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Mycoplasma (M.) hyosynoviae is a facultative pathogen, causing arthritis in finisher pigs world-wide. 
In the absence of a commercial vaccine improvement of housing conditions and antibiotic therapy are 
the only options to alleviate the clinical signs. This study aimed to determine antibiotic susceptibility 
profiles of 106 M. hyosynoviae isolates against ten antibiotics licensed for veterinary use in cases of 
arthritis. The isolates were collected between 2018 and 2023 from five European countries: Austria 
(n = 20), Belgium (n = 20), Germany (n = 25), Hungary (n = 21) and Italy (n = 20). The minimal inhibitory 
concentrations (MIC) were determined by broth micro-dilution assay. The tested isolates were 
highly susceptible to tiamulin (MIC90 ≤ 0.039 µg/ml), tylvalosin (MIC90 ≤ 0.039 µg/ml) and lincomycin 
(MIC90 ≤ 0.25 µg/ml). Low concentrations of tylosin (MIC90 0.5 µg/ml) and tilmicosin (MIC90 1 µg/
ml) inhibited the growth of the isolates. While moderate minimal inhibitory concentrations were 
detected for doxycycline (MIC90 0.312 µg/ml), oxytetracycline (MIC90 2 µg/ml), enrofloxacin (MIC90 
0.625 µg/ml) and florfenicol (MIC90 2 µg/ml), only high concentrations of tulathromycin (MIC90 64 µg/
ml) inhibited the growth of the isolates. Statistical analysis revealed significant differences between 
countries in case of enrofloxacin, where the Hungarian isolates showed the lowest MIC values, and the 
German isolates the highest MIC values among the tested countries. Our results show that European 
M. hyosynoviae isolates are generally susceptible to the tested antibiotics with the exception of 
tulathromycin. The country specific differences indicate the importance of regular susceptibility testing 
of isolates on a Pan-European level.
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Mycoplasma (M.) hyosynoviae is a facultative pathogen in swine. This species is phylogenetically distant from 
other pathogenic swine mycoplasmas (M. hyopneumoniae and M. hyorhinis) and hydrolyses arginine as an 
energy source1.

Infections were reported from Australia, Canada, Denmark, England, Japan, Korea, the United States and 
Thailand, but M. hyosynoviae is presumed to be distributed worldwide2,3. M. hyosynoviae colonises the tonsils 
(mainly tonsilla palatina) where it may persist over a long period of time. The pathogen spreads via nasal 
secretions among animals. Colonisation rates of the tonsils are typically low at weaning and peak between 10 
and 16 weeks of age2,3. The predisposing factors and triggers of hematogenous spread are not clear, but once 
M. hyosynoviae spreads from the tonsils it colonises the joints2. Clinical signs typically appear in animals older 
than 10 weeks of age (around 30–40 kg weight) and above 100 kg weight. The disease manifests in the swelling 
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of the joints of the hind legs or lameness of the hind legs, which usually lasts for four to 5 days2,4. The organism 
may only be present transiently within the joints making diagnosis sometimes challenging4. Sub-clinical M. 
hyosynoviae infection can also occur as the bacterium can be isolated from joints and blood of apparently healthy 
pigs as well4. Similarly, colonisation of the tonsils is not in relation to the appearance of clinical infection, as only 
a portion of colonised pigs show clinical signs3,5. The incidence rates of arthritis caused by M. hyosynoviae in the 
United States increased around 20106, however between 2017 and 2022 a decrease in the number of diagnosed 
cases was observed (although it should be noted that the number of tests also decreased in this period)7. In a 
recent report from a swine breeding region in Italy, similar trends were found as in the United States where M. 
hyosynoviae was only detected in a low number of arthritis cases8.

There are no commercial vaccines against M. hyosynoviae available, therefore the control and treatment of 
infection mainly relies on antibiotic treatment. Members of the Mollicutes class are cell-wall-less organisms, 
therefore they are intrinsically resistant to β-lactam antibiotics. Generally, Mycoplasma species are sensitive to 
protein and nucleic acid synthesis inhibiting antibiotics, like pleuromutilins, tetracyclines, fluoroquinolones, 
aminoglycosides, phenicols, macrolides and lincosamides9. In the past years, antibiotic susceptibility testing 
of several M. hyosynoviae isolates was performed. Isolates from Asia, Europe and the United States collected 
between the 1960s and the 2020s have been examined and generally low minimal inhibitory concentrations 
(MICs) of the tested antibiotics were detected10–22.

The aim of this study was to determine the susceptibility of recent isolates of M. hyosynoviae from five 
European countries to ten antibiotics licensed for veterinary use in swine arthritis, and to compare the results 
with literature data.

Results
The determined MIC parameters (MIC range, MIC50 and MIC90) are listed separately by individual country 
(Table 1). Detailed MIC results of the tested antibiotic agents are described in Supplementary table 1. Regardless 
of the country of origin, similar susceptibility distribution patterns were determined, and most antibiotics showed 
monomodal MIC patterns that shifted to the left, except for tulathromycin where a uniform MIC pattern was 
observed (Fig. 1). The analysed M. hyosynoviae strains were highly susceptible to tiamulin (MIC90 ≤ 0.039 µg/
ml), tylvalosin (MIC90 ≤ 0.039 µg/ml) and lincomycin (MIC90 ≤ 0.25 µg/ml). The isolates were also susceptible to 
tylosin (MIC90 0.5 µg/ml) and tilmicosin (MIC90 1 µg/ml). Moderate MIC values were detected for doxycycline 
(MIC90 0.312 µg/ml), oxytetracycline (MIC90 2 µg/ml), enrofloxacin (MIC90 0.625 µg/ml) and florfenicol (MIC90 
2 µg/ml). Concerning tulathromycin, only high concentrations of the antibiotic were able to inhibit the growth 
of the tested isolates (MIC90 64 µg/ml).

A comparison of MIC values determined for isolates collected from joints (n = 39) and tonsils (n = 41) was 
performed (Fig. 2). MIC90 values only differed in the case of enrofloxacin, where the MIC90 value of the tonsil 
samples was 0.312 µg/ml, while for the joint samples it was 0.625 µg/ml. MIC50 values differed in the case of 
enrofloxacin (joint: 0.312 µg/ml; tonsil: 0.156 µg/ml), doxycycline (joint: 0.078 µg/ml; tonsil: 0.156 µg/ml) and 
oxytetracycline (joint: 0.5 µg/ml; tonsil: 1 µg/ml; Fig. 2).

