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Streptococcus suis causes invasive infections in pigs and occasionally in humans. Worldwide, S. suis serotype 2 is most frequently isolated from diseased piglets, but the less virulent serotype 9 is emerging, at least in Europe. We compared the activation of human Toll-like receptors (hTLRs) by S. suis serotype 2 and 9 strains to better understand the role of the innate immune response in fighting S. suis infections. Neither live nor heat-killed log phase grown S. suis activated the hTLR1/2, hTLR2/6 and hTLR4/MD-2 complexes. However, the hTLR2/6 complex was specifically activated by both serotypes after disruption of the cell wall synthesis using penicillin. Activation levels of the hTLR2/6 complex were higher for serotype 9 strains compared to serotype 2 strains suggesting intrinsic differences in cell wall composition between both serotypes. The hTLR2/6 activating fractions decreased in molecular size after digestion with proteinase K and were sensitive for lipoprotein lipase digestion and NaOH hydrolysis, indicating lipoprotein(s) as active component(s). Overall, our results indicate that S. suis lipoproteins activate TLR2/6 but not TLR1/2 and that the clinically different serotypes 2 and 9 display differential release of TLR ligand when cell wall integrity is compromised.

Introduction

Streptococcus suis is primarily a pathogen of pigs and may cause meningitis, endocarditis, septicemia, pneumonia and arthritis. Occasionally S. suis causes disease in humans with clinical manifestations similar to those seen in piglets [START_REF] Arends | Meningitis caused by Streptococcus suis in humans[END_REF][START_REF] Bungener | Fatal Streptococcus suis septicemia in an abattoir worker[END_REF][START_REF] Peetermans | Bacterial endocarditis caused by Streptococcus suis type 2[END_REF]. Although the human S. suis infections were a rare event in the past [START_REF] Gottschalk | Streptococcus suis is modulated by the presence of capsular polysaccharide which modifies macrophage responsiveness[END_REF], recently an outbreak with over 200 cases was reported in Sichuan, China [START_REF] Sriskandan | Invasive disease and toxic shock due to zoonotic Streptococcus suis: an emerging infection in the East?[END_REF][START_REF] Tang | Streptococcal toxic shock syndrome caused by Streptococcus suis serotype 2[END_REF][START_REF] Yu | Human Streptococcus suis outbreak, Sichuan, China[END_REF]. Most of the human S. suis cases follow direct exposure to pigs or pork meat [START_REF] Arends | Meningitis caused by Streptococcus suis in humans[END_REF][START_REF] Staats | Streptococcus suis: past and present[END_REF][START_REF] Yu | Human Streptococcus suis outbreak, Sichuan, China[END_REF]. So far, no transmissions between human individuals have been reported.

As of now, 33 capsular serotypes of S. suis have been described with differences in virulence between serotypes as well as within serotypes. Worldwide, the vast majority of porcine and human isolates belong to serotype 2. In Europe, serotype 9 isolates are emerging and contribute substantially to S. suis associated disease in pigs (Silva et al., 2006;[START_REF] Wisselink | Distribution of capsular types and production of muramidase-released protein (MRP) and extracellular factor (EF) of Streptococcus suis strains isolated from diseased pigs in seven European countries[END_REF], despite their reduced virulence [START_REF] Beineke | Comparative evaluation of virulence and pathology of Streptococcus suis serotypes 2 and 9 in experimentally infected growers[END_REF].

S. suis infections are accompanied by a strong inflammatory response, suggesting an important role of the innate immune system in S. suis infection pathology. S. suis serotype 2 and especially its cell wall components trigger the production of pro-inflammatory cytokines by murine macrophages, human brain microvascular endothelial cells and porcine blood cells [START_REF] Segura | Heat-killed Streptococcus suis capsular type 2 strains stimulate tumor necrosis factor alpha and interleukin-6 production by murine macrophages[END_REF][START_REF] Segura | Proinflammatory cytokine and chemokine modulation by Streptococcus suis in a whole-blood culture system[END_REF][START_REF] Vadeboncoeur | Pro-inflammatory cytokine and chemokine release by human brain microvascular endothelial cells stimulated by Streptococcus suis serotype 2[END_REF]. At which stages of infection these highly stimulating S. suis derived cell wall components become available for recognition and thereby initiate the production of pro-inflammatory cytokines and chemokines is still largely unknown. Furthermore, the specific ligands able to activate pattern recognition receptors (PRRs) such as the Toll-like receptors (TLRs) are not yet identified for S. suis.

