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ARTICLE INFO ABSTRACT

Keywords: Mycoplasmas are pathogens involved in respiratory disorders of various animal hosts. In horses, Mycoplasma (M.)
Mycoplasma equirhinis is the species most frequently detected in clinical respiratory specimens, with a prevalence of 12-16%,
Horses

but its clinical implication in equine respiratory disorders remains unclear. Here we screened 1948 clinical
specimens for the presence of M. equirhinis. The samples were both tracheal washes (TW) and bronchoalveolar
lavages (BAL) collected by veterinarians in France in day-to-day work between 2020 and 2022. The samples were
associated with a standardized form that served to collect key general and clinical information, such as horse age,
breed, and living environment. M. equirhinis was detected using a combination of culture and post-enrichment
PCR. Other diagnostic data included virology and bacteriology as well as neutrophil counts, when available.
Prevalence of M. equirhinis was examined as a function of a clinical score based on four significant clinical signs
(nasal discharge, cough, dyspnoea, and hyperthermia). Multivariate logistic regression analysis was run to
identify risk factors for the presence of M. equirhinis, and comparative prevalence analysis was used to test for
association with other bacteria and viruses. TW and BAL were analysed independently, as we found that TW
samples were associated with a higher prevalence of M. equirhinis. As prevalence remained steady whatever the
clinical score, M. equirhinis cannot be considered a primary pathogen. M. equirhinis was more frequently isolated
in thoroughbreds and trotters and in horses living exclusively stabled compared to other horses or other living
environments. M. equirhinis was never detected in BAL specimens with a ‘normal’ neutrophil count, i.e. 5%,
suggesting it could be associated with an inflammatory response, similar to that observed in equine asthma.
Prevalence of M. equirhinis was shown to increase in the presence of other bacteria such as Streptococcus equi
subsp. zooepidemicus (S. zoo) or viruses, and S. zoo load was higher in M. equirhinis-positive samples, suggesting a
potential increase of clinical signs in the event of co-infection.

Clinical scoring
Respiratory tract

1. Introduction (Brown et al., 2018). Mycoplasmas are significant agents in major res-
piratory infections such as children’s pneumonia due to M. pneumoniae

The Mycoplasma genus encompasses more than 120 species that are or contagious bovine pleuropneumonia caused by M. mycoides subsp.
found across various hosts. Some of these species are associated with mycoides (Kudirkiene et al., 2021; Lesnoff et al., 2004). The first report of
major infections in humans as well as in livestock and domestic animals Mycoplasma spp. in the respiratory tract of horses dates back to 1975

Abbreviations: BAL, bronchoalveolar lavage; M., Mycoplasma; TW, tracheal wash.
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(Allam and Lemcke, 1975), but as mycoplasmas were isolated in both
healthy and diseased animals, they did not attract further attention as a
focus of diagnosis or research. Several old studies suggested that M. felis
might be more systematically linked to pleuritis in horses (Ogilvie et al.,
1983; Hoffman et al., 1992; Morley et al., 1996) but its prevalence in
clinical samples was shown to be very low (0.6%, Martineau et al.,
2023). In contrast, recently that M. equirhinis has been described as the
most frequent Mycoplasma species identified in the equine respiratory
tract, with a prevalence of 12.3% in the UK, 16.2% in Turkey, and 13.6%
in Japan (Mete and Ozgﬁr, 2017; Uchida-Fujii et al., 2021; Wood et al.,
2005). We recently validated an optimized methodology for the detec-
tion of mycoplasmas in equine clinical specimens based on both culture
and post-enrichment PCR, and we thus established a prevalence of
M. equirhinis of 14.1% in France (Martineau et al., 2023). The fact that
these non-negligible prevalence values were similar across these four
studies, despite different methodologies and different study populations
(both in terms of size and quality) shows the need to better understand
the role of M. equirhinis in equine respiratory disorders.

According to the revisited Henle-Koch postulates (Evans, 1976), the
causal role of M. equirhinis in equine respiratory disorders is ambiguous,
as the bacterium was isolated from both healthy and diseased animals
(Allam and Lemcke, 1975) and it failed to reproduce the disease in
Welsh ponies experimentally infected by nasal route (Hooker and Butler,
1977). Even if the experimental assay in ponies in the 1970s suffered
from several drawbacks such as inoculation route and size of the lots, it
would not be ethically acceptable today to re-run another challenge
study. Over the years, there have been several studies comparing
M. equirhinis prevalence in diseased versus healthy animals, but most of
them were limited in size, with a maximum of 148 individuals tested
(Mete and Ozgﬂr, 2017; Uchida-Fujii et al., 2021; Wood et al., 2005).