Country of origin MIC parameter Tia Enr Dox Oxy Tyv Tyl Til Tul Lin Flo

Type strain MIC Range  ≤ 0.039 0.312–0.625 0.039–0.156 0.125–1  ≤ 0.039  ≤ 0.25  ≤ 0.25 2–32  ≤ 0.25 0.25–1

Austria (20 isolates)

MIC Range  ≤ 0.039 0.156–1.25  ≤ 0.039–0.312  ≤ 0.125–2  ≤ 0.039  ≤ 0.25–1  ≤ 0.25–2 2- > 64  ≤ 0.25 0.5–2

MIC50  ≤ 0.039 0.312 0.156 0.5  ≤ 0.039  ≤ 0.25  ≤ 0.25 8  ≤ 0.25 1

MIC90  ≤ 0.039 0.625 0.312 1  ≤ 0.039 0.5 0.5 64  ≤ 0.25 2

Belgium (20 isolates)

MIC Range  ≤ 0.039 0.156–0.625  ≤ 0.039–0.312  ≤ 0.125–2  ≤ 0.039  ≤ 0.25  ≤ 0.25 1–64  ≤ 0.25 0.25–2

MIC50  ≤ 0.039 0.312 0.156 0.5  ≤ 0.039  ≤ 0.25  ≤ 0.25 4  ≤ 0.25 1

MIC90  ≤ 0.039 0.625 0.312 2  ≤ 0.039  ≤ 0.25  ≤ 0.25 64  ≤ 0.25 2

Germany (25 isolates)

MIC Range  ≤ 0.039 0.156–0.625  ≤ 0.039–0.625  ≤ 0.125–2  ≤ 0.039–0.078  ≤ 0.25–4  ≤ 0.25–16 0.25–64  ≤ 0.25–1 0.25–4

MIC50  ≤ 0.039 0.312 0.078 0.5  ≤ 0.039  ≤ 0.25  ≤ 0.25 4  ≤ 0.25 1

MIC90  ≤ 0.039 0.625 0.312 1  ≤ 0.039 0.5 1 64 0.5 1

Hungary (21 isolates)

MIC Range  ≤ 0.039 0.039–0.625  ≤ 0.039–0.625  ≤ 0.125–2  ≤ 0.039  ≤ 0.25–1  ≤ 0.25–2 1- > 64  ≤ 0.25 0.25–2

MIC50  ≤ 0.039 0.156 0.156 0.5  ≤ 0.039  ≤ 0.25  ≤ 0.25 8  ≤ 0.25 1

MIC90  ≤ 0.039 0.312 0.312 2  ≤ 0.039 0.25 2 32  ≤ 0.25 2

Italy (20 isolates)

MIC Range  ≤ 0.039 0.078–0.625  ≤ 0.039–2.5  ≤ 0.125–4  ≤ 0.039  ≤ 0.25–1  ≤ 0.25–4  ≤ 0.25- > 64  ≤ 0.25–0.5  ≤ 0.125–2

MIC50  ≤ 0.039 0.312 0.156 1  ≤ 0.039  ≤ 0.25  ≤ 0.25 8  ≤ 0.25 1

MIC90  ≤ 0.039 0.625 0.625 2  ≤ 0.039 1 2 64  ≤ 0.25 2

All 106 isolates

MIC Range  ≤ 0.039 0.039–1.25  ≤ 0.039–2.5  ≤ 0.125–4  ≤ 0.039–0.078  ≤ 0.25–4  ≤ 0.25–16  ≤ 0.25–64  ≤ 0.25–1  ≤ 0.125–4

MIC50  ≤ 0.039 0.312 0.156 0.5  ≤ 0.039  ≤ 0.25  ≤ 0.25 8  ≤ 0.25 1

MIC90  ≤ 0.039 0.625 0.312 2  ≤ 0.039 0.5 1 64  ≤ 0.25 2

Table 1.  Minimal inhibitory concentration (MIC; µg/ml) values of ten antimicrobial agents against 106 
Mycoplasma hyosynoviae isolates and the type strain (NCTC 10,167). Total values and values for each country 
are given. Tia: tiamulin, Enr: enrofloxacin, Dox: doxycycline, Oxy: oxytetracycline, Tyv: tylvalosin, Tyl: tylosin, 
Til: tilmicosin, Tul: tulathromycin, Lin: lincomycin, Flo: florfenicol.
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For enrofloxacin, the distribution of MIC values was statistically different among countries (Table 2). In 
particular, the Hungarian isolates displayed low MIC values with higher frequencies compared to all other 
countries (Austria, Belgium, Germany, and Italy). On the contrary, German isolates proved to be the least 
sensitive to enrofloxacin (Table 3).

Fig. 1.  Minimal inhibitory concentration (MIC) distribution of the 106 tested Mycoplasma hyosynoviae 
isolates for tiamulin, enrofloxacin, doxycycline, oxytetracycline, tylvalosin, tylosin, tilmicosin, tulathromycin, 
lincomycin and florfenicol by country of origin. Circles indicate the MIC50 values and squares the MIC90 values 
of all tested isolates.
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Based on the multi-locus sequence typing (MLST) all isolates represented unique sequence types (ST), except 
for Bl 5 and Bl 14 which were both typed as ST 75. The twenty isolates typed in this study represented six new 
allele types on dnaA gene, five on ftsY gene, one on fusA gene, one on gyrB gene, six on rpoB gene and two 
on uvrA gene. In addition, these isolates represented 19 new STs. No correlation was found between ST and 

Fig. 2.  Minimal inhibitory concentration (MIC) distribution of the 80 Mycoplasma hyosynoviae isolates for 
tiamulin, enrofloxacin, doxycycline, oxytetracycline, tylvalosin, tylosin, tilmicosin, tulathromycin, lincomycin 
and florfenicol by organ of origin (joint or tonsil). Circles indicate the MIC50 values and squares the MIC90 
values of the isolates.
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country of origin or ST and sample of origin. The two Belgian isolates with the same ST (ST 75) showed similar 
susceptibility to the tested antibiotics, except in the case of tulathromycin (Bl 5: 64  µg/ml, Bl 14: 1  µg/ml). 
Detailed results of the MLST can be found in Supplementary table 3 and Supplementary Fig. 1. All new allele 
types and STs were submitted to PubMLST.

Discussion
In vitro susceptibility testing of veterinary mycoplasmas requires special expertise, is time consuming and still 
not standardised. Therefore, continuous and comparable antibiotic susceptibility testing of isolates is essential 
not just for the selection of antibiotics for therapeutic use, but also for the establishment of clinical breakpoint 
values in the future. Currently there are no official breakpoint values available for veterinary mycoplasmas. 
Based on the CVMP Guideline to demonstrate efficacy of veterinary medical products (CVMP/627/01-Rev1 23), 
MIC data of antibiotics is essential for treatment justification. This study revealed the antibiotic susceptibility 
profiles of 106 recent M. hyosynoviae isolates from five European countries with considerable pig production 
sectors. A fraction of the isolates was typed by MLST, and showed high diversity (Supplementary Fig. 1) similarly 
to previous findings24.

