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Abstract

Background: Bacteria belonging to the genus Mycoplasma are small-sized, have no

cell walls and small genomes. They commonly cause respiratory disorders in their ani-

mal hosts. Three species have been found in the respiratory tract of horses world-

wide, that is., Mycoplasma (M.) equirhinis, M. pulmonis and M. felis, but their role in

clinical cases remains unclear.

Objectives: The aim of this study was to i) develop and validate tools to detect, iso-

late and identify different Mycoplasma spp. strains in clinical equine respiratory-tract

specimens and ii) subsequently define the prevalence of the three species in France

depending on sample types and horse characteristics (age, breed, sex).

Study design: Validation of a workflow for mycoplasma diagnosis and subsequent

prevalence study.

Methods: Mycoplasma-free tracheal wash samples spiked with numerated strains

and DNA dilutions were used to validate the culture methods and real-time PCR (rt-

PCR) assay. Isolated strains were identified by 16S rRNA gene sequencing. Preva-

lences were determined on a population of 616 horses with respiratory disorders,

sampled in France in 2020.

Results: In total, 104 horses (16.9%) were found to be positive for Mycoplasma spp.

by at least one method. M. equirhinis was the predominant circulating species,

accounting for 85% of the rt-PCR-positive samples and 98% of the 40 cultured

strains.

Main limitation: The proposed pre-enrichment procedure improves the sensitivity of

detection but hinders the quantification of the initial mycoplasma load in the clinical

specimens.

Conclusions: Prevalence of mycoplasma varied with age, breed, and type of sample.
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1 | INTRODUCTION

Bacteria belonging to the genus Mycoplasma (M.) are small-sized cells

that have no cell walls. Their small genomes and thus narrow meta-

bolic pathways make them the simplest organisms able to self-

replicate in cell-free media in vitro.1 They are fastidious to culture,

requiring specific complex growth media and controlled CO2 and

humidity conditions.2 More than a hundred Mycoplasma species have

so far been found in different animal hosts, where they are either

commensals, opportunists or primary pathogens.3 Mycoplasma infec-

tions commonly target the respiratory tract. Mycoplasmal respiratory

infections are typically caused by M. pneumoniae in humans,4 M. bovis

in cattle,5 and M. gallisepticum in poultry.6 Respiratory disorders in

horses are a major cause of poor performance7,8 and thus of signifi-

cant economic losses for the equine industry,9 and include both

equine asthma and bacterial or viral infections.10 Bacteria responsible

for bronchopneumonia, pneumonia or pleuropneumonia of horses are

numerous, including non-enteric (e.g., Pasteurella or Actinobacillus

spp.) or enteric (e.g., Klebsiella spp.) Gram-negative bacteria or anaer-

obes (e.g., Bacteroides spp.) or more frequently gram-positive aerobes

(Streptococcus equi subsp. zooepidemicus being the commonest while

Rhodococcus equi is seldom found in immunocompetent adults).11,12

Viral respiratory infections are mostly caused by equine influenza

virus or equine herpesviruses (EHV-1 and EHV-4) and are associated

with various signs such as fever, cough and nasal discharge.13 An old

study conducted in 1975 reported the isolation of three Mycoplasma

species, that is., M. equirhinis, M. felis and M. pulmonis, from nasopha-

ryngeal swabs of both healthy horses and horses with severe respira-

tory disorders.14 In the early 1980 s another Mycoplasma species,

isolated from the respiratory tract of horses, was described, namely

M. fastidiosum.15 From that day on, there have been regular reports of

M. felis and M. equirhinis but not M. pulmonis, nor M. fastidiosum16,17 in

the respiratory tract of horses in various countries, but their clinical

significance remains unclear.18 The difficulty in specifying the aetiolo-

gical role of these bacteria is partly due to the lack of systematic

detection during diagnostic investigation and the absence of charac-

teristic clinical signs. For instance, M. felis, a recognised cat pathogen,

was suspected to be involved in pericarditis and/or pleuritis of horses,

as it was isolated from pleural fluid in which no other bacterial species

were detected.19,20 M. pulmonis, a rodent pathogen, has occasionally

been isolated from the nasopharynx of horses.21 M. fastidiosum has

never been documented in clinical cases so far. M. equirhinis, consid-

ered an opportunistic pathogen in horses,3 was recovered from tra-

cheal washes (TW) of horses with or without clinical signs.16,17 In

France, there are still no data available on how often mycoplasmas cir-

culate in equids and which species are involved. A rough estimate

based on routine real-time PCR (rt-PCR) analysis at LAB�EO suggested

an approximate prevalence of Mycoplasma spp. of 15.2% in clinical

respiratory specimens. Unfortunately, we cannot reasonably compare

this prevalence figure with other datasets from different countries

due to differences in experimental designs and detection methods.16–

18,22 Furthermore, we have no details concerning the Mycoplasma

species present.

This study was designed to optimise and validate a set of tools to

detect Mycoplasma spp. in horse respiratory specimens and to identify

the strains involved to species level. We then assessed these tools on

a large set of clinical specimens collected in 2020. The prevalence of

Mycoplasma spp. was analysed according to sample type and to the

main characteristics of the horses (age, breed, sex) in order to deter-

mine whether presence of a mycoplasma is significantly associated

with specific horse characteristics.