In the present study we examined the involvement of several TLR complexes in recognizing components of S. suis serotypes 2 and 9 in a HeLa transfection system. Our results indicate that both serotypes express lipoproteins that activate the hTLR2/6 complex.
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Materials and methods

Bacterial strains

Three virulent wild type S. suis serotype 2 strains and three virulent wild type S. suis serotype 9 strains (Table 1) were grown on Colombia agar plates (Oxoid Ltd, London, United Kingdom) containing 6% horse blood at 37°C and 5% CO 2 . Liquid cultures were grown in Todd-Hewitt broth (TH broth) (Oxoid Ltd., London, United Kingdom) for 18 h at 37°C without agitation. Prior to the experiments, bacteria were pelleted by centrifugation at 4500 g for 10 min and resuspended to 10 9 CFU/ml in Dulbecco's phosphate buffered saline (D-PBS).

Cells

The HeLa 57A cell line stably transfected with a nuclear factor-kappa B (NF-B) luciferase reporter construct [START_REF] Rodriguez | Nuclear retention of IkappaBalpha protects it from signal-induced degradation and inhibits nuclear factor kappaB transcriptional activation[END_REF] was generously provided by Dr. R.T. Hay (Institute of Biomolecular Sciences, University of St. Andrews, St. Andrews, Scotland, UK). Cells were routinely propagated in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal bovine serum (FBS) and incubated at 37ºC and 10% CO 2 .

Expression vectors and reagents

The expression vectors pTracer-hTLR1, pTracer-hTLR2, pTracer-hTLR6, pTracer-hCD14 containing hTLR1, hTLR2, hTLR6 and hCD14 respectively [START_REF] Keestra | The central leucine-rich repeat region of chicken TLR16 dictates unique ligand specificity and species-specific interaction with TLR2[END_REF] and lipopolysaccharide (LPS) from Salmonella enterica serovar Enteritidis (here referred as S. Enteritidis) [START_REF] Keestra | Unique properties of the chicken TLR4/MD-2 complex: selective lipopolysaccharide activation of the MyD88-dependent pathway[END_REF] were kindly provided by Dr. A.M. Keestra (Utrecht University, The Netherlands). The expression vectors pUNO-hTLR4, pUNO-hMD-2 containing hTLR4 and hMD-2 A c c e p t e d M a n u s c r i p t 5 respectively and the synthetic lipopeptides FSL-1 and PAM 3 CSK 4 were purchased from InvivoGen (Toulouse, France).

Transfection and stimulation of cells

HeLa 57A cells were grown in 48 well tissue culture plates in DMEM containing 5% FBS until 50% confluence was reached. Cells were transfected with FuGENE 6 (Roche Diagnostics, Almere, The Netherlands) at a lipid to DNA ratio of 3 to 1. Expression plasmids carrying the TLR genes were added to a concentration of 67.5 ng/well/plasmid. Empty vector was added in variable amounts to equalize the total transfected plasmid DNA to 250 ng/well. The pTK-LacZ vector was used for normalization of the transfection efficiency. After 48 h of incubation at 37ºC, medium was replaced with fresh medium. Subsequently, cells were stimulated for 5 h with 10 6 CFU/ml live, 10 7 CFU/ml heat-killed (60°C, 45 min.), 10 7 CFU/ml penicillin treated whole bacteria or bacterial derived supernatant. Stimulation with penicillin treated whole bacteria was performed by adding live untreated bacteria to transfected HeLa cells in the presence of 30 µg/ml penicillin (Sigma-Aldrich, Zwijndrecht, The Netherlands). The tri-acylated lipopeptide PAM 3 CSK 4 (100 ng/ml), the di-acylated lipopeptide FSL-1 (100 ng/ml) and S. Enteritidis derived LPS (100 ng/ml) served as TLR specific controls for respectively the hTLR1/2, hTLR2/6 and hTLR4/hMD-2 complexes. Cells transfected with empty vector were used to determine TLR2 and TLR4 independent NF-B activation. The HeLa cells only responded to the TLR ligands Pam 3 CSK 4 , FSL-1 and LPS after transfection with the specific TLRs, indicating that the tested TLRs are not constitutively expressed by the used HeLa cells.

