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We characterized prevalence of pilus islets 1 (PI-1) and 2 (PI-2) and clonality of Streptococcus pneumoniae isolates taken from children with acute otitis media (AOM) to study the association between pilus existence and AOM disease potential prior to pneumococcal conjugate vaccine and increased antimicrobial resistance.

The study material consisted of 75 pneumococcal isolates cultured from middle ear fluid and/or nasopharyngeal aspirate of 56 children with AOM in Finland during 1990-1992.

Isolates were studied for antimicrobial susceptibility and were serotyped, genotyped by multilocus sequence typing (MLST), and tested for the presence of pneumococcal PI-1 and PI-2 genes.

All isolates were susceptible to penicillin, 14 different serotypes were found, and 20% of the isolates were positive for PI-1 genes. PI-2 genes were not found. MLST showed high heterogeneity: 52 AOM isolates belonged to 18 known Clonal Complexes (CC). PI-1 was associated with serotypes 6A, 6B, and 9V, and genotype CC490.

In the time prior to PCV7 and increased antimicrobial resistance, pneumococcal AOM isolates carried PI-1 genes in rather low prevalence. PI-2 genes were not detected. PI-1 was related with serotype rather than genotype. The importance of PI-1 in AOM infections and its association with the spread of antimicrobial resistance requires further research.

Introduction

Acute otitis media (AOM) is one of the most common infectious diseases among young children in developed countries. Streptococcus pneumoniae is still a major bacterial pathogen causing AOM infections. Although the 7-valent pneumococcal conjugate vaccine (PCV7) has been reported as decreasing the number of pneumococcal AOM episodes [START_REF] Eskola | Efficacy of a pneumococcal conjugate vaccine against acute otitis media[END_REF], an increasing trend of AOM incidences caused by non-PCV7 serotypes of S. pneumoniae have been observed between 2007 and 2009 in the U.S.A. [START_REF] Casey | New patterns in the otopathogens causing acute otitis media six to eight years after introduction of pneumococcal conjugate vaccine[END_REF].

Pneumococci have been shown to contain pilus structures encoded by pilus islets 1 (PI-1) and 2 (PI-2) [START_REF] Bagnoli | A second pilus type in Streptococcus pneumoniae is prevalent in emerging serotypes and mediates adhesion to host cells[END_REF][START_REF] Barocchi | A pneumococcal pilus influences virulence and host inflammatory responses[END_REF]. The presence of these pilus islets in some clinical isolates seems to vary in terms of serotypes and genotypes, with claims that antimicrobial-resistant clones are more likely to carry the pilus islet than sensitive ones, while it has been reported that PI-1 correlates with the S. pneumoniae genotype rather than serotype [START_REF] Moschioni | Prevalence of pilus encoding islets among acute otitis media Streptococcus pneumoniae isolates from Israel[END_REF][START_REF] Aguiar | The presence of the pilus locus is a clonal property among pneumococcal invasive isolates[END_REF][START_REF] Moschioni | Streptococcus pneumoniae contains 3 rlrA pilus variants that are clonally related[END_REF][START_REF] Basset | Association of the pneumococcal pilus with certain capsular serotypes but not with increased virulence[END_REF][START_REF] Regev-Yochay | Reemergence of the type 1 pilus among Streptococcus pneumoniae isolates in Massachusetts, USA[END_REF]. PI-1 has been shown to play a role in adherence and virulence in murine models of pneumococcal infection [START_REF] Barocchi | A pneumococcal pilus influences virulence and host inflammatory responses[END_REF] and PI-2 pilus plays a role in adhesion to human respiratory cells in-vitro [START_REF] Bagnoli | A second pilus type in Streptococcus pneumoniae is prevalent in emerging serotypes and mediates adhesion to host cells[END_REF].

However, no such evidence on virulence has yet been reported for human infections.

