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Effect of a live Mycoplasma synoviae vaccine on the production of eggshell apex abnormalities induced by a Mycoplasma. Synoviae infection preceded by an infection with infectious bronchitis virus D1466
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and peritonitis and mortality in commercial layer hens although subclinical infections of the respiratory tract seem predominant (Stipkovits & Kempf, 1996;[START_REF] Kleven | Mycoplasma synoviae infection[END_REF]. Furthermore, M.

synoviae is also known to cause synovitis in chickens and turkeys [START_REF] Olson | Studies of infectious synovitis in Chickens[END_REF][START_REF] Kleven | Influence of strain of Mycoplasma synoviae and route of infection on development of synovitis or airsacculitis in broilers[END_REF][START_REF] Morrow | Isolation of Mycoplasma synoviae from infectious synovitis of chickens[END_REF][START_REF] Landman | Field studies on the association between amyloid arthropathy and Mycoplasma synoviae infection, and experimental reproduction of the condition in brown layers[END_REF]van Beek et al., 2002;[START_REF] Kleven | Mycoplasma synoviae infection[END_REF][START_REF] Landman | Aerosol-induced Mycoplasma synoviae arthritis: the synergistic effect of infectious bronchitis virus infection[END_REF].

Since the year 2000 a novel eggshell apex abnormality (EAA) was increasingly found in table egg-producing chicken flocks in the Netherlands. It was characterized by altered shell surface, shell thinning and cracks and breaks. The abnormalities were confined to a region up to approximately 2 cm from the apex of the egg and in most cases there was a very clear demarcation zone and increased translucency visible at candling. Recent field and experimental studies [START_REF] Feberwee | Induction of eggshell apex abnormalities by Mycoplasma synoviae: field and experimental studies[END_REF] showed a causal relationship between the newly-described EAA and M. synoviae infection, thus further increasing the economic relevance of this Mycoplasma species.

In vitro and field studies showed that oxytetracycline was effective against M. synoviae [START_REF] Landman | In vitro antibiotic susceptibility of Dutch Mycoplasma synoviae field isolates originating from joint lesions and the respiratory tract of commercial poultry[END_REF] and M. synoviae-induced EAA [START_REF] Feberwee | Induction of eggshell apex abnormalities by Mycoplasma synoviae: field and experimental studies[END_REF]. However, due to the temporary effect of antibiotic treatment and the risk of residues in eggs for consumption, alternative strategies such vaccination should to be considered for the control of M. synoviaeinduced EAA egg production. Therefore the effect of a commercial live M. synoviae vaccine (Vaxsafe ® MS, Bioproperties Pty Ltd, Ringwood, Victoria, Australia) on M. synoviae-induced EAA egg production was investigated. It was evaluated using an animal model described previously by [START_REF] Feberwee | Induction of eggshell apex abnormalities by Mycoplasma synoviae: field and experimental studies[END_REF]. In this model a synergistic effect was found between infectious bronchitis virus (IBV) strain D1466 and a Dutch EAA-inducing M. synoviae isolate, therefore all experimental groups in the present study were inoculated with IBV D1466. October 2010; Bioproperties Pty. Ltd., Ringwood, Victoria, Australia). After arrival at the Animal Health Service (GD), the vaccine viability in colony-forming units (CFU) was tested using Mycoplasma Experience (ME) agar (Mycoplasma Experience, Reigate, Surrey, UK) 5 days after storage at -70˚C. After vaccination as described below, the colour changing units (CCU) of the retained vaccine were determined according to the protocol of [START_REF] Meynell | Theory in experimental bacteriology[END_REF] as prescribed by the manufacturer.

M. synoviae EAA and IBV D1466 inocula. Freeze-dried M. synoviae EAA culture was suspended in 1 ml distilled water and transferred to 50 ml ME broth and incubated at 37˚C until a change of colour was observed (within 3 days). For counting the CCU of the retained M.

synoviae EAA inocula, ten-fold dilutions were prepared in ME broth and incubated for 14 days at 37˚C. The final M. synoviae concentration was determined as the highest dilution where a colour change was observed. It was expressed as CCU per ml according to the Spearman-Karber method for quantal data [START_REF] Hannan | Guidelines and recommendations for antimicrobial minimum inhibitory concentration (MIC) testing against veterinary mycoplasma species[END_REF][START_REF] Finney | Statistical method in biological assay 1st edition[END_REF].