Reports on the antibiotic susceptibility of M. hyosynoviae have been published since the 1960s in Asia (Japan, 
Thailand), Europe (mainly from Denmark and occasionally from Germany, Italy, Spain and Portugal) and the 
United States10–22 are available. The evaluated isolates were susceptible to most of the tested antibiotics with few 
exceptions. Elevated MICs were determined against isolates from Thailand and the United States, the fourth 
and the third largest consumer of veterinary antibiotics in the world in 2017, respectively25. Isolates collected 
between 1967 and 1970 in the United States showed decreased susceptibility to oxytetracycline10. Contrastingly, 
isolates collected between 1997 and 2011 in the United States showed decreased susceptibility to tilmicosin 
and tulathromycin19. More recently, isolates collected between 2008 and 2020 in Thailand showed decreased 
susceptibility to doxycycline, oxytetracycline, florfenicol, lincomycin, tilmicosin and tylosin21,22.

To compare susceptibility results through the years, publications which used the same antibiotic susceptibility 
testing method (broth micro-dilution based on the guidelines of Hannan26) and determined MIC values of 
the M. hyosynoviae type strain (NCTC 10,167 = S16) in the same range as the present study (Table 4) were 
included11,13,15,16. Among the comparable antibiotics (tiamulin, oxytetracycline, enrofloxacin, tylosin, tilmicosin, 
tylvalosin and lincomycin) the detected MICs were generally low over the reviewed 55-year period. The only 
exception was oxytetracycline where MIC90 values were moderate among the isolates before 1997 (MIC90 5 µg/

Contrasts Estimate Standard Error Z-value Adjusted p-value

Austria–Belgium 0.18 0.60 0.29 0.77

Austria–Germany − 0.33 0.58 − 2.29 0.03

Austria–Hungary 2.65 0.67 3.98  < 0.01

Austria–Italy 0.39 0.61 0.65 0.65

Belgium–Germany − 1.50 0.58 − 2.60 0.02

Belgium–Hungary 2.47 0.66 3.75  < 0.01

Belgium–Italy 0.22 0.61 0.36 0.77

Germany–Hungary 3.97 0.69 5.74  < 0.01

Germany–Italy 1.72 0.59 2.92  < 0.01

Hungary–Italy − 2.25 0.66 − 3.42  < 0.01

Table 3.  Pairwise estimate comparisons of the proportional odds model relating the frequency of observation 
of the different classes of enrofloxacin minimal inhibitory concentrations to the variable country. Significant 
differences are highlighted in bold lettering.

 

Antibiotic X2 p-value Adjusted p-value

Enrofloxacin 32.42  < 0.01  < 0.01

Doxycycline 8.91 0.06 0.19

Oxytetracycline 5.75 0.22 0.34

Tylvalosin 3.27 0.51 0.56

Tylosin 5.66 0.23 0.34

Tilmicosin 10.86 0.03 0.13

Tulathromycin 4.25 0.37 0.48

Lincomycin 7.05 0.13 0.30

Florfenicol 3.01 0.56 0.56

Table 2.  Extended Cochran-Armitage test of the frequency of different classes of the antimicrobials’ minimal 
inhibitory concentration by country. Significant differences are highlighted in bold lettering.

 

Scientific Reports |         (2025) 15:1243 5| https://doi.org/10.1038/s41598-024-85052-1

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


ml), similar to the value detected in this study (MIC90 2 µg/ml). A slight increase, about one-fold dilution, in the 
MIC90’s of enrofloxacin was detected during the comparison of the isolates from before 1997 (MIC90 0.25 µg/ml) 
and in our study (2018–2023; MIC90 0.625 µg/ml). The constantly low MIC values of tiamulin and lincomycin 
over the last 55 years, and tylvalosin over the last ten years indicate high susceptibility in vitro. However, to 
predict therapeutic effectiveness the MIC data needs to be put into relationship with pharmacokinetic data. 
Pharmacokinetic properties of florfenicol27,28, tiamulin29,30 and tylvalosin31 in porcine synovial fluid have 
been determined. Based on these investigations, florfenicol and tiamulin can reach therapeutic concentrations 
in the synovial fluid at treatment dosage27–29, while tylvalosin did not reach therapeutic concentration after 
oral administration at the treatment dosage for 5 days31. Field studies on M. hyosynoviae infection have been 
documented only for tiamulin, indicating its effectiveness against this pathogen32.

In the present study a comparison between the MICs of M. hyosynoviae isolates from tonsils and joints was 
performed, presuming that the isolates from tonsils mostly represent asymptomatic cases (commensal isolates), 
while the isolates from joint samples originated from diseased animals (clinical isolates). The comparison 
revealed no greater than one dilution differences in the MIC90 and MIC50 values between the commensal and 
clinical isolates, which suggests that antibiotic resistance may not be an important factor for invasiveness of 
M. hyosynoviae. Likewise, clinical Escherichia (E.) coli isolates from dog pyometra cases had similar antibiotic 
susceptibility profiles versus isolates from faecal matter of healthy bitches33.

In a previous paper Schultz and co-workers noted that in the case of some antibiotics, duplicate testing of the 
clinical isolates and the type strain may show higher than one-fold dilution differences. These differences were 
noticed in the MICs of florfenicol, tilmicosin, oxytetracycline (one isolate for each antibiotic from 23 tested), 
neomycin and chlortetracycline (2/23 isolates), and most frequently in the case of tulathromycin (4/23 isolates 
and the type strain) 19. In the present study the MIC values against duplicates of isolates did not differ from 
each other in higher than one dilution step; however, the MIC values against the M. hyosynoviae type strain 
showed differences higher than one dilution step in the case of florfenicol (a two-fold dilution difference) and 
tulathromycin (two two-fold dilution differences; Supplementary table 2). This is the second time of publishing 
antibiotic susceptibility data for tulathromycin, and the repeated testing of the M. hyosynoviae type strain 
revealed the same inconsistencies that were found previously. This underlines the theory from Schultz and co-
workers that in vitro testing of tulathromycin by the broth micro-dilution method against this particular species 
might provide unreliable results.

The detected differences between the susceptibility of the M. hyosynoviae isolates from distinct geographical 
origins in the current study are probably influenced by the characteristics of antibiotic usage in the examined 
countries. In Germany, from where the isolates showed the statistically highest MICs of enrofloxacin, the 
treatment frequency with enrofloxacin increased between 2013 and 2015, when fluoroquinolones were the 9th 
most used antibiotic group from the 12 monitored drug classes in fatteners. According to this survey enrofloxacin 
was the most commonly used fluoroquinolone in Germany34. In recent years the use of enrofloxacin has been 
restricted and the number of sales dropped by 24% by 2020. Nevertheless, the probability of E. coli isolates 
with MIC values higher than 0.25 µg/ml (non-wild-type according to EUCAST ECOFF) significantly increased 
when data from 2016 was compared with data from 202035. This may indicate that the higher MIC values in the 