2 | MATERIALS AND METHODS

2.1 | Study population and samples

A total of 616 samples were collected in 2020 from horses in France

and submitted to LAB�EO laboratory (Saint-Contest, France) for diag-

nosis of suspected respiratory disorders. Samples were either tracheal

washes (TW, n = 473, 76.8%) including tracheal aspirates or bronch-

oalveolar lavages (BAL, n = 143, 23.2%). Horses with known charac-

teristics were grouped into different categories: < 5 years

and ≥5 years of age, racing breeds (i.e., Thoroughbreds and trotters)

versus others (for instance, saddle horse, pony, etc.), and males versus

females.

2.2 | Handling of incoming clinical specimens

Clinical samples sent to LAB�EO were processed via a routine work-

flow, that is., 200 μl of the TW or BAL samples was seeded into

1.8 ml of mycoplasma culture broth (INDICIA) and incubated at 37�C

with 5% CO2 for Mycoplasma spp. enrichment during 3– 7 days

before DNA extraction. For this study purpose, another 200 μl of the

sample was seeded in 1.8 ml of culture broth (broth B1) containing

phenol red, used as pH indicator, and incubated at 37�C with 5% CO2

for mycoplasma growth. The B1 broth was examined daily for

72 hours to track any changes in turbidity, pH, and contamination,

then further processed as described in Data S1 in order to optimise

the isolation of mycoplasma colonies.

2.3 | Real-time PCR (rt-PCR) assays on enriched
clinical specimens

A multiplex rt-PCR adapted from previous works23–25 was developed

and validated to detect Mycoplasma spp. and M. felis (Data S2). The

20 μl PCR mix was composed of 12.5 μl Taqman Universal PCR

Master Mix (ThermoFisher Scientific), primers at 200–300 nM, probes

at 50–150 nM, and water. The rt-PCR was performed on a

StepOne™-model Applied Biosystems thermocycler. Five μlof DNA or

water (negative control) was added to the premix before the run.

Validation of the rt-PCR (i.e., target, non-target species, and limit

of detection [LODPCR]) was done according to French AFNOR stan-

dard NF U47-600-2. Briefly, LODPCR was determined using 6 five-fold
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serial dilutions of quantified DNA extracts from three strains, that is.,

M. equirhinis (field strain, ANSES-F13945), M. felis (field strain,

ANSES-F13444), and M. pulmonis (NCTC 10139). Eight replicates

of each dilution were tested in three independent rt-PCR runs.

LODPCR at 95% was set as the highest dilution with at least 23/24

positive replicates (interpretation was done using a cut-off value

for cycle threshold, Ct, of 40 per default). To convert the LODPCR

from a DNA amount in ng into equivalent genome copy numbers,

the following formula was used (Amount [ng] � 6.022 � 1023) /

(Length (bp) � 109 � 660), with genome sizes of respectively

841 695 bp for M. felis; 730 410 bp for M. equirhinis and

963 879 bp for M. pulmonis according to the NCBI databases

(https://www.ncbi.nlm.nih.gov/genome/). Mycoplasma or non-

Mycoplasma species and strains used for inclusivity and exclusivity

testing are listed in Data S3.

The analytical sensitivity of the whole method (from DNA extrac-

tion to rt-PCR analysis) was also determined according to guidelines

developed by the American Association of Veterinary Laboratory

Diagnosticians (AAVLD).26 Briefly, five-fold serial dilutions of three

enumerated mycoplasma suspensions (same strains as for LODPCR)

were added to a mycoplasma-negative TW down to a theoretical con-

centration of 1 CFU/ml each. Then 200 μl of the spiked TW was

either analysed directly (after a 4 days' storage at �80�C) and 200 μl

were seeded in 1.8 ml of mycoplasma broth and incubated for 4 days

(enrichment procedure). DNA of 100 μl of each sample was extracted

according to the routine workflow at LAB�EO and amplified in three

independent runs. The analytical sensitivity was the highest dilution

where 3/3 replicates were positive.26

Nucleic acids were extracted from 100 μl of routine Mycoplasma

spp. enrichment broth using the Adiamag Kitc and the KingFisher Flex

robot (ThermoFisher Scientific). rt-PCR was then performed on an

Applied Biosystems thermocycler as described above. An exact Ct

cut-off value was defined according to rt-PCR performances (see

results section) to discriminate tested samples as positive, doubtful, or

negative.

2.4 | Identification of rt-PCR-positive extracts and
isolated strains

Positive-testing DNA extracts (with Ct < the Ct cut-off value of rt-

PCR) were further amplified using 16S rDNA PCR for identification

purposes (Data S2). Sanger sequencing of the amplicons using the

primer U1/583 (5’-TTGATCCTGGCTCAGG-3)27 was outsourced

(Genewiz, Germany). Identification of Mycoplasma to species level

was done using the leBIBIQBPP online tool (https://umr5558-bibiserv.

univ-lyon1.fr/lebibi/lebibi.cgi).28 These DNA extracts were also ana-

lysed in parallel using two previously-described PCR assays targeting

M. equirhinis29 and M. pulmonis,23 respectively. These PCR assays

were performed in a 20 μl mix containing 5 μl 5X Buffer (with MgCl2)

(Promega), 1 μl dNTP, 0.4 μl Go Taq polymerase (Promega) and

primers at 40 μM. All PCR runs were performed on a T100 thermal

cycler (Bio-Rad) in conditions detailed in Data S2. Size of the

amplicons (211 bp and 266 bp, respectively) was verified by capillary

electrophoresis using the QIAxcel Advanced system (Qiagen).

