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Abstract
Mycoplasma infections pose a significant challenge in swine production because of their economic impact and 
the difficulties associated with diagnosis and treatment. Antimicrobials are often the only available option for 
combating mycoplasmoses despite reports of resistance to several molecules and the frequent chronic nature of 
infections, which can reduce treatment efficacy. This study aimed to investigate the use of antimicrobials against 
swine mycoplasmoses through an international field survey and to review the relevant scientific literature and 
regulatory recommendations. The survey was led by the MyMIC network, whose main objective is to standardise 
antimicrobial susceptibility testing (AST) methods for livestock mycoplasmas. The responses of 118 swine 
veterinarians across 25 countries were analysed. No significant variations in practices were observed between 
countries. Macrolides, tetracyclines, and pleuromutilins were the most prescribed antimicrobial classes (used in 
more than 40%, 20% and 5% of clinical cases, respectively), which is consistent with current recommendations. 
Additional diagnosis with laboratory-based methods was commonly reported, with only 2.5% of veterinarians 
indicating that they never used it. However, AST was not commonly performed; only 30% of respondents reported 
requesting it in more than half of the cases. Ineffective or critically important antibiotics, such as beta-lactams 
or fluoroquinolones, were occasionally prescribed (approximately 1% for each). Occasional deviations from the 
recommended dosages were also noted. These findings raise concerns regarding resistance selection and potential 
treatment failures. Our results underscore the need for enhanced diagnosis, especially AST, and for a wider 
dissemination and adoption of treatment guidelines to support the sustainable management of swine health. By 
developing and promoting harmonised AST protocols and enabling objective, data-driven prescriptions, MyMIC 
plays a key role in strengthening communication between swine veterinarians and diagnostic laboratories, thereby 
supporting international antimicrobial stewardship.
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Background
Mycoplasmas are a major cause of disease in pigs and 
represent a significant source of economic losses. As 
such, they are a major concern for the effective manage-
ment of swine health [1].

Several Mycoplasma species are pathogenic in pigs, 
with Mycoplasma hyopneumoniae (M. hyopneumoniae), 
Mycoplasma hyorhinis (M. hyorhinis), Mycoplasma hyo-
synoviae (M. hyosynoviae) and Mycoplasma suis (M. suis) 
being the most significant. Regarding respiratory dis-
eases, the main pathogenic species is M. hyopneumoniae 
(M. hyopneumoniae), which is the primary pathogen of 
enzootic pneumonia (EP) and contributes to the porcine 
respiratory disease complex (PRDC) [2]. M. hyopneu-
moniae can infect pigs at any age [2]. It adheres to the 
ciliated cells of the respiratory epithelium, invades host 
cells, and secretes cytotoxic proteins, all of which con-
tributes to impaired mucociliary clearance [3]. Infected 
pigs can have a dry cough, respiratory distress, reduced 
average daily weight gain (ADWG) and a higher feed con-
version ratio. Gross lesions range from marked pulmo-
nary oedema in acute infections to diffuse parenchymal 
discolouration in chronic cases [4]. M. hyorhinis is also 
commonly detected in the respiratory tract of pigs, as 
well as a culture contaminant, and it is frequently found 
in human carcinomas [5]. In pigs, it may cause poly-
arthritis and polyserositis and may also be involved in 
pneumonia, otitis, and conjunctivitis [6, 7]. Gross lesions 
include pericarditis, pleuritis, peritonitis, and arthritis 
[8]. Finally, M. hyosynoviae infection is also associated 
with arthritis, mainly in fattening pigs; however, the fac-
tors that determine the development of clinical disease 
following infection are still unclear [9]. M. suis may affect 
erythrocytes and cause anaemia in pigs [2]. Other Myco-
plasma species, including Mycoplasma flocculare and 
Mycoplasma hyopharyngis, can also infect pigs but are 
considered opportunistic pathogens potentially involved 
in multifactorial disease processes [10, 11].

In diagnostic laboratories, mycoplasmas detection 
relies primarily on molecular methods, particularly PCR, 
because culture of these bacteria may be technically chal-
lenging and time consuming [12]. The detection of M. 
hyopneumoniae is of particular concern, as it is regu-
larly overgrown by M. hyorhinis. Culture in an acellular 
medium is not yet possible for M. suis. Regarding indi-
rect diagnosis, many serological tests are poorly specific, 
and ELISA tests are preferentially used to detect antibody 
responses against infections with M. hyopneumoniae 
at the group level [2, 13–22]. To control mycoplasmo-
ses in pigs, there are currently no effective commercial 
vaccines against M. hyorhinis, M. hyosynoviae, or M. 
suis and the protection provided by vaccines against M. 
hyopneumoniae is only partial [23]. In this context, con-
trol mainly relies on antimicrobial treatments and good 

health management practices. While studies have been 
conducted to determine which antimicrobials are effec-
tive against swine mycoplasmas in vitro and what are the 
acquired resistances [7], the actual use of antimicrobials 
by veterinarians to specifically treat mycoplasmoses (clin-
ical and subclinical) in the field is however not known.