Luciferase assay

After stimulation, cells were washed twice with D-PBS and lysed in 0.1 ml Reporter Lysis Buffer (E397A, Promega, Leiden, The Netherlands) according the manufactures description.

Luciferase activity was determined with a Victor 1420 multilabel counter (Perkin Elmer, Groningen, The Netherlands) by incubating 20 µl of lysed cells with 50 µl of luciferase assay substrate (Promega). Due to variation in transfection efficiency within and between experiments, luciferase activity was normalized by determination of ß-galactosidase activity with the ß-galactosidase assay (E2000, Promega). In addition, relative fold activation was calculated as the normalized reporter activity of the test samples divided by the normalized activity of un-stimulated samples. Results represent the mean + SEM of three strains per serotype of at least two independent experiments. Statistical significance of a difference between two means was evaluated using a Student's unpaired ttest when data were normally distributed. When data was not normally distributed a Mann-Whitney test was performed. A two-tailed p value of <0.05 was taken as significant.

Release of TLR2/6 activating components

Serotype 2 and serotype 9 strains were grown for 18 h at 37°C in TH broth, resuspended to 10 9 CFU/ml in D-PBS and diluted 1:10 in TH broth or in a chemical-defined medium (CDM) consisting of a 1:1 mixture of HAM-F12 nutrient mixture (21765, Invitrogen, Breda, The Netherlands) and NCTC-109 medium (N1140, Sigma-Aldrich). The combination of these two cell culture media results in the formation of a CDM that contains all amino acids, a broad range of inorganic salts, several vitamins and glucose as the main carbon source. At an optical density of 0.4 (600 nm), penicillin was added to the culture to a final concentration of 30 µg/ml. After 2 h incubation at 37°C, cells and medium were separated by centrifugation (4500 g, 10 min). The supernatants were 0.2 µm filter sterilized and directly used for stimulation of transfected cells. CDM supernatants of serotype 2 and serotype 9 strains after penicillin treatment were also concentrated using Amicon Ultra-15 centrifugal filter devices with a 100 NMWL cut-off (Millipore, Amsterdam, The Netherlands). Concentrated fractions (referred as Amicon concentrated fractions) were frozen for later treatment or used directly for stimulation. 3881) and one serotype 9 strain (8067) were digested (1.5 h at 56°C) with 200 µg/ml of proteinase K (Sigma-Aldrich). Inactivation of proteinase K, before HeLa cell stimulation, was performed by addition of 10 mM phenylmethanesulphonylfluoride (PMSF, Sigma-Aldrich). Lipoproteins present in the 40 times v/v Amicon concentrated fractions were digested with lipoprotein lipase or treated with NaOH. Lipoprotein lipase (Sigma-Aldrich) was added to a final concentration of 100 µg/ml and incubated for 18 h at 37°C. NaOH treatment was performed by incubation of the fractions with 0.2 N NaOH for 2 h at room temperature followed by neutralization with 37% v/v HCl. Positive control fractions were obtained by similar treatments, but without addition of enzyme or NaOH.

SDS-PAGE, silver staining and protein concentration

Amicon concentrated supernatants of penicillin treated S. suis were separated by 4-12% Bis-Tris NuPAGE gels (Invitrogen) under reducing (DTT and 5 min 95°C) or non-reducing (without DTT and heating) conditions. Proteins were visualized with the Silver staining kit Plus One from GE Healthcare (Uppsala, Sweden). Protein concentration of samples was determined with the Bradford protein assay (Biorad, Veenendaal, The Netherlands).

Elution from acrylamide gel

Proteinase K digested or undigested Amicon concentrated supernatants, corresponding to 150 µg of total protein, of a penicillin treated S. suis serotype 9 strain (8067), were separated with SDS-PAGE under non-reducing conditions. As a positive control 10 µg of FSL-1 was separated as well.

Subsequently, gels were cut into 1 cm strips of 7 different molecular size ranges. Each strip was homogenized in a 1% w/v SDS solution to elute components. Fractions were centrifuged (12,000 g. 