The present study was set up in an effort to better specify the causal
role of M. equirhinis in equine respiratory disorders using three different
approaches. First, we defined a clinical score taking into account several
clinical signs routinely registered by veterinarians. A similar approach
has already been developed to investigate the role of mycoplasmas in
canine infectious respiratory disease (Maboni et al., 2019). Second,
building on our previous study that suggested that the prevalence of
M. equirhinis could vary with type of respiratory specimen and with
breed of horse sampled (Martineau et al., 2023), we further explored
several variables in an effort to discriminate methodological bias from
risk factors for M. equirhinis detection. Third, we investigated whether
M. equirhinis was associated with other microbes, as some equine res-
piratory diseases are known to stem from co-infections involving mul-
tiple agents, bacteria and/or viruses (Reuss and Giguere, 2015).

2. Material and methods
2.1. Study population and samples

A total of 1948 respiratory samples gathered from 1764 horses were
included in the study. The samples were collected between the begin-
ning of January 2020 and the end of December 2022. Most of the
samples were collected via the routine diagnostic workflow at LABEO (n
= 1844), with the remainder (n = 104) collected from mares bred at the
Jumenterie du Pin (Gouffern-en-Auge, France) that were sampled to
increase the number of non- to mildly affected horses included in the
study. The samples consisted of tracheal washes/aspirations (TW, n =
1409, 72%) and bronchoalveolar lavages (BAL, n = 539, 28%). Since the
rationale for taking samples in the field as well as the nature of these
samples (BAL versus TW) depend on the subjective evaluation of the
veterinarians we did not sort a priori the samples included in the study in
terms of suspicion of infection, inflammation or loss of performance.
Samples collected on the same horse within a six-month period were
considered as duplicates and only the first sample was taken into ac-
count, with one exception, i.e. TW and BAL sampled on a same horse on
the same day (n = 123 horses) were both included in the analysis for
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purposes of comparison.
2.2. Data collection

Data on horse age, breed, sex, use, living environment and region,
and clinical signs, and data on sample type (TW vs BAL), time of sam-
pling and shipping temperature were recovered from preformatted re-
cord sheets filled in by veterinarians. By default, the sheet recorded four
age classes (<6 months,]6-18 months],]18 months- 5 years [, >5 years),
three sex classes (male, gelding, or female), three living-environment
classes (stable, outdoor, or mixed), and two sample shipping-
temperature classes (ambient or refrigerated). The clinical signs recor-
ded were spontaneous cough, coughing during TW, epistaxis, tracheal
blood, tracheal mucus, dyspnoea, abnormal breath sounds, hyperther-
mia, and nasal discharge.

Data regarding the detection of microorganisms other than Myco-
plasma spp. and cytological examinations was recovered from the
LABEO results database, which is filled in regularly as part of the
diagnostic workflow in response to veterinarian requests for analyses on
respiratory samples. In brief, bacteria were isolated and quantified on
appropriate agar media and identified by MALDI-TOF mass spectrom-
etry (Léon et al. 2020), except for Rhodococcus equi for which a specific
real-time PCR protocol was used (Rodriguez-Lazaro et al., 2006). If more
than three bacterial species were detected (excluding Mycoplasma spp.),
the sample was classified as polymicrobial and the strains present were
not identified. Screening for equine respiratory viruses, whenever
requested by veterinarians, was performed by real-time PCR (Dou-
bli-Bounoua et al., 2016), and targeted the following viruses: equine
herpes virus (EHV) — 1, 2, 4 and 5, equine arteritis virus (EAV), equine
rhinitis virus (ERV) —A and —B, equine adenovirus (EAdV) — 1 and — 2,
and equine influenza virus (EIV). Cytological analyses were performed
by differential leukocyte count as previously described (Orard et al.,
2016).