This study was conducted within the framework of 
the MyMIC network, funded by the Joint Programming 
Initiative on Antimicrobial Resistance (JPIAMR) [24], 
and the main goal of MyMIC is to standardise culture, 
identification, and antimicrobial susceptibility testing 
(AST) methodologies for Mycoplasma species of veteri-
nary importance [12], to develop recommendations for 
the surveillance and management of mycoplasma infec-
tions in farm animals (poultry, pigs and ruminants). The 
objective of the present work was to obtain an overview 
of field practices for the control of swine mycoplasmo-
ses, with particular emphasis on antimicrobial use (first-
choice treatment, metaphylactic approaches), as well as 
the methods employed by diagnostic laboratories and 
veterinarians to detect infection and inform treatment 
decisions. This information was obtained through a sur-
vey of livestock veterinarians inside and outside Europe. 
This paper reports and discusses the results of the ques-
tionnaire sent to veterinarians involved in pig produc-
tion, in the context of existing scientific and regulatory 
guidelines.

Methods
Survey design
A survey was designed to collect data about the antimi-
crobials used by veterinarians worldwide to treat myco-
plasma infections in multiple livestock species (cattle, 
poultry and swine) [12]. It comprised 23 questions cov-
ering the methods veterinarians use to diagnose myco-
plasma infections; their preferred treatment approaches, 
including first-choice antimicrobial drugs; the alterna-
tives used in case of treatment failure; their approach 
to the metaphylactic use of antimicrobials; and the rea-
sons behind these choices. The questionnaire design was 
based on a previous survey developed in 2022 to assess 
the underlying reasons for the ongoing use of colistin in 
livestock [25]. This survey was adapted in order to collect 
information about the diagnosis and treatment of myco-
plasma infections in multiple livestock species. This arti-
cle presents the results related to swine only, using the 
terms of the survey. Details on the survey are available 
in a previous article [12]. The webpage layout and the pig 
questionnaire are available in the supplementary materi-
als (Supp. Fig. 1).

The survey could be completed anonymously; how-
ever, veterinarians were given the option to provide their 
e-mail address at the end of the questionnaire if they 
wished to be informed of the results.
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Data handling and statistical analyses
Once the questionnaire was closed, the data were 
exported from Formdesk® [26] into a Microsoft® Excel 
file and then split into a different Microsoft® Excel file 
for each animal species. Calculations of percentages and 
graphical analyses were conducted via R [27].

Three tables are presented in this study. Table 1 shows 
the number of veterinarians following or not following 
the recommended doses and durations for the treatment 
of mycoplasma infections, by antimicrobial class and pig 
category. To generate this table, the doses and treatment 
durations prescribed by veterinarians were compared 
with the Summary of Product Characteristics (SmPC) 
of the molecules available in their respective country of 
practice. SmPCs were collected from multiple websites 
across different countries [28–36].

Table 2 lists the antimicrobials that are expected 
to be effective against the three main Mycoplasma 

species affecting pigs based on in vitro AST data cur-
rently reported in the literature.

Table 3 shows the antimicrobial classes recommended 
for the treatment of infections with each of the three 
main Mycoplasma species affecting pigs according to 
published guidelines from national veterinary associa-
tions, supported or not supported by the government, 
Health Ministers and veterinarian specialists of these 
countries: Switzerland [48], Belgium [49], Germany [50], 
Sweden [51], Australia [52], New Zealand [53], Canada 
[54], the United Kingdom [55], the Netherlands [56] and 
Italy [57].

Results
Among the 468 veterinarians who responded to the 
whole survey [12], 134 (28.6%) reported treating pigs in 
25 countries. Only their responses addressing general 

Table 1  Number of responses of veterinarians per dose and duration for each production category and antimicrobial class (n = 116)
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who reported dealing with mycoplasma infections in 
pigs.

More than one-third of the responding livestock vet-
erinarians had over 25 years of experience as practitio-
ners (n = 50), followed by those with 6–15 years (n = 36), 
16–25 years (n = 35), and fewer than five years of expe-
rience (n = 13). The largest proportion of respondents 
had one to three livestock veterinarians in their practice 
(n = 38), while similar numbers worked in practices with 
four to six (n = 32), seven to nine (n = 32), or more than 
ten (n = 32) livestock practitioners. Most of the respon-
dents worked with nursery piglets, weaning piglets, fat-
tening pigs, and breeding sows (n = 116, 117, 122, and 
120, respectively). In addition to pigs, they mentioned 
working with layer chickens, breeder chickens, broiler 
chickens, and meat turkeys (n = 24, 21, 25, and 16, respec-
tively) and, finally, dairy cattle, beef cattle, and cattle rear-
ing (n = 23, 26, and 19, respectively).

Most frequently encountered Mycoplasma species
In response to the question “Do you encounter Myco-
plasma spp. infections in the animals you see?”, the vast 
majority of veterinarians answered “yes” (n = 127, 94.8%), 
with 118 responses specifically for pigs. The following 
analyses were done on these 118 responses. The veteri-
narians reported that the swine production categories 
most affected by mycoplasmoses were fattening pigs 
(n = 115), weaning piglets (n = 84), breeding sows (n = 69), 
and nursery pigs (n = 44).