In order to elucidate the pilus association with the disease potential of S. pneumoniae in AOM infections we characterized the clonality and the PI-1 and PI-2 prevalence in pneumococci isolated from the middle ear fluid (MEF) and/or nasopharyngeal aspirate (NPA) of children with AOM in Finland. These isolates were obtained already in 1990-1992, prior to PCV-7 and increased antimicrobial resistance [START_REF] Manninen | Increasing antimicrobial resistance in Streptococcus pneumoniae, Haemophilus influenzae and Moraxella catarrhalis in Finland[END_REF].

Materials and methods

Between 1990 and 1992, 106 children were examined and treated for AOM as outpatients at the Department of Otolaryngology of the Helsinki University Central Hospital. The bacteria isolated from samples of middle ear fluids (MEF) and nasopharyngeal aspirates (NPA) taken at the initial visit were identified by standard methods [START_REF] Virolainen | Comparison of PCR assay with bacterial culture for detecting Streptococcus pneumoniae in middle ear fluid of children with acute otitis media[END_REF].

All pneumococcal isolates were subjected to antimicrobial susceptibility testing, pneumococcal serotyping, and PCR detection for the presence of PI-1 genes (rlrA, rrgC) and PI-2 genes (pitA-sipA) [START_REF] Bagnoli | A second pilus type in Streptococcus pneumoniae is prevalent in emerging serotypes and mediates adhesion to host cells[END_REF][START_REF] Aguiar | The presence of the pilus locus is a clonal property among pneumococcal invasive isolates[END_REF][START_REF] Sjöström | Clonal success of piliated penicillin nonsusceptible pneumococci[END_REF][START_REF] Siira | Temporal trends of antimicrobial resistance and clonality of invasive Streptococcus pneumoniae isolates in Finland, 2002 to 2006[END_REF].

Multilocus sequence typing (MLST) was performed as described previously [START_REF] Siira | Temporal trends of antimicrobial resistance and clonality of invasive Streptococcus pneumoniae isolates in Finland, 2002 to 2006[END_REF]. The sequencing results were compared against the MLST database and the sequence types (STs) assigned. The clonal complex (CC) for each ST was determined by eBURST V3 analysis, using default stringent parameters. In this study, the CCs were named according to the highest number of single-locus variants found for the ST in November 2009.

Statistical analysis was done with the free GraphPad software. For categorical data, proportions were compared by Fisher's exact test. P values <0.05 were considered statistically significant.

Results

Among the 106 children with clinically defined AOM, 56 children (median age 33 months, age range from 9 months to 83 months) were found to be S. pneumoniae culture positive and were divided into three groups on the basis of the pneumococcal culture in the MEF and/or NPA: 1) MEF and NPA culture positive for S. pneumoniae [pneumococcal (Pnc) carriers with Pnc AOM, N=19, median age 24 months]; 2) MEF culture positive but NPA negative for S. pneumoniae [Pnc AOM, N=3, median age 39 months]; and 3) MEF culture negative but NPA culture positive for S. pneumoniae [Pnc carriers with a probable Pnc AOM, N=34, median age 33.5 months].

All the 75 pneumococcal isolates were susceptible to penicillin (MIC ≤0.06 μg/mL). One was non-susceptible to erythromycin (MIC ≥0.5, μg/mL) and two to tetracycline (MIC ≥4, μg/mL).

Among the 75 isolates, 14 different serotypes were found: 19F (27%), 23F (25%), 6B, 14, 6A, 19A, 11A, 9V, 18C, 24, 33, 3,15A, and 38, in decreasing order of incidence (Figure 1).

The serotype, sequence type, and antimicrobial susceptibility results were the same for both MEF and NPA isolates from the same child. Serotypes 9V, 19A, 24, and 33 were found only in the Pnc carriers with Pnc AOM, and serotypes 3, 6A, 15A, 18C and 38 only in the Pnc carriers with probable Pnc AOM.

Fifteen of the 75 (20%) isolates were positive for the PI-1 genes rrgC and rlrA, and were detected among serotypes 6B (6/7 isolates), 6A (4/5 isolates), 9V (2/2 isolates), 23F (2/19 isolates), and 38 (1/1 isolate). Among the Pnc carriers with Pnc AOM, eight of the 41 (20%) pneumococcal isolates from four children had PI-1 genes; the corresponding number was seven of 34 (21%) among the Pnc carriers with probable Pnc AOM. None of the three children with Pnc AOM and without Pnc carriage (MEF+/NPA-) had pneumococcal isolates carrying PI-1 genes. PI-2 genes were not detected in any of the isolates.

