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A total of 132 Streptococcus pneumoniae isolates collected between 2005 and 2006
in Japan were examined for susceptibility to telithromycin (TEL) and macrolide.
The overall resistance to macrolide was 80%. Among the isolates, 128 strains had
low-level TEL susceptibility (minimal inhibitory concentrations [MICs]
0.03—1 ugmL™"), suggesting that pneumococci with reduced susceptibility to TEL
have appeared without prior exposure to the drug, although none of the isolates
were assigned as TEL-resistant (breakpoint, >4 pg mL™"). Eight of these isolates
(MIC 0.5-1 pgmL™") were analyzed for macrolide resistance determinants and
genetic relatedness. They all carried mefE-mel, which encodes the macrolide efflux
genetic assembly, and three also harbored ermB, which encodes rRNA methylase.
Allele replacement mutagenesis of the corresponding genes in the clinical isolates
revealed that reduced TEL susceptibility (MIC 1 pgmL™) in S. pneumoniae may be
caused by acquisition of the mefE-mel element only and additionally conferred by
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Introduction

Telithromycin (TEL) is a semi-synthetic derivative of the
14-membered macrolide erythromycin (EM), and the first
ketolide approved for clinical use. It has demonstrated high
efficacy against Streptococcus pneumoniae isolates that cause
community-acquired respiratory tract disease (Bozdogan
et al., 2003; Fogarty et al., 2003). TEL and EM bind close to
the peptidyl transferase region of the 50S ribosomal subunit
and inhibit bacterial protein synthesis by blocking the
elongation of the peptide chain through the ribosomal
tunnel (Zuckerman, 2004). The primary contact site of EM
and TEL is at nucleotide A2058 of 23S rRNA gene domain V,
and TEL establishes additional contacts with A752 in
domain II of 23S rRNA gene (Hansen et al, 1999;
Douthwaite et al., 2000). As a result, TEL has a stronger
affinity for the ribosome and can therefore overcome
common macrolide resistance mechanisms including target
modification directed by the methylase encoded by ermB,
which methylates A2058, and mutations in the 235 rRNA
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the ermB determinant.

gene and ribosomal proteins that interrupt macrolide bind-
ing (Maglio et al., 2003; Farrell & Felmingham, 2004).
High-level TEL resistance in S. pneumoniae was experi-
mentally generated by mutations in domain II or V of 23§
rRNA gene and ribosomal proteins L4 and L22 (Leclercq &
Courvalin, 2002), and is easily created from a macrolide-
resistant strain by the deletion or mutation of the region
upstream of ermB (Walsh et al., 2003). In contrast, clinical
TEL resistance in S. pneumoniae remains rare. Farrell and
Felmingham initially reported that among the worldwide
collection of 13874 S. pneumoniae isolates isolated between
1999 and 2003, only 10 were TEL resistant (Farrell &
Felmingham, 2004). The strains isolated in France, Italy,
Spain, Hungary and Japan had minimal inhibitory concen-
trations (MICs) of 4-8ug mL™". To our knowledge, the
P3084055 strain (MIC 4pgmL_1) is currently the only
TEL-resistant S. pneumoniae isolate in Japan (Hirakata
et al., 2007). Recently, the emergence of clinical isolates of
S. pneumoniae with a very high-level TEL resistance (MIC
256 pgmL™") was reported (Faccone et al, 2005; Wolter
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et al., 2007). Sequence analysis of the strain isolated in
Argentina in 2005 identified an A2058T mutation in domain
V of 23S rRNA gene, a deletion located at the C-terminal
portion of L22 and an S20N mutation in L4 (Faccone et al.,
2005). It was negative for ermB, ermA and ermTR, which
encode rRNA methylase. Therefore, a combination of muta-
tional changes in 23S rRNA gene and ribosomal proteins
was assumed to be responsible for the high-level TEL
resistance. In contrast, it was demonstrated that ermB with
a truncated leader peptide in combination with a 4¢GTGy,-
to-TPS mutation in ribosomal protein L4 was responsible
for the high-level TEL resistance in the strain isolated in
Canada in 2007 (Wolter et al., 2007).