Veterinarians were asked which Mycoplasma species 
was (presumably) associated with the clinical disease they 
encountered. The options for this multiple-choice ques-
tion were ‘M. hyopneumoniae’, ‘M. hyorhinis’, ‘Other’ and 
‘Don’t know’. The results are shown in Fig. 1. M. hyosy-
noviae and M. suis were added by veterinarians. In more 
than 50% of the cases, the Mycoplasma species associated 
with each production category was M. hyopneumoniae, 
followed by M. hyorhinis, M. hyosynoviae, and M suis.

Among veterinarians who reported encountering clini-
cal mycoplasma infections in swine production (n = 118), 
the largest proportion indicated that 10–25% of animals 
were affected (n = 46). This was followed by estimates of 
25–50% (n = 28), more than 50% (n = 23), and less than 
10% (n = 21).

Diagnostic approach and frequency of AST
Almost all the veterinarians requested additional diag-
nosis when a mycoplasma infection was suspected on 
the basis of clinical signs, with 26% always using labora-
tory-based diagnosis (n = 31), 27% using it often (more 
than 50% of the time) (n = 32), 27% using it occasionally 
(between 10 and 50% of the time) (n = 32), 17% using it 
rarely (less than 10% of the time) (n = 20), and only 2.5% 
never using it (n = 3). As shown in Fig. 2, the additional 

considerations or pig-related questions are analysed in 
this study.

Demographic features of respondent swine veterinarians
The greatest number of responses were from France 
(n = 55), followed by Germany (n = 11), South Africa 
(n = 10), Italy (n = 9), Canada (n = 8), Austria (n = 7), Aus-
tralia (n = 5), Argentina and the Netherlands (n = 4 each), 
Belgium and Hungary (n = 3 each), and the United King-
dom (n = 2). The remaining responses (n = 1 each) were 
from Burkina Faso, the Czech Republic, Finland, Ireland, 
Kenya, Mexico, Norway, Pakistan, the Philippines, Spain, 
Sweden, Switzerland, and the United States.

Because the number of responses was too small, com-
parison between European countries, between conti-
nents, or between other categories such as veterinary 
experience or specialisation were not possible. Results 
regarding some specific questions (metaphylaxis, treat-
ment choice and duration, and diagnostics) are provided 
per country in additional tables included as supplemen-
tary data. The analysis was performed on the full set of 
134 surveys, with particular focus on the 118 respondents 

Table 2  Overview of the antimicrobials for each Mycoplasma 
species for which in vitro susceptibility was reported

M. 
hyopneumoniae

M. 
hyorhinis

M. 
hyosynoviae

Aminoglycosides Gentami-
cin, Spec-
tinomycin 
[37, 38]

Gentamicin, 
Spectinomy-
cin [39, 40]

Phenicols Florfenicol [41] Florfenicol 
[37, 42]

Florfenicol 
[40]

Fluoroquinolones Enrofloxacin, 
Marbofloxacin [41, 
43, 44]

Enrofloxa-
cin [37, 38, 
42, 45]

Enrofloxacin, 
Danofloxacin 
[39, 40, 45, 46]

Lincosamides Lincomycin [41] Lincomycin 
[38, 47]

Lincomycin, 
Clindamycin 
[40, 46]

Macrolides Spiramycin, 
Tulathromycin, 
Gamithromycin, 
Tylosin, Tilmicosin, 
Tylvalosin [41, 43, 
47]

[38, 42, 45, 
47]

[40, 45–47]

Pleuromutil-
ins (Tiamulin, 
Valnemulin)

[41, 43, 44, 47] [37, 42, 45, 
47]

[39, 40, 45, 46]

Tetracyclines Doxycycline, Oxy-
tetracycline [41]

Doxy-
cycline, 
Oxytetra-
cycline, 
Chlortetra-
cycline [37, 
38, 42, 45]

Oxytetra-
cycline, Chlor-
tetracycline 
[40, 45, 46]

Legend: Antimicrobial classes are sorted alphabetically; all studies referenced 
are in vitro studies based on MIC determination
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diagnostic methods used were most commonly PCR 
and necropsies, followed by serology and histology. Of 
the fourteen ‘Other’ responses, eleven veterinarians 
cited ‘slaughterhouse checks’, which could be viewed as 
resembling ‘Postmortem (necropsy)’, although the limited 
inspection of the respiratory tract provides substantially 
less information. PCR, culture and serology are methods 
that specifically target mycoplasmas, whereas the other 
methods are nonspecific but can support a diagnosis of 
the disease.

However, when a mycoplasma infection was con-
firmed, 61% of veterinarians never or rarely (less than 
10% of cases) requested ASTs from the isolates (n = 54 
and 18 respectively). This response was predominant 
(more than 50% of respondents) in all parts of the world, 
as for example in France, Canada, South Africa, Australia 
or the Netherlands. On the contrary, only 30% (n = 35) of 
veterinarians often or always (more than 50% of the time) 
requested AST; the countries where AST was frequently 
requested (more than 50% of the respondents) were Ger-
many (n = 6/11), Italy (n = 6/9), Belgium (n = 2/3) and the 
United States (n = 1/1).

