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Absence of strictly age related resistance to Mycoplasma hyosynoviae infection in 6-week-old pigs
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Mycoplasma hyosynoviae has never been reported to cause arthritis in pigs younger than 10 weeks of age. In order to investigate whether a strict age related resistance exists, four 6-week-old pigs and four 13-week-old pigs, all immunologically naïve with respect to M. hyosynoviae, were inoculated intranasally with the agent and autopsied at day 11 or 13 after infection. One uninoculated pig per age group was included as a negative control. Just as the 13-week-old pigs, the 6-week-old piglets were susceptible to blood, joint and tonsillar infection with M. hyosynoviae and developed clinical arthritis following inoculation with the agent. Thus we found no evidence of an age related resistance to the infection.

Introduction

The host-specific bacterium Mycoplasma hyosynoviae (M. hyosynoviae) is considered to be the most frequent cause of acute and severe lameness in Danish grower-finisher pigs [START_REF] Nielsen | Mycoplasma hyosynoviae seroprevalence in 104 Danish finisher herds[END_REF][START_REF] Nielsen | Mycoplasma hyosynoviae arthritis in growerfinisher pigs[END_REF]. Significant problems with this bacterium have also been reported in the swine industries of other countries [START_REF] Ross | Mycoplasma hyosynoviae arthritis of swine[END_REF][START_REF] Roberts | The Isolation of Mycoplasma hyosynoviae from an outbreak of porcine arthritis[END_REF][START_REF] Madeiros | Mycoplasma hyosynoviae treatment in pigs[END_REF][START_REF] Sanford | Arthritis caused by Mycoplasma hyosynoviae in grower pigs[END_REF][START_REF] Blowey | Mycoplasma hyosynoviae arthritis[END_REF][START_REF] Smith | Lameness and arthritis in the growing and finishing pig[END_REF][START_REF] Smith | Arthritis in pigs[END_REF]. The bacteria colonize the tonsils of infected pigs [START_REF] Friis | Mycoplasmas cultivated from the respiratory tract of Danish pigs[END_REF][START_REF] Ross | Role of the sow as a reservoir of infection for Mycoplasma hyosynoviae[END_REF] and spread haematogenously to synovial membranes [START_REF] Kobisch | Swine mycoplasmoses[END_REF]Hagedorn-Olsen et al., 1999a).

Pigs younger than 12 weeks (<30 kilos) are for some reason not at risk for developing M. hyosynoviae arthritis [START_REF] Ross | Mycoplasma hyosynoviae arthritis of swine[END_REF][START_REF] Kobisch | Swine mycoplasmoses[END_REF][START_REF] Ross | Mycoplasmal Diseases[END_REF] and tonsillar infection is primarily established in pigs above ten weeks of age (Hagedorn-Olsen et al., 1999b).

A c c e p t e d M a n u s c r i p t

Sows rarely transmit the infection to their suckling offspring [START_REF] Ross | Mycoplasma hyosynoviae arthritis of swine[END_REF]Hagedorn-Olsen et al., 1999b) but the apparent resistance of pigs younger than 10 weeks old to infection with M. hyosynoviae remains unexplained. Therefore we examined whether a purely age related resistance to M. hyosynoviae infection and development of arthritis exists in pigs below 10 weeks of age. Pigs at the age of 6 or 13 weeks, originating from a M. hyosynoviae-free herd and thus devoid of specific colostrally transferred immunity, were inoculated intranasally with the agent. The course of infection was followed by clinical observations for lameness, cultivation of M. hyosynoviae from tonsils, blood and synovial fluid, and examination for gross pathological lesions in joints at necropsy.

Materials and Methods

Cultivation of mycoplasmas

Tonsillar scrapings, synovial fluid and blood were preserved in Mycoplasma transport medium [START_REF] Kobisch | Swine mycoplasmoses[END_REF] and kept at 4°C until cultivation within 24 hours of collection.