The-objective of this study was to investigate the occur-
rence of TEL resistance in 132 S. pneumoniae isolates
collected in Japan between 2005 and 2006. The results
suggest that reduced-TEL-susceptibility pneumococci have
certainly appeared, although none of the isolates were TEL
resistant. Further analysis using isogenic S. pneumoniae
strains demonstrated that reduced TEL susceptibility may
be caused by acquisition of only the mefE-mel element,
which encodes the macrolide efflux pump.

Materials and methods

Bacterial strains, plasmids and media

Streptococcus pneumoniae isolates collected between 2005
and 2006 in Japan and ATCC 49619 as a drug-susceptible
strain were used in this study. Escherichia coli strain DH5a
was used as a recipient in the transformation for DNA
cloning. The plasmids used are shown in Table 1. Pneumo-
cocci were routinely cultured at 37°C and 5% CO; in
brain-heart infusion plus 0.5% yeast extract.

Antimicrobial susceptibility testing

Susceptibility to antibiotics was determined by the serial
twofold dilution method using Mueller-Hinton agar plates
supplemented with 5% lysed horse blood. The susceptibility
or resistance of pneumococci to TEL and EM was assessed in

Table 1. Plasmids used in this study
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accordance with the recommendation of the National Com-
mittee for Clinical Laboratory Standards (2007).

Detection of macrolide-resistant genes

Bacterial cells in 1 mL of overnight pneumococcal cultures
were collected, suspended in 200 pL distilled water and
boiled for 10 min. A portion of the lysate supernatant was
subjected to PCR. Primers for ermA, ermC, mphA, mphB,
ereA and ereB were described previously (Sutcliffe et al.,
1996). ermB was identified using the forward primer ermB-F
(5'-TGAAAAGGTACTCAACCAAATA-3’) and the reverse
primer ermB-R (5-AGTAACGGTACTTAAATTGTTTAC
-3'). mefA/E was detected using the primer pair mef-F1 (5'-
AGTATCATTAATCACTAGTGC-3’) and mef-R1 (5'-TTC
TTCTGGTACTAAAAGTGG-3’).

mefE was identified by DNA sequencing as follows:
chromosomal DNA was prepared from clinical isolates as
described by Blue & Mitchell (2003) and used as a temperate
for PCR. The mefE region (+10 to +1126 to the mefE
translational start site) was amplified using the primer pair
mef-F2 (5'-CCGGAATTCTACAACAATTGG-3') and mef-
R2 (5'-CACCAAGCTTTTACACCGAT-3'). The PCR pro-
duct was digested with EcoRI-HindIII and the fragment was
cloned into pUCI8. The resulting plasmid was subjected to
DNA sequencing.

Pulse-field gel electrophoresis (PFGE) analysis

PFGE analysis was performed as described previously
(Yokoyama & Uchimura, 2006) with some modifications.
Briefly, the plug containing bacteria from an overnight
culture was made with Seakem gold agarose (Cambrex,
Rockland, ME) using a sample plug caster (Bio-Rad,
Hercules, CA). The plug was treated for 18 h at 50 °C with a
solution of 1 mg proteinase KmL™ (Roche). After incuba-
tion, the plug was treated twice for 20 min, each with Tris-
EDTA (TE) buffer containing 4 mM Pefabloc (Roche) at
50°C, and then washed twice on ice for 20 min, each with
TE buffer. The plug was digested for 18 h at 37 °C with Smal
(Roche).

Plasmids Relevant properties References and source
pTKY856 pUC18 with 2296-bp meft-mel fragment This study

TKY8S7 pTKY856 carrying meft-mel-disrupted genes, Sp This stud
p y
pTKY858 pT7Blue with 618-bp ermB fragment This study
pTKY859 pTKY858 carrying ermB-disrupted gene, Km This study
pTKY862 pLZ12Km2 with Sp cassette This study
pLZ12Km2 Km cassette Okada et al. (1998)
pR350 Sp cassette Dintilhac et al. (1997)
pucis Cloning vector Yanisch-Perron et al. (1985)
pT7Blue Cloning vector Novagen '
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Transformation

Synthetic competence-stimulating peptide 1 or 2 and the
method of lannelli & Pozzi (2004) were used to transform
S. pneumoniae clinical isolates into a transformation-
competent state.