In the strain isolation process (Data S1), each colony picked on an

agar plate was grown in liquid broth using serial dilution to track pH

changes, and 200 μl taken from the tube that showed a colour change

(from red to orange for acidifying species or red to darker red for alka-

linising species, with or without additional turbidity depending on the

strains) indicative of mid-exponential growth was used for DNA

extraction via a QIAamp DNA mini kit (Qiagen). Elution was per-

formed in 50 μl of sterile water, and 5 μl of the extract was submitted

to PCR for species identification as described above for positive DNA

extracts.

2.5 | Data analysis

Statistical analysis was performed using GraphPad Prism 9.1.12 soft-

ware. In initial univariable analyses, the prevalence of Mycoplasma

spp. was compared between groups using a chi-squared test. Explana-

tory variables that had an individual impact on Mycoplasma spp. prev-

alence were further analysed using a multivariable logistic regression

model. P values ≤0.05 were considered significant.

3 | RESULTS

3.1 | Validation of our rt-PCR workflow for
Mycoplasma spp. detection

The LODPCR at 95% CI for the rt-PCR workflow targeting 16S rRNA

gene was 4.2 E-6, 6.0 E-6 and 1.3 E-5 ng/μl for M. felis, M. equirhinis

and M. pulmonis, respectively (Data S4). This corresponds to approxi-

mately 4.5, 7.5 and 12.3 genome copy numbers per μl, respectively.

The LODPCR for the M. felis-specific rt-PCR was similar to that of 16S

rDNA, with a mean Ct slightly below the mean 16S rDNA Ct (36.7 vs.

36.9). Linear regression analysis was performed for each rt-PCR

assays (Data S4), resulting in comparable, satisfactory PCR efficiencies

(82.1%, 90.5%, 81.5%, 81.2% for M. felis (16 S rRNA gene and tuf ),

M. pulmonis, M. equirhinis, respectively) and suitable linearity with

0.96 < R2 < 0.98. Since the mean Ct values for LODPCR were around

37, we set this value as an exact cut-off to interpret positive-testing

samples. Samples were subsequently classified into three categories,

that is., positive if Ct < 37, doubtful if 37 ≤ Ct ≤40, and negative

if Ct > 40.

Based on these interpretative criteria, all the target materials, that

is Mycoplasma species listed in Data S3, were found positive by 16 S

rDNA rt-PCR, but only the M. felis strain was also positive for the

M. felis tuf signal. The non-target materials (viruses and bacteria) were

all negative (SD 3), which points to very good specificity.

The analytical sensitivity of the rt-PCR-based method, with the

Ct cut-off of 37 as set above, varied from <1 to 10 000 CFU/ml with-

out any enrichment and from <1 to 100 CFU/ml after 4-day in-broth

enrichment (Table 1, and details in Data S4), showing a clear effect of

MARTINEAU ET AL. 3
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a mean 4-day enrichment versus none on efficiency of detection.

Post-enrichment rt-PCR-based detection also had better sensitivity

than culture-based detection (from 10 to 100 CFU/ml), except for

M. pulmonis where it was equivalent.

3.2 | Comparative efficiency of culture versus rt-
PCR for mycoplasma detection in clinical samples

Of 616 horses, 98 (15.9%) tested positive by rt-PCR targeting 16S

rRNA gene for Mycoplasma spp. (Table 2), of which four were also

positive for the M. felis tuf gene. Among the rt-PCR positive horses

only 41 were also positive by culture-based detection. Only 6 samples

were positive by culture-based detection but negative or doubtful by

rt-PCR (Table 2), illustrating the better sensitivity of the rt-PCR-based

method and demonstrating that the methods are complimentary for

optimal detection.

3.3 | Prevalence of Mycoplasma spp.

The overall cumulative (by culture- or rt-PCR-based detection) preva-

lence of Mycoplasma spp. in our population was 16.9% (104/616).

Among the 98 rt-PCR (16 S rDNA)-positive DNA extracts, 93 were

available for further sequencing analysis for species-level identifica-

tion. M. equirhinis was identified in a majority of samples (79/93, 85%)

whereas M. pulmonis was identified just once (1%). The rest of the

DNA extracts (n = 13) were either not identified further than the

genusMycoplasma (n = 4, with an ambiguous positioning between dif-

ferent species) or else not identified at all as Sanger sequencing

resulted in superposed chromatograms.

Interestingly, of the six samples tested as doubtful by rt-PCR

(37 ≤ Ct ≤40), two were identified as M. equirhinis and one as

M. pulmonis. The higher proportion of M. pulmonis in the doubtful cat-

egory is consistent with the lower sensitivity of the method for this

species. For the four rt-PCR tuf-positive DNA extracts, that is., M. felis

positive, one was identified as M. equirhinis, suggesting a potential mix

of different species in the clinical specimen, and the other three were

among the non-available DNA extracts (n = 2) and were either non

sequenceable or resulted in a non-exploitable sequence (n = 1).