2.3. Detection and identification of Mycoplasma spp

Full details of the method used to detect and identify Mycoplasma
spp. from equine TW and BAL samples can be found in Martineau et al.
(2023). Briefly, two 200 pL samples were seeded into 1.8 mL of myco-
plasma culture broth (INDICIA) and incubated at 37 °C with 5% CO5, for
Mycoplasma spp. enrichment during 3-7 days. One broth was used for
DNA extraction and real-time PCR to detect Mycoplasma spp. and
M. felis, and the other was used for daily monitoring of mycoplasma
growth and further seeding onto agar plates to isolate colonies. Isolates
and Mycoplasma spp.-positive DNA extracts were identified by endpoint
PCRs (M. equirhinis or M. pulmonis), or if these two PCRs tested negative,
by Sanger sequencing of their 16S rRNA.

2.4. Data analysis

The raw collected data was further formatted for purposes of anal-
ysis. Sex, age, and breed were reassembled into two categories each
(male and female, age <5 years and >5 years, racehorses and others), as
previously described (Martineau et al., 2023). Use of the horses was
categorized into two modalities: athletes (e.g. for racing, dressage,
training) and non-athletes (e.g. retired, club riding, breeding). The
sampling period was split into two semesters. Shipping time of samples
was stratified into four classes: [6-12 h],]12-24 h],]124-48 h], and > 48
h.

A cumulative clinical score was calculated for sampled horses with
details on nasal discharge, cough, dyspnoea and hyperthermia, which
are described as significant clinical signs for respiratory disorders
(Couetil et al., 2020; Pusterla et al., 2022; Reuss and Giguere, 2015).
These signs were weighted as follows: nasal discharge (scored as 0 if
none, or 1 if present), cough (0 or 2), dyspnoea (0 or 3), and hyper-
thermia (0 or 4). Samples with neutrophil counts > 5% for BAL and >
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20% for TW were considered abnormal (Rossi et al., 2018).

2.5. Statistical analysis

Statistical analyses were performed using RStudio (RStudio, Inc,
Boston, MA). Graphed output was produced using GraphPad Prism
9.1.12 (GraphPad, San Diego, CA). A Chi-square test (n > 5) or Fisher’s
exact test (n < 5) was used to test the independence of a pair of cate-
gorical variables. Quantitative variables with a non-normal distribution
(tested with Shapiro-Wilk) were tested using the non-parametric Mann-
Whitney test. A P-value < 0.05 was considered significant. A multivar-
iate logistic regression model was built to assess the predictors for
presence of M. equirhinis. The explanatory variables to be included in the
final model were selected using the individual P-values of several simple
logistic regression models. Only significant terms, i.e. individual P-value
less than 0.15 in classical logistic regression (Sun et al., 1996), were
retained for the multivariate model. This cut-off was chosen to avoid
adding too many variables in the model, which would thus create a final
multivariate model with too few individuals, as many horses had
missing data. The reference modality was attributed to the majority
population (sampling year/semester, population, breed, sex, age, use,
living environment, specimen, and shipping temperature) or the best
scenario (transport time, clinical score, and neutrophil count). If no
M. equirhinis was detected in a modality, then Firth’s penalised logistic
regression was used (Firth, 1993). Odds ratios (OR) and their
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corresponding 95% confidence intervals (CI) were calculated for each
variable. We used a manual backward stepwise process to construct the
final multivariate models, with significance set at of P < 0.05. Con-
founding factors and interactions were tested by observing the effect of
removing variables on the coefficients of remaining variables. If the
coefficient of a significant variable in the model changed by at least 25%
following removal of a variable, the removed variable was considered a
confounder. Variables suspected of interacting were tested for two-way
interactions and, if found significant, were included in the final multi-
variate model (P < 0.05). All the final multivariate models were tested
for goodness of fit using the Hosmer-Lemeshow test (Hosmer and
Lemeshow, 2000).