For primary isolation of Mycoplasma spp. from blood, samples were diluted 1:3 in broth culture and incubated in twofold dilutions. A modified Hayflick's medium [START_REF] Kobisch | Swine mycoplasmoses[END_REF] was used for cultivation of M. hyosynoviae in blood samples. Tonsillar scrapings were set up for cultivation in HCT I medium and homogenised tonsils in HCT II medium [START_REF] Friis | Mycoplasma hyosynoviae isolation from the upper respiratory tract and tonsils of pigs[END_REF], Hagedorn-Olsen et al., 1999a). Cultivation for primary isolation of M. hyosynoviae from synovial fluid was performed in HAU-medium -a modified Hayflick's medium [START_REF] Kobisch | Swine mycoplasmoses[END_REF] enriched with urea (0,5 mg/ml), MgSO 4 (0,4 mg/ml) and cycloserine (0,15 mg/ml). This is a medium for primary isolation of Mycoplasma and Ureaplasma. The presence of other Mycoplasma species in synovial fluid samples was examined using NHS medium [START_REF] Friis | Mycoplasma hyosynoviae isolation from the upper respiratory tract and tonsils of pigs[END_REF]. Tonsillar-and synovial fluid samples were incubated in ten fold dilutions. Primary cultures for M. hyosynoviae A c c e p t e d M a n u s c r i p t were evaluated finally after 10 days of culture, whereas cultures for other swine mycoplasmas were finally read after 18 days of culture. Passages of M. hyosynoviae cultures were performed in modified Hayflicks medium [START_REF] Kobisch | Swine mycoplasmoses[END_REF]. Final demonstration of M. hyosynoviae in a sample was performed in the disc growth inhibition test (DGI test) on solid medium [START_REF] Friis | Mycoplasmas in pigs, with special regard to the respiratory tract[END_REF][START_REF] Kobisch | Swine mycoplasmoses[END_REF].

Animals and housing conditions

Ten littermates aged 5½ weeks were obtained from a herd free from Mycoplasma spp. as demonstrated by negative culture results of tonsillar scrapings from all sows and gilts of the herd (about 20) performed just before initiation of the study. The pigs were crossbreeds (Danish Landrace, Yorkshire, Duroc, Hampshire). In the experimental unit the pigs were kept isolated from other pigs in pens with concrete floors and abundant straw bedding. Fresh water was supplied, and pigs were fed pelleted swine feed without any antimicrobial additives. All pigs were found to be free of M. hyosynoviae by cultivation of tonsillar scrapings obtained the day before experimental infection. The absence of M. hyosynoviae-specific IgG in the serum of all pigs was verified using an indirect ELISA [START_REF] Jungersen | An indirect ELISA for antibodies against Mycoplasma hyosynoviae arthritis[END_REF][START_REF] Nielsen | Use of a novel serum ELISA method and the tonsil-carrier state for evaluation of Mycoplasma hyosynoviae distributions in pig herds with or without clinical arthritis[END_REF]. The general health of all pigs was judged as good prior to inoculation.

Study design

After an acclimatization period of 3 days, four pigs were inoculated with a cloned field strain of M. hyosynoviae (Mp 927cl, see below) at 6 weeks of age (Group 6W). Four other pigs were inoculated at 13 weeks of age (Group 13W). The two remaining pigs were used as uninfected controls for the respective age groups. The three groups were kept isolated from each other in separate pens.

A c c e p t e d M a n u s c r i p t

Inoculation with M. hyosynoviae

Inoculum for the experimental infections was prepared from a Danish M. hyosynoviae field isolate, Mp927, which had been obtained from an infected joint of a pig, originating from a herd with arthritis problems. The isolate was passed through a 0.45 m filter (Millex-HV, Millipore, Ireland) and cloned once (Mp927cl) on solid medium [START_REF] Kobisch | Swine mycoplasmoses[END_REF]. Mp927cl was cultured until late log phase in modified Hayflicks medium [START_REF] Kobisch | Swine mycoplasmoses[END_REF] (with 15% swine serum in stead of 7,5% swine and 7,5% horse serum) and then used for inoculation. The titre of the inoculum was estimated to 10 10 colour changing units/ml by titration in broth culture. Pigs were inoculated intranasally into the dorsal meatus, while in dorsal recumbency. A dose of 1.5 ml was instilled into each nostril. In previous experiments using this route of infection in 13-17 week-old-pigs, 100% of the infected animals had tonsillar infection and hematogenous spread (Hagedorn-Olsen et al., 1999a), but the rate of clinical arthritis was lower (less than 50%).