Out of the 47 culture-positive samples, 7 did not lead to isolation

because of viability loss during subcultivation steps and 40 strains were

isolated: 39 were identified as M. equirhinis (98%) and one as M. felis

(2%). Note that this M. felis strain was isolated from the rt-PCR tuf-

positive sample for which extracted DNA was identified asM. equirhinis.

3.4 | Prevalence of Mycoplasma spp. by horse
characteristics or sample types

Age data was available for 554 (90%) horses, which were 190 horses

(34%) in the “under 5 years” group and 364 (66%) in the “5 years and

more” group. For breed, 524 (85%) horses were classified as Thorough-

breds and trotters (n = 200, 38%) or other breeds (n = 324, 62%). Sex

data was available for 553 (90%) individuals and were 314 males (gelded

or not, 57%) and 239 females (43%). Figure 1 charts the prevalence of

Mycoplasma (positive by at least one method) by horse subgroup or type

of sample. On univariable analysis, the prevalence ofMycoplasma was sig-

nificantly higher in young horses (p = 0.01). We found a significant associ-

ation (p = 0.002) between breed group and presence of mycoplasmas

with prevalence almost two-fold higher among racing breeds (26.0%) than

other types (14.8%). There was no significant association between sex

and presence of Mycoplasma in our horse population. Regarding type of

clinical specimens investigated, mycoplasmas were detected in 19.4% of

TW versus only 8.4% of BAL (p= 0.002). The same associations were also

found when we considered only samples in whichM. equirhiniswas identi-

fied (Figure 1). For multivariate logistic regression analyses the subpopula-

tion was composed of 515 horses and these analyses confirmed the

higher risk of having mycoplasmas and M. equirhinis in TW samples and in

racing breeds, but an association with age was not confirmed (Table 3).

4 | DISCUSSION

To refine our knowledge on the prevalence of mycoplasmas in respira-

tory specimens from horses, we developed a mixed-method

TABLE 1 Comparative sensitivity of three methods (culture,
rt-PCR, and rt-PCR post pre-enrichment) for detecting three
Mycoplasma species in spiked TW.

Culture rt-PCR

rt-PCR post

pre-enrichment

M. equirhinis 10 10 000 <1

M. felis 10 10 and <1a <1a

M. pulmonis 100 1000 100

Note: Lowest concentrations, in CFU/ml, of mycoplasma detected in

spiked samples by each of the methods in 3/3 replicates (see details in

Data S2). Cultures were considered positive when characteristic ‘fried-
egg’ colonies were observed on agar medium. 16S rDNA rt-PCR-positive

samples were defined using the Ct < 37 as cut-off.
aResults are identical using the M. felis-specific rt-PCR assays.

TABLE 2 Comparative rates of detection of Mycoplasma spp. in
616 clinical specimens using either 16S rt-PCR post-enrichment or
culture.

Culture

Positive Negative Total

rt-PCR Positive 41 57 98

Doubtful 1 5 6

Negative 5 507 512

Total 47 569 616

Note: Cultures were considered positive when characteristic ‘fried-egg’
colonies were observed on agar medium. The results of 16S rRNA rt-PCR

assays were interpreted as positive if Ct < 37, doubtful if 37 ≤ Ct ≤40, and

negative if Ct > 40.

4 MARTINEAU ET AL.
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diagnostic screening approach based on both culture and duplex rt-

PCR after pre-enrichment. The rt-PCR assay, targeting a specific

region of Mycoplasma spp. 16S rRNA gene, has been described previ-

ously25 and is an adaptation of an older end-point protocol.23 Here

we ran a detailed analysis of its specificity, sensitivity, and Ct cut-off

for interpretation on three target Mycoplasma species already

described in horses, that is., M. equirhinis, M. pulmonis, and

M. felis.14,16–18 This genus-specific rt-PCR assay was run in duplex

with an M. felis-specific rt-PCR assay targeting the tuf gene adapted

from previous work.24 By extending the probe by four bases in the 30

extremity, we were able to modify the acceptable cut-off for positivity

to 37 in our experimental setup versus 35 in Söderlund et al.24 Pre-

enrichment for 4 days in a Mycoplasma growth culture medium of

spiked TW before DNA extraction and rt-PCR was shown to improve

the sensitivity of the method by a factor of four for M. equirhinis,

although the effect was more limited for M. felis and M. pulmonis (due

to different growth capacity in our broth medium, data not shown).

Note, that this pre-enrichment step hinders the quantitative dimen-

sion of the rt-PCR and prevents an estimation of the initial mycoplas-

mal load in the clinical samples. In the routine workflow at LAB�EO,
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F IGURE 1 Prevalence of Mycoplasma
spp. (●) and M. equirhinis (□) in clinical
specimens (testing positivity by rt-PCR
and/or culture) as a function of (A) age,
(B) breed, (C) sex, and (D) sample types.
Error bars correspond to 95% confidence
intervals. “ns“: not significant, “ ”, ‘ ’
and ‘ ’ refer to p-values of ≤0.05,
≤0.01 and ≤0.001, respectively, after a

Chi-square test. TW: Tracheal washes,
BAL: Bronchoalveolar lavages.