3. Results
3.1. Population analysis

The 1948 clinical samples collected from 1764 horses included in
this study originated from different administrative regions of France
(30-510 samples per region). The region with the most numerous
samples was Normandy, which is also the most horse-populated region
of France. However, number of samples per region did not always
correlate with equine population per region (Fig. 1A). Note that three
samples were collected in the French overseas territories. The overall
prevalence of Mycoplasma spp. was 16.1% (ranging from 6.6% to 19.2%
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Fig. 1. Geographic origin of collected samples and comparative prevalence of M. equirhinis. (A) Regional distribution of the equine population and samples collected
for this study in mainland France. (B) Prevalence of M. equirhinis in TW and BAL collected on the same horse, on the same day (n = 123). Error bars correspond to
95% confidence intervals. “* *”: P < 0.01 after a Chi-square test. (C) Prevalence of M. equirhinis, Streptococcus equi subsp. zooepidemicus (S. zoo) and Rhodococcus equi
(R. equi) according to the clinical score given to each horse, plotted as a cumulative Gaussian distribution; n, number of tested samples with a clinical score. (D)
Average clinical score of horses in which at least one of the agents was detected (showing both TW and BAL samples for M. equirhinis). Error bars correspond to 95%
confidence intervals. “ns”: not significant. “* ” and “* *”: P < 0.05 and P < 0.01, respectively, after a Mann-Whitney test.
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depending on the region), of which 85.3% were M. equirhinis. In the
overall population, the prevalence of M. equirhinis was significantly
different (Chi-square test, P < 0.0001) between TW (16.0%) and BAL
(7.6%). This difference was confirmed on a subset of horses (n = 123)
that were sampled at the same time by both TW (17.9%) and BAL (4.8%)
(Fig. 1B, P = 0.0013).

3.2. Clinical scoring

The cumulative Gaussian distribution of the prevalence of
M. equirhinis as a function of clinical score was compared to that of a
primary pathogen [Rhodococcus equi (R. equi)] of young foals and an
opportunist pathogen [Streptococcus equi subsp. zooepidemicus (S. z00)]
(Fig. 1C). For R. equi, as no BAL samples were positive, the prevalence
curve only plots TW samples. R. equi prevalence increased linearly with
clinical score, which is the expected pattern for a strict pathogen. The
sub-population of clinical specimens, with a clinical score, tested for
R. equi is small-sized (n = 29 in Fig. 1C) and includes a majority of an-
imals under the age of 18 months, for which R. equi can be considered as
a pathogen. For S. zoo and M. equirhinis, prevalence in TW and preva-
lence in BAL were examined independently. For S. zoo, there was a less
significant increase compared to R. equi in prevalence with clinical
score, with TW and BAL curves running almost parallel. For
M. equirhinis, prevalence was steady (TW) or almost steady (BAL) across
the clinical scores, suggesting a non-pathogenic pattern. Mean clinical
scores were significantly lower for samples containing M. equirhinis than
samples containing S. zoo or R. equi (Fig. 1D). Once again, in the case of
samples positive for R. equi, the small sub-population (n = 18) observed
corresponds mainly to young horses. These results suggest that
M. equirhinis may be considered commensal or opportunist, but not a
pathogen.

Table 1
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3.3. Statistical modelling

Given the significant difference in proportion of M. equirhinis be-
tween TW and BAL collected on the same horse at the same time point
(Fig. 1B), we ran the risk factor analysis separately on the 1409 TW
specimens and the 539 BAL specimens. Categories of predictors con-
taining less than 10% of the population were reassembled, except when
analysing the potential impact of origin of samples (LABEO diagnostic
workflow versus ‘Jumenterie du Pin’). As the prevalence of M. equirhinis
did not vary significantly with origin of samples or year of sampling
(SD1), we chose to combine these subgroups in order to work on a single
population. As the prevalence of M. equirhinis showed no change with
clinical scores (FigurelB), we classified these scores into five classes for
TW and six classes for BAL (SD1).

In TW samples, age, breed, use, living environment, and semester of
collection were significant explanatory variables in the univariate
models (P < 0.15) (Table 1) and were therefore included in the TW
multivariate model (Table 2).

As M. equirhinis was not detected in normal-neutrophil-count BAL
samples, we used a penalised regression to run an independent analysis
on the ‘neutrophil count’ variable, which showed a significant difference
between the two classes (Table 1). M. equirhinis was also not detected in
samples that took more than 48 h to arrive at the lab for analysis.
However, we found a similar prevalence between the two other time-in-
transport modalities, showing no linearity between transport time and
capacity of detection. Hence, age and breed were the only variables
significant enough (P < 0.15) to be included in the BAL multivariate
model (Table 2).