Preferred treatment options
Nearly all the veterinarians indicated that treatment was 
required for mycoplasma infections in pigs, with only 
one of 118 respondents stating that treatment was ‘never’ 
necessary. Sixteen indicated that treatment was ‘always’ 
required, while 55 indicated that it was ‘often’ required 
(in more than 50% of cases). Among the list of options 
proposed, the main reasons chosen by the veterinar-
ians for applying treatment to pigs with mycoplasmo-
ses were, in order of importance, the severity of clinical 
signs (n = 103/117), the proportion of animals showing 
clinical signs (n = 69/117), the results of laboratory tests 
(n = 47/117), the perception that this is a “disease which 
spreads quickly” (n = 31/117), and, less commonly, that 
treatment was “requested by farmers or the industry” 
(n = 9/117).

The preferred options for treating mycoplasmoses are 
shown in Fig. 3. Across all the production categories, 
most mycoplasma infections were treated with macro-
lides, tetracyclines, pleuromutilins, lincosamides, or flo-
rfenicol. The same antimicrobial classes could be used 
in combination or in long-acting formulations. Four out 
of eight veterinarians who reported sometimes using 

Fig. 1  Mycoplasma species associated with clinical disease detected by veterinarians per swine production category (n = 118). Legend: numbers of 
responses to the multiple-choice question “what Mycoplasma species do you encounter related to clinical diseases?” are presented per production 
category. The veterinarians could answer for each production category they worked with. There was a possibility to propose other species, hence the 
addition of M. hyosynoviae and M. suis
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beta-lactams indicated that their treatment was aimed at 
secondary infections.

For both questions, veterinarians could only select one 
antimicrobial family.

The preferred treatment options were selected based 
on national treatment guidelines (n = 52/118), known 
antimicrobial susceptibility profiles of the pathogen 
(n = 50/118), farm history (n = 41/118), or the economic 
feasibility (n = 25/118) and AST results (n = 20/118).

A total of 116 veterinarians also provided indications 
on the doses and treatment durations for their preferred 
options in each production category (Table 1). Most vet-
erinarians adhered to the SmPC recommendations when 
using the drug (67% for pig nurseries, 86% for weaning 
piglets, 90% for fattening pigs, and 89% for breeding 
sows). Most veterinarians indicated that they used the 
recommended doses and duration of treatment (except 
for pig nurseries), particularly for macrolides and tetra-
cyclines. However, deviations to recommendations were 
reported, including the use of higher doses (n = 31), lon-
ger treatments (n = 11), lower doses (n = 9), or shorter 
treatments (n = 3).

Among the 102 veterinarians who occasionally chose 
not to treat mycoplasma infections, the main reasons for 
withholding treatment were withdrawal periods (n = 37), 
treatment costs (n = 32), legal boundaries (n = 27), 

expected lack of efficacy (n = 16), and restrictions due to 
trade requirements or industry agreements (n = 10). Of 
the 36 veterinarians who provided “other” reasons, 16 
indicated a preference for using vaccination to control 
mycoplasmoses instead.

Second-choice for treatment in the event of initial 
treatment failure
Among the 117 veterinarians who reported the use of 
antimicrobials to treat mycoplasmoses in pigs, 112 pro-
vided information on their second-choice treatment in 
the event of initial treatment failure (Fig. 3B). Pleuro-
mutilins were the antimicrobial class most frequently 
selected as second-choice option, followed by macro-
lides, florfenicol, lincosamides, and tetracyclines. The 
combinations and long-acting formulations used con-
tained only macrolides, and those that already used them 
as first-choice reported switching to a different molecule. 
Some veterinarians mentioned in the ‘Other’ section that 
first-choice treatment failure (most often a macrolide) 
was uncommon (n = 12/17) and that, in the event of treat-
ment failure, they preferred not to administer a second 
treatment.

Fig. 2  Additional diagnostic methods applied by veterinarians/laboratories when a mycoplasma infection was suspected (n = 115). Legend: number of 
responses selected for each option in the multiple-choice survey question “if yes, what additional diagnosis?” is represented. The first three methods (se-
rology, PCR and culture) are specific methods, whereas the remaining ones (necropsy, histology and the other responses reported) are conclusive about 
the disease but cannot confirm the aetiological pathogen
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Use of metaphylaxis
When asked about metaphylaxis, 18% (n = 21) of the 
respondents reported never using this strategy to control 
mycoplasmoses in pigs. Another 25% (n = 30) stated that 
they used it rarely (less than 10% of the time), 30% (n = 35) 
used it occasionally (between 10 and 50% of the time), 
21% (n = 25) often used it (more than 50% of the time), 
and only 6% (n = 7) always used metaphylactic medica-
tion for managing mycoplasmoses in pigs. The rationale 
of the 97 veterinarians who used metaphylaxis was as 

follows: the severity of clinical signs (n = 67); the propor-
tion of animals with clinical signs (n = 58); the presence of 
“known disease that spreads quickly” (n = 40); the results 
of laboratory tests (n = 27); and, for a few respondents, 
“requested by farmers or the industry” (n = 9). The most 
common patterns of metaphylactic medication used 
by swine veterinarians for each antimicrobial class are 
shown in Supp. Figure 2. Macrolides, tetracyclines, pleu-
romutilins and lincosamides are predominantly admin-
istered in the drinking water, whereas florfenicol and 