Construction of mefE-mel and ermB disruption
mutants

The disruption of mefE-mel was constructed as follows: the
region encoding mefE and mel was amplified from chromo-
somal DNA prepared from S. pneumoniae strain S88 by PCR
using the forward primer (5'-ACTGGATCCGCGATGGT
CTT-3’) and the reverse primer (5-CCGGAAGCTTTT
TTTGCCTTAG-3’). The PCR product was digested with
BamHI-HindIII and the fragment was cloned into pUCI8.
The resulting plasmid pTKY856 was cleaved with Accl and
Pstl to eliminate the inter-mefE-mel region. The overhang-
ing ends were blunted with T4 polymerase and then ligated
to the fragment containing the spectinomycin resistance
gene (Sp), generated from pTKY862 after digestion with
BamH]I, followed by blunting with T4 DNA polymerase. The
plasmid pTKY862 is a derivative of pLZ12Km2, with the
fragment encoding Sp amplified from pR350 using the
primers SpcUP and SpcDO reported previously (Martin
et al., 2000). The resulting plasmid pTKY857 was used to
replace AmefE-mel::Sp in clinically isolated TEL-susceptible
strains.

The disruption of ermB was constructed as follows: the
ermB region was amplified by PCR from chromosomal DNA
of S. pneumoniae S88 with primers ermB-F and ermB-R, and
the fragment was cloned into pT7Blue. The resulting
plasmid pTKY858 was cleaved with Styl and then ligated,
after blunting with T4 DNA polymerase, to the fragment
carrying the kanamycin resistance gene (Km), generated
from pLZ12Km2 after digestion with Sall, followed by
blunting with T4 DNA polymerase. The resulting plasmid
pTKY859 was used to replace AermB:Km in clinically
isolated reduced TEL-susceptibility strains. To construct the
AmefE-mel::Sp, AermB::Km double mutant, the AermB::Km
mutant strains originating from each clinical isolate were
transformed with pTKY857 and selected by spectinomycin
resistance. The double-crossover events in all constructed
mutants were assessed by Southern hybridization.

Results and discussion

A total of 132 S. pneumoniae isolates collected between 2005
and 2006 at one hospital in Japan were examined for
susceptibility to TEL (breakpoint; resistance >4pgmL™,
sensitivity < 1ugmL™") and EM (breakpoint; resistance
>1pgmL™, sensitivity < 0.25pgmL™). A total of 106
isolates were found to be resistant to EM. A total of 128
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Fig. 1. MIC distribution and association with macrolide-resistant genes.
MICs of telithromycin (a) and erythromycin (b) are shown. erm, ermB,;
mef, mefA/E.

isolates had low-level TEL susceptibility, with MICs of
0.03-1 ugmL™" (Fig. 1), suggesting that pneumococci with
reduced TEL susceptibility have appeared without prior
exposure to TEL, which has not been used in this hospital.
The isolates included no TEL-resistant strains.

Distribution of macrolide-resistant
determinants

To detect macrolide-resistant determinants in all isolates,
PCR assays were performed for the rRNA methylase genes
(ermA, ermB and ermC), macloride phosphotransferase
genes (mphA and mphB), macrolide esterase genes (ereA
and ereB) and genes encoding the macrolide efflux pump
(mefA and mefE). All isolates were negative for ermA, ermC,
mphA, mphB, ereA and ereB (data not shown). The distribu-
tion of ermB and mef is shown in Fig. 1. The rates of ermB-
positive, mef-positive and double ermB and mef-positive
isolates were 55.2%, 33.3% and 7.6%, respectively. Interest-
ingly, all the isolates exhibiting reduced TEL susceptibility
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(0.5-1 ugmL™") harbored mef. Two variants of mef, mefA
and mefE, have been identified with high sequence homol-
ogy (Roberts et al., 1999). Because the initial PCR for
detecting mef could not distinguish between these two
variants, we performed DNA sequencing analysis to discri-
minate mefA and mefE in eight reduced TEL-susceptibility
isolates (MIC 0.5-1 pg mL™") as described in Materials and
methods. Consequently, all mefs in these isolates were
assigned to mefE. It has been reported that mefA is the
predominant efflux-associated gene found in S. pneurnoniae
in Japan (Isozumi et al., 2007; lkenaga et al.,, 2008). In
contrast, the present results demonstrated that mefE is also
distributed with a high frequency in Japan and possibly
generated the reduced-TEL-susceptibility S. pneumoniae.