Several criteria were used to select isolates for genotyping by MLST: all isolates from Pnc carriers with Pnc AOM (MEF+/NPA+), all pilus positive isolates, and one isolate for each serotype. In addition, if within a certain serotype (e.g. 6A or 6B) there were both positive and negative pilus islet gene results, one of each was genotyped. The 52 isolates genotyped from 33 children belonged to 30 different STs, the most common being ST37 (N=4) and ST124 (N=4; Table 1). According to the eBURST V3 program, these STs belonged to 18 known CCs. In addition, two STs were singletons and three had no predicted founder. Most of the strains belonged to CC439 (11/52; 21%) and CC490 (6/52; 12%). PI-1 was associated with serotypes 6A (P<0.005), 6B (P=0.0002) and 9V (P<0.05) and with genotype CC490 (P=0.0002). PI-1 was not associated with the PCV7/PCV10 serotypes when compared to the non-PCV7/PCV10 serotypes (PCV7 and PCV10, 10/56; 18% vs. 5/19; 26%; P=0.51), nor with the PCV13 serotypes (PCV13, 14/56; 25% vs. non-PCV13, 1/19; 5%; P=0.10).

Discussion

This study characterized the molecular background of pneumococcal isolates cultured from children with diagnosed AOM in Finland prior to the era of increased antimicrobial resistance and the use of pneumococcal conjugate vaccine. Thus far, the existence of pneumococcal pilus genes has been studied mainly among invasive isolates, and the prevalence of PI-1 among these isolates has been around 30% [START_REF] Aguiar | The presence of the pilus locus is a clonal property among pneumococcal invasive isolates[END_REF][START_REF] Moschioni | Streptococcus pneumoniae contains 3 rlrA pilus variants that are clonally related[END_REF]. The prevalence of PI-2 has been shown to be 16% for both invasive and nasopharyngeal isolates [START_REF] Bagnoli | A second pilus type in Streptococcus pneumoniae is prevalent in emerging serotypes and mediates adhesion to host cells[END_REF]. A recent report from Israel showed that the frequency of PI-1 was the same 30% and that of PI-2 was 7% among the MEF isolates [START_REF] Moschioni | Prevalence of pilus encoding islets among acute otitis media Streptococcus pneumoniae isolates from Israel[END_REF]. In the U.S.A. the prevalence of PI-1 among nasopharyngeal isolates was shown to decline from 24% to 15% following the PCV7 introduction; however, it has increased back to pre-PCV7 levels (26%) in 2007 [START_REF] Regev-Yochay | Reemergence of the type 1 pilus among Streptococcus pneumoniae isolates in Massachusetts, USA[END_REF]. In our study, 20% of the pneumococcal MEF and/or NPA isolates were positive for PI-1 and none for PI-2.