Freeze-dried IBV D1466 (Animal Health Service (GD), Deventer, the Netherlands, batch number 06500) in vials containing 2.5 x 10 6.6 EID 50 /5 ml was dissolved in phosphate buffered saline (PBS) to produce a concentration of 10 6 -10 7 EID 50 /ml IBV D1466.

In order to determine the IBV concentration (the EID 50 /ml) of the inocula, 10-old dilutions were made and 0.2 ml of each dilution was injected into the allantoic cavity of five 9-day-old specified-pathogen-free (SPF) embryos. The virus titre obtained was based on mortality of embryos and calculated according to the formula of Reed and Muench (1938).

Experimental study. The experimental design is shown in Table 1. At the start of the experiment 72 twelve-week-old SPF white layer chickens (Animal Health Service (GD), Deventer, the Netherlands) were weighed, divided into weight classes and allocated to four groups of 18 so that the average weights were not significantly different. gallisepticum and M. synoviae, and the common avian pathogens as described elsewhere [START_REF] Feberwee | Comparison of culture, PCR and different serological tests for detection of Mycoplasma gallisepticum and M. synoviae infections[END_REF]. Blood samples for testing for IBV, M. synoviae and M. gallisepticum antibodies were collected and a pool of six tracheal swabs were tested per experimental group using the M. synoviae PCR test. The start of the experiment is referred to as week 0 (W0) and the experimental period lasted for 18 weeks. The different groups are defined as: non-vaccinated non-challenged (NVNC), vaccinated non-challenged (VNC), non-vaccinated challenged (NVC)

and vaccinated challenged (VC) following the treatments below.

At W2 of the experiment (14 weeks of age) two groups (NVNC and NVC) were sham vaccinated by eye drop with ME broth (~23 µl) while two other groups (VNC and VC) were vaccinated by this route with ~23 µl the live M. synoviae vaccine according to the manufacturer's instructions. One dropper was used for all experimental groups and a single droplet that formed at the tip of the dropper was allowed to fall on to one of the open eyes.

Blood samples were collected from all groups at W5 (17 weeks of age) for IBV and M. synoviae antibodies.

At W6 of the experiment (18 weeks of age), and five days before M. synoviae challenge, the birds in all four groups were inoculated with IBV D1466 in allantoic fluid containing 10 6.7

EID 50 /ml. Each was inoculated intratracheally (i.t.) with 1 ml of fluid and with 0.5 ml intramuscularly (i.m.) into the pectoral muscle. Fürste Gbr, Lohne, Germany). Moreover, it was also performed on 60 non-affected eggs from the original SPF flock (not infected), which were included as controls.

At the end of the experiment blood samples were collected for IBV and M. synoviae antibodies and tracheal swabs were taken from all birds. Subsequently, 8 to 11 swabs from birds of the NCV, the NVC and VC group were used to determine the M. synoviae CFU equivalents in the trachea swabs by PCR. Furthermore, DNA obtained from all trachea swabs was used for PCR amplification of the vlhA gene and High Resolution Melt (HRM) curve analysis.

The birds were stunned using CO 2 + O 2 and exsanguinated by incision of the jugular vein.

General routine postmortem examination was performed at the time that calcified eggs were expected in the uterus i.e. between 9 and 10 a.m (lay was synchronized) and swabs taken from the uterus for general bacteriology and mycoplasma culture. DNA of M. synoviae culture positive oviducts was also used for PCR amplification of the vlhA gene and HRM curve analysis.

Serology. M. synoviae serology was performed as described by Feberwee and others (2005) using the rapid plate agglutination (RPA) test within 24 h of collection of blood samples. In short, sera diluted 1:2 were tested with the RPA antigen (Nobilis MS antigen batch number 01302, Intervet International, Boxmeer, the Netherlands). If agglutination occurred the serum was serially diluted from 1:4 to 1:32 in PBS pH 7.2 and re-tested. If a serum agglutinated at a dilution of 1:8 (titre 3 log 2 ) or higher it was considered to be a specific positive for M. synoviae. M.

gallisepticum serology was carried out using RPA (Nobilis MG antigen batch number 650 600203, Intervet International, Boxmeer, the Netherlands) and haemagglutination inhibition (HI) test as described previously [START_REF] Feberwee | Comparison of culture, PCR and different serological tests for detection of Mycoplasma gallisepticum and M. synoviae infections[END_REF]. Agglutination and HI at dilution 1:2 (titre 1 log 2 ) or lower was regarded as a specific negative result. IBV D1466 antibodies were assessed with the HI test [START_REF] Alexander | Procedures for the haemagglutination and haemagglutination inhibition test s for avian infectious bronchitis virus[END_REF][START_REF] De Wit | Sensitivity and specificity of serological tests for detection of infectious bronchitis virus-induced antibodies in broilers[END_REF].