Due to missing data for some horses, the two multivariate models
had 649 TW samples and 439 BAL samples (Table 2). The final multi-
variate models showed that the significant risk factors for presence of
M. equirhinis in TW were breed (P = 0.049) and living environment

Prevalence and univariate analysis of M. equirhinis detection by the sampled horse’s demographic status. Only variables with P < 0.15 for at least one of the sample
types are shown. N = number of samples by modality, n = number of M. equirhinis-positive samples, % = prevalence of M. equirhinis, OR = odds-ratio, 95% CI = 95%
confidence interval 95%, P = P-value. NA: not available; TW: tracheal wash. BAL: bronchoalveolar lavage.

™ BAL

N n % OR (CI 95%) P N n % OR (CI 95%) P
All 1409 226 16.0% 539 41 7.6%
Age
NA 139 63
> 5 years 897 130 14.5% 1.000 379 22 5.8% 1.000
< 5 years 373 75 20.1% 1.485 (1.081-2.028) 0.014 97 15 15.5% 2.968 (1.451-5.932) 0.002
Breed
NA 229 94
Others 806 124 15.4% 1.000 327 18 5.5% 1.000
Racehorses 374 75 20.1% 1.380 (1.001-1.890) 0.047 118 18 15.3% 3.090 (1.541-6.201) 0.001
Living environment
NA 618 246
Mixed 407 57 14.0% 1.000 174 11 6.3% 1.000
Outdoor 202 18 8.9% 0.601 (0.335-1.031) 0.074 59 3.4% 0.512 (0.079-2.012) 0.404
Stable 182 40 22.0% 1.730 (1.099-2.703) 0.017 60 3 5.0% 0.780 (0.172-2.603) 0.710
Neutrophil (%)
NA 106
Normal 71 8 11.3% 1.000 51 0 0.0% 1.000
Abnormal 604 103 17.1% 1.644 (0.809-3.810) 0.202 382 32 8.4% 9.550 (1.313-1.216E+-03) 0.019
Semester
Spring and Summer 826 116 14.0% 1.000 332 27 8.1% 1.000
Autumn and Winter 583 110 18.9% 1.423 (1.069-1.894) 0.015 207 14 6.8% 0.819 (0.408-1.577) 0.560
Shipping time
NA 17 42
[6-12 h] 163 23 14.1% 1.000 73 7 10% 1.000
112-24 h] 772 131 17.0% 1.244 (0.784-2.052) 0.372 249 20 8% 0.792 (0.341-2.030) 0.609
124-48 h] 305 46 15.1% 1.081 (0.635-1.883) 0.778 101 8 8% 0.806 (0.281-2.321) 0.683
>48h 152 23 15.1% 1.085 (0.579-2.035) 0.798 74 0 0% 0.059 (0.0004-0.504) 5.23E-03
Usage
NA 470 196
Non-Athlete 512 58 11.3% 1.000 165 4.2% 1.000
Athlete 427 76 17.8% 1.695 (1.174-2.459) 0.005 178 14 7.9% 1.927 (0.780-5.200) 0.168
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Table 2
Multivariate model for TW and BAL samples. EC = estimate coefficient, SE

= standard error, OR = odds ratio, 95% CI = 95% confidence interval, P = P-
value.

TW (n = 649)
EC SE OR CI 95% 14

Intercept -2.537 0.308 0.079 (0.041-0.138) 2.000E-16
Breed
Others 1.000
Racehorses 0.510 0.259 1.666 (0.993-2.750) 0.049
Living environment
Mixed 1.000
Outdoor -0.479 0.344 0.620 (0.303-1.180) 0.164
Stable 0.727 0.260 2.068 (1.240-3.440) 0.005
BAL (n = 246)

EC SE OR CI 95% 14
Intercept -3.056 0.273 0.047 (4.140E-05-0.042) 1.776E-15
Age
> 5 years 1.000
< 5 years 0.580 0.475 1.786 (0.690-4.481) 0.222
Breed
Others 1.000
Racehorses 1.049 0.456 2.855 (1.151-6.937) 0.021

SUPPLEMENTARY DATA:

SD1: Prevalence of M. equirhinis infection stratified by type of sample (TW or
BAL) and the sampled horse’s demographic status.

SD2: Microorganisms found in TW and BAL samples and association with
M. equirhinis in TW only. P-values were obtained after a Chi-square or Fisher’s
exact test according to number of samples analysed. NA: not available.

(P = 0.005 for in-stable), whereas only breed was found to be a signif-
icant risk factor in BAL (P = 0.021). Furthermore, the TW multivariate
model obtained a good score on the Hosmer-Lemeshow test
(P = 0.814), whereas the BAL model obtained a much poorer score
(P =0.431).