It has been shown that the antimicrobial resistance of S. pneumoniae strains causing AOM have increased: recently, the proportion of non-susceptibility to penicillin and macrolides among these isolates has been estimated at between 30% and 70% [START_REF] Leibovitz | Current management of pediatric acute otitis media[END_REF]. Our study isolates were collected already in 1990-1992 and all were susceptible to penicillin and almost all to other commonly used antimicrobials. The PI-1 genes were detected among the susceptible AOM isolates, and moreover, more in association with certain serotypes-6A, 6B, and 9V-than genotypes; this is in contrast to other reports where pilus genes have been associated with a genotype rather than a serotype [START_REF] Moschioni | Prevalence of pilus encoding islets among acute otitis media Streptococcus pneumoniae isolates from Israel[END_REF][START_REF] Aguiar | The presence of the pilus locus is a clonal property among pneumococcal invasive isolates[END_REF][START_REF] Moschioni | Streptococcus pneumoniae contains 3 rlrA pilus variants that are clonally related[END_REF][START_REF] Basset | Association of the pneumococcal pilus with certain capsular serotypes but not with increased virulence[END_REF][START_REF] Regev-Yochay | Reemergence of the type 1 pilus among Streptococcus pneumoniae isolates in Massachusetts, USA[END_REF]. A recent Israeli study of AOM isolates showed a correlation between PI-1 and antimicrobial resistance, which has also been demonstrated in other previous reports [START_REF] Moschioni | Prevalence of pilus encoding islets among acute otitis media Streptococcus pneumoniae isolates from Israel[END_REF][START_REF] Aguiar | The presence of the pilus locus is a clonal property among pneumococcal invasive isolates[END_REF][START_REF] Moschioni | Streptococcus pneumoniae contains 3 rlrA pilus variants that are clonally related[END_REF]. The PMEN clone Spain 9V-3 with ST156 is typically piliated and antimicrobial resistant [START_REF] Aguiar | The presence of the pilus locus is a clonal property among pneumococcal invasive isolates[END_REF][START_REF] Sjöström | Clonal success of piliated penicillin nonsusceptible pneumococci[END_REF][START_REF] Siira | Temporal trends of antimicrobial resistance and clonality of invasive Streptococcus pneumoniae isolates in Finland, 2002 to 2006[END_REF].

Interestingly, we found two piliated and antimicrobial sensitive strains that were clonally related to ST156 (ST162, SLV of ST156), belonging to the same CC156. The antimicrobial sensitivity of these strains and the lower prevalence of PI-1 in our study compared to other studies could be due to the period in which our isolates were collected.

Overall pneumococcal antimicrobial resistance was then very low in Finland [START_REF] Manninen | Increasing antimicrobial resistance in Streptococcus pneumoniae, Haemophilus influenzae and Moraxella catarrhalis in Finland[END_REF][START_REF] Siira | Temporal trends of antimicrobial resistance and clonality of invasive Streptococcus pneumoniae isolates in Finland, 2002 to 2006[END_REF].

We did not find any PI-2 positive isolates, nor any such CCs that have been reported as PI-2 positive [START_REF] Bagnoli | A second pilus type in Streptococcus pneumoniae is prevalent in emerging serotypes and mediates adhesion to host cells[END_REF][START_REF] Moschioni | Prevalence of pilus encoding islets among acute otitis media Streptococcus pneumoniae isolates from Israel[END_REF][START_REF] Zähner | Increase in pilus islet 2-encoded pili among Streptococcus pneumoniae isolates, Atlanta, Georgia, USA[END_REF]. This may be due to a small number of isolates and the time period when the isolates were collected. This again is somewhat supportive of the hypothesis of the pilus being associated with the spread of antimicrobial resistant clones. A recent study showed that in 1999 only 3.6% of invasive isolates contained PI-2, and in 2006 the prevalence rose to 21% [START_REF] Bagnoli | A second pilus type in Streptococcus pneumoniae is prevalent in emerging serotypes and mediates adhesion to host cells[END_REF][START_REF] Moschioni | Prevalence of pilus encoding islets among acute otitis media Streptococcus pneumoniae isolates from Israel[END_REF][START_REF] Zähner | Increase in pilus islet 2-encoded pili among Streptococcus pneumoniae isolates, Atlanta, Georgia, USA[END_REF].