Fig. 3  Preferred antimicrobial class chosen for the first treatment of pigs with mycoplasma infections in each production category (left part) and selected 
as a second choice in cases of treatment failure (n = 112). Legend: A; the percentage of total responses to the question “what is the preferred option of 
treatment?” is represented per production category. The number of responses per category varies according to the number of veterinarians treating these 
categories. B; the number of responses to the question “in case of failure of treatment, what is the second choice of treatment available?” is represented
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fluoroquinolones are primarily administered by intra-
muscular injection. Combinations of macrolides and 
tetracyclines are exclusively administered per os (mainly 
in the drinking water), whereas long-acting forms (mac-
rolides, tetracyclines and florfenicol) are mostly adminis-
tered via intramuscular injection.

Scientific and national guidelines
Table 2 summarises the antimicrobials reported as 
potentially active based on published Minimal Inhibi-
tory Concentration (MIC) data for each Mycoplasma 
species, which represent the unique data currently avail-
able in swine. Neither clinical breakpoints nor epide-
miological cut-offs (ECOFFs) are currently available. 
VetCAST reports only a single MIC distribution for M. 
hyopneumoniae with florfenicol [58], which is insufficient 
to define an ECOFF. A key prerequisite for establishing 
clinical breakpoints and ECOFFs is the availability of a 
standardised consensual AST MIC methodology [12]. 
Table 3 presents the national guidelines published by 
animal health authorities or veterinary associations from 
Switzerland, Belgium, Germany, Sweden, Australia, New 
Zealand, Canada, the United Kingdom, the Netherlands, 
and Italy. Most veterinarians followed the scientific and 
national guidelines by predominantly using macrolides, 
tetracyclines, florfenicol, lincosamides, and pleuromutil-
ins for first- and second-choice treatments.

Discussion
Prescriptions and consumption data
This survey provides an overview of practices regarding 
diagnostic testing and antimicrobial use for mycoplasma 
infections in pigs across various countries worldwide. 
The diversity in respondent demographics, including 
years of experience, type and number of veterinarians 
in the practices, etc. ensures a broad panel of perspec-
tives. However, it is important to note that a significant 
proportion of the respondents (41%) were from France, 
which may have introduced some bias. Nonetheless, the 
varied backgrounds of respondents make this a valu-
able overview of the approaches used to control myco-
plasma infections in pigs. The antimicrobial drugs most 
frequently prescribed by veterinarians for first-choice 
treatment of mycoplasma infections were macrolides, 
tetracyclines, pleuromutilins, lincosamides, and flor-
fenicol, for both individual treatment and metaphylaxis. 
According to surveillance reports on European sales and 
use of antimicrobials for veterinary medicine, published 
by the European Medicines Agency (EMA) covering the 
period from 2010 to 2024 [59–61], penicillins were the 
most commonly sold class of antimicrobials for produc-
tion animals. Data on antimicrobial use remained partial, 
as a 90% coverage was achieved for only 12 countries in 
2024 (excluding France), representing approximately 50% 

of the total European pig biomass [61]. Among the avail-
able data, penicillins were the most frequently used anti-
microbials, followed by tetracyclines, then macrolides. In 
contrast to these general data, the responses in our study 
clearly indicate an appropriate adjustment of therapeutic 
practices by veterinarians when dealing with mycoplas-
mosis, in a manner consistent with the known microbio-
logical characteristics of these atypical pathogens.

Comparison between field data and recommendations
According to the literature, major swine Mycoplasma 
species are generally susceptible in vitro to macrolides, 
tetracyclines, pleuromutilins, lincosamides, fluoroquino-
lones, florfenicol, and certain aminoglycosides (Table 2) 
[7]. This spectrum aligns with national recommendations 
found worldwide for the treatment of mycoplasmoses in 
pigs, despite a few minor variations between countries. 
The consensual list across countries includes pleuromuti-
lins, tetracyclines, macrolides, and lincosamides, with the 
use of fluoroquinolones usually only regarded as a last 
resort or not permitted in food-producing animals, such 
as in Australia (Table 3).