3.4. Interaction between M. equirhinis and other agents

In an effort to reveal any potential association between presence of
other agents and presence of M. equirhinis, we analysed the presence of
M. equirhinis as a function of presence of other agents found in TW
samples only. Agents present in less than 10 TW were not included in the
analysis, for statistical reasons. BAL specimens were ruled out because:
1) BAL is not the recommended respiratory specimen for direct detection

A * K
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of bacteria, and was sampled less frequently (539 BAL versus 1409 TW)
and 2) we had a consistently low rate of detection of other agents of
whatever type (SD2). The prevalence of M. equirhinis was significantly
higher when it was co-isolated with certain other bacteria, such as S. zoo,
Pasteurella spp., or Actinobacillus equuli, and certain viruses such as EHV-
5 and ERV-B (Fig. 2A), but not with other bacteria and viruses (SD2).
Furthermore, by screening our dataset, we were able to show that
M. equirhinis-positive clinical specimens tended to have a median one log
higher S. zoo load compared to M. equirhinis negative samples, sug-
gesting a positive association between these two bacteria (Fig. 2B).

4. Discussion

This study attempted to decipher the clinical role of M. equirhinis in
equine respiratory disorders.

We first developed a clinical score based on the cumulative occur-
rence of four clinical signs (nasal discharge, cough, dyspnoea, and hy-
perthermia). Here we gave the highest weighting to hyperthermia, as an
indicator of the infectious process, in contrast to previous studies
focusing on inflammatory airway disease, which was recently renamed
‘mild equine asthma’ (Mete and Ozgtir, 2017; Wood et al., 2005).
Because we had access to more than 1900 clinical specimens, we
considered that the potential variability of scoring by several practi-
tioners was smoothed out. However, we ruled out the signs that were too
dependent on the veterinarian’s subjective evaluation (i.e. presence of
tracheal mucus, abnormal breath sounds, and underperformance). The
fact that prevalence of M. equirhinis remained stable across clinical
scores points strongly to a non-pathogenic bacteria, in comparison to
other bacterial species with a known clinical role as opportunistic or
primary pathogens, i.e. S. zoo and R. equi (Rodriguez-Lazaro et al., 2006;
Waller, 2014). However, this result contradicts a previous study that
hypothesised, based on of a limited number of observations, that
M. equirhinis may be implicated in coughs in thoroughbred horses
(Uchida-Fujii et al., 2021).

The main limitation of our approach was that we did not design a
specific study but instead benefited from available diagnostic laboratory
data. First, we did not always have an exhaustive record of clinical signs
per horse, which decreased the size of the ‘usable’ study population
(from 1948 to 1245 clinical specimens), although the population was
still very robust given the large size of our original database. Second,
information on the onset of infection was missing at the time of sam-
pling. Third, we did not include other exams, such as imaging of the
deep airways, but those might not have been relevant for our study
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Fig. 2. Association of M. equirhinis with other microbial agents. (A) Prevalence of M. equirhinis in TW samples in presence or absence of other specific agents, i.e.
Streptococcus equi subsp. zooepidemicus (S. z00), Pasteurella spp., Actinobacillus equuli (A. equuli), equine rhinitis virus-B (ERV-B) and equine herpes virus- 5 and — 2
(EHV-5 and —2). Error bars correspond to 95% confidence intervals. «* 7, «* *7 <« x> gpd «* ** = refer to P < 0.05, P < 0.01, P < 0.001 and P < 0.0001,
respectively, after a Chi-square test. (B) Concentration of S. zooepidemicus (S. zoo) in TW in presence or absence of M. equirhinis. Bars correspond to median values.

<k x»: P < 0.01 after a Mann-Whitney test. n: number.
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population.

For all these reasons, and to strengthen our hypothesis that
M. equirhinis acts as a commensal or opportunist agent in the respiratory
tract, we investigated further risk factors and co-infection patterns. The
screened risk factors were chosen based on previous studies, e.g. period
of the year (Uchida-Fujii et al., 2021) or the living environment that
might lead to increased exposure to infectious agents due to limited
ventilation (Golden et al., 2000).