Clinical examinations

The pigs were observed for signs of lameness and joint swelling as well as other signs of disease, every day after inoculation. The clinical condition of each limb was scored as follows: 0 no lameness (even weight bearing on, and normal positioning of, all four limbs); 1 slight lameness (stiff gait and short steps or slightly reduced weight load on affected limb/limbs); 2 moderate lameness (clearly uneven stance -moderately reduced weight load on affected limb/limbs); 3 severe lameness (frequently lying down, difficulties in rising, and whenever possible no weight at all on affected leg). Three to four ml of heparinized blood samples, mixed with 1.8 ml mycoplasma transport medium [START_REF] Kobisch | Swine mycoplasmoses[END_REF], were submitted for cultivation at post inoculation day (PID) 4, 6, 8, 11 and 13. Tonsillar scrapings were collected on PID 4, 6, 8 and 11 by scraping the A c c e p t e d M a n u s c r i p t tonsils with a sterile blunt stainless steel tonsil scraper [START_REF] Nielsen | An improved sampling technique for revelation of Mycoplasma hyosynoviae carrier state in pigs[END_REF]. Mucus collected in this manner was rinsed off in a sterile tube containing 1.8 ml mycoplasma transport medium [START_REF] Kobisch | Swine mycoplasmoses[END_REF].

Post mortem examination

The pigs were killed on PID 11 or 13 by stunning followed by exsanguination, and autopsies were performed immediately. The humeroradial, femorotibial and tibiotarsal joints were examined for gross lesions. Synovial fluid was collected aseptically from all six joints and transferred to sterile tubes containing 1.8 ml mycoplasma transport medium [START_REF] Kobisch | Swine mycoplasmoses[END_REF] for cultivation of M. hyosynoviae. Between 25 µl and 1 ml of synovial fluid was used for cultivation depending on the amount obtainable from the joints. All synovial fluid samples from each pig, except for two in Group 6W, were also checked for the presence of M. hyorhinis, M. hyopneumoniae and M. flocculare to verify the absence of joint infection with other swine mycoplasmas. Whole tonsils were collected and kept refrigerated until cultivation for M. hyosynoviae within 24 hours of sampling.

Results, Discussion and Conclusion

Three of four inoculated pigs in each experimental group developed lameness (Table 1). The lame pigs only had one affected leg, except from one pig in Group 13W that had three affected limbs. This pig had two incidences of lameness during the observation period (Table 1). In general, pigs in Group 6W experienced a later début of clinical signs than pigs in Group 13W (Table 1). In Group 6W 75% of lameness registrations were graded as 'score 1' and 25% as 'score 2', whereas Group 13W had 33% of lameness registrations graded as 'score 1', 60% as 'score 2' and 7% as 'score 3'. Joint swelling was observed in both groups. Swelling seemed to persist for a shorter time in Group A c c e p t e d M a n u s c r i p t 6W than in Group 13W (Table 1). Based on the clinical findings there was no evidence of an age related restriction in the susceptibility of pigs to M. hyosynoviae arthritis. M. hyosynoviae could be cultured on PID 4 from both tonsillar scrapings and blood (Table 1) of all eight inoculated pigs. The bacteria persisted in the tonsils until slaughter, and the haematogenous phase was shown to last at least 5-8 days (Table 1). Blood cultivation findings were very similar in the two groups: Two pigs in Group 6W and three pigs in Group 13W had M. hyosynoviae isolated from blood on PID 4, 6 and 8. One pig in each group was positive on PID 4, 6, 8 and 11, and the last pig in Group 6W had M. hyosynoviae isolated from blood on PID 4 and 8. On the day of autopsy three pigs in each of the inoculated groups had M. hyosynoviae in the synovial fluid (Table 1). Neither M. hyorhinis, M. hyopneumoniae nor M. flocculare were recovered from synovial fluid samples. Macroscopic lesions were observed in two pigs in Group 6W (three and two affected joints, respectively) and three pigs in Group 13W (Table 1). One pig in Group 13W had four affected joints, the two other pigs had two and one affected joints, respectively. The lesions were mild in Group 6W, with slight serous arthritis as the only lesion. Pigs in Group 13W had lesions ranging from slight serous to serofibrinous arthritis. The two uninfected control pigs showed no signs of lameness or joint swelling (Table 1). M. hyosynoviae could not be cultured from any of the blood samples or tonsillar samples from these pigs. At autopsy, the control pigs had no detectable M. hyosynoviae in the synovial fluid samples and they had no grossly apparent pathological changes in the joints (Table 1).

