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Abstract

Haemophilus parasuis is a colonizer of the upper respiratory tract of pigs and the etiological agent of Glässer's disease, which is characterized by a fibrinous polyserositis, meningitis and arthritis. Glässer's disease has never been reported in wild boar (Sus scrofa), although antibodies against H. parasuis have been detected. The goal of this study was to confirm the presence of this bacterium in wild boar by bacterial isolation and to compare the strains to H. parasuis from domesticated pigs. Therefore, nasal swabs from 42 hunted wild boars were processed for bacterial isolation and subsequent H. parasuis identification by specific PCR, biochemical tests and 16S rRNA gene sequencing. Two different strains of H. parasuis from two wild boars were isolated. These strains belonged to serotype 2 and were included by 16S rRNA gene sequencing and MLST analysis in a cluster with other H. parasuis strains of nasal origin from domestic pigs. During this study, Actinobacillus minor and Actinobacillus indolicus, which are NAD-dependent Pasteurellaceae closely related to H. parasuis, were also isolated. Our results indicate similarities in the respiratory microbiota of wild boars and domestic pigs, and although H. parasuis was isolated from wild boars, more studies are needed to determine if this could be a source of H. parasuis infection for domestic pigs.

Introduction

Haemophilus parasuis is an early colonizer of the respiratory tract of domestic pigs, but it is better known as the etiological agent of Glässer's disease, which is characterized by a fibrinous polyserositis, meningitis and arthritis [START_REF] Oliveira | Haemophilus parasuis: new trends on diagnosis, epidemiology and control[END_REF][START_REF] Rapp-Gabrielson | Haemophilus parasuis, 9th Edition[END_REF]. Two studies have attempted to detect the presence of this bacterium in wild boar by serology. The first one was performed in the southcentral region of Spain (n= 78) and reported no antibodies against H. parasuis [START_REF] Vicente | Antibodies to selected viral and bacterial pathogens in European wild boars from southcentral Spain[END_REF]. However, a recent study reported a prevalence of 18% (n= 178) of wild boars in Slovenia with antibodies against H. parasuis [START_REF] Vengust | A serological survey of selected pathogens in wild boar in Slovenia[END_REF]. To our knowledge, neither the isolation of H. parasuis nor the existence of Glässer's disease in wild boar has ever been reported, although it is not rare in domestic pigs weaned outdoors [START_REF] Docic | Prevalence of Haemophilus parasuis serotypes in large outdoor and indoor pig units in Hungary/Romania/Serbia[END_REF]. Since domestic pigs and wild boars belong indeed to the same species, it would not be surprising that the microbiota of both animals was similar, although the effect of the different living conditions in modern farms and the wild is not known. The aim of this study was to determine if H. parasuis was indeed present in the upper respiratory tract of wild boars and, if so, which type of strains could be found.

Material and methods

H. parasuis isolation and identification

During the hunting season 2005-2006, 42 shot European wild boars (Sus scrofa) from the north eastern of Spain were sampled. Nasal swabs were taken and transported under refrigeration in Amies medium to the laboratory, where they were plated on chocolate agar to isolate single colonies. Isolation and biochemical characterization [START_REF] Möller | V factor-dependent members of the family Pasteurellaceae in the porcine upper respiratory tract[END_REF] were performed as reported before (Olvera et al., 2006b). DNA was extracted from pure cultures using a commercial kit (Chelex 100 resin, Bio-Rad Laboratories Inc., CA, USA) following manufacturer's instructions. Afterwards, H. parasuis-specific PCR [START_REF] Oliveira | Development of a PCR test to diagnose Haemophilus parasuis infections[END_REF] was performed, although final identification was accomplished by 16S rRNA gene sequencing (Olvera et al., 2006a) and database searches using programs based on the Blastn algorithm [START_REF] Altschul | Gapped BLAST and PSI-BLAST: a new generation of protein database search programs[END_REF] at NCBI (http://www.ncbi.nlm.nih.gov/BLAST). A threshold of 99% sequence identity was used for species identification [START_REF] Janda | Bacterial identification for publication: when is enough enough?[END_REF]. Additionally, a neighbour-joining (NJ) tree with 10,000 bootstraps was constructed with the 16S rRNA gene sequences, including sequences of reference strains from the different serotypes [START_REF] Kielstein | Designation of 15 serovars of Haemophilus parasuis on the basis of immunodiffusion using heat-stable antigen extracts[END_REF] currently at the Ribosomal Database Project (http://rdp.cme.msu.edu). Sequences of the type strains of other Pasteurellaceae of swine origin were also included and the tree was rooted using an Escherichia coli sequence.

H. parasuis genotyping and serotyping

Genotyping of each isolate was performed by enterobacterial repetitive intergenic consensus (ERIC)-PCR and multilocus sequence typing (MLST) as previously described [START_REF] Oliveira | Characterization of the diversity of Haemophilus parasuis field isolates by use of serotyping and genotyping[END_REF]Olvera et al., 2006a;Olvera et al., 2006b).

