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Introduction

Contagious equine metritis (CEM) is a sexually transmitted disease of equids caused by the bacterium Taylorella equigenitalis [START_REF] Sugimoto | Transfer of Haemophilus equigenitalis Taylor et al. 1978 to the genus Taylorella gen. nov. as Taylorella equigenitalis comb[END_REF], a small and slow-growing Gram-negative, nonmobile capnophilic and pleiomorphic coccobacillus. The acute form of the disease is characterised by mucopurulent vaginal discharge and variable degrees of vaginitis, endometritis and cervicitis, leading to temporary infertility [START_REF] Timoney | Horse species symposium: contagious equine metritis: an insidious threat to the horse breeding industry in the United States[END_REF]. All positive stallions and a variable proportion of mares are asymptomatic carriers [START_REF] Timoney | Horse species symposium: contagious equine metritis: an insidious threat to the horse breeding industry in the United States[END_REF]. CEM must be reported to the World Organisation for Animal Health (OIE).

CEM was first reported in 1977 in the United Kingdom and Ireland in Thoroughbred horses [START_REF] Crowhurst | Genital infection in mares[END_REF][START_REF] Timoney | A contagious genital infection of mares[END_REF]. The manifestation of a classical sexually transmitted disease affecting Thoroughbreds worldwide has essentially disappeared subsequent to four decades of regulatory restrictions associated with CEM [START_REF] Allen | Half a century of equine reproduction research and application: A veterinary tour de force[END_REF][START_REF] Schulman | Contagious equine metritis: artificial reproduction changes the epidemiologic paradigm[END_REF]. However, CEM has not been eradicated as shown by the 2015 CEM outbreak in South Korea [START_REF] Jeoung | First Isolation of Taylorella equigenitalis From Thoroughbred Horses in South Korea[END_REF]. Artificial insemination has changed the epidemiology of the disease since the 2000s, when most CEM outbreaks worldwide were in non-Thoroughbred horses [START_REF] Breuil | Contagious equine metritis cases reported in France since 2006[END_REF][START_REF] Schulman | Contagious equine metritis: artificial reproduction changes the epidemiologic paradigm[END_REF][START_REF] Sting | Genotyping of German and Austrian Taylorella equigenitalis isolates using repetitive extragenic palindromic (REP) PCR and pulsed-field gel electrophoresis (PFGE)[END_REF][START_REF] Štritof | Detection of Taylorella equigenitalis and Taylorella asinigenitalis in horses in Croatia as a result of small scale survey[END_REF]. The role of contaminated stallion semen in T. equigenitalis transmission was highlighted but under-documented. The risk associated with this mode of transmission is reported to be less than via horizontal transfers by fomites and inadequate biosecurity management practices [START_REF] Schulman | Contagious equine metritis: artificial reproduction changes the epidemiologic paradigm[END_REF], notably during the 2008-2009 USA and 2011 South Africa CEM outbreaks where a biased stallion to mare ratio was observed. In these outbreaks, 82% and 92% respectively of infected horses were stallions [START_REF] Erdman | Diagnostic and epidemiologic analysis of the 2008-2010 investigation of a multi-year outbreak of contagious equine metritis in the United States[END_REF][START_REF] Luddy | Contagious Equine Metritis Within the United States: A Review of the 2008 Outbreak[END_REF][START_REF] May | Polymerase chain reaction-based national surveillance programme to determine the distribution and prevalence of Taylorella equigenitalis in South African horses[END_REF][START_REF] Schulman | Contagious equine metritis: artificial reproduction changes the epidemiologic paradigm[END_REF].

Within this context, we aimed to report evidence of the clinical transmission of T. equigenitalis in a mare inseminated with extended semen cryopreserved over a six-year period. Cryopreserved semen from the same batch used to inseminate the mare was also collected. According to the sanitary certificate supplied with the semen straws, the semen was collected and processed in Germany in 2012; the extender used during the cryopreservation process included amphotericin, gentamicin and penicillin.

Material and methods

Culture for isolation and T. equigenitalis identification

The sample of vaginal discharge was transported overnight at ambient temperature to perform a routine bacterial culture. The bacterial culture was perform at (37±2) °C using four different kinds of agar: blood, bromocresol purple lactose, colistin-nalidixic acid blood, and chocolate. The sample was cultured in air without CO 2 for former two agar types and in air with 7% (v/v) CO 2 .