Clinical signs and pathological changes have previously been reproduced with success in pigs older than 10 weeks by inoculation with M. hyosynoviae by various routes [START_REF] Ross | Experimental production of Mycoplasma hyosynoviae arthritis in swine[END_REF][START_REF] Ross | Predisposing factors in Mycoplasma hyosynoviae arthritis in swine[END_REF]Hagedorn-Olsen et al., 1999a). However, inoculation experiments in young naïve piglets have not been reported before. In the present study, establishment of tonsil carrier state and haematogenous A c c e p t e d M a n u s c r i p t spread of the infection was similar, irrespective of age. Nothing can with certainty be concluded on whether or not the 13-week-old pigs developed more severe clinical signs and pathological changes than 6-week-old pigs. To do this, one would need to perform studies including a larger number of animals. [START_REF] Ross | Predisposing factors in Mycoplasma hyosynoviae arthritis in swine[END_REF] suggested that more muscular breeds were more predisposed to developing M. hyosynoviae arthritis, as the pressure from large muscles on the joints would enhance the inflammatory response initiated by M. hyosynoviae. The lower bodyweight of the 6-week-old pigs could be a factor that influenced the severity of the arthritis seen in this group. The results of this study indicate that the apparent resistance to M. hyosynoviae infection among pigs younger than approximately 10 weeks (Hagedorn-Olsen et al., 1999b) is not due to strictly age-related factors.

The vast majority of Danish swine herds are infected with M. hyosynoviae [START_REF] Nielsen | Mycoplasma hyosynoviae seroprevalence in 104 Danish finisher herds[END_REF] and the presence of M. hyosynoviae specific antibodies, probably maternally derived, has been reported in 3-5 days old piglets (Hagedorn-Olsen et al., 1999b). Thus pigs younger than 10 weeks of age in Danish herds might be protected against M. hyosynoviae infection by passive transfer of colostral immune factors from sows to their offspring. The gradual decline of maternally transferred immunity to non-protective levels would make older pigs susceptible to infection and development of clinical disease, as described for infection with M. hyopneumoniae [START_REF] Wallgren | Humoral immune responses to Mycoplasma hyopneumoniae in sows and offspring following an outbreak of mycoplasmosis[END_REF][START_REF] Leon | Seroepidemiology of Mycoplasma hyopneumoniae in pigs from farrow-to-finish farms[END_REF]. This study has shown that 6-week-old, immunologically naïve piglets are susceptible to infection with M. hyosynoviae and can develop arthritis following experimental inoculation. The possible protective effect of maternally transferred immunity on the outcome of infection with M. hyosynoviae definitely needs to be addressed in further studies.
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A c c e p t e d M a n u s c r i p t 14 Table 1. Clinical and pathological observations and cultivation findings in pigs inoculated with Mycoplasma hyosynoviae at 6 and 13 weeks of age, respectively. The observation period was from post inoculation day (PID) one to thirteen. 
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