TABLE 3 Multivariable analysis of factors associated with the identification of Mycoplasma spp. and of M. equirhinis.

Mycoplasma spp. M. equirhinis

Estimate
coefficient SE OR 95% CI p

Estimate
coefficient SE OR 95% CI p

Age

<5 years 0.093 0.277 1.098 (0.635–1.885) 0.8 �0.003 0.298 0.996 (0.553–1.782) 0.9

≥5 years 1.000 1.000

Breed

Racehorses 0.559 0.273 1.750 (1.023–2.990) 0.04 0.628 0.293 1.874 (1.053–3.335) 0.03

Others 1.000 1.000

Sample type

TW 0.964 0.341 2.623 (1.397–5.385) 0.005 1.097 0.390 2.996 (1.473–6.941) 0.005

BAL 1.000 1.000

Abbreviations: SE, standard error; OR, odds ratio; 95% CI, 95% confidence interval; P, p-value.
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the enrichment time before DNA extraction is not controlled and can

vary from 3 to 7 days due to weekend breaks. We showed in our vali-

dation procedure that a mean of 4 days of enrichment makes it possi-

ble to detect even minute amounts of mycoplasmas, but its benefit is

not equivalent for all species. Indeed, overall analytical sensitivity of

the method remains lower for M. pulmonis. Culture-based detection

was shown to be sensitive, although a little bit less than rt-PCR post-

enrichment. Given the low positivity rate for M. felis, the association

of Mycoplasma spp. PCR with M. felis PCR should be removed as a

first-line testing strategy in this epidemiological context. A duplex

PCR including M. equirhinis detection would be a relevant alternative.

The performance of the method was further evaluated on a set of

616 clinical samples, either TW or BAL, collected on horses with respira-

tory disorders in France in 2020. Of these 616 samples, 104 tested posi-

tive by rt-PCR (n = 98) and/or culture (n = 47), of which only 41 tested

positive by both rt-PCR and culture, thus illustrating the methods were

complimentary. However, only six samples were detected as positive by

culture but not rt-PCR, of which five were M. equirhinis, due to its lower

sensitivity, as already stated.17,30 Non-viable mycoplasmas in the clinical

samples can partly explain this difference in detection between culture-

based versus rtPCR based assays. Culture-based detection proved time-

consuming but provided access to isolated strains, which could be useful

for further characterisation.

We then managed to identify 86% of the rt-PCR-positive samples

and 100% of the isolated strains down to species level. Consistent

with two previous studies,17,18 the commonest species detected was

M. equirhinis, representing 98% of the isolated strains and 85% of the

rt-PCR-positive DNA. The proportion of the two non-horse-specific

species was very low, with only 4 positive DNAs and one isolated

strain for M. felis and one positive DNA for M. pulmonis. This low pro-

portion of M. felis might accurately reflect the prevalence in clinical

samples, but we cannot rule out a bias due to the weaker sensitivity

of our method for M. pulmonis. Another hypothesis is that M. pulmonis

very rarely colonises the lower respiratory tract, as it has not been

recovered in recent studies.16–18,22 As M. pulmonis is essentially a

rodent pathogen, it may get transmitted to horses through sharing the

same habitat and thus be isolated from horse nasal cavities, but not

deeper in the respiratory tract.

Thirteen rt-PCR-positives samples were not identified by

sequencing. These failures might be due to i) non-specific amplifica-

tion, a well-known phenomenon with the 16 S rRNA gene targets, or

ii) the presence of different mycoplasma species in the DNA extract.

This second hypothesis is supported by both the situation in other

animal hosts where species mixtures are frequent31 and by the fact

that in one sample we evidenced both M. felis and M. equirhinis.

Our results showed a significantly higher prevalence of Myco-

plasma spp. or M. equirhinis in Thoroughbreds and trotters than in

other breeds, and in horses under 5 years of age than in older horses

but the latter association was not confirmed in multivariate analysis.

The majority (71.6%) of the young horses (<5 years) were Thorough-

breds and trotters and breed was retained in the multivariable model.

Several hypotheses can be put forward to explain this higher

prevalence in Thoroughbreds and trotters, most of which are likely to

be racehorses: 1) racehorses attract close scrutiny for health issues, 2)

racehorses frequently contact with horses from other locations during

race meets, 3) repeated strenuous exercise and frequent transport

might impact the immune system and increase susceptibility, and 4)

heavy breathing during strenuous exercise might enhance mycoplas-

mal colonisation of the lower respiratory tract.

Interestingly, the prevalence of Mycoplasma spp. and M. equirhinis

was higher in TW than in BAL samples. TW is recommended by some

clinicians when infectious disease is suspected as it gives a more

complete picture of the whole lung since secretions accumulate in the

trachea. Conversely, BAL is often preferred for diagnosis of non-

infectious lower airway inflammation.32 However, the choice of the

most suitable sample type remains a matter of clinician preference

and, to further understand the impact of sample technique on Myco-

plasma spp. detection would require parallel tests on the two types of

samples, as has been done for other purposes.32

Now that we have optimised the methods for detection, future

studies should aim to decipher the actual clinical role of mycoplasmas

and more specifically the prevalent M. equirhinis species in equine

respiratory infections. This could be done through systematic detec-

tion of mycoplasmas in horses with no clinical signs versus horses

with respiratory disorders. It would also be helpful to gain further

insight into the genomic diversity of M. equirhinis strains currently in

circulation, as there is still too little genomic data available.