The plastic straw of 0.5 ml cryopreserved semen was transported overnight at ambient temperature with ice packs (for temperature-controlled packaging). Bacterial culture was performed on the semen following French and international CEM culturing instructions [START_REF]NF U[END_REF][START_REF]Manual of Diagnostic Tests and Vaccines for Terrestrial Animals[END_REF]. In addition, genomic DNA was extracted from the semen using a DNA Extraction Control 670 kits (Bioline) on a Macherey-Nagel NucleoSpin® Tissue column. A direct PCR [START_REF] Wakeley | Development of a real time PCR for the detection of Taylorella equigenitalis directly from genital swabs and discrimination from Taylorella asinigenitalis[END_REF] was then performed using a No-ROX SensiFAST TM Probe.

The T. equigenitalis species was confirmed on suspected colonies using the immunofluorescence method [START_REF] Breuil | Indirect immunofluorescence test using polyclonal antibodies for the detection of Taylorella equigenitalis[END_REF] performed with the Pourquier IFI Taylorella equigenitalis Pool of mAb kit (IDEXX) and two real-time PCR analyses: ADIAVET™ CEMO TAYLORELLA REAL TIME kit (Bio-X Diagnostics) and Wakeley's PCR [START_REF] Wakeley | Development of a real time PCR for the detection of Taylorella equigenitalis directly from genital swabs and discrimination from Taylorella asinigenitalis[END_REF].

Biochemical analysis and Antimicrobial susceptibility testing

API® ZYM system for the detection of 19 enzymatic activities (bioMérieux) and a disc-diffusion antibiotic susceptibility test were performed as previously described [START_REF] Breuil | Phenotypic and 16S ribosomal RNA gene diversity of Taylorella asinigenitalis strains isolated between 1995 and 2008[END_REF]. The T. equigenitalis strains were classified as susceptible (S), intermediate resistant, or resistant (R) using antimicrobial breakpoints recommended by the Antibiogram Committee of the French Society of Microbiology (CA-SFM; http://www.sfm-microbiologie.org/) for Gramnegative bacteria. The antibiotic disc was obtained from Oxoid (disc content and zone diameter breakpoints in mm are indicated in parentheses): amoxicillin (25 µg; S, >21; R, <15), amoxicillin/clavulanic acid (30/30 µg; S, >20; R, <14), cefoxitin (30 µg; S, >21; R, <19), cefquinom (30 µg; S, >21; R, <19), ceftiofur (30 µg; S, >20; R, <18), colistin (50 µg; S, >18; R, <15), ), enrofloxacin (5 µg; S, >21; R, <17), gentamicin (15 µg; S, >17; R, <16), nalidixic acid (30 µg; S, >19; R, <15, neomycin (30 µg; S, >16; R, <15), oxytetracycline (30 µg; S, >18; R, <17), streptomycin (10 µg; S, >15; R, <10), trimethoprim/sulfamethoxazole (25/25 µg; S, >15; R, <10).

MultiLocus Sequence Typing (MLST)

The genetic relationship between the T. equigenitalis strains was investigated using the MLST where a scheme was specifically defined for the Taylorella genus [START_REF] Duquesne | Development of a single multi-locus sequence typing scheme for Taylorella equigenitalis and Taylorella asinigenitalis[END_REF]. Clusters of related strains and individual unlinked sequence types (STs) found in the https://pubmlst.org/taylorella/ database plus the T. equigenitalis strains isolated in this study are displayed as a single eBURST diagram by setting the group definition to zero of seven shared loci using goeBURST algorithm [START_REF] Francisco | Global optimal eBURST analysis of multilocus typing data using a graphic matroid approach[END_REF] implemented in PHYLOViZ program [START_REF] Francisco | PHYLOViZ: phylogenetic inference and data visualization for sequence based typing methods[END_REF].

Results

One strain of T. equigenitalis was isolated from the vaginal discharge and a second strain of T. equigenitalis was isolated in the cryopreserved semen. Numerous suspected colonies of T. equigenitalis were observed in pure culture only on the chocolate agar plate from the vaginal discharge. Several suspected colonies of T. equigenitalis were observed with numerous colonies of other microorganisms on chocolate agar plate from the semen after a 7day incubation. T. equigenitalis was also detected in the semen directly by PCR with a Ctvalue of 20.07. Moreover, immunofluorescence and PCR assays performed on suspected colonies from the vaginal discharge and semen confirmed the T. equigenitalis identification.

Several phenotypic characteristics were investigated in both strains then compared using API® ZYM and a disc-diffusion antibiotic susceptibility test, and the genetic relationship between these two strains was investigated using the MLST scheme specifically defined for the Taylorella genus. Overall, the phenotypic characteristics tested and the MLST results were identical for both strains. The API ZYM profile corresponds to the most commonly observed profile for T. equigenitalis, with alkaline phosphatase, acid phosphatase, leucine arylamidase and naphthol-AS-BI-phosphohydrolase positives. Both strains were susceptible to all antimicrobials tested, and MLST genotyping showed the same ST-46.