The antimicrobial classes most frequently cited by the 
veterinarians in the survey as first-choice treatments 
for mycoplasmoses in pigs (Fig. 3) are similar to those 
recommended in the national guidelines: macrolides, 
tetracyclines, pleuromutilins, and, less frequently, lincos-
amides and florfenicol. The recruitment of volunteers to 
participate in the survey may have introduced selection 
bias. Indeed, the veterinarians who chose to participate 
were likely those with a particular interest in mycoplasma 
infections and/or with better awareness of appropriate 
antimicrobial use for these specific bacteria. The treat-
ment practices reported by the veterinarians completing 
the survey were generally consistent with the recommen-
dations provided in national antimicrobial use guidelines. 
For example, macrolides, which are widely recommended 
internationally (Table 3) for the treatment of M. hyo-
pneumoniae infections, were the antimicrobials most 
frequently prescribed by respondents (Fig. 3). Similarly, 
pleuromutilins and tetracyclines were also commonly 
prescribed in accordance with most national treat-
ment guidelines. The only exception was a minority of 
responses mentioning the use of beta-lactams, including 
for first-choice treatment, for mycoplasmoses without 
further explanation. This raises serious concerns about 
some veterinarians having very poor knowledge of myco-
plasma specificities, as these classes have no efficacy 
against mycoplasmas. The present results are entirely 
based on veterinarians’ self-reports. As these studies can 
be subject to recall bias, social desirability bias (a ten-
dency to report practices perceived as “correct”), and 
overestimation of the actual frequency of certain prac-
tices, it is possible that the results do not fully reflect 
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the reality in the field. To gain a more accurate view of 
antimicrobial use for mycoplasmoses worldwide, sales 
data need to be analysed by animal species or produc-
tion categories, and not aggregated for all livestock per 
country (as in the last 3 reports of the EMA, from 2010 
to 2024 [59–61]). Moreover, not only sales but also the 
use reported by veterinarians themselves should be stud-
ied. This has been gathered by the EMA for 2 years, how-
ever with incomplete data for many countries [60, 61]. 
This highlights the importance of online systems such 
as Calypso Vet [62] in France or SANITEL-MED [63] in 
Belgium, which are new tools capable of recording all 
antimicrobial prescriptions issued by veterinarians. Some 
of these online systems, such as the Danish antimicrobial 
use surveillance system (DANMAP) [64], collect detailed 
data on use for different body systems and classes of ani-
mals that may enable a specific focus on major myco-
plasma diseases. However, this information is currently 
not available in other countries. In the future, combining 
data from various national systems would help provide a 
clearer picture of which antimicrobials are used in spe-
cific contexts.

Several differences were noted regarding the use of 
fluoroquinolones. Although this antimicrobial class is 
listed as a therapeutic option in some national guidelines 
(Germany, Belgium, New Zealand, Sweden, and Switzer-
land), it is generally recommended only as a last-resort 
treatment. Fluoroquinolones are classified as critically 
important [65], and their use is regulated in Europe and 
restricted as a first choice treatment (category B) by the 
EMA [66]. Regulations recommend that their use be cau-
tious, reserved for situations where alternative therapies 
have failed, and justified by AST results. In our survey, 
fluoroquinolones were occasionally listed by respon-
dents as first- and second-choice treatments. Additional 
insights from veterinarians are needed to clarify the 
reasons for their use as first-line therapy. Since 61% of 
the respondents in our survey reported never or rarely 
requesting AST, much of the use of fluoroquinolones for 
treating mycoplasmoses may be empirical, which con-
tradicts the principles of appropriate antimicrobial use. 
Nevertheless, the application of this regulation is a chal-
lenge when Mycoplasma spp. are involved, as most vet-
erinary laboratories do not offer AST for these bacteria. 
This suggests that national policies to preserve critical 
antimicrobials should be implemented more rigorously 
and that the accessibility to AST for pathogenic porcine 
mycoplasmas should be improved. In addition, profes-
sional training on the concept of MICs and the appro-
priate use of antimicrobials should be strengthened and 
more widely implemented to generate objective data to 
support antimicrobial stewardship decisions. Notably, 
fluoroquinolones were not commonly used by the veteri-
narians who responded to our survey, a positive finding 

that indicates prudent prescribing practices and limited 
use of this critical antimicrobial class in the field.

Identification of practices that may contribute to 
antimicrobial resistance in mycoplasmas
Mycoplasma diagnostic and AST challenges
There were inconsistencies in the practices applied by 
some veterinarians to diagnose mycoplasma infections 
in pigs. As shown in Fig. 1, most veterinarians indicated 
that they could reliably identify the Mycoplasma spe-
cies causing clinical disease on a farm. Indeed, the ‘Don’t 
know’ responses constitute a minority regardless of the 
production category. Most respondents reported that in 
over 50% of cases, they used additional diagnostic meth-
ods to confirm their suspicion of mycoplasmoses, despite 
the fact that the cited methods could not provide a defin-
itive etiologic diagnosis. Furthermore, PCR was the most 
commonly used method, while culture was used infre-
quently (15.6%, Fig. 2), despite being necessary for sub-
sequent AST. Even if molecular methods are common 
for diagnosis, their use for AMR determination is prom-
ising at this stage for mycoplasmas but culture and AST 
remain currently the only reliable methods [67].