AUTHOR CONTRIBUTIONS

Matthieu Martineau contributed to study design, laboratory analyses,

data analysis and interpretation, and preparation of the manuscript.

Sophie Castagnet contributed to study design and laboratory analyses.

Elena Kokabi and Agnès Tricot contributed to laboratory analyses.

Maryne Jaÿ contributed to laboratory analyses, data analysis, and

preparation of the manuscript. Albertine Léon and Florence Tardy

contributed to study design, data interpretation, and preparation of

the manuscript. All authors approved the final manuscript.

ACKNOWLEDGEMENTS

We thank Adélie Colin at the Anses laboratory for assisting with strain

management.

FUNDING INFORMATION

This work received financial support from IFCE (Institut Français du

Cheval et de l'Equitation, grant number CS-2020-2023-022-MYCO-

PAB), the Fonds Eperon (grant number N15-2020), and the GIS

(Groupement d'Intérêt Scientifique) CENTAURE (grant number

GIS20-SEP-01).

CONFLICT OF INTEREST

None of the authors of this paper has a financial or personal relation-

ship with other people or organisations that could inappropriately

influence or bias the content of the paper. No competing interests

have been declared.

6 MARTINEAU ET AL.

 20423306, 0, D
ow

nloaded from
 https://beva.onlinelibrary.w

iley.com
/doi/10.1111/evj.13918 by C

ochrane France, W
iley O

nline L
ibrary on [20/01/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



PEER REVIEW

The peer review history for this article is available at https://publons.

com/publon/10.1111/evj.13918.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available from the

corresponding author upon reasonable request.

ETHICS STATEMENT

Research ethics committee oversight not required: retrospective anal-

ysis of clinical specimens.

ORCID

Matthieu Martineau https://orcid.org/0000-0002-9143-9072

Maryne Jaÿ https://orcid.org/0000-0003-0443-5565

Albertine Léon https://orcid.org/0000-0003-3151-4947

Florence Tardy https://orcid.org/0000-0003-3968-4801

REFERENCES

1. Razin S, Yogev D, Naot Y. Molecular biology and pathogenicity of

mycoplasmas. Microbiol Mol Biol Rev. 1998;62(4):1094–156.
2. Tully JG, Razin S. Methods in Mycoplasmology. United Kingdom edi-

tion. Massachusetts: Academic Press Inc.; 1983.

3. Brown DR, May M, Bradbury JM, Balish MF. In: Whitman WB,

Rainey F, Kämpfer P, et al., editors. Bergey's manual of systematics of

archaea and bacteria. 1st ed. New York: Wiley; 2018. https://doi.org/

10.1002/9781118960608

4. Waites KB, Xiao L, Liu Y, Balish MF, Atkinson TP. Mycoplasma pneu-

moniae from the respiratory tract and beyond. Clin Microbiol Rev.

2017;30(3):63–809.
5. Maunsell FP, Woolums AR, Francoz D, Rosenbusch RF, Step DL,

Wilson DJ, et al. Mycoplasma bovis infections in cattle. J Vet Intern

Med. 2011;25(4):772–83. https://doi.org/10.1111/j.1939-1676.

2011.0750.x

6. Levisohn S, Kleven SH. Avian mycoplasmosis (Mycoplasma gallisepti-

cum). Rev Sci Tech Int Off Epizoot. 2000;19:425–42.
7. Jeffcott LB, Rossdale PD, Freestone J, Frank CJ, Towers-Clark PF. An

assessment of wastage in thoroughbred racing from conception to

4 years of age. Equine Vet J. 1982;14(3):185–98. https://doi.org/10.
1111/j.2042-3306.1982.tb02389.x

8. Couëtil LL, Cardwell JM, Gerber V, Lavoie J-P, Léguillette R,

Richard EA. Inflammatory airway disease of horses—revised consen-

sus statement. J Vet Intern Med. 2016;30(2):503–15. https://doi.org/
10.1111/jvim.13824

9. Wilsher S, Allen WR, Wood JLN. Factors associated with failure of

thoroughbred horses to train and race. Equine Vet J. 2006;38(2):113–
8. https://doi.org/10.2746/042516406776563305

10. Couetil L, Cardwell JM, Leguillette R, Mazan M, Richard E, Bienzle D,

et al. Equine asthma: current understanding and future directions.

Front Vet Sci. 2020;7:450. https://doi.org/10.3389/fvets.2020.

00450

11. Wood JLN, Burrell MH, Roberts CA, Chanter N, Shaw Y. Streptococci

and Pasteurella spp. associated with disease of the equine lower respi-

ratory tract. Equine Vet J. 1993;25(4):314–8. https://doi.org/10.