Serotype determination was performed by indirect hemagglutination at the Department of Sanidad Animal of the Veterinary School at the University of Leon (Spain) following a previously published protocol [START_REF] Del Rio | Value of indirect hemagglutination and coagglutination tests for serotyping Haemophilus parasuis[END_REF].

Results and discussion

Selected isolates were genotyped by ERIC-PCR in order to determine if they were different strains (Fig. 1). One representative of each genotype was selected for further characterization, including 16S rRNA gene sequencing (Accession numbers EF396295, EF396296 and EF396303-EF396307). When a Blastn search was performed with the 16S rRNA gene sequences, two isolates (WB21/06-1 and WB24/06-1) were clearly identified as H. parasuis (≥ 99% sequence identity). The geographical origin of these isolates was different: isolate WB21/06-1 came from a 2-3 year-old male, which was captured in Ribes de Freser (Oriental Pyrenees) and isolate WB24/06-1 came from an adult male from Ports de Tortosa i Beseit (Ebre river). Additionally, isolate WB25/06-1 showed a 98% 16S rRNA gene sequence identity to H. parasuis strain 131 (Fig 1). On the other hand, isolate WB72/05-2 showed a 99% 16S rRNA sequence identity to Actinobacillus minor NM305 and isolate WB52/06-1 showed 99% 16S rRNA gene sequence identity to Actinobacillus indolicus 37E3. In agreement with the Blastn results, isolates WB21/06-1 and WB24/06-1 clustered with good bootstrap values (>95%) with the H. parasuis reference strains in a neighbour-joining tree constructed with the 16S rRNA gene sequences (Fig 2). As expected, WB52/06-1 clustered with A. indolicus reference strain (bootstrap value >95%) and WB72/05-1 clustered with A. minor (bootstrap value >95%). On the other hand, WB25/06-1 clustered close to A. indolicus (bootstrap value 60%), and not with strain number 131, which was grouped with the H. parasuis sequences, although in a separated branch (65% bootstrap value). Biochemical characterization of the strains supported the identification of WB25/06-1 as A. indolicus, since it presented an indol-positive reaction.

Isolates WB21/06-1 and WB24/06-4 represented two different strains, firstly indicated by their different ERIC-PCR profile (Fig 1) and confirmed by their different sequence type (ST) in MLST. Isolate WB21/06-1 was ST 157;allelic profile 7,20,22,8,12,1,6, and isolate WB24/06 was ST 147; allelic profile 13, 20, 7, 8, 14, 1, 11, (Accession numbers EF424377-EF424390). Both STs were singletons and shared a maximum of four alleles with STs from isolates of domestic pigs. Nevertheless, no allele was found 6 to be specific of these wild boar isolates. In addition, these isolates were grouped in a MLST cluster not related to strains isolated from systemic lesions (Olvera et al., 2006b).

In agreement, the H. parasuis 16S rRNA gene sequences were separated into two branches as reported in recent works (Olvera et al., 2006a;[START_REF] Angen | Development of an improved species specific PCR test for detection of Haemophilus parasuis[END_REF]. One branch included virulent reference strains, such as the Nagasaki strain, while the other branch included non-virulent reference strains. Our two isolates from wild boars were clustered with the non-virulent strains, pointing out that these isolates could be part of the respiratory microbiota of wild boar. Further characterization of WB21/06-1 and WB24/06-4 determined that both strains belonged to serotype 2, which has been described as a moderately virulent serovar in experimental infections [START_REF] Rapp-Gabrielson | Haemophilus parasuis, 9th Edition[END_REF], although in some studies no disease could be reproduced [START_REF] Nielsen | Pathogenicity and immunity studies of Haemophilus parasuis serotypes[END_REF].

The low prevalence found in our study could be explained by the fastidious growth requirements of H. parasuis and its difficult isolation from dead animals. However, a previous study performed in Spain based on serology reported 0% prevalence. This incongruence with our results can be explained by the different geographical origin of the animals or by the fact that an animal can be colonized by bacteria without developing circulating antibodies against them.

Although the lack of reports of Glässer's disease in wild boar might be explained by a lack of highly virulent strains, the existence of those in wild boar can not be discarded.

In fact, one of the main factors that triggers the development of disease is the early weaning of piglets. Thus, it is probable that wild piglets spent enough time with their mothers to allow the development of natural immunity through a balance between colonization and protection by maternal immunity. On the other hand, another possibility is that wild boars are not susceptible animals for H. parasuis infection and represent solely carriers of the bacterium.

In summary, this study reported the isolation of H. parasuis, A. indolicus and A. minor from nasal swabs from wild boars. This is an indication that the microbiota from the upper respiratory tract of wild boar could be similar to the one of domestic pigs.

Although the H. parasuis strains found in wild boars were not different from those of domestic pig, if wild boar could be a source of H. parasuis infection for domestic pigs needs further study. 
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