The MLST results in this study showed great heterogeneity among the MEF and NPA isolates in different children. Most of the PI-1 positive isolates belonged to serotypes and CCs already reported to carry the PI-1 genes, with the exception of CC393, CC439, and CC522, which have not been associated with PI-1 previously [START_REF] Moschioni | Prevalence of pilus encoding islets among acute otitis media Streptococcus pneumoniae isolates from Israel[END_REF][START_REF] Moschioni | Streptococcus pneumoniae contains 3 rlrA pilus variants that are clonally related[END_REF][START_REF] Basset | Association of the pneumococcal pilus with certain capsular serotypes but not with increased virulence[END_REF]. The pneumococcal serotypes detected were the common ones known to cause AOM infections among children [START_REF] Eskola | Efficacy of a pneumococcal conjugate vaccine against acute otitis media[END_REF]. PCV7 and PCV10 would have covered 75% of the serotypes detected, and PCV13 would have covered 86%. The presence of PI-1 was not associated with the vaccine serotypes, again contrary to earlier reports [START_REF] Aguiar | The presence of the pilus locus is a clonal property among pneumococcal invasive isolates[END_REF][START_REF] Basset | Association of the pneumococcal pilus with certain capsular serotypes but not with increased virulence[END_REF]. However, our finding of a PI-1 association with both 6A and 6B is of special interest. Although the Finnish clinical AOM trial with PCV7 gives reason to expect cross-protection within serogroup 6 [START_REF] Eskola | Efficacy of a pneumococcal conjugate vaccine against acute otitis media[END_REF], the serotypes 6A and 19A, both included only in the PCV13, are of worldwide concern. They cause both invasive and non-invasive disease and have been claimed as replacement serotypes with increasing resistance to antimicrobials [START_REF] Casey | New patterns in the otopathogens causing acute otitis media six to eight years after introduction of pneumococcal conjugate vaccine[END_REF][START_REF] Siira | Temporal trends of antimicrobial resistance and clonality of invasive Streptococcus pneumoniae isolates in Finland, 2002 to 2006[END_REF][START_REF] Leibovitz | Current management of pediatric acute otitis media[END_REF]. Thus, it will be interesting to study further the changes of AOM isolates in Finland since the early 1990s, following increased use of antimicrobials, and, moreover, the forthcoming large-scale use of a conjugate vaccine that began in September 2010.

In conclusion, we found that pneumococcal AOM isolates from 1990-1992 carried PI-1 genes in rather low prevalence, and PI-2 genes were not found at all in the time prior to pneumococcal conjugate vaccine and increased antimicrobial resistance. In addition, PI-1 was associated with serotype rather than genotype. Based on our results, the significance of the pilus protein encoding islet as a virulence factor in AOM or its association to the spread of antimicrobial resistance remains unsolved. However, including the pilus determinants into the protein vaccines currently under development seems worthwhile. 
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Table 1 .

 1 rlrA islet, serotypes, multi locus sequence typing (MLST) clonal complexes 259 (CCs), and sequence type (ST) results for the 52 pneumococcal isolates from 33 children. 260

	rlrA	Serotype	Site of	CC c ST d	Allelic profile d, e	Age
	islet	of the	isolation				(mo)
		child				
	+	6A	MEF-/NPA+	490	488	2-13-9-1-6-28-14
	+	6A	MEF-/NPA+	490	490	2-13-9-1-6-19-14
	+	6A	MEF-/NPA+	490	490	2-13-9-1-6-19-14
	+	6A	MEF-/NPA+	490	518	2-45-9-1-6-19-14
	+	6B	MEF+/NPA+	490	208	10-13-2-1-6-19-14
	+	6B	MEF+/NPA+	522	522	18-12-9-1-6-31-6
	+	6B	MEF-/NPA+	138	138	7-5-8-5-10-6-14
	+	6B	MEF-/NPA+	138	4594 7-13-8-6-10-4-1
	+	9V	MEF+/NPA+	156	162	7-11-10-1-6-8-14
	+	23F	MEF+/NPA+	439	515	16-8-9-1-6-4-72
	+	38	MEF-/NPA+ a	393	310	1-43-41-18-13-49-6
	-	3	MEF-/NPA+	180	180	7-15-2-10-6-1-22
	-	6A	MEF-/NPA+	460	460	5-7-4-10-10-1-27
	-	6A	MEF-/NPA+	100	100	5-12-29-12-9-39-18
	-	6B	MEF+/NPA-	NPF	1752 7-61-1-1-17-1-192
	-	11A	MEF+/NPA-	62	500	10-5-29-12-16-3-14
	-	14	MEF+/NPA+	124	124	7-5-1-8-14-11-14
	-	14	MEF+/NPA+	124	124	7-5-1-8-14-11-14
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