1111/j.2042-3306.1993.tb02970.x

12. Estell KE, Young A, Kozikowski T, Swain EA, Byrne BA, Reilly CM,

et al. Pneumonia caused by Klebsiella spp. in 46 horses. J Vet

Intern Med. 2016;30(1):314–21. https://doi.org/10.1111/jvim.

13653

13. Gilkerson JR, Bailey KE, Diaz-Méndez A, Hartley CA. Update on viral

diseases of the equine respiratory tract. Vet Clin North Am Equine Pract.

2015;31(1):91–104. https://doi.org/10.1016/j.cveq.2014.11.007
14. Allam NM, Lemcke RM. Mycoplasmas isolated from the respiratory

tract of horses. J Hyg (Lond). 1975;74(3):29–408. https://doi.org/10.
1017/s0022172400046908

15. Lemcke RM, Poland J. Mycoplasma fastidiosum: a new species from

horses. Int J Syst Bacteriol. 1980;30(1):151–62. https://doi.org/10.
1099/00207713-30-1-151

16. Wood JLN, Newton JR, Chanter N, Mumford JA. Association

between respiratory disease and bacterial and viral infections in

British racehorses. J Clin Microbiol. 2005;43(1):120–6. https://doi.
org/10.1128/JCM.43.1.120-126.2005

17. Mete A, Özgür NY. Investigation of the presence of Mycoplasma as

an etiologic agent of inflammatory airway diseases in thoroughbred

racehorses in Istanbul Province. Turk J Vet Anim Sci. 2017;41:365–
71. https://doi.org/10.3906/vet-1606-90

18. Uchida-Fujii E, Kinoshita Y, Niwa H, Maeda T, Nukada T, Ueno T.

High prevalence of Mycoplasma equirhinis in thoroughbred horses

with respiratory symptoms in autumn 2018. J Vet Med Sci. 2021;

83(12):1907–12. https://doi.org/10.1292/jvms.21-0163

19. Hoffman A, Baird JD, Kloeze HJ, Rosendal S, Bell M. Mycoplasma felis

pleuritis in two show-jumper horses. Cornell Vet. 1992;82(2):155–62.
20. Morley PS, Chirino-Trejo M, Petrie L, Krupka L, Schwab M.

Pericarditis and pleuritis caused by mycoplasma felis in a horse. Equine

Vet J. 1996;28(3):237–40. https://doi.org/10.1111/j.2042-3306.

1996.tb03779.x

21. Tully JG, Whitcomb RF. Human and Animal Mycoplasmas. Vol 8.

Massachusetts: United Kingdom Edition. Academic Press Inc.;

1979. Accessed July 13, 2022. http://journals.lww.com/00007435-

198101000-00004

22. Christley RM, Hodgson DR, Rose RJ, Wood JL, Reids SW,

Whitear KG, et al. A case-control study of respiratory disease in thor-

oughbred racehorses in Sydney, Australia. Equine Vet J. 2003;33(3):

256–64. https://doi.org/10.2746/042516401776249796
23. Van Kuppelveld FJM, Van der Logt JT, Angulo AF. Genus- and

species-specific identification of mycoplasmas by 16 S rRNA amplifi-

cation. Appl Env Microbiol. 1992;58(8):2608–15. https://doi.org/10.
1128/aem.58.8.2606-2615

24. Söderlund R, Bölske G, Holst BS, Aspán A. Development and evalua-

tion of a real-time polymerase chain reaction method for the detec-

tion of Mycoplasma felis. J Vet Diagn Invest. 2011;23(5):890–3.
https://doi.org/10.1177/1040638711407479

25. Denys M, Léon A, Robert C, Saulnier N, Josson-Schramme A,

Legrand L, et al. Biosafety evaluation of equine umbilical cord-derived

mesenchymal stromal cells by systematic pathogen screening in

peripheral maternal blood and paired UC-MSCs. Biopreserv Biobank.

2020;18(2):73–81. https://doi.org/10.1089/bio.2019.0071
26. Toohey-Kurth K, Reising MM, Tallmadge RL, Goodman LB, Bai J,

Bolin SR, et al. Suggested guidelines for validation of real-time PCR

assays in veterinary diagnostic laboratories. J Vet Diagn Invest. 2020;

32(6):802–14. https://doi.org/10.1177/1040638720960829
27. Johansson KE, Heldtander MUK, Pettersson B. Characterization of

mycoplasmas by PCR and sequence analysis with universal 16 S

rDNA primers. Methods Mol Biol. 1998;104:145–65. https://doi.org/
10.1385/0-89603-525-5:145

28. Flandrois JP, Perrière G, Gouy M. leBIBIQBPP: a set of databases and

a webtool for automatic phylogenetic analysis of prokaryotic

sequences. BMC Bioinformatics. 2015;16(1):251. https://doi.org/10.

1186/s12859-015-0692-z

29. Robinson. HBLB funded project. HBLB Vet Newsl Published online

2006.