Antibiotic Tia Oxy Enr Tyl Til Tyv Lin

Denmark, 1968–1971 (n = 21)16

MIC50 0.0078 ND 0.25 0.0625 ND ND 0.25

MIC90 0.0156 ND 0.25 0.125 ND ND 0.25

Type strain 0.0078 ND 0.125 0.0625 ND ND 0.25

Denmark, before 1994 (n = 6) 11

MIC50 0.0025 ND 0.25 0.025 ND ND 0.05

MIC90 0.0050 ND 0.50 0.50 ND ND 0.10

Type strain 0.0025 ND 0.25 0.025 ND ND 0.10

Denmark, 1995–1996 (n = 21) 16

MIC50 0.0078 ND 0.25 0.5 ND ND 0.25

MIC90 0.0156 ND 0.25 1.0 ND ND 0.50

Type strain 0.0078 ND 0.125 0.0625 ND ND 0.25

Denmark, France, Japan, Germany, USA, before 1997 (n = 18)13

MIC50 0.005 0.50 0.10 0.25 ND ND ND

MIC90 0.025 5 0.25 1 ND ND ND

Type strain 0.025 0.5 0.25 0.05 ND ND ND

Italy, Portugal, Spain, 2013–2018 (n = 40) 15

MIC50 0.125 ND ND 0.5 1 0.016 0.5

MIC90 0.5 ND ND 1 2 0.06 1

Type strain 0.03 ND ND 0.25 0.25 0.0016 0.125

Austria, Belgium, Germany, Hungary, Italy, 2018–2023 (n = 106)a

MIC50  ≤ 0.039 0.5 0.312  ≤ 0.25  ≤ 0.25  ≤ 0.039  ≤ 0.25

MIC90  ≤ 0.039 2 0.625 0.5 1  ≤ 0.039  ≤ 0.25

Type strain  ≤ 0.039 0.5 0.312  ≤ 0.25  ≤ 0.25  ≤ 0.039  ≤ 0.25

Table 4.  Comparison of minimal inhibitory concentrations (MIC; µg/ml) of seven antimicrobial agents from 
previous publications and the present study. MIC values against Mycoplasma hyosynoviae type strain (NCTC 
10,167 = S16) gained in the different studies are also given. apresent study; Tia: tiamulin, Oxy: oxytetracycline, 
Enr: enrofloxacin, Tyl: tylosin, Til: tilmicosin, Tyv: tylvalosin, Lin: lincomycin; ND: not determined.
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German M. hyosynoviae isolates for enrofloxacin are due to the more frequent use of this antibiotic in the past. 
Interestingly, more flouroquinolones were sold for veterinary use in Hungary (the country with the statistically 
lowest MIC values for enrofloxacin) than in Germany in each year since 2013 (ESVAC database: ​h​t​t​p​s​:​​/​/​e​s​v​a​​
c​b​i​.​e​m​​a​.​e​u​r​​o​p​a​.​e​u​/​a​n​a​l​y​t​i​c​s​/​s​a​w​.​d​l​l​?​D​a​s​h​b​o​a​r​d​​​​​)​. However, in this database there is no information about the 
application of the sold antibiotics, and there are no available reports from Hungary to compare the use frequency 
of enrofloxacin in the swine industry and the MIC data of the isolates.

Similarly to M. hyosynoviae, M. hyorhinis can colonise the tonsils and upper respiratory tract of swine, 
and cause arthritis in weaners3. There are differences in the colonisation pattern of both mycoplasmas. M. 
hyorhinis colonises the upper respiratory tract and tonsils of piglets around three to 4 weeks-of-age36–39, while 
M. hyosynoviae colonises the tonsils of piglets older than 6 weeks-of-age38–41. After colonisation both bacteria 
persist in the upper respiratory tract and tonsils of the animals throughout their life38,39. The other difference 
between the two mycoplasmas is their metabolic activity, while M. hyorhinis ferments glucose, M. hyosynoviae 
hydrolyses arginine2.

The antibiotic susceptibility of M. hyorhinis isolates from the same European countries (except Austria 
and Poland) was published recently42. The MIC90 values of those M. hyorhinis isolates were similar to the M. 
hyosynoviae isolates examined here for florfenicol. On the other hand, MIC90 values for M. hyorhinis isolates 
were lower for tetracyclines, two dilution steps lower for doxycycline and three dilution steps lower for 
oxytetracycline. For the other tested antibiotics, the MIC90 values for M. hyorhinis were higher than MIC90 values 
for M. hyosynoviae determined in this study. In case of tiamulin, three-fold higher MIC90 value was observed, 
for enrofloxacin the M. hyorhinis isolates showed one-fold higher MIC90 value. In case of the tested macrolides 
(except tulathromycin) and lincomycin the M. hyorhinis isolates showed very high MIC90 values (MIC90 > 64 µg/
ml for tylosin, tilmicosin and lincomycin and MIC90 5 µg/ml for tylvalosin), while the M. hyosynoviae isolates 
showed low MIC90 values (MIC90 0.5  µg/ml for tylosin, MIC90 1  µg/ml for tilmicosin, MIC90 ≤ 0.039  µg/ml 
for tylvalosin and MIC90 ≤ 0.25 µg/ml for lincomycin)42. MIC90 values for tulathromycin were not compared 
because of the above mentioned inconsistencies for M. hyosynoviae. The differences between the antibiotic 
susceptibility of M. hyosynoviae and M. hyorhinis might be explained by differences in the colonisation time, 
predisposing species-specific characteristics, or metabolism.

In conclusion, based on the 106 tested European M. hyosynoviae isolates, lincomycin, tiamulin, tylvalosin, 
tylosin and tilmicosin proved to be the most effective antibiotic compounds in vitro. The detected uniform 
MIC values for tulathromycin and the country specific differences for enrofloxacin emphasise the importance of 
susceptibility monitoring on a Pan-European level and highlight the need for the introduction of standardised 
MIC testing and the development of veterinary-specific breakpoints for MIC result interpretation.

Methods
Collection of specimens
In total 106 M. hyosynoviae isolates collected between 2018 and 2023 were examined. The isolates originated 
from pigs on farms in Austria (n = 20), Belgium (n = 20), Germany (n = 25), Hungary (n = 21) and Italy (n = 20). 
The isolates were collected from different body sites: blood (n = 4), bronchoalveolar lavage fluid (n = 2), joint 
(n = 39), lung (n = 8), nasal cavity (n = 7), pericardium (n = 1), tonsil (n = 41) and in the case of five samples, 
the origin was not specified. Summary of number of farms and number of specimen type per country was 
summarised in Table 5 and detailed in Supplementary table 1.

Samples were collected from both clinically affected animals and apparently healthy ones. Ethical approval 
and specific permission were not required for the study in accordance with the decision of the Animal Care 
and Use Committee of the Veterinary Medical Research Institute, Hungary, as all affected samples, used for the 
isolation, were collected by the authors with the consent of the owners during routine diagnostic examinations 
of carcasses.