These low-TEL-susceptibility isolates were analyzed by
serotyping, multilocus sequence typing (MLST) and PFGE.
Five isolates grouped to serotype 6B showed the same
sequence type, which was $ST2983 with MLST numbers 5-6-
1-2-6-1-271 for aroE, gdh, gki, recP, spi, xpt and ddl,
respectively. PFGE showed that five isolates (serotype 6B)
were closely related (Fig. 2). On the other hand, the
sequence types of strains 543 (serotype 15A), S88 (serotype
19F) and S120 (serotype 19F) were ST361 (7-13-8-6-6-6-8),
ST558 (18-12-4-44-14-77-97) and ST1464 (4-16-19-15-6-
20-106), respectively. PFGE also clearly distinguished these
three strains (Fig. 2). In a recent study, the most frequently
occurring serogroups and serotypes of clinical pneumococ-
cal strains isolated from children in Japan were six (32.8%),
23 (21.7%), 14 (13.2%) and 19 (12.7%) (Ikenaga et al.,
2008).

Decreased susceptibility to TEL in clinically isolated S.
pneumoniae is associated with mutations in the L4 and L22
riboproteins and domains II or V of the 23S rRNA gene, and
the presence of ermB and mefA/E (Faccone et al., 2005;
Reinert et al., 2005; Al-Lahham et al., 2006; Wolter et al.,
2007). Although a combination of these mechanisms could
be responsible for TEL susceptibility in clinical isolates, the
exact contribution of mefA/E or ermB to TEL susceptibility
has not been revealed previously using isogenic pneumo-
coccal strains.

Mutational analysis of reduced TEL susceptibility
in 5. pneumoniae

To ascertain the contribution of mefE to the reduced TEL
susceptibility of S. pneumoniae isolated clinically in the
present study, an independent insertion mutation in mefE
was constructed by allelic replacement in five clinical isolates
(MIC 0.5-1pgmL™). mefE is a part of the macrolide efflux
genetic assembly (mega), which includes the downstream
gene mel (Gay & Stephens, 2001). In S. pneumoniae, mefE
and mel are predicted to be a dual efflux pump (Ambrose
et al., 2005). In this study, both mefE and mel were disrupted
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Fig. 2. PFGE profiles of Smal restriction digests of eight TEL-reduced
susceptible isolates of Streptococcus pneumoniae. Lanes 1 and 10,
universal standard Salmonella serotype Braenderup H9812 (Hunter
et al., 2005); lane 2, strain S15; lane 3, strain S36; lane 4, strain S89;
lane 5, strain S105; lane 6, strain $125; lane 7, strain $43; lane 8, strain
$88; and lane 9, strain 5120.

by eliminating the central 1409-bp fragment of the mefE-mel
operon, followed by insertion of an Sp cassette. As shown in
Table 2, mutations in mefE-mel of the serotype 6B strains
S15 and S125 resulted in a significant decrease in TEL-MIC
to the level of ATCC 49619 (< 0.015 pg mL™"), which is used
as a standard drug-susceptible strain. EM-MICs were also
reduced to the level of ATCC 49619 (< 0.5ugmL™). It is
therefore concluded that mefE-mel is the determinant solely
responsible for reduced TEL susceptibility and EM resis-
tance in these clinical isolates.