Culture of the oviduct. The outer surface of the oviduct was first sterilized with a hot scalpel blade. Then an incision was made with a sterile scalpel and two sterile cotton swabs were used to swab both the isthmus and the uterus. One swab was plated out on 5% sheep blood agar (SBA) plate for general bacteriology and the other on a ME agar plate for mycoplasma culture. The ME agar plates were incubated at 37˚C in a humid environment and examined for colonies every 2 to3 days up to 28 days. One well-separated colony was selected and plated out on a fresh ME agar Molecular identification. Tracheal swabs were eluted per pools of six (at W0) or individually (at W18) in 1 ml PBS and centrifuged for 10 minutes at 16,000 x g. The pellet was then resuspended in 1 ml PBS and centrifuged at 16,000 x g. Subsequently, it was resuspended in 25 µl PBS, incubated at 110˚C for 15 min and cooled on ice for 5 min. After a final centrifugation for 2 min at 16,000 x g, supernatants were cooled at 4˚C and used directly for PCR.

Positive mycoplasma broth cultures (colour change present) were pelleted for 10 min at 16,000 x g and the pellets resuspended in 200 µl of sterile PBS. DNA was extracted using the protocol for Cultured Animal Cells of the QiaAmp DNA mini kit (Qiagen Benelux B.V., Venlo, the Netherlands).

The DNA extracts from tracheal swabs were tested quantitatively and expressed in the calculation of M. synoviae CFU equivalents/ml as described by Mekkes & Feberwee (2005). In short, for the calculation of CFU equivalents aliquots of DNA from serial tenfold dilutions ( 10 HRM curve analysis was performed on a Rotor-Gene 6000 using the software Rotor-Gene 6000 1.7.87 and the HRM algorithm provided as described before (Jeffery et al., 2007) 

Results

Viability and concentration of M. synoviae vaccine. The vaccine viability count after 5 days storage at -70˚C was 1.0 x 10 8 CFU/ml, while viability count as CCU/ml of the retained vaccine was 9.1 x 10 7 CCU/ml. Therefore, one vaccine dose (~23 ul) contained 2.1 x 10 6 CCU, which was in accordance with the manufacturer's recommendations (per bird >10 5.7 CCU living M.

synoviae strain MS-H).

Concentration of M. synoviae EAA strain and IBV D1466 inocula. The IBV D1466 and M.

synoviae EAA concentrations calculated from retained samples of the inocula were 10 6.7

EID 50 /ml allantoic fluid and 10 7 CCU/ml respectively.

Clinical observations. Inoculation with IBV induced mild respiratory signs in all experimental groups during 9-15 days. In total, four birds died during the experiment; one died due to acute pneumonia (VC group), a second due to severe osteomalacia (VNC group), a third due to peritonitis (NVC group) and a fourth had to be euthanized due to subcutaneous emphysema possibly induced by a ruptured air sac (VC group).

The osteomalacia remained confined to a single case as all other birds, which were physically palpated (two to three birds per group), showed no signs and a feed analysis showed sufficient concentrations of calcium and phosphorous.

Serology and PCR. At the start of the experiment the birds were serologically negative for M. All birds were serologically positive for IBV D1466 at the end of the experiment. There was no significant difference in mean IBV D1466 HI titre between the experimental groups (Table 2).

The numbers of M. synoviae PCR positive tracheal swabs at the end of the experiment were 9/11, 10/11 and 6/8 for the VNC, NVC and VC group, respectively. There was no significant difference between the proportions of M. synoviae-positive. Although there was a difference in the average number of tracheal CFU equivalents/ml per chicken in the different groups ( 1758CFU equivalents/ml in the VNC group, 2455 CFU equivalents/ml in the NVC group and 748

CFU equivalents/ml in the VC group), differences were not statistically significant (P >0.05).

Egg production and EAA egg production. In all groups egg production started within one week of M. synoviae challenge. The mean daily egg production per chicken was significantly higher (P <0.05) in the NVNC group than the NVC group (0.60 ± 0.03 (= SEM) eggs and 0.48 ± 0.03 eggs, respectively). In the other two groups the mean daily egg production (0.55 ± 0.03 eggs (VNC group) and 0.57 ± 0.03 eggs (VC group) was not significantly different from the NVNC group and the NVC group (Table 2, Figure 1).