Cultivation of Mycoplasma hyosynoviae
In case of the Austrian, German and Italian samples the isolation was carried out in the partner laboratories 
according to their routine protocol. From Belgium, the tonsils were shipped to the central laboratory in 
Hungary, and the isolation was carried out there. The main differences between the isolation protocols were the 
used media and the incubation times. In Austria the samples were placed into 2SP medium and passaged into 
SP4-Z medium and agar with 1% arginine43. In Germany and Italy Mycoplasma Experience media (Mycoplasma 
Experience Ltd., Bletchingley, UK) were used. According to the Italian protocol this broth was supplemented 
with 8% L-arginine and 0.8% Bacto mucin. In Hungary MolliScience General Mycoplasma (GM) Liquid and 
Solid Media (MolliScience Kft. Biatorbágy, Hungary) were used. In each case the incubation was carried out 

Number of farms Number of specimen types

Austria 19 2 (a,b)

Belgium no data 1 (c)

Germany 24 4 (a,d,e,f)

Hungary 19 3 (a, c, e)

Italy 10 5 (a, c, e, g, h)

Table 5.  Summary of number of farms (provinces in case of Italy) and specimen types per each country. 
a-joint, b-nasal cavity, c-tonsil, d-blood, e-lung, f-not specified, g-broncho-alveolar lavage, h-pericardium.
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at 37 °C with 5% CO2 for the agar plates, for three to four weeks. Species identification was based on PCR in 
Germany and Hungary44, PCR and denaturing gradient gel electrophoresis in Italy and Matrix-assisted laser 
desororption ionization time-of-flight mass spectrometry in Austria.

Shipment of Mycoplasma hyosynoviae strains
Isolates were transferred to the central laboratory for antimicrobial susceptibility testing. Before shipment fresh 
passages were made and the cultures were shipped at -20 °C. Upon arrival the viability and purity of the isolates 
were checked before the MIC testing. The presence of other Mycoplasma species in the cultures was excluded 
by a set of polymerase chain reactions (PCR) preceded by DNA extraction. DNA extraction was performed 
by Chelex Resin (Chelex 100 Chelating Resin, molecular biology grade, Bio-Rad Hungary Ltd., Budapest, 
Hungary) according to the manufacturers’ instructions. All isolates were identified by M. hyosynoviae specific 
real-time PCR44. The presence of other swine mycoplasma species was excluded by real-time PCR specific for M. 
hyopneumoniae45, M. hyorhinis46, and by conventional PCR specific for M. flocculare47 and M. hyopharyngis48. 
To detect the presence of other possible contaminant Mycoplasma species, a universal Mycoplasma spp. specific 
PCR was performed targeting the 16S-23S intergenic spacer region49.

Determination of minimal inhibitory concentrations
Throughout the tests, MolliScience General Mycoplasma (GM) Liquid Media (MolliScience Kft.) was used as 
culture medium. The number of colour changing units (CCU) was calculated by plate micro-dilution from the 
highest dilution showing colour change (red to pink shift)26.

The following antimicrobials were tested: one pleuromutilin (tiamulin), two tetracyclines (doxycycline, 
oxytetracycline), one phenicol (florfenicol), one fluoroquinolone (enrofloxacin), four macrolides (tylosin, 
tilmicosin, tylvalosin, tulathromycin), and one lincosamide (lincomycin). Tylvalosin originated from ECO® 
Animal Health Ltd. (London, UK) tulathromycin originated from Pfizer® Inc. (New York, NY, USA) and the 
rest of the compounds originated from Vetranal®, Sigma-Aldrich (St. Louis, MO, USA). Stock solutions at a 
concentration of 1 mg/ml were prepared, aliquoted and stored frozen at -70  °C until use. Twofold dilutions 
were freshly prepared before the tests in the range of 0.039–10 µg/ml for tiamulin, tylvalosin, doxycycline and 
enrofloxacin, 0.125–32  µg/ml for oxytetracycline and florfenicol and 0.25–64  µg/ml for tylosin, tilmicosin, 
tulathromycin and lincomycin. The broth micro-dilution test was performed in a 96-well microtiter plate 
containing a twofold dilution series of the antibiotic, with sterility, pH and growth control. The clinical isolates 
were tested in duplicates, and M. hyosynoviae type strain (NCTC 10,167) was included in the tests as quality and 
reproducibility control. All isolates were tested at the viable count of 105 CCU/ml. The MIC value of each isolate 
was defined as the lowest concentration of the antibiotic where no colour change (no growth) was recorded by 
the time the growth control changed colour26. When a one-fold dilution difference was detected between the 
duplicates, the MIC value was determined based on the growth. When more than a one-fold dilution difference 
was detected between the duplicates, the test was repeated. MIC50 and MIC90 values were defined as the lowest 
concentrations that inhibited the growth of 50% and 90% of the tested isolates, respectively26.

As there are no available official breakpoints for veterinary mycoplasmas, a categorisation based on the 
MIC50/MIC90 values was made for easier description of the differences in susceptibility. The categories were as 
follows:

•	 Isolates with MIC90 values below the lowest antibiotic concentration tested were considered highly suscepti-
ble;

•	 Isolates with MIC90 values in the first third of the dilution series and MIC50 values below the lowest antibiotic 
concentration tested were considered susceptible, and the MIC90 values were categorised as low;

•	 Isolates with MIC90 values in the middle of the dilution range considered moderate and MIC50 values in the 
upper third of the dilution series were considered high.

Data analysis
The statistical analyses presented in this work were conducted under R environment50. First, an extended Cochran 
Armitage test was performed with a null hypothesis proposing that the distribution of the frequency of each 
MIC value was independent of the country (package “coin”)51. This test was performed for all antibiotics except 
tiamulin, whose MIC values were the same for all tested isolates. Since multiple antibiotics were considered at 
the same time, p-values were adjusted for multiple comparisons by the Benjamini–Hochberg method. In cases 
where significant differences were found, a proportional odds model for each antibiotic was constructed relating 
the cumulative frequency distribution of each MIC value to the variable country. The models were constructed 
with the function clm of the package “ordinal”52, implemented a logit link function and assumed equidistant 
thresholds (for model parameter estimation, see Supplementary table 4). The validity of the proportional odds 
assumption was assessed with the function nominal of the same package. Pairwise estimate comparison among 
countries was carried out with the package “emmeans”53. Estimates are presented in the logit form.

Molecular investigation
Multi-locus sequence typing (MLST) was performed based on the previously published scheme24. Five isolates 
were chosen from each country based on isolation year and sample of origin. The MLST profiles of the Austrian 
isolates were determined earlier and deposited in PubMLST ​(​​​h​t​t​p​​s​:​/​/​p​u​​b​m​l​s​t​.​​o​r​g​/​o​r​​g​a​n​i​s​m​s​/​m​y​c​o​p​l​a​s​m​a​-​h​y​o​
s​y​n​o​v​i​a​e​​​​​)​. For the rest of the isolates first the whole genome sequences were determined. DNA was extracted 
from the samples with the QIAmp DNA Mini Kit (Qiagen Inc., Valencia, CA, USA). Short read sequencing 
was implemented on an Illumina NextSeq 500 platform (Illumina Inc., San Diego, CA, USA). Library was 
prepared with the Nextera XT DNA Library Preparation Kit and the Nextera XT Index Kit v2 Set A as described 
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elsewhere54. To gain 2 × 150  bp paired-end reads, the library pool at a final concentration of 1.8  pM was 
loaded onto a NextSeq 500/550 High Output flow cell. The short reads were mapped to the genome of the M. 
hyosynoviae type strain (GenBank ID: GCA_024297005.1) in Geneious Prime software (version 2022.2.2)55. 
Reference sequences of each house-keeping gene sequence was obtained from the PubMLST database and 
aligned to the whole genome sequences in Geneious Prime software. The phylogenetic tree was constructed 
using the Maximum Likelihood method and Hasegawa-Kishino-Yano substitution model with bootstrapping 
(1000 replications) in Mega X software56. Phylogenetic analysis was performed with all available sequences in the 
PubMLST database and separately for the 25 isolates from this study (Supplementary Fig. 1).