AST was rarely performed, with only 30% of veterinar-
ians reporting that they had requested it in the majority 
of cases where mycoplasmas were diagnosed. If we con-
sider only respondents that asked for diagnosis by culture 
(n = 18), 44.4% (n = 8) requested AST in more than half 
the cases (often and always). These findings suggest that 
even when mycoplasma infections are confirmed by cul-
ture, MICs testing for the causative organism of various 
antimicrobials is rarely performed. This is to be expected, 
as culture and AST are time-consuming, so treatment is 
often initiated without AST results. However, knowledge 
of AST remains important for field practice, as the avail-
ability of population-based surveillance MIC data can 
contribute to improving treatment strategies and pre-
venting inappropriate or ineffective antimicrobial use and 
consequently treatment failure [68]. In addition, global 
surveillance of antimicrobial resistance in mycoplasmas 
is essential, and veterinarians play a key role in this effort 
by requesting AST when appropriate.

The limited use of AST in mycoplasma infections can 
be attributed to several factors, such as the challenges 
associated with the isolation of these particular organ-
isms, the lack of standardised methods for AST, the time 
needed to obtain MICs for mycoplasmas, and the lim-
ited access to specialised laboratories capable of isolat-
ing and testing the antimicrobial susceptibility of porcine 
mycoplasmas [12]. AST request was reported by most 
of the veterinarians only in four countries (Germany, 
Italy, Belgium and the United States of America), show-
ing discrepancies between countries. Even if the number 
of respondents was very low for these countries (ranging 
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from 1 to 11), these results highlight the fact that AST 
may not be widely available. Thus, treatment is often 
initiated on the basis of species identification and the 
veterinarian’s experience, without assessment of antimi-
crobial susceptibility, even though all pathogenic porcine 
mycoplasmas can develop acquired resistance to the anti-
microbial drugs commonly used for the treatment of the 
diseases they cause, especially macrolides, tetracyclines 
and lincosamides [39]. This highlights also the need to 
develop harmonised AST methods for swine mycoplas-
mas, as well as interpretative criteria linked to MIC, and 
to increase the availability of these methods worldwide 
for laboratories as well as for veterinarians.

Treatment practices that may promote antimicrobial 
resistance in mycoplasmas
Several antimicrobial treatment strategies for porcine 
mycoplasmoses have been identified that may com-
promise treatment efficacy and promote antimicrobial 
resistance.

First, some respondents reported using antimicrobials 
(beta-lactams, trimethoprim and sulfonamides) that are 
known to be ineffective against mycoplasmoses. Myco-
plasmas lack a cell wall and thus are inherently resistant 
to beta-lactams and other antimicrobials that target pep-
tidoglycan biosynthesis [39]. They also lack the folate 
biosynthesis pathway and thus are not affected by trim-
ethoprim or sulfonamides. However, some practitioners 
(n = 8 in Fig. 3A and n = 1 in Fig. 3B) reported using peni-
cillin with beta-lactamase inhibitors for first- or second-
choice treatment for mycoplasma infections without 
mentioning another reason for this treatment (n = 4). This 
suggests that some veterinarians may not be aware that 
mycoplasmas are not susceptible to these antimicrobial 
drugs or that their therapy focused on other bacterial 
organisms contributing to the PRDC. Some practitioners 
using penicillins indicated that they focused on the treat-
ment of coinfections with other bacteria (n = 4). How-
ever, mycoplasmas can be the sole pathogen responsible 
for or a major contributor to PRDC, so it is important 
to consider treatments that target both the mycoplas-
mas and the coinfecting pathogens. While it is impor-
tant to reduce the burden of coinfecting bacteria, there 
is no need to use beta-lactams, as these bacteria can also 
be susceptible to other antimicrobials effective against 
mycoplasmas [7].

Suboptimal doses and treatment durations were also 
reported. Doses lower than those recommended by the 
SmPC were reported for several classes of antibiotics 
(Table 1, n = 8). Underdosing not only compromises clini-
cal efficacy but also contributes to the selection of resis-
tant strains [69]. Similarly, shorter treatment durations 

than those recommended were also reported by one 
respondent (Table 1). This shorter treatment, although 
accompanied by the administration of increased doses 
(Table 1, n = 2), may increase the risk of clinical relapse 
and the development of resistance [70]. The impact of 
other practices that are not compliant with current rec-
ommendations, including overdosing or increasing the 
duration of treatment, is less certain than underdosing. 
However, the precautions for safe use mentioned in the 
SmPCs for antimicrobials specify that the recommended 
doses and treatment times should be respected. In gen-
eral, guidelines do not distinguish between overdosing 
and underdosing consequences. Furthermore, excessive 
use of antimicrobials increases costs of treatment for 
the farmer (direct treatment cost and longer withdrawal 
period) and the global consumption of antimicrobials, 
thereby increasing the risk of selection of resistance in 
pigs and the environment.

Metaphylactic medication was also commonly used 
to control mycoplasmoses; it was reported by 57% of 
respondents for more than 10% of the cases. No differ-
ences were observed between European countries ver-
sus the other parts of the world (data not shown). While 
metaphylactic medication may be justified for the control 
of an outbreak with high morbidity, it remains contro-
versial if applied without evidence-based herd indica-
tors (e.g. % of ill animals in the flock). The efficacy of 
metaphylactic medication in controlling mycoplasma 
infections during the fattening phase is limited [71]. Mass 
medication via drinking water or feed, the primary route 
of administration for macrolides, tetracyclines, lincos-
amides, and pleuromutilins, should be guided by a care-
ful risk-benefit assessment and combined with other 
control measures - such as improved hygiene and vac-
cination- as suggested by some survey respondents and 
recommended in the literature, particularly for myco-
plasmoses [7].