Discussion

The present study reports clinical, bacteriological and molecular evidence of the clinical transmission of T. equigenitalis in a mare inseminated with frozen-thawed stallion semen cryopreserved over a six-year period. Antimicrobials are added to semen cryodiluents for their bacteriostatic and/or bactericidal properties. The presence of T. equigenitalis DNA in the semen alone does not confirm viable T. equigenitalis organisms were present in the semen used to inseminate the mare. However, in this case, the presence of T. equigenitalis in bacterial culture supported evidence of its transmission. The MLST lineage ST-46 of both strains is known to circulate (or to have circulated) in Germany but not in France, according to the https://pubmlst.org/taylorella/ database, which corresponds to the geographical location of the semen collection centre (Fig. 1).

In parallel to these results, the French Horse and Riding Institute (IFCE, France) conducted an epidemiological survey that concluded that this was a sporadic case of CEM. It advanced two hypotheses: either the mare was an asymptomatic carrier of T. equigenitalis that could have been transferred from the clitoris to the uterus during insemination, or the semen was contaminated despite inclusion of an antimicrobial-containing extender and a bacterial culture negative for T. equigenitalis after a 14-day incubation period from three sets of genital swabs (fossa glandis, urethra, urethral sinus, prepuce) and pre-ejaculatory fluid collected between one month and three days prior to semen collection, and a fourth set of swabs (fossa glandis, urethral sinus, shaft of penis) and pre-ejaculatory fluid collected four days after semen collection (according to the sanitary certificate supplied with the semen straws). The mare had been living in France since 2008 and this insemination was the first in France.

However, the mare was born in Germany where she has apparently been inseminated once in 2007 and our knowledge, no CEM screening has been performed after her arrival in France, leaving doubt about her possible asymptomatic carrier status. The second hypothesis was nonetheless considered the most relevant since T. equigenitalis was also isolated from semen belonging to the same batch of the cryopreserved semen that had been used to inseminate the mare.

According to the literature, freezing and thawing do not alter the number of T. equigenitalis colonies isolated from CEM-positive semen [START_REF] Klein | Effect of antimicrobial-containing semen extender on risk of dissemination of contagious equine metritis[END_REF]. On the other hand, there is a significant reduction in the number of T. equigenitalis colonies from extended CEM-positive semen whose extender includes a mixture of common antibiotics such as amikacin/penicillin (e.g. VMD-Z extender) [START_REF] Klein | Effect of antimicrobial-containing semen extender on risk of dissemination of contagious equine metritis[END_REF][START_REF] Olivieri | Effect of Antibiotic-containing Extenders on Taylorella equigenitalis Contaminated Semen[END_REF] or amphotericin/gentamicin/penicillin (e.g. INRA 96 extender) [START_REF] Olivieri | Effect of Antibiotic-containing Extenders on Taylorella equigenitalis Contaminated Semen[END_REF]. However, 48 h of contact at 4.5°C between the contaminated semen and INRA 96 extender was necessary for the antibacterial activity of the INRA 96 extender to be as significantly effective as that of the VMD-Z extender and INRA 96 extender with ticarcillinclavulante, both of which were significantly effective from 30 min at 4.5°C [START_REF] Olivieri | Effect of Antibiotic-containing Extenders on Taylorella equigenitalis Contaminated Semen[END_REF]. In the light of these considerations and according to our antimicrobial susceptibility results, it is surprising to observe long-term persistence of T. equigenitalis in cryopreserved semen whose extender included amphotericin, gentamicin and penicillin.

Conclusions

This study describes clinical T. equigenitalis transmission by cryopreserved stallion semen in a context where the majority of CEM cases currently reported in the literature are from asymptomatic animal carriers, and raises the possibility of a failure in biosecurity management and technical practices during semen collection or processing. To conclude, the venereal transmission of T. equigenitalis via contaminated semen during artificial insemination is significant, and supports the implementation of systematic CEM screening (e.g. routinely by PCR and then by bacterial culture to isolate the T. equigenitalis strain in the case of a positive PCR result) of processed semen. equigenitalis strains are respectively represented as dark grey and black colours while T. equigenitalis strains from others countries are in light grey colour. Note that the two T. equigenitalis strains isolated and identified in this study are represented as ST-46; the strain isolated from the mare was defined as a French strain while the strain isolated from the semen was defined as a German strain.
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 14 year-old Oldenburg mare was presented in June 2018 for pregnancy diagnosis 17 days post-insemination with cryopreserved semen from a Hanoverian stallion. During transrectal ultrasonographic examination of the reproductive tract, intrauterine fluid accumulation was observed. A sample of white mucopurulent vaginal discharge of uterine origin was collected into a 30 ml-sample container with screw cap.
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 1 Fig. 1. Population snapshot of the Taylorella equigenitalis. Circles represent STs, and the
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