Data availability
All data generated or analysed during this study are included in this published article and its Supplementary 
information files. The MLST profiles of the tested isolates were deposited in PubMLST ​(​​​h​t​t​p​​s​:​/​/​p​u​​b​m​l​s​t​.​​o​r​g​/​o​r​​g​
a​n​i​s​m​s​/​m​y​c​o​p​l​a​s​m​a​-​h​y​o​s​y​n​o​v​i​a​e​​​​​)​.​​

Received: 5 May 2024; Accepted: 25 December 2024

References
	 1.	 Blank, W. A., Erickson, B. Z. & Stemke, G. W. Phylogenetic relationships of the porcine mycoplasmas Mycoplasma hyosynoviae and 

Mycoplasma hyopharyngis. Int. J. Syst. Bacteriol. 46, 1181–1182 (1996).
	 2.	 Kobisch, M. & Friis, N. F. Swine mycoplasmoses. Rev. Sci. Tech. OIE. 15, 1569–1605 (1996).
	 3.	 Pieters, M. G. & Maes, D. Mycoplasmosis. In Diseases of Swine (eds Zimmerman, J. J. et al.) 863–883 (Wiley, 2019).
	 4.	 Nielsen, E. O., Nielsen, N. C. & Friis, N. F. Mycoplasma hyosynoviae arthritis in grower-finisher pigs. J. Vet. Med. Ser. A 48, 475–486 

(2001).
	 5.	 Makhanon, M., Tummaruk, P., Thongkamkoon, P., Thanawongnuwech, R. & Prapasarakul, N. Comparison of detection 

procedures of Mycoplasma hyopneumoniae, Mycoplasma hyosynoviae, and Mycoplasma hyorhinis in lungs, tonsils, and synovial 
fluid of slaughtered pigs and their distributions in Thailand. Trop. Anim. Health Prod. 44, 313–318 (2012).

	 6.	 Neto, J. C. G. et al. Mycoplasma-associated arthritis: Critical points for diagnosis. J. Swine Health Prod. 20, 5 (2012).
	 7.	 Silva, A. P. S. P. et al. Detection and disease diagnosis trends (2017–2022) for Streptococcus suis, Glaesserella parasuis, Mycoplasma 

hyorhinis, Actinobacillus suis and Mycoplasma hyosynoviae at Iowa State University Veterinary Diagnostic Laboratory. BMC Vet 
Res. 19, 268 (2023).

	 8.	 Salogni, C. et al. Bacterial polyarthritis in post-weaning pigs in a high-density swine breeding area in Italy. J. VET Diagn. Invest. 34, 
709–711 (2022).

	 9.	 Maes, D., Boyen, F., Haesebrouck, F. & Gautier-Bouchardon, A. V. Antimicrobial treatment of Mycoplasma hyopneumoniae 
infections. Vet. J. 259–260, 105474 (2020).

	10.	 Hannan, P. C. T., O’Hanlon, P. J. & Rogers, N. H. In vitro evaluation of various quinolone antibacterial agents against veterinary 
mycoplasmas and porcine respiratory bacterial pathogens. Res. Vet. Sci. 46, 202–211 (1989).

	11.	 Friis, N. E. & Szancer, J. Sensitivity of certain porcine and bovine mycoplasmas to antimicrobial agents in a liquid medium test 
compared to a disc assay. Acta Vet. Scand. 35, 389–394 (1994).

	12.	 Cooper, A. C., Fuller, J. R., Fuller, M. K., Whittlestone, P. & Wise, D. R. In vitro activity of danofloxacin, tylosin and oxytetracycline 
against mycoplasmas of veterinary importance. Res. Vet. Sci. 54, 329–334 (1993).

	13.	 Hannan, P. C. et al. Comparative susceptibilities of various animal-pathogenic mycoplasmas to fluoroquinolones. Antimicrob. 
Agents Chemother. 41, 2037–2040 (1997).

	14.	 Hannan, P. C. T., Windsor, H. M. & Ripley, P. H. In vitro susceptibilities of recent field isolates of Mycoplasma hyopneumoniae and 
Mycoplasma hyosynoviae to valnemulin (Econor®), tiamulin and enrofloxacin and the in vitro development of resistance to certain 
antimicrobial agents in Mycoplasma hyopneumoniae. Res. Vet. Sci. 63, 157–160 (1997).

	15.	 Rosales, R. S., Ramírez, A. S., Tavío, M. M., Poveda, C. & Poveda, J. B. Antimicrobial susceptibility profiles of porcine mycoplasmas 
isolated from samples collected in southern Europe. BMC Vet. Res. 16, 324 (2020).

	16.	 Aarestrup, F. M. & Friis, N. F. Antimicrobial susceptibility testing of Mycoplasma hyosynoviae isolated from pigs during 1968 to 
1971 and during 1995 and 1996. Vet. Microbiol. 61, 33–39 (1998).

	17.	 Zimmermann, B. J. & Ross, R. F. Determination of sensitivity of Mycoplasma hyosynoviae to Tylosin and selected antibacterial 
drugs by a microtiter technique. Can J Comp Med. 39, 17–21 (1975).

	18.	 Kobayashi, H. et al. In Vitro susceptibility of Mycoplasma hyosynoviae and M. hyorhinis to antimicrobial agents. J. Vet. Med. Sci. 58, 
1107–11 (1996).

	19.	 Schultz, K. K., Strait, E. L., Erickson, B. Z. & Levy, N. Optimization of an antibiotic sensitivity assay for Mycoplasma hyosynoviae 
and susceptibility profiles of field isolates from 1997 to 2011. Vet. Microbiol. 158, 104–108 (2012).

	20.	 Thongkamkoon, P. Studies on antimicrobial susceptibilities of porcine mycoplasmas in Thailand, rapid detection and genetic 
diversity of Mycoplasma hyosynoviae. (2014). Available from: https://ci.nii.ac.jp/naid/500001081149

	21.	 Makhanon, M. & Castro, J. L. Jr. In vitro susceptibility study of porcine mycoplasmas isolates to seven antimicrobials. Thai J. Vet. 
Med. 51(Suppl.), 282–3 (2021).