The mefE-mel mutation in strain $88 (TEL-MIC
1pgmL™"), harboring both mefE-mel and ermB, resulted in
a moderate reduction in TEL-MIC to 0.12pgmL™". Inde-
pendent disruption of S88 ermB resulted in a similar effect
on TEL susceptibility (MIC 0.12pugmL™"). In contrast,
disruption of both the mefE-mel and the ermB determinants
further reduced TEL-MIC to the level of ATCC 49619
(MIC < 0.015 pg mL™"). Similar results were obtained when
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Table 2. MICs of the Ameft-mel and/or AermB mutants derived from
TEL low-susceptible isolates of Streptococcus pneumoniae®

MICreL MICem
Strain Serotype' ST*  Characteristics® (ngmLl™)  (ugmL™")
S15 6B 2983 mefE-mel* 1 16
AmefE-mel <0.015 <05
5125 6B 2983 mefE-mel* 1 16
AmefE-mel <0015 <05
S43 15A 361 mefE-mel* ekemB* 0.5 512
AmefE-mel ermB*  0.06 246
mefE-mel* AermB  0.06 4
Ameft-mel Aerm8 < 0.015 < 0.5
s88 19F 558 mefE-mel* ermB* 1 > 512
AmefE-melermB*  0.12 > 512
mefE-mel* Aerm8  0.12 4
AmefE-mel AermB < 0.015 0.5
S120 19F 1464 mefE-mel” ermB* 1 > 512
AmefE-mel ermB*  0.12 > 512
mefE-mel* AermB  0.12 4
AmefE-mel AermB < 0.015 0.5

*ATCC49619 (MICre, < 0.015ugmL™", MICem < 0.5 pg mL™") was used
as a susceptible strain.

'Serotyping was performed by the Quellung reaction with antisera from
Statens, Serum Institute (Copenhagen, Denmark).

tSequence type.

See Materials and methods for mutations in the AmefE-mel and AermB
mutants.

the mutants were constructed independently from strains
S120 and S43, which carry both mefE-mel and ermB
elements. Taken together, the results suggest that reduced
TEL susceptibility (TEL-MIC 1pgmL™) in S. pneumoniae
may be caused by the acquisition of the mefE-mel element
only and conferred additionally by the ermB element.

The disruption of ermB resulted in drastic decreases in
resistance to EM; MIC declined from > 512 to 4pgmL™".
However, the mefE-mel mutations did not significantly
affect resistance. Additional mefE-mel mutations in the
ermB mutants reduced EM-MICs to the level of ATCC
(MIC 0.5ugmL™). These results suggest that ermB is a
predominant mechanism for high resistance to EM in the
pneumococcal isolates harboring both ermB and mefE-mel
determinants, although the efflux assembly confers low-level
resistance.

Sequence analyses of the five isolates revealed no muta-
tions in 23S rRNA gene domains II or V. There were no
mutations in the L4 ribosomal protein from any isolate,
except that from strain 543, in which the S20N mutation was
found (data not shown). No mutations were found in the
L22 ribosomal protein from any isolate.

It has been demonstrated that the mefE and mel carried by
mega may be a part of Tn2009, a composite element in
which mega is integrated into a Tn9I6-like transposon
carrying tetM (Franke & Clewell, 1981; Del Grosso et al.,
2004). The presence of tetM has been examined in isolates
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S15, $36, S89, S105 and S125, which express tetracycline

" resistance (MICs 16 pgmL™"), using PCR with the primers

TETMI1 and TETM2 (Del Grosso et al., 2004). This primer
set produced an amplicon of approximately 2.0 kb, indicat-
ing the presence of tetM. The linkage between mefE-mel and
tetM in these strains was investigated by Southern hybridi-
zation based on the restriction cleavage map constructed
from the sequence (accession number AF376746). In these
five isolates, mefE-mel and tetM were in close proximity, as
shown in Tn2009 (data not shown). Although the whole
sequence of the composite transposon has not been revealed
in the present study; it is speculated that transposition of a
Tn2009-like element may be responsible for generating the
reduced-TEL-susceptibility streptococci S15, $36, $89, S105
and S125. On the other hand, a recent report demonstrated
that a different composite element, designated Tn2010, is
similar to Tn2009, but also contains ermB (Del Grosso et al.,
2006). The presence of tetM in S. pneumoniae isolates 543,
$88 and S120 was confirmed by DNA sequence analyses of
PCR products of 2.0kb amplified using the primer pair
TETM1 and TETM2. Strain S43 expressed tetracycline
resistance (MIC 16 pgmL"l), but $88 and S120 showed a
tetracycline-intermediate phenotype (MICs 4pgmL™). In
these isolates, Southern hybridization revealed a linkage
between mef-mel and tetM and one between ermB and tetM,
which are in Tn2010 (data not shown).