No EAA eggs were produced in the NVNC and VNC groups in a total egg production of 826 and 721 eggs, respectively. The NVC and VC group produced 148 and 88 EAA eggs, respectively, while their total egg production was 646 and 741 eggs, respectively. EAA production in the NVC group and VC group started at 3 and 4 weeks after inoculation of M.

synoviae EAA, respectively. EAA eggs were produced from then on in both groups, however the weekly proportion of EAA egg production in the VC group was lower than in the NVC group (Table 2, Figure 2). In the VNC group one egg showed the visual characteristics of EAA, however this was not confirmed by a reduction in eggshell strength and therefore this egg was not recorded as having EAA. The proportion of EAA eggs of the total egg production was significantly higher (P <0.05) in the NVC group (148/646 (22.9%) than that of the VC group (88/741 (11.9%). Also the mean daily EAA egg production per chicken was significantly higher (P <0.05) in the NVC group (0.14 ± 0.01 eggs) than that of the VC group (0.09 ± 0.01 eggs) (Table 2).

Eggshell strength. At W13 the eggshell strength of non-affected eggs did not differ significantly (P >0.05) between the different experimental groups. However, at the end of the experiment the eggshell strength of non-affected eggs of the NVC group was significantly lower (P <0.05) than that of the eggs derived from the SPF flock of origin, these being 33.7 ± 1.3 N (n = 57) and 41.2 ± 1.0 N (n = 60), respectively). However, there was no significant difference between the VNC group and the NVNC group (39.5 ± 1.3 N; n = 55), the VNC group (39.3 ± 0.9 N; n = 56) and the VC group (37.0 ± 1.1 N; n = 51) regarding eggshell strength of non-affected eggs (Table 2).

Moreover, these three groups did not differ significantly regarding non-affected eggs from the SPF flock of origin. The eggshell strength of the EAA eggs from the NVC group and the VC group did not differ significantly (P <0.05) from each other, being 22.7 ± 0.5 N (n = 134) and 22.8 ± 0.6 (n = 88), respectively, however both differed significantly (P <0.05) from the eggshell strength of non-affected eggs of all experimental groups including that of the SPF flock that served as a control (Table 2).

Postmortem examination and oviduct culture. At postmortem examination no gross macroscopic abnormalities of the oviduct were observed. In 67% of the birds in the NVNC group, in 47% of the birds in the VNC group, in 76% of the birds in the NVC group and in 69% of the birds in the VC group an egg was present in the uterus. M. synoviae was not isolated from the oviducts of the NVNC group or the VNC group. However, it was cultured from the oviducts of 10/17 birds in the NVC group and from the oviducts of 9/16 birds in the VC group. In the VC group one EAA egg was found in the oviduct of a hen that was also M. synoviae culture-positive.

In the NVC group, six EAA eggs were found in the oviducts of which five were culture-positive.

The fractions of mycoplasma-positive cultures from oviducts of the NVC group and the VC group (10/17 and 9/16, respectively) were significantly different (P <0.05) than those of the NVNC group and the VNC group (0/18 and 0/17, respectively). There was no significant difference regarding the proportion of mycoplasma positive oviducts between the NVNC group and the VNC group. Moreover, there was also no significant difference (P >0.05) between the NVCgroup and the VC group (Table 2). No other pathogenic bacteria were isolated from oviducts.

PCR amplification of the vlhA gene and HRM curve analysis. DNA extracted from tracheal swabs from the NVNC group did not produce a detectable PCR amplicon but those extracted from oviduct cultures and from tracheal swabs from all other groups generated amplicons that were subjected to HRM curve analysis. In conventional melt curve analysis, two peaks between 82ºC and 85ºC were generated from amplicons with curve shapes that could be categorized into two distinct profiles, one similar to the M. synoviae vaccine strain and the other to the M.

synoviae EAA strain (Figure . 3a-c). All specimens (tracheal samples) from the VNC group generated vlhA amplicons that corresponded with each other and with the M. synoviae vaccine strain. All other specimens, including tracheal swabs from the NVC and VC groups, and M.

synoviae cultures grown from oviducts from these groups, generated amplicons that corresponded with M. synoviae EAA strain. In the normalized HRM graphs, two distinct curve profiles were displayed, corresponding either to the vaccine or the M. synoviae EAA strain. The amplicons from tracheal swabs from group VNC generated normalized curves that were genotyped as vaccine type while those from tracheal swabs and/or oviduct cultures from bird groups NVC and VC generated normalized curves that genotyped as M. synoviae EAA strain (Figure 3a-c).