Results

S. suis activates human TLR2/6

HeLa cells expressing the hTLR1/2, hTLR2/6 or hTLR4/hMD-2 complexes, all in combination with hCD14 to increase ligand capturing (Manukyan et al., 2005;[START_REF] Nakata | CD14 directly binds to triacylated lipopeptides and facilitates recognition of the lipopeptides by the receptor complex of Toll-like receptors 2 and 1 without binding to the complex[END_REF][START_REF] Palsson-Mcdermott | Signal transduction by the lipopolysaccharide receptor, Toll-like receptor-4[END_REF] were stimulated with live, heat-killed or penicillin-treated serotype 2 and serotype 9 strains (three strains per serotype, Table 1). No activation of the tested complexes was observed after stimulation with live or heat-killed S. suis. However, after disruption of the cell wall by penicillin, S. suis was able to activate the hTLR2/6 complex within 5 h of stimulation (Fig. 1). TLR2/6 dependent NF-B activation was significantly higher for serotype 9 strains compared to serotype 2 strains. Penicillin by itself (i.e., without S. suis) caused no activation of HeLa cells (data not shown). Similarly, HeLa cells transfected with empty vector, hTLR1/2 or hTLR4/MD-2, all showed only basal levels of NF-B activation with penicillin-treated S. suis, indicating that S. suis-derived components specifically activated the TLR2/6 complex. Penicillin minimum inhibitory concentration (MIC) values did not differ significantly between serotype 2 and 9 (data not shown).

S. suis releases hTLR2/6 activating components into the medium upon penicillin treatment

To evaluate whether S. suis released hTLR2/6 activating components into the medium after penicillin treatment, we added penicillin to log phase grown bacteria in TH broth or CDM and collected the supernatants. Similar as was observed with penicillin-treated whole bacteria (Fig. 1B) supernatants of penicillin-treated S. suis induced NF-B activation in hTLR2/6 transfected HeLa cells A c c e p t e d M a n u s c r i p t 9 (Fig. 2A). Supernatants of serotype 9 strains activated the hTLR2/6 transfected cells more than serotype 2 strains, resembling the stimulation profile of the penicillin-treated whole bacteria (Fig. 1B).

Mean NF-B activation levels were lower for S. suis grown in CDM compared to TH broth (Fig. 2A), despite that growth rates of S. suis in CDM were only slightly decreased compared to TH broth (data not shown). In all cases, stimulation of cells transfected with empty vector yielded only background levels of NF-B activity (Fig. 2B). Although penicillin treatment resulted in the most potent hTLR2/6 activation, activation could also be obtained by concentrated supernatants of untreated stationary phase bacteria (data not shown), suggesting that TLR2/6 activating components are released during natural infection as well.

Characterization of the S. suis TLR2/6 ligands

To investigate the nature of the hTLR2/6 activating components of S. suis, concentrated CDM culture supernatants of penicillin-treated S. suis were digested with proteinase K. Proteinase K treatment did not significantly reduce the hTLR2/6 activating capacity of both serotypes (Fig. 3A), while cells transfected with empty vector remained unresponsive (data not shown). To confirm proteinase K digestion, samples were separated by SDS-PAGE and proteins were visualized by silver staining. The majority of proteins were digested by proteinase K in both serotypes resulting in disappearance of proteins in the higher and medium molecular size range (Fig. 3B). The silver staining also showed more intense staining for the supernatant of the penicillin-treated serotype 9 strain compared to the serotype 2 strain, suggesting a difference in protein release upon penicillintreatment of the serotypes. Despite being resistant to proteinase K digestion (Fig. 3A), the hTLR2/6 activating component(s) might still be of proteinaceous nature as several lipoproteins have been described to maintain TLR2 activating capacity after proteinase K digestion [START_REF] Hashimoto | Lipoprotein is a predominant Toll-like receptor 2 ligand in Staphylococcus aureus cell wall components[END_REF][START_REF] Thakran | Identification of Francisella tularensis lipoproteins that stimulate the toll-like receptor (TLR) 2/TLR1 heterodimer[END_REF]. 

suis has a protein backbone

To further examine whether the proteinase K-resistant TLR2/6 stimulatory activity of penicillin-treated S. suis has a protein component we separated proteinase K-digested and undigested fractions by SDS-PAGE (non-reduced conditions) and tested the hTLR2/6 stimulating activity of different molecular size ranges. The hTLR2/6 activating capacity of the positive control FSL-1, was observed in the low molecular size fraction of approximately 5-15 kDa (Fig. 4C). The hTLR2/6 activating capacity of the undigested sample was observed in a broad molecular size range of 10-200 kDa with peak activity at approximately 30 kDa (Fig. 4A). After proteinase K digestion the hTLR2/6 activating capacity clearly shifted towards a lower molecular size range (Fig. 4B). The shift in molecular size of the active components after proteinase K treatment strongly suggests the TLR2/6 activating component(s) of S. suis has a protein backbone.

