capricolum, M. mycoi-
des subsp. capri and M. putrefaciens. CPBB, CCPP and 

https://mic.eucast.org/search
https://mic.eucast.org/search
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contagious agalactia are WOAH-listed diseases [28]. In 
addition to these highly pathogenic mycoplasmas, other 
less virulent mycoplasmas, which are widely distributed, 
contribute to chronic clinical conditions that adversely 
affect animal welfare and result in economic losses. Some 
examples are M. dispar [Mesomycoplasma dispar] [29], 
M. ovipneumoniae [Mesomycoplasma ovipneumoniae] 
[30] and M. hyosynoviae [Metamycoplasma hyosynoviae] 
[31]. Consequently, this study should be viewed as the 
initial stage of a long and necessary process.

Conclusions
In conclusion, the MyMIC project has, to date, identified 
and analyzed some important gaps between what labo-
ratories -either expert or first-line- can currently offer in 
terms of diagnosis and AST for livestock mycoplasmas 
and the requirements of veterinarians to determine the 
most effective treatments. The consortium of MyMIC 
expert laboratories counts now with a roadmap listing 
several necessary steps required to be able to produce 
both methodological guidelines for implementating stan-
dardized AST as well as to establish ECOFFs to inform 
veterinarians on the most appropriate treatment. Ring 
trials based on consensus methodologies developped 
from the partners’ expertise for each Mycoplasma spe-
cies, as well as the design of ready-to-use commercial 
plates, will be the next steps.

Materials and methods
Survey on field practices regarding diagnosis and 
antimicrobial use for controlling mycoplasmoses
A survey was designed using Formdesk® ​(​​​h​t​t​p​s​:​/​/​f​o​r​m​
d​e​s​k​.​c​o​m​/​e​n​/​​​​​) to collect data on antimicrobials that are 
used by veterinarians worldwide for the treatment of 
mycoplasmas’ infections in different livestock sectors, 
i.e. bovine, swine and poultry. It consisted of 23 ques-
tions that aimed at gathering data on the veterinarians’ 
profiles, their practices regarding mycoplasma diagnosis, 
their preferences for the treatment (first choice versus in 
case of failure) and the rationale for these choices (see 
supplementary data 1). The survey was made available 
online between April 22nd and September 30th 2024, via 
a QR code or weblink in different languages (Dutch, Eng-
lish, Finnish, French, German, Hungarian, Italian, Polish, 
Portuguese, Spanish and Swedish). The survey was adver-
tised to veterinary associations worldwide for distribu-
tion to their members, both generalists and specialists 
in different livestock sectors, and to veterinary diagnos-
tic laboratories. Other contacts were made through the 
networks of MyMIC members. The survey was mainly 
distributed by e-mail and newsletters, but also during 
a few national and international congresses such as the 
IOM (International Organization for Mycoplasmology) 
congress and AAVM (Antimicrobial Agents in Veterinary 

Medicine), and through professional magazines. After 
the questionnaire was closed, the data were exported 
from Formdesk® into a Microsoft® Excel file and then 
separated into individual files for each animal species. 
Percentage calculations and graphical analyses were per-
formed using R [32]. In this work, only a partial analysis 
of the answers to four questions was conducted, focus-
ing on (i) an inventory of antimicrobial agents prescribed 
with regard to mycoplasma infections, (ii) whether these 
infections were confirmed by laboratory diagnosis before 
treatment and (iii) whether AST was performed regularly. 
A distinction was made between animal species (poultry, 
swine and ruminants) and conditions of use (first-line 
treatment versus treatment after a first treatment failure). 
The detailed analysis of the complete survey results per 
animal species will be published separately.

Survey of the current practices in culture, identification 
and AST in partners’ laboratories
Another comprehensive online survey was distributed 
to MyMIC network partners to document their diagnos-
tic practices for M. bovis, M. synoviae, M. gallisepticum, 
M. hyorhinis and M. hyopneumoniae as well as potential 
additional species of interest (not presented here). The 
survey was sent to MyMIC partner contact points (one 
to three per institute) with the instructions to provide 
one answer per institute and per mycoplasma species. It 
aimed to collect information on methodologies used in 
different laboratories for culture, identification, and AST 
of animal mycoplasmas. More specifically, for culture, 
participants were asked to detail media type, form (agar 
or broth) and origin (commercial or in-house), incuba-
tion conditions as well as growth indicators. Regard-
ing identification, participants were surveyed about the 
methods used by providing information on principle, 
target, preliminary steps (culture, extraction, etc.) and 
controls used. For AST, both phenotypical and molecu-
lar characterization were explored. For phenotypic AST, 
strain preparation and calibration, media used, antimi-
crobial range (full or truncated), growth and reading 
conditions, controls, validation criteria, and interpre-
tation were investigated. For molecular and genomic 
approaches, partners had to specify method, preliminary 
steps, controls and interpretation. The survey design 
allowed to include several answers for questions about 
methods to assess the diversity of practices within each 
laboratory.

Each survey response was identified by the institute 
name, mycoplasma species, and provider. The results 
were checked for duplicates accordingly (one response 
expected per institute and mycoplasma species) and 
analysis was performed using Excel.

https://formdesk.com/en/
https://formdesk.com/en/
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MIC data gathering, quality control and aggregation
The preceding survey allowed the identification of 
MyMIC partners willing to share available raw MIC data 
generated using methods described in detail, includ-
ing the publication and intellectual property status of 
these data. An Excel file was prepared and distributed 
among each of these partners to be filled in. Information 
to be provided in the file included: Mycoplasma species 
tested, details on the AST methodology, such as culture 
medium used, incubation atmosphere and time before 
MIC reading, and a list of Mycoplasma isolates along 
with the MIC values of all antimicrobials tested, includ-
ing internal control strains and their MIC profile. In 
addition, the dilution range tested for each of the antimi-
crobials was also requested. MIC data from the partners 
were anonymized and analyzed in detail looking closely 
at the different experimental steps that could influence 
the results. Where possible (comparable methods, MIC 
value for quality control strains, etc.), harmonized MIC 
data from different laboratories were aggregated. A first 
evaluation was conducted on these overall data to clarify 
the necessary improvement needed to reach distribution 
compliant for ECOFF setting according to the criteria of 
EUCAST [19].
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