	22.	 Makhanon, M. & Castro, J. L. Jr. In vitro susceptibility study of porcine mycoplasma field isolates collected in Thailand from 2019 
to 2021 to six antimicrobials. Thai J. Vet. Med. 52(Suppl.), 207–8 (2022).

	23.	 Comittee for Medicinal Products for Veterinary Use (CVMP). Guideline for the demonstration of efficacy for veterinary medicinal 
products containing antimicrobial substances.EMA/CVMP/627/2001-Rev.1. (2016).

	24.	 Bünger, M. et al. Multilocus sequence typing schemes for the emerging swine pathogen Mycoplasma hyosynoviae. Vet. Microbiol. 
290, 109997 (2024).

	25.	 Tiseo, K., Huber, L., Gilbert, M., Robinson, T. P. & Van Boeckel, T. P. Global trends in antimicrobial use in food animals from 2017 
to 2030. Antibiotics 9, 918 (2020).

	26.	 Hannan, P. C. T. Guidelines and recommendations for antimicrobial minimum inhibitory concentration (MIC) testing against 
veterinary mycoplasma species. Vet. Res. 31, 373–395 (2000).

	27.	 Somogyi, Z. et al. Synovial and systemic pharmacokinetics of florfenicol and PK/PD integration against Streptococcus suis in Pigs. 
Pharmaceutics 14, 109 (2022).

	28.	 Somogyi, Z. et al. Pharmacokinetics and pharmacodynamics of florfenicol in plasma and synovial fluid of pigs at a dose of 30 mg/
kgbw following intramuscular administration. Antibiotics 12, 758 (2023).

	29.	 Klein, U., Szancer, J., Strehlau, G., Adams, S. & MacKenzie, K. Pharmacokinetics of tiamulin (Denagard®) following parenteral 
application in new-born piglets. Paper presented at: 22nd International Pig Veterinary Society Congress; June 10–13; Jeju, Korea 
(2012).

Scientific Reports |         (2025) 15:1243 9| https://doi.org/10.1038/s41598-024-85052-1

www.nature.com/scientificreports/

https://pubmlst.org/organisms/mycoplasma-hyosynoviae
https://pubmlst.org/organisms/mycoplasma-hyosynoviae
https://ci.nii.ac.jp/naid/500001081149
http://www.nature.com/scientificreports


	30.	 Klein, U., Gyuranecz, M., Catania, S., Claerhout, L., Depondt, W. PK/PD relationships of Vetmulin injection (tiamulin base) 
administerted to pigs for the treatment of Mycoplasmal arthritis. Paper presented at: 27th International Pig Veterinary Society 
Congress, 15th European Symposium of Porcine Health Management; 2024 June 04–07; Leipzig, Germany.

	31.	 Canning, P. et al. Variation in water disappearance, daily dose, and synovial fluid concentrations of tylvalosin and 3-O-acetyltylosin 
in commerical pigs during five day water medication with tylvalosin under field conditions. Vet. Pharm. Therapeutics 41, 632–636 
(2018).

	32.	 Burch, D. G. & Goodwin, R. F. Use of tiamulin in a herd of pigs seriously affected with Mycoplasma hyosynoviae arthritis. Vet. Rec. 
115, 594–595 (1984).

	33.	 Fernandes, V. et al. Antimicrobial resistance of clinical and commensal Escherichia coli canine isolates: Profile characterization and 
comparison of antimicrobial susceptibility results according to different guidelines. Vet. Sci. 9, 284 (2022).

	34.	 Schaekel, F., May, T., Seiler, J., Hartmann, M. & Kreienbrock, L. Antibiotic drug usage in pigs in Germany—are the class profiles 
changing?. PLoS ONE. 12, e0182661 (2017).

	35.	 Ade, J. et al. Antimicrobial susceptibility from a one health perspective regarding porcine Escherichia coli from Bavaria, Germany. 
Antibiotics. 12, 1424 (2023).

	36.	 Clavijo, M. J. et al. Temporal patterns of colonization and infection with Mycoplasma hyorhinis in two swine production systems in 
the USA. Vet. Microbiol. 234, 110–118 (2019).

	37.	 Clavijo, M. J., Murray, D., Oliveira, S. & Rovira, A. Infection dynamics of Mycoplasma hyorhinis in three commercial pig 
populations. Vet. Rec. 181, 68–68 (2017).

	38.	 Pillman, D., Surendran Nair, M., Schwartz, J. & Pieters, M. Detection of Mycoplasma hyorhinis and Mycoplasma hyosynoviae in oral 
fluids and correlation with pig lameness scores. Vet. Microbiol. 239, 108448 (2019).

	39.	 Roos, L. R., Surendran Nair, M., Rendahl, A. K. & Pieters, M. Mycoplasma hyorhinis and Mycoplasma hyosynoviae dual detection 
patterns in dams and piglets. PLoS ONE. 14, e0209975 (2019).

	40.	 Lauritsen, K. T., Hagedorn-Olsen, T., Friis, N. F., Lind, P. & Jungersen, G. Absence of strictly age-related resistance to Mycoplasma 
hyosynoviae infection in 6-week-old pigs. Vet. Microbiol. 130, 385–390 (2008).

	41.	 Lauritsen, K. T. et al. Transfer of maternal immunity to piglets is involved in early protection against Mycoplasma hyosynoviae 
infection. Vet. Immunol. Immunopathol. 183, 22–30 (2017).

	42.	 Klein, U. et al. Antimicrobial susceptibility profiles of Mycoplasma hyorhinis strains isolated from five European countries between 
2019 and 2021. PLoS ONE. 17, e0272903 (2022).

	43.	 Ramírez, A.S., Gonzales, P., Déniz, S., Fernández, A. & Poveda, J.B. Evaluation of a modified SP-4 medium in the replication of 
Mycoplasma spp in Mycoplasmas of Ruminants: Pathogenicity, Diagnostics, Epidemiology and Molecular Genetics. (eds. Frey J., 
Sarris K.) 36–39 (European Cooperation on Scientific and Technical Research, 1997).

	44.	 Martinson, B., Minion, F. C. & Jordan, D. Development and optimization of a cell-associated challenge model for Mycoplasma 
hyorhinis in 7-week-old cesarean-derived, colostrum-deprived pigs. Can. J. Vet. Res. 82, 12–23 (2018).

	45.	 Wu, Y. et al. Establishment and application of a real-time, duplex PCR method for simultaneous detection of Mycoplasma 
hyopneumoniae and Mycoplasma hyorhinis. Kafkas Univ Vet Fak Derg. 25, 405–414 (2019).

	46.	 Földi, D. et al. Establishment of a Mycoplasma hyorhinis challenge model in 5-week-old piglets. Front. Microbiol. 14, 1209119 
(2023).

	47.	 Assunção, P., De la Fe, C., Kokotovic, B., González, O. & Poveda, J. B. The occurrence of mycoplasmas in the lungs of swine in Gran 
Canaria (Spain). Vet. Res. Commun. 29, 453–462 (2005).