30. Pusterla N, Leutenegger CM, Barnum SM, Byrne BA. Use of quantita-

tive real-time PCR to determine viability of Streptococcus equi

MARTINEAU ET AL. 7

 20423306, 0, D
ow

nloaded from
 https://beva.onlinelibrary.w

iley.com
/doi/10.1111/evj.13918 by C

ochrane France, W
iley O

nline L
ibrary on [20/01/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://publons.com/publon/10.1111/evj.13918
https://publons.com/publon/10.1111/evj.13918
https://orcid.org/0000-0002-9143-9072
https://orcid.org/0000-0002-9143-9072
https://orcid.org/0000-0003-0443-5565
https://orcid.org/0000-0003-0443-5565
https://orcid.org/0000-0003-3151-4947
https://orcid.org/0000-0003-3151-4947
https://orcid.org/0000-0003-3968-4801
https://orcid.org/0000-0003-3968-4801
https://doi.org/10.1002/9781118960608
https://doi.org/10.1002/9781118960608
https://doi.org/10.1111/j.1939-1676.2011.0750.x
https://doi.org/10.1111/j.1939-1676.2011.0750.x
https://doi.org/10.1111/j.2042-3306.1982.tb02389.x
https://doi.org/10.1111/j.2042-3306.1982.tb02389.x
https://doi.org/10.1111/jvim.13824
https://doi.org/10.1111/jvim.13824
https://doi.org/10.2746/042516406776563305
https://doi.org/10.3389/fvets.2020.00450
https://doi.org/10.3389/fvets.2020.00450
https://doi.org/10.1111/j.2042-3306.1993.tb02970.x
https://doi.org/10.1111/j.2042-3306.1993.tb02970.x
https://doi.org/10.1111/jvim.13653
https://doi.org/10.1111/jvim.13653
https://doi.org/10.1016/j.cveq.2014.11.007
https://doi.org/10.1017/s0022172400046908
https://doi.org/10.1017/s0022172400046908
https://doi.org/10.1099/00207713-30-1-151
https://doi.org/10.1099/00207713-30-1-151
https://doi.org/10.1128/JCM.43.1.120-126.2005
https://doi.org/10.1128/JCM.43.1.120-126.2005
https://doi.org/10.3906/vet-1606-90
https://doi.org/10.1292/jvms.21-0163
https://doi.org/10.1111/j.2042-3306.1996.tb03779.x
https://doi.org/10.1111/j.2042-3306.1996.tb03779.x
http://journals.lww.com/00007435-198101000-00004
http://journals.lww.com/00007435-198101000-00004
https://doi.org/10.2746/042516401776249796
https://doi.org/10.1128/aem.58.8.2606-2615
https://doi.org/10.1128/aem.58.8.2606-2615
https://doi.org/10.1177/1040638711407479
https://doi.org/10.1089/bio.2019.0071
https://doi.org/10.1177/1040638720960829
https://doi.org/10.1385/0-89603-525-5:145
https://doi.org/10.1385/0-89603-525-5:145
https://doi.org/10.1186/s12859-015-0692-z
https://doi.org/10.1186/s12859-015-0692-z


subspecies equi in respiratory secretions from horses with strangles.

Equine Vet J. 2018;50(5):697–700. https://doi.org/10.1111/evj.

12809

31. Jaÿ M, Poumarat F, Colin A, Tricot A, Tardy F. Addressing the antimi-

crobial resistance of ruminant mycoplasmas using a clinical surveil-

lance network. Front Vet Sci. 2021;8:667175. https://doi.org/10.

3389/fvets.2021.667175

32. Rossi H, Virtala AM, Raekallio M, Rahkonen E, Rajamäki MM,

Mykkänen A. Comparison of tracheal wash and bronchoalveolar

lavage cytology in 154 horses with and without respiratory signs in a

referral hospital over 2009�2015. Front Vet Sci. 2018;5:61. https://

doi.org/10.3389/fvets.2018.00061

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Martineau M, Castagnet S, Kokabi E,

Tricot A, Jaÿ M, Léon A, et al. Detection of Mycoplasma spp. in

horses with respiratory disorders. Equine Vet J. 2023. https://

doi.org/10.1111/evj.13918

8 MARTINEAU ET AL.

 20423306, 0, D
ow

nloaded from
 https://beva.onlinelibrary.w

iley.com
/doi/10.1111/evj.13918 by C

ochrane France, W
iley O

nline L
ibrary on [20/01/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1111/evj.12809
https://doi.org/10.1111/evj.12809
https://doi.org/10.3389/fvets.2021.667175
https://doi.org/10.3389/fvets.2021.667175
https://doi.org/10.3389/fvets.2018.00061
https://doi.org/10.3389/fvets.2018.00061
https://doi.org/10.1111/evj.13918
https://doi.org/10.1111/evj.13918

	Detection of Mycoplasma spp. in horses with respiratory disorders
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Study population and samples
	2.2  Handling of incoming clinical specimens
	2.3  Real-time PCR (rt-PCR) assays on enriched clinical specimens
	2.4  Identification of rt-PCR-positive extracts and isolated strains
	2.5  Data analysis

	3  RESULTS
	3.1  Validation of our rt-PCR workflow for Mycoplasma spp. detection
	3.2  Comparative efficiency of culture versus rt-PCR for mycoplasma detection in clinical samples
	3.3  Prevalence of Mycoplasma spp.
	3.4  Prevalence of Mycoplasma spp. by horse characteristics or sample types

	4  DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST
	PEER REVIEW
	DATA AVAILABILITY STATEMENT

	ETHICS STATEMENT
	REFERENCES