Concluding remarks

The present study suggests that low-TEL-susceptibility
pneumococci have appeared clinically in Japan without
prior exposure to TEL. Mutational analysis with isogenic
strains revealed that the acquisition of mefE-mel may reduce
the susceptibility of pneumococci to TEL. It was demon-
strated previously that high-level TEL resistance was easily
generated from macrolide-resistant S. pneumoniae harbor-
ing ermB and mefA (Walsh et al., 2003). It is therefore worth
mentioning that the reduced TEL susceptibility clones
demonstrated in the present study may have the potential
to generate TEL-resistant pneumococci and spread further.

Acknowledgements

This work was supported by a grant from the Research
Project for Emerging and Reemerging Infectious Diseases
(grant no. H21-Shinkou-011) from the Ministry of Health,
Labor and Welfare of Japan.

References

Al-Lahham A, Appelbaum PC, van der Linden M & Reinert RR
(2006) Telithromycin-nonsusceptible clinical isolates of

© 2010 Federation of European Microbiological Societies
Published by Blackwell Publishing Ltd. All rights reserved

—297—



92

Streptococcus pneumoniae from Europe. Antimicrob Agents Ch
50: 3897-3900.

Ambrose KD, Nisbet R & Stephens DS (2005) Macrolide efflux in
Streptococcus pneumoniae is mediated by a dual efflux pump
(mel and mef) and is erythromycin inducible. Antimicrob
Agents Ch 49: 4203-4209.

Blue CE & Mitchell T] (2003) Contribution of a response
regulator to the virulence of Streptococcus pneumoniae is strain
dependent. Infect Immun 71: 4405—4413.

Bozdogan B, Appelbaum PC, Kelly LM et al. (2003) Activity of
telithromycin and seven other agents against 1034 pediatric
Streptococcus pneumoniae isolates from ten central and eastern
European centers. Clin Microbiol Infec 9: 653—661.

Del Grosso M, Scotto d’'Abusco A, Iannelli F, Pozzi G & Pantosti A
(2004) Tn2009, a Tn916-like element containing mef(E) in
Streptococcus pneumoniae. Antimicrob Agents Ch 48:
2037-2042.

Del Grosso M, Camilli R, lannelli F, Pozzi G & Pantosti A (2006)
The mef{E)-carrying genetic element (mega) of Streptococcus
pneumoniae: insertion sites and association with other genetic
elements. Antimicrob Agents Ch 50: 3361-3366.

Dintilhac A, Alloing G, Granadel C & Claverys ] (1997)
Competence and virulence of Streptococcus pneumoniae: Adc
and PsaA mutants exhibit a requirement for Zn and Mn
resulting from inactivation of putative ABC metal permeases.
Mol Microbiol 25: 727-739.

Douthwaite S, Hansen LH & Mauvais P (2000)
Macrolide—ketolide inhibition of MLS-resistant ribosomes is
improved by alternative drug interaction with domain II of
23S rRNA. Mol Microbiol 36: 183-193.

Faccone D, Andres P, Galas M, Tokumoto M, Rosato A & Corso A
(2005) Emergence of a Streptococcus preumoniae clinical
isolate highly resistant to telithromycin and fluoroquinclones.
J Clin Microbiol 43: 5800-5803.

Farrell D] & Felmingham D (2004) Activities of telithromycin
against 13,874 Streptococcus prieumoniae isolates collected
between 1999 and 2003. Antimicrob Agents Ch 48:

1882-1884.

Fogarty CM, Kohno S, Buchanan P, Aubier M & Baz M (2003)
Community-acquired respiratory tract infections caused
by resistant pneumococci: clinical and bacteriological efficacy
of the ketolide telithromycin. ] Antimicrob Chernoth 51:
947-955.