Sensitivity of the S. suis TLR2/6 ligand(s) to lipase and NaOH treatment

As TLR2/6 ligands are often lipoproteins, we tested whether the hTLR2/6 activating proteins of S. suis were lipoproteins. Therefore, we digested the activating fractions with lipoprotein lipase or treated the fractions with NaOH to cleave of the acyl chains present at the N-terminal cysteine of lipoproteins. Lipoprotein lipase treatment reduced the hTLR2/6 stimulating activity of both serotype 2 and 9 to approximately 50% (Fig. 5). NaOH treatment reduced hTLR2/6 activation of both serotypes to approximately 30%. These results strongly suggest that S. suis lipoproteins are the primary ligands recognized by hTLR2/6.

A c c e p t e d

M a n u s c r i p t 11 3.6. Comparable hTLR2/6 activation of S. suis serotypes 2 and 9 with equivalent amounts of released protein Serotype 9 strains activated the hTLR2/6 complex more than serotype 2 strains (Fig 1B). In addition, we showed that upon penicillin-treatment serotype 2 strains release a lower total amount of protein compared to serotype 9 strains (Fig. 3B). To evaluate whether the difference in TLR2/6 activating capacity between serotype 2 and 9 was maintained after correction for the amounts of protein released, we stimulated hTLR2/6 transfected cells with supernatant of penicillin-treated bacteria adjusted for protein concentration. After protein normalization no significant difference was observed between the two serotypes (Fig. 6), suggesting that the difference in hTLR2/6 stimulation between serotype 2 and 9 may be related to differential release rather than to intrinsic differences of the hTLR2/6 ligand(s).

Discussion

In this study, we provide evidence that two pathogenic serotypes (2 and 9) of S. suis stimulate the hTLR2/6 complex, resulting in activation of NF-κB. The ligand was at least one lipoprotein as evidenced by its susceptibility to proteinase, lipase and NaOH. The differential release of TLR2/6 ligand after penicillin treatment of serotype 2 and 9 strains suggests the existence of intrinsic differences in cell wall composition between these serotypes.

The novel finding that S. suis activates the TLR2/6 but not the TLR1/2 complex and that this effect is conferred by a bacterial lipoprotein is consistent with the general concept that the TLR2 complex has specificity for di-or tri-acylated peptides. TLR2 must form heterodimers with TLR1 or TLR6 to signal [START_REF] Ozinsky | The repertoire for pattern recognition of pathogens by the innate immune system is defined by cooperation between toll-like receptors[END_REF]. The TLR1/2 complex is activated by tri-acylated lipopeptides [START_REF] Alexopoulou | Hyporesponsiveness to vaccination with Borrelia burgdorferi OspA in humans and in TLR1-and TLR2-deficient mice[END_REF][START_REF] Takeuchi | Cutting edge: role of Toll-like receptor 1 in mediating immune response to microbial lipoproteins[END_REF] while the TLR2/6 complex is activated by diacylated lipopeptides [START_REF] Takeuchi | Discrimination of bacterial lipoproteins by Toll-like receptor 6[END_REF]. Considering this, the specific activation of TLR2/6 by S. suis is likely caused by at least one di-acylated lipoprotein. Lipidation of proteins is well established A c c e p t e d M a n u s c r i p t 12 for Gram-positive species and is achieved by the lipoprotein diacylglyceryl transferase (Lgt) [START_REF] Sutcliffe | Pattern searches for the identification of putative lipoprotein genes in Gram-positive bacterial genomes[END_REF][START_REF] Von Heijne | The structure of signal peptides from bacterial lipoproteins[END_REF]. Lgt couples a di-acylglycerol moiety via a thioester bond to the thiol group of the cysteine present in the lipobox in the C-terminal part of the N-terminal signal sequence of a protein [START_REF] Sutcliffe | Pattern searches for the identification of putative lipoprotein genes in Gram-positive bacterial genomes[END_REF][START_REF] Von Heijne | The structure of signal peptides from bacterial lipoproteins[END_REF]. After lipidation, a lipoprotein signal peptidase (Lsp) is able to cleave of the signal peptide [START_REF] Hussain | Mechanism of signal peptide cleavage in the biosynthesis of the major lipoprotein of the Escherichia coli outer membrane[END_REF], followed by anchoring of the lipoprotein in the cell wall. The synthesis of tri-acylated lipoproteins requires the N-acyltransferase (Lnt) that acylates the amine group of the cysteine residue in the lipobox. Interestingly, no Lnt homologues in streptococcal species, including S. suis, have thus far been identified, which may explain the lack of activation of TLR1/2 by S. suis. In published genomes of S. suis [START_REF] Chen | A glimpse of streptococcal toxic shock syndrome from comparative genomics of S. suis 2 Chinese isolates[END_REF][START_REF] Holden | Rapid evolution of virulence and drug resistance in the emerging zoonotic pathogen Streptococcus suis[END_REF] we found more than 40 putative lipoproteins. All of these are putative TLR2/6 ligands.