DNA seqeunce analysis.

In order to establish the extent of sequence variability in the PCR products amplified from each profile and also to confirm results from vlhA PCR-HRM curve analysis, amplicons from M.synoviae vaccine and M. synoviae EAA strains as well as those from tracheal swabs and/or oviduct cultures from three to four birds in each group were subjected to nucleotide sequencing. Comparison of the sequences revealed that amplicons from tracheal swabs from the VNC group had identical nucleotide sequences to the M. synoviae vaccine strain, while amplicons from tracheal swabs and/or oviduct cultures from NVC and VC groups had identical sequences to the M. synoviae EAA strain. Alignment of the M. synoviae vaccine and M.

synoviae EAA strain sequences revealed an insertion of 12 bp in 5′ end of the M. synoviae EAA amplicon and eight nucleotide substitutions spread throughout the amplicon (Figure 4). 

Discussion

Vaccination with a commercial live M. synoviae vaccine was investigated in this experimental study as an alternative strategy for the control of M. synoviae-induced EAA due to the limited effect of antibiotic treatment and the risk of residues in eggs for consumption. The experimental model used was based on that described by [START_REF] Feberwee | Induction of eggshell apex abnormalities by Mycoplasma synoviae: field and experimental studies[END_REF] and exploited the synergistic effect between IBV D1466 and a Dutch EAA-inducing M. synoviae isolate. Therefore all four experimental groups were inoculated with IBV D1466. The sample size (n =18) used in each group was chosen to obtain enough power (0.20 and α = 0.05) to detect significant differences and was also based on previous work [START_REF] Feberwee | Induction of eggshell apex abnormalities by Mycoplasma synoviae: field and experimental studies[END_REF].

The results showed that vaccination could not completely prevent the occurrence of EAA, although a significant reduction of EAA egg production (approximately 50%; P <0.05) was found. Moreover, a delay in the onset of EAA egg production was observed in the vaccinated group VC. Our data are in agreement with research performed by Markham et al. (1998), who showed a reduction in M. synoviae-induced air sac lesions (from 65% to 12.5%) after a single eye drop vaccination with 30 µl of MS-H vaccine containing 10 7 CCU/ml.

The proportion of EAA eggs in the NVC group (22.9%) was higher than that of a similar experimental group of an earlier study (14%) where M. synoviae-induced eggshell pathology was first described [START_REF] Feberwee | Induction of eggshell apex abnormalities by Mycoplasma synoviae: field and experimental studies[END_REF]. A second difference was that in the present study clinical signs due to IBV were observed in all groups and yet another difference was that the NVC group here showed a significantly lower eggshell strength (P <0.05) in non-affected eggs than that of the non-affected eggs of the control SPF flock. The eggshell strength of unaffected eggs in the NVC group was also lower than that of unaffected eggs in the VC group, however the difference was not statistically significant. Nevertheless, the results suggest a positive effect of M. synoviae vaccination on eggshell strength in M. synoviae EAA-challenged birds. The differences found between the two studies are possibly related to the fact that in this experiment SPF birds were used and not commercial hens. The mean daily egg production per chicken in the NVC group was lower than in all other groups. It was significantly lower than that of the NVNC group indicating that M. synoviae EAA also has a negative effect on total egg production. This is consistent with the findings of the previous study [START_REF] Feberwee | Induction of eggshell apex abnormalities by Mycoplasma synoviae: field and experimental studies[END_REF]. Although the mean daily egg production was lower than that of the VC group, the difference was not statistically different (P >0.05). However as with observations for eggshell strength, the lower egg production results suggest a positive effect of vaccination on the egg production of M. synoviae EAA challenged birds.