Franke A & Clewell D (1981) Evidence for a chromosome-borne
resistance transposon (Tn916) in Streptococcus faecalis that is
capable of ‘conjugal’ transfer in the absence of a conjugative
plasmid. ] Bacteriol 145: 494-502.

Gay K & Stephens DS (2001) Structure and dissemination of a
chromosomal insertion element encoding macrolide efflux in
Streptococcus pneumoniae. J Infect Dis 184: 56-65.

Hansen LH, Mauvais P & Douthwaite S (1999) The macrolide-
ketolide antibiotic binding site is formed by structures in
domains Il and V of 23S ribosomal RNA. Mol Microbiol 31:
623-631.

© 2010 Federation of European Microbiological Societies
Published by Blackwell Publishing Ltd. All rights reserved

A. Takaya et al.

Hirakata Y, Mizuta Y, Wada A et al. (2007) The first
telithromycin-resistant Streptococcus pneumoniae isolate in
Japan associated with erm(B) and mutations in 235 rfRNA and
riboprotein L4. Jpn [ Infect Dis 60: 48-50.

Hunter SB, Vauterin P, Lambert-Fair MA et al. (2005)
Establishment of a universal size standard strain for use with
the PulseNet standardized pulsed-field gel electrophoresis
protocols: converting the national databases to the new size
standard. J Clin Microbiol 43: 1045-1050.

Tannelli F & Pozzi G (2004) Method for introducing specific and
unmarked mutations into the chromosome of Streptococcus
prieumoniae. Mol Biotechnol 26: 81-86.

Ikenaga M, Kosowska-Shick K, Gotoh K et al. (2008) Genotypes
of macrolide-resistant pneumococci from children in
southwestern Japan: raised incidence of strains that have both
erm(B) and mef(A) with serotype 6B clones. Diagn Micr Infec
Dis 62: 16-22.

Isozumi R, Ito Y, Ishida T et al. (2007} Genotypes and related
factors reflecting macrolide resistance in pneumococcal
pneumonia infections in Japan. J Clin Microbiol 45:
1440-1446.

Leclercq R & Courvalin P (2002) Resistance to Macrolides and
Related Antibiotics in Streptococcus pneumoniae. Antimicrob
Agents Ch 46: 2727-2734.

Maglio D, Teng R, Thyrum PT, Nightingale CH & Nicolau DP
(2003) Pharmacokinetic profile of meropenem, administered
at 500 milligrams every 8 hours, in plasma and cantharidin-
induced skin blister fluid. Antimicrob Agents Ch 47:
1771-1773.

Martin B, Prudhomme M, Alloing G, Granadel C & Claverys ]
(2000) Cross-regulation of competence pheromone
production and export in the early control of transformation
in Streptococcus pneumoniae. Mol Microbiol 38: 867-878.

National Committee for Clinical and Laboratory Standards
(2007} Performance and Standards for Antimicrobial
Susceptibility Testing. Seventeenth Informational Supplement
M100-517. National Committee for Clinical and Laboratory
Standards Institute, Wayne, PA.

Okada N, Tatsuno I, Hanski E, Caparon M & Sasakawa C (1998}
Streptococcus pyogenes protein F promotes invasion of Hela
cells. Microbiology 144: 3079-3086.

Reinert RR, van der Linden M & Al-Lahham A (2005) Molecular
characterization of the first telithromycin-resistant
Streptococcus pneumoniae isolate in Germany. Antimicrob

. Agents Ch 49: 3520-3522.

Roberts MC, Sutcliffe ], Courvalin P, Jensen LB, Rood ] & Seppala
H (1999) Nomenclature for macrolide and
macrolide-lincosamide—streptogramin B resistance
determinants. Antimicrob Agents Ch 43: 2823-2830.

Sutcliffe J, Grebe T, Tait-Kamradt A & Wondrack L (1996)
Detection of erythromycin-resistant determinants by PCR.
Antimicrob Agents Ch 40: 2562-2566.