Some veterinarians reported that they did not choose a 
second-line treatment if the first treatment failed (n = 12). 
This decision may have been influenced by an emphasis 
on limiting antimicrobial use or by the possibility that 
viral infections played a primary role in the PRDC [72, 
73]. This practice may still contribute to the selection of 
resistant strains and facilitate the persistence of infec-
tions involving copathogens. The persistence of infection 
or clinical signs after treatment failure should at least be 
balanced by other control methods or be followed up by 
diagnostic reassessment and reconsideration of the need 
for, or the choice of, therapy and should ideally be guided 
by AST. Otherwise, not only does the clinical problem 
persist, but the risk of resistance selection (both in myco-
plasmas and other copathogens) is potentially increased.
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Limitations and strengths of the study
Limitations
Survey-based studies have inherent limitations. In this 
study, responses may have been biased towards veteri-
narians familiar with mycoplasmoses, limiting insight 
into the practices of those less aware of these diseases. In 
addition, the broadly framed questions, designed to apply 
across the three livestock categories (including cattle and 
poultry), may not have fully captured field realities or 
may have been subject to misinterpretation.

Mycoplasmoses in pigs can be due to different myco-
plasma species, with M. hyopneumoniae being the most 
important. However, it is difficult to know which myco-
plasmas the veterinarians had in mind when completing 
the questionnaire.

The population of respondents was heterogeneous and 
biased in favour of France; the numbers of responses per 
country were not sufficient to perform further statisti-
cal analyses, but it was not our aim. As pig raising can 
be very different between continents and farms (small-
scale farms versus large integrated production systems), 
interpretations could be made only from a general point 
of view.

Strengths
This study is the first attempt to gather information on 
antimicrobial use against swine mycoplasmoses, as well 
as diagnostic strategies.

The questionnaire was based on a survey that had pre-
viously been proven effective [25]. It was adapted to the 
context of mycoplasmoses by the authors as experts in 
the field.

The international consortium MyMIC has managed to 
reach the veterinary population across the world. There-
fore, a rather large number (absolute value) of partici-
pants was achieved.

An important achievement of this work is highlighting 
the need for more uniform recommendations owing to 
the heterogeneity between countries. The MyMIC net-
work will play a crucial role in achieving this goal from a 
policy perspective.

Importantly, this project has initiated the first dialogue 
between mycoplasmologists and veterinarians. Sharing 
these findings with professionals, such as at scientific 
conferences, will help maintain this dialogue, which is 
crucial for enhancing antimicrobial stewardship.

Conclusion
Our international survey regarding diagnostic and treat-
ment strategies for the control of mycoplasmoses in 
pigs revealed the use of macrolides, tetracyclines and 
pleuromutilins as first-choice treatments. Most of the 
treatment practices reported by the respondents were 
consistent with international scientific recommendations 

and national guidelines for antimicrobial use, indicat-
ing that the majority of veterinarians are able to manage 
mycoplasmoses appropriately. However, the relatively 
infrequent use of AST, the continued use of critically 
important antimicrobials for treating mycoplasmoses, 
and deviations from recommended doses and treat-
ment durations may contribute to the selection of resis-
tant strains of pathogenic porcine mycoplasmas or other 
pathogens, increasing the risk of treatment failure.

These risks underscore the importance of disseminat-
ing updated recommendations for effective control and 
developing reliable, accessible diagnostic methods - par-
ticularly for AST- to optimise antimicrobial use in swine 
production, thereby improving livestock health manage-
ment and combating antimicrobial resistance.

The routine use of MIC testing for mycoplasma species 
remains limited, due to logistical constraints, the scarcity 
of specialised laboratories, and prolonged turnaround 
times. First-line therapy for these pathogens primarily 
relies on veterinarians’ clinical experience, while MIC 
testing is generally reserved for second-line therapeutic 
reassessments. Moving forward, it is crucial to establish 
data-driven therapy at the farm level. MIC results should 
be used to inform future therapeutic protocols within 
specific farms or integrated production chains, aligning 
with Regulation (EU) 2019/6 (specifically Recital 45 and 
Article 105), which emphasises antimicrobial suscepti-
bility testing (AST) and requires veterinarians to justify 
prescriptions. Ultimately, mycoplasmologists and diag-
nostic laboratories must strive together to make MIC 
testing more accessible for these fastidious microorgan-
isms across different regions. Concurrently, Competent 
Authorities should play a pivotal role in promoting anti-
microbial stewardship –including mycoplasmas- based 
on objective data, including national surveillance and 
trends in susceptibility patterns over time.
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claire.becker@vetagro-sup.fr or j.wiegel@gdanimalhealth.com.”
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