The post mortem findings of the birds that died during the experiment (peritonitis, airsacculitis and pneumonia) are consistent with descriptions of dual infections of M. synoviae with IBV [START_REF] Kleven | Mycoplasma synoviae infection[END_REF]. The presence of IBV antibodies in all groups and the presence of M. synoviae antibodies together with M. synoviae positive PCR results in the NVC and VC group, suggest that IBV inoculation and M. synoviae EAA challenge were successful. M. synoviae antibodies were not found in the VNC group at 3 weeks after eye drop vaccination however, at the end of the study (11 weeks after challenge), all samples showed agglutination at dilution 1:2, while seven and five samples were positive at dilution 1:4 and 1:8, respectively. These results

harmonize with a study performed by Markham et al. (1998), who showed that the serological response following MS-H vaccination is slow, with the first RPA reactions occurring 6 weeks after vaccination, and 100% reaction occurring at 16-20 weeks after vaccination. The development of M. synoviae antibodies and the positive M. synoviae PCR in the VNC group and the mycoplasma counts of the M. synoviae vaccine used, all suggest that the experimental birds were correctly vaccinated.

The PCR results and the HRM curve analyses showed that the M. synoviae EAA strain had colonized in oviduct and trachea of the VC group. Although the average CFU equivalents/ml in tracheal samples from this group was lower than that of the NVC group, suggesting that vaccination has an effect on the excretion of the number of mycoplasmas, the difference was not statistically significant. A possible explanation for the lack of significance is the relative low number of experimental birds used. However mycoplasma shedding was only determined at the end of the experiment and had it been determined over the whole experimental period it would have enabled a better evaluation of the differences in shedding between vaccinated and nonvaccinated birds by performing AUC (Area Under the Curve) analysis, as was performed previously for a live Mycoplasma gallisepticum vaccine [START_REF] Feberwee | The effect of a live vaccine on the horizontal transmission of Mycoplasma gallisepticum[END_REF]. A previous study (Jeffery et al., 2007) reported on the value of HRM curve analysis for differentiation of pure cultures of different M. synoviae strains. The present study also demonstrated that this technique has good potential for identification of M. synoviae strains using DNA extracted directly from tracheal swabs. Minor melting temperature variations were observed in the peaks generated from swabs of birds in the same group. However, adjustment of the quantity of DNA templates greatly improved the consistency of the curves. DNA sequencing of the representative amplicons also confirmed the genotyping results from vlhA HRM curve analysis and that the minor variations seen in between specimens from the same group were not caused by differences in nucleotide sequence.

The identification of EAA was based on the outer eggshell characteristics and egg candling in combination with eggshell strength measurement. EAA are characterized by altered shell surface, which is confined to the top cone of the egg. At candling a clear demarcation zone separates the altered eggshell from the normal part and the abnormal eggshell shows increased translucency.

Based on visual inspection one single egg in the VNC group showed the visual characteristics of EAA, however, the eggshell strength was not lowered (34 N) and this egg was therefore not included in the results. Moreover, mycoplasma cultures of oviducts of this group remained negative. [START_REF] Feberwee | Induction of eggshell apex abnormalities by Mycoplasma synoviae: field and experimental studies[END_REF] previously showed that EAA egg production was strongly correlated with a mycoplasma culture positive oviduct.

Although M. synoviae vaccination significantly reduced (P <0.05) the occurrence of EAA in the present study, its efficacy may have been underestimated as in the experimental setting strong challenges with IBV and/or M. synoviae (necessary to get significance using small groups) may overwhelm the M. synoviae vaccine-induced immunity. Therefore, it would be interesting to study the efficacy of this vaccine in a transmission model where seeders and/or natural infection by aerosol are used. Such models have been used previously to study the effect of vaccination on the transmission of M. gallisepticum mimicking more closely the situation in the field [START_REF] Feberwee | The effect of a live vaccine on the horizontal transmission of Mycoplasma gallisepticum[END_REF]. 
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  is traditionally considered the second most important avian Mycoplasma species for commercial chickens from the clinical and economical point of view. It has been associated with respiratory disease and subsequent condemnations due to airsacculitis in broilers

  vaccine. The vaccine used was Vaxsafe ® MS (batch MSH 072991A, expiry date

  of ME agar, approximately 2 x 0.5 cm 2 , bearing positive clones was transferred to 5 ml ME broth and incubated at 37˚C. Positive mycoplasma cultures were identified as M. synoviae by PCR as described below.