We investigated the interaction of S. suis with human TLR complexes in a human cell based transfection system. Because our primary interest was to study TLR activation by different S. suis serotypes we started this work using the human TLR system. Furthermore, the human TLR read out systems have been validated in contrast to the porcine TLR read out systems. In a later stage we would like to concentrate on the interaction of S. suis with porcine TLR complexes.

We tested live, heat-killed and penicillin-treated bacteria for their capability to activate the human TLR1/2, TLR2/6 and TLR4/MD-2 complexes. In general, lipopeptides are believed to be the main TLR2 ligands. There might be a role for peptidoglycan and or lipoteichoic acid, however TLR2 recognition of these components is, at least partially, suspected to be due to contaminating lipopeptides [START_REF] Travassos | Toll-like receptor 2-dependent bacterial sensing does not occur via peptidoglycan recognition[END_REF]. In addition to TLR2, interaction with TLR4 was evaluated because S. suis produces suilysin, a homologue to pneumolysin of Streptococcus pneumoniae. This toxin has been reported to interact with TLR4 and confers resistance to S. pneumoniae infection [START_REF] Malley | Recognition of pneumolysin by Tolllike receptor 4 confers resistance to pneumococcal infection[END_REF].

In our hands, NF-B activation was only observed after stimulating cells expressing the hTLR2/6 complex with penicillin treated S. suis. Presumably the amount of hTLR2/6 activating components released from log phase bacteria was beneath the detection level of the system, A c c e p t e d M a n u s c r i p t 13 nevertheless TLR2/6 activating components could be detected in the absence of antibiotic in concentrated stationary phase cultures. The molecular basis of increased release of TLR2 ligands after penicillin treatment is unknown, although the effect has also been reported for S. pneumoniae [START_REF] Moore | Penicillin enhances the toll-like receptor 2-mediated proinflammatory activity of Streptococcus pneumoniae[END_REF]. Presumably, upon penicillin treatment, the bacterial cell wall becomes less rigid resulting in the release of cell wall associated molecules that are able to activate TLR2/6. Our data imply that in vivo activation of TLR2/6 by S. suis may particularly occur after changes to the peptidoglycan layer.

The present study is the first that shows that S. suis lipoprotein(s), presumably di-acylated lipoproteins, are the ligands that activate the TLR2/6 complex. Our data underpin previous suggestions that TLR2 plays a role in S. suis associated disease (Graveline et al., 2007). Monocytes treated with a monoclonal antibody against TLR2 but not TLR4 showed a strong inhibition of cytokine and chemokine production after stimulation with S. suis (Graveline et al., 2007). Furthermore, TLR2-deficient mouse macrophages showed a decrease IL-6 and MCP-1 production after stimulation with encapsulated S. suis (Graveline et al., 2007). Why S. suis did not stimulate TLR4 by means of suilysin remains unclear.

In our assays, one consistent difference between serotype 2 and serotype 9 strains was the enhanced activation of the TLR2/6 complex by serotype 9 strains. This could be due to enhanced protein release by serotype 9 strains after penicillin treatment. As growth rates and penicillin MIC values for both serotypes were quite similar, other factors such as the composition of the cell wall or metabolic differences may also have contributed to this enhanced activation of TLR2/6. A correlation between increased TLR2/6 activation and reduced virulence might be present. It can be speculated that the less virulent serotype 9 strains are better cleared by the innate immune system due to better recognition by TLRs resulting in less severe clinical problems. Nevertheless serotype 9 strains seem to have evolved mechanisms to spread more easily among the pig population compared to serotype 2 strains. To reveal the complete picture of the correlation between virulence, activation of the innate immune system and spreading awaits further study. 
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