	48.	 Nathues, H., Beilage, E. G., Kreienbrock, L., Rosengarten, R. & Spergser, J. RAPD and VNTR analyses demonstrate genotypic 
heterogeneity of Mycoplasma hyopneumoniae isolates from pigs housed in a region with high pig density. Vet. Microbiol. 152, 
338–345 (2011).

	49.	 Lauerman, L. H., Chilina, A. R., Closser, J. A. & Johansen, D. Avian mycoplasma identification using polymerase chain reaction 
amplicon and restriction fragment length polymorphism analysis. Avian Dis. 39, 804 (1995).

	50.	 R Core Team. R: A Language and Environment for Statistical Computing [Internet]. Vienna, Austria: R Foundation for Statistical 
Computing. Available from: https://www.R-project.org/ (2021).

	51.	 Hothorn, T., Hornik, K., Wiel M.A. & van de Zeileis, A. Implementing a Class of Permutation Tests: The coin Package. J Stat Soft. 
28 (2008). Available from: http://www.jstatsoft.org/v28/i08/

	52.	 Christensen, R.H.B. ordinal---Regression Models for Ordinal Data [Internet]. (2019). Available from: ​h​t​t​p​s​:​/​/​C​R​A​N​.​R​-​p​r​o​j​e​c​t​.​o​r​
g​/​p​a​c​k​a​g​e​=​o​r​d​i​n​a​l​​​​​​​

	53.	 Lenth, R.V. emmeans: Estimated Marginal Means, aka Least-Squares Means [Internet]. (2024). Available from: ​h​t​t​p​s​:​/​/​C​R​A​N​.​R​-​p​
r​o​j​e​c​t​.​o​r​g​/​p​a​c​k​a​g​e​=​e​m​m​e​a​n​s​​​​​​​

	54.	 Bali, K. et al. Recombination Events Shape the Genomic Evolution of Infectious Bronchitis Virus in Europe. Viruses. 24;13:535 
(2021).

	55.	 Kearse, M. et al. Geneious basic: An integrated and extendable desktop software platform for the organization and analysis of 
sequence data. Bioinformatics 15(28), 1647–1649 (2012).

	56.	 Kumar, S., Stecher, G., Li, M., Knyaz, C. & Tamura, K. MEGA X: Molecular evolutionary genetics analysis across computing 
platforms. Mol. Biol. Evol. 35, 1547–1549 (2018).

Acknowledgements
This work was supported by Huvepharma® NV. MGy was supported by the Momentum (Lendület) program 
(LP2022-6/2022) of the Hungarian Academy of Sciences (https://mta.hu/lendulet), the Project no. ​R​R​F​-​2​.​3​.​1​-​2​
1​-​2​0​2​2​-​0​0​0​0​1 which has been implemented with the support provided by the Recovery and Resilience Facility 
(RRF), financed under the National Recovery Fund budget estimate, RRF-2.3.1-21 funding scheme ​(​​​h​​​​t​t​p​​s​​:​​/​/​n​k​f​i​​
h​.​g​o​v​​.​h​​u​/​p​a​​l​​y​a​​z​o​k​n​​a​k​/​​i​n​​n​o​v​a​c​​​i​o​s​-​o​k​o​s​z​i​s​z​t​e​m​a​/​n​e​m​z​e​t​i​-​l​a​b​o​r​a​t​o​r​i​u​m​o​k​/​l​a​b​o​r​a​t​o​r​i​u​m​o​k​-​b​e​m​u​t​a​t​a​s​a​​​​​) and the 
Eötvös Loránd Research Network under Grant SA-27/2021 ​(​​​h​t​t​p​s​:​/​/​e​l​k​h​.​o​r​g​/​k​i​e​m​e​l​t​-​k​u​t​a​t​a​s​i​-​t​e​m​a​k​-​p​r​o​g​r​a​m​/​​​​​
)​. The funders had no role in study design, data collection and analysis, decision to publish, or preparation of 
the manuscript.

Author contributions
U.K.: Supervision, Writing–Review and Editing; D.F.: Project Administration, Investigation, Writing; Z.E.N.: 
Investigation; L.T.: Investigation; N.B.: Investigation; K.K.: Investigation; E.W.: Investigation; S.M.: Investigation; 
M.M.: Resources; M.G.: Formal Analysis; S.C.: Resources, Supervision; J.S.: Resources; U.S.: Resources; P.V.: Re-
sources; K.B.: Investigation, Writing–Review and Editing; Z.K.: Writing–Review and Editing; W.D.: Supervision; 
M.G.: Supervision, Writing–Review and Editing.

Scientific Reports |         (2025) 15:1243 10| https://doi.org/10.1038/s41598-024-85052-1

www.nature.com/scientificreports/

https://www.R-project.org/
http://www.jstatsoft.org/v28/i08/
https://CRAN.R-project.org/package=ordinal
https://CRAN.R-project.org/package=ordinal
https://CRAN.R-project.org/package=emmeans
https://CRAN.R-project.org/package=emmeans
https://mta.hu/lendulet
https://nkfih.gov.hu/palyazoknak/innovacios-okoszisztema/nemzeti-laboratoriumok/laboratoriumok-bemutatasa
https://nkfih.gov.hu/palyazoknak/innovacios-okoszisztema/nemzeti-laboratoriumok/laboratoriumok-bemutatasa
https://elkh.org/kiemelt-kutatasi-temak-program/
http://www.nature.com/scientificreports


Funding
Open access funding provided by HUN-REN Veterinary Medical Research Institute.

Declarations

Competing interests
I have read the journal’s policy and the authors of this manuscript have the following competing interests: U. 
Klein and W. Depondt are the employees of Huvepharma® NV, the producer of various veterinary antibiotic 
products.

Additional information
Supplementary Information The online version contains supplementary material available at ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​
0​.​1​0​3​8​/​s​4​1​5​9​8​-​0​2​4​-​8​5​0​5​2​-​1​​​​​.​​

Correspondence and requests for materials should be addressed to U.K. or M.G.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give 
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and 
indicate if changes were made. The images or other third party material in this article are included in the article’s 
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy 
of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2025 

Scientific Reports |         (2025) 15:1243 11| https://doi.org/10.1038/s41598-024-85052-1

www.nature.com/scientificreports/

https://doi.org/10.1038/s41598-024-85052-1
https://doi.org/10.1038/s41598-024-85052-1
http://creativecommons.org/licenses/by/4.0/
http://www.nature.com/scientificreports

	﻿Antimicrobial susceptibility profiles of ﻿Mycoplasma hyosynoviae﻿ strains isolated from five European countries between 2018 and 2023
	﻿Results
	﻿Discussion
	﻿Methods
	﻿Collection of specimens
	﻿Cultivation of ﻿Mycoplasma hyosynoviae﻿
	﻿Shipment of ﻿Mycoplasma hyosynoviae﻿ strains
	﻿Determination of minimal inhibitory concentrations
	﻿Data analysis
	﻿Molecular investigation

	﻿References