  1 to 10 6 ) stored at -20˚C were used as standards in the M. synoviae Q-PCR to calculate the M. synoviae concentrations (CFU equivalents/ml) in the samples. The concentration of M. synoviae in CFU equivalents/ml was calculated using the second derivative method included in the Light Cycler data analysis software. The DNA extracts from mycoplasma positive broths were tested qualitatively by M. synoviae Q-PCR (M. synoviae present or not). The forward primer 5′-GAGAAGCAAAATAGTGATATCA-3′ and the reverse primer 5′-CAGTCGTCTCCGAAGTTAACAA-3′ (GenBank accession number X52083) were used. These primers amplify a 211 bp sequence from the 16S ribosomal RNA gene of M. synoviae.PCR amplification of the vlhA gene and HRM curve analysis. The oligonucleotide primersLink (5′-TACTATTAGCAGCTAGTGC-3′) and MSCons-R (5′-AGTAACCGATCCGCTTAAT-3′) were used to amplify the single-copy conserved 5′ end of the vlhA genes as described before(Jeffery et al., 2007). A 25 µl reaction mixture consisted of 200 µM each dATP, dCTP, dGTP and dTTP, 2 mM MgSO 4 , 25 µM each primer, 1 U High Fidelity Platinium Taq DNA polymerase (Invitrogen), 2.5 µl 10X Platinium Taq DNA polymerase buffer, 10 µM SYTO ® 9 green stain (Invitrogen), and 1 µl extracted M. synoviae genomic DNA. The reaction mixture was incubated at 96 ºC for 2 min, then subjected to 40 cycles of 96 ºC for 15 sec, 54 ºC for 15 sec and 68 ºC for 20 sec. DNA was extracted directly from tracheal swabs and M. synoviae cultures grown from oviducts as described above. In each set of PCR reactions, negative (H 2 O) and positive (M. synoviae vaccine) controls were included.

Figure 2 .

 2 Figure 2. Proportion of EAA eggs (%) of total weekly egg production in non-vaccinated challenged (NVC) and vaccinated challenged group (VC).

Figure 3 .

 3 Figure 3. Individual (a and c) or means (b and d) of conventional (a and b) and normalised (c and d) high resolution melt curves of vlhA gene amplicons generated from tracheal swabs and oviduct cultures.

Figure 4 .

 4 Figure 4. Comparison of the nucleotide sequences of MS-H vaccine and M. synoviae EAA strains vlhA gene amplicons using CLUSTALW. Identical nucleotides and deletions are shown by'.' and '-', respectively. 
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  . Identical volumes of PCR products were subjected to an increasing temperature from 80 to 90 ºC at intervals (ramps) of 0.3 ºC/s. All amplicons were tested in triplicates to detect variations induced by technical errors. Genotypes were defined by selecting a representative sample from M.synoviae EAA and M. synoviae vaccine strains. Specimens giving a confidence value of more than 90% to either of the reference profiles were considered identical to that profile. The Birds were housed, handled and treated following approval by the Institutional Animal Experimental Committee in accordance with the Dutch regulations on experimental animals.
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threshold of 90% confidence percentage was applied according to a previous study

(Jeffery et al., 2007) 

that developed a HRM curve analysis technique for classification of M. synoviae strains based on their vlhA gene sequence.

DNA sequence analysis. Amplicons from a number of specimens from each group were purified using the QIAquick ® PCR purification kit (QIAGEN) according to the manufacturer's instructions, eluted in 30 µl of buffer E (QIAGEN) and then subjected to automated sequencing (BigDye ® Terminator v3.1, Applied Biosystems) in both directions using the same primers used for PCR. The sequences were analyzed using DNASTAR software (DNASTAR Inc., Madison, Wis.). The nucleotide sequence of M. synoviae EAA strain was submitted to the GenBank under the accession number FJ495803.

Statistical analysis.

The fraction of M. synoviae RPA positive samples, of mycoplasma positive culture results from oviducts and the fraction of EAA egg production on total egg production were analyzed using the Proportion Two-Sample-Test

(Statistix ® , 2005)

. Proportions were considered significantly different if P <0.05.

Weight at W0, IBV D1466 titres, egg shell strength, egg production and EAA egg production data were analyzed by means of the Kruskal-Wallis One Way ANOVA. Kruskal-Wallis all pairwise comparisons test was performed as post hoc analysis in order to compare all possible

  gallisepticum and M. synoviae antibodies and freedom of M. synoviae was further confirmed by PCR. Before IBV D1466 and M. synoviae EAA inoculation no specific M. synoviae and IBV D1466 antibodies were found in any group (Table2). In the VNC group only one of 18 samples tested showed agglutination in the RPA test at dilution 1:2.At the end of the experiment M. synoviae specific antibodies (agglutination at 1:8 dilution) were detected only in the M. synoviae-vaccinated and/or M. synoviae-challenged birds (5/17 birds in VNC group, 17/17 birds in NVC group and 11/16 birds in the VC group). However, in

	the VNC group, 7/17 samples showed agglutination at dilution 1:4 while the other five samples
	showed agglutination at dilution 1:2.
	F o
	r
	P
	e e r
	R e v i e w
	O n
	l y
	10