TW and BAL were analysed separately, as the prevalence of
M. equirhinis was significantly different in these two types of samples
taken from the same animals. Thoroughbreds and trotters were more
frequently positive for M. equirhinis in both TW and BAL, confirming the
findings of our initial study that discussed possible reasons for this
increased susceptibility in detail (Martineau et al., 2023). In addition,
indoor housing was shown to be associated with a higher risk of
detecting M. equirhinis in TW samples. Such an association has already
been described for equine influenza virus (Gildea et al., 2011). In the
absence of canonical virulence factors, the pathogenicity of myco-
plasmas is known to come from their ability to escape and modulate the
host immune response (Citti and Blanchard, 2013). Note, here, that
M. equirhinis was only found in BAL specimens with abnormal neutrophil
counts, and never in BAL specimens with normal counts. This might
explain the poor predictive power (low Hosmer-Lemeshow score) of the
multivariate logistic regression model for BAL, from which neutrophil
proportion was excluded. Neutrophil imbalance in BAL is one of the
parameters used to define asthmatic conditions in horses (Couetil et al.,
2020). A previous study also showed that Mycoplasma spp. were detec-
ted in an asthmatic horse but never in healthy ones, although based on
only a limited number of individuals (Manguin et al., 2020).
M. equirhinis could therefore be associated to asthma, i.e. an inflam-
matory disorder, as already suggested (Wood et al., 2005), but not to
infections (results reported here). This hypothesis is also consistent with
the increased prevalence of M. equirhinis in horses living indoor in a
stable, which is an environment known to promote asthma (Couétil
etal., 2016). However, at this stage, we cannot say whether M. equirhinis
is the cause of this increase in neutrophils, as observed with M. bovis or
M. pneumoniae infection (Allen et al., 1992; Martin et al., 2001), or
whether the increase in neutrophils is induced by other agents or envi-
ronmental sources that go on to facilitate M. equirhinis colonisation.

Our co-detection analyses found a significantly higher prevalence of
M. equirhinis in samples that tested positive for S. zoo, Pasteurella or
Actinobacillus equuli. Such a positive association has already been
demonstrated at the genus level for Actinobacillus (Wood et al., 2005).
Furthermore, the concentration of S. zoo was significantly higher in
samples where M. equirhinis was co-detected. Our data did not allow us
to conclude on the clinical significance of co-detection of these two
species (data not shown), but it did suggest a positive association be-
tween the two species. Research on refractory children’s pneumonia due
to M. pneumoniae found that co-detection of Streptococcus pneumoniae
was frequent and resulted in an increased duration of symptoms in
carrier children (Zhang et al., 2018). Further research is warranted to
investigate whether co-infection by mycoplasma and streptococci in
horses should be considered a cause of disease severity or duration.

TW and BAL samples are not optimal clinical specimens for detecting
coinfection with viruses, and nasopharyngeal swabs are usually
preferred for viral detection. Nevertheless, here, in TW, we found a
higher prevalence of M. equirhinis when EHV-5 or ERV-B were also
detected. EHV-5 that is very commonly recovered from horses and has a
controversial clinical role (Back et al., 2015), whereas ERV-B is associ-
ated with coughing in standard bred racehorses at training (Dou-
bli-Bounoua et al., 2016). Mycoplasmas are regularly co-present with
other microbes in respiratory disorders of other animal hosts, such as
cattle (Grissett et al., 2015), pigs (Saade et al., 2020) and dogs (Maboni
et al., 2019), but it remains unclear whether these co-infections could
result in worsening clinical conditions in horses. Microbiota studies
could help determine the contribution of M. equirhinis in what could be
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called the ‘equine respiratory disease complex’, in comparison to what is
known in other species, as suggested by Mach et al. (Mach et al., 2021).

5. Conclusions

M. equirhinis is more often detected in TW than in BAL specimens, but
its detection rate is constant whatever the clinical score, pointing to a
non-primary infectious agent. M. equirhinis could nonetheless play a part
in the equine respiratory disease complex, in association with S. equi
subsp. zooepidemicus and ERV-B. Since the presence of M. equirhinis is
associated with abnormal neutrophil concentrations in BAL, it may act
through dysregulation of the host immune response, as is well known in
other respiratory complexes. Quantifying the M. equirhinis load at the
infection site could help define its opportunistic nature, and meta-
genomic data would offer a global picture of its contribution to the
equine respiratory disease complex.
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