  User's Manual. Analytical software version 8.0. Tallahassee, Florida, USA. Stipkovits, L. & Kempf. I. (1996). Mycoplasmosis in Poultry. Revue Scientifique et Technique (International Office of Epizootics), 15, 1495-1525.
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Table 1 .

 1 Experimental design

	Week (AGE)	NVNC	VNC	NVC	VC
	D0 (W12)	SPF white layers, weighed, divided in weight classes and proportionally allocated in each experimental group (18/group)
	D0 (W12)		M. synoviae and M. gallisepticum RPA & M. synoviae PCR	
	W2 (W14)	sham eyedrop	M. synoviae vaccine	sham eyedrop	M. synoviae vaccine
		ME medium	eyedrop)	ME medium	
	W5 (W17)		M. synoviae RPA and IBV HI	
	W6 (W18)		IBV inoculation i.m. and i.t. (5 days before challenge)	
	W7 (W19)	ME medium i.t.	ME medium i.t.	M. synoviae EAA i.t.	M. synoviae EAA i.t.
	W7-18 (W19-W30)		Registration egg production and production of EAA eggs	
	W18 (W30)			Post mortem	
			M. synoviae RPA and IBV HI	
				M. synoviae VlhA PCR	
			Mycoplasma culture oviduct and identification by M. synoviae PCR	

Table 2 .

 2 Serology, mycoplasma culture oviduct, weight growth, eggshell strength, egg production and EAA egg production of the animal experiment ,d Mean (± SEM) and statistiscal analysis with Kruskal-Wallis One Way ANOVA. Means with different superscripts within a row and between rows (non-affected eggs and EAA eggs) are significantly different (P <0.05). A single EAA-like egg was observed : outer characteristics of EAA egg, but with normal eggshell strength (34 N). EAA production remained confined to this single egg during the production period. j Eggs from the SPF flock from which the experimental birds originated were used as controls for eggshell strength measurements.

	Week	NVNC	VNC	NVC	VC	SPF Flock j
		n = 18	n = 18	n = 18	n = 18	

3 Per isolator one pool of 6 trachea swabs. 4 8-11 samples were tested. a Mean (± SEM) and statistiscal analysis with Kruskal-Wallis One Way ANOVA. Means with different superscripts within a row are significantly different (P <0.05). b Two-Sample Proportion Test. Data with different superscripts within a row are significantly different (P < 0.05). ce One bird not tested. f One bird died. g Two birds died. h k Another 7/15 samples showed agglutination at dilution 1:4.

  MS_H ..........................................................G. MS_EAA ..........................................................A. -----............................................ MS_EAA ....GCACCTACTCCA............................................ ...T...............T......................T.............. MS_EAA ......C...............C......................C.............. .............G......................C.................... MS_EAA ................A......................T.................... MS_H ..........................................................G. MS_EAA ..........................................................T. ......................A............................ MS_EAA .........................G............................

		1	11	21	31	41	51
	consensus	AGTGGCCATTGCTCCTGCTGTTATAGCAATTTCATGTGGTGATCAAACTCCAGCACCT C
		61	71	81	91	101	111
	consensus	TCCA		ACACCTGGAAACCCAAATACTGATAATCCTCAAAACCCAAATCC
	MS_H	....-------121 131	141	151	161	171
	consensus	AGGAAA CCAGGTACTGATAAT CTCAAAACCCAAATCCAGGAAA CCAGGGGGTGGTAC
	MS_H consensus MS_H consensus	F ...181 AGTTGACCCTGTAGAG CTGCTAAAACAGAAGCTAAAAC GCTATTGATGCTTCAGCAGA 191 201 211 221 231 o r ...241 251 261 271 281 291 P ATTATCAGATTCAGTTAAAGAAGCATTAAAAAGACAAGTTGAAGCAACTACAACAGAA C
	consensus MS_H	e 311 321 e TGCAGCCAGAGATTTAAAAACTAAA CAGAAGCTCTTGTTTCAGCTGTAAAAGC 301 331 341 351 r ...
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