Walsh E Willcock ] & Amyes S (2003) High-level telithromycin
resistance in laboratory-generated mutants of Streptococcus
pneumoniae. | Antimicrob Chemoth 52: 345-353.

FEMS Microbiol Lett 307 (2010) 87-93

—298—



Reduced susceptibility to telithromycin of S. pneumoniae

Wolter N, Smith AM, Low DE & Klugman KP (2007)
High-level telithromycin resistance in a clinical isolate of
Streptococcus pneumoniae. Antimicrob Agents Ch 51:
1092-1095.

Yanisch-Perron C, Vieira ] & Messing ] (1985) Improved M13
phage cloning vectors and host strains: nucleotide sequences of
the M13mp18 and pUC19 vectors. Gene 33: 103-119.

FEMS Microbiol Lett 307 (2010) 87-93

93

Yokoyama E & Uchimura M (2006) Optimal settings of
fingerprint-type analysing computer software for the analysis
of enterohaemorrhagic Escherichia coli pulsed-field gel
electrophoresis patterns. Epidemiol Infect 134: 1004-1014.

Zuckerman JM (2004) Macrolides and ketolides: azithromycin,
clarithromycin, telithromycin. Infect Dis Clin N Am 18:
621-649, xi-.

© 2010 Federation of European Microbiological Societies
Published by Blackwell Publishing Ltd. Al rights reserved

—299—



Jpn. J. Infect. Dis., 63, 2010

Laboratory and Epidemiology Communications

Isolation of Streptococcus pneumoniae Serotypes 6C and 6D
from the Nasopharyngeal Mucosa of Healthy Japanese Children

Bin Chang*, Taketo Otsuka!, Atsushi Iwaya?, Minoru Okazaki!,
Satoko Matsunaga, and Akihito Wada

Department of Bacteriology I, National Institute of Infectious Diseases, Tokyo 162-8640;
!Department of Pediatrics, Sado General Hospital, Niigata 952-1209; and
2Department of Pediatrics, Ryotsu Hospital, Niigata 952-0007, Japan

Communicated by Yoshichika Arakawa

{Accepted August 24, 2010)

Streptococcus pneumoniae, a primary causative agent
of otitis media, pneumonia, bacteremia, and meningitis
in children, results in substantial morbidity and mortali-
ty in many countries, including Japan (1-3). Of the 93
S. pneumoniae serotypes identified to date, serotypes
6C and 6D were recently differentiated from the classi-
cal serotypes 6A and 6B, respectively (4-6). Serotype 6C
was subsequently reported to be isolated in several
countries (5-9), especially as an important replacement
serotype after introduction of the 7-valent pneumococ-
cal conjugate vaccine (PCV7) (7,9,10). The naturally oc-
curring S. pneumoniae serotype 6D was isolated from
the Fiji Islands, Korea, and Poland (4,11,12). In this
study, 32 6C and 1 6D S. preumoniae isolates were iden-
tified from the nasopharyngeal mucosa of healthy chil-
dren who had not received PCV7 residing on Sado
Island, Niigata Prefecture, by using serological and
genetic characterization.

S. pneumoniae, Haemophilus influenzae, and other
pathogens among children residing on Sado Island,
Niigata Prefecture, are monitored as part of the Sado
Island, Antimicrobials, Day-care attendance, Older sib-
lings (SADO) Study (13). In SADO study, which was
conducted in 2008, pharyngeal swabs obtained from
healthy children at check-up periods of 4, 7, 10, and 18
months old (mo) were cultured. Two of the children in-
cluded had received PCV7. Fifty-two percent of the
children at 18 mo had been attending day nursery. All S.
pneumoniae isolates were serotyped using the conven-
tional Quellung reaction using commercially available
pneumococcal antisera (Statens Serum Institut [SSI],
Copenhagen, Denmark) and home-made factor antise-
rum (designated factor 6dh [h indicates home-made])
for serotypes 6C and 6D. The factor 6b antiserum used
in this study could react with both serotypes 6A and 6C;
the new version of the factor 6b antiserum from SSI
only reacts with serotype 6A (14,15). Factor 6dh anti-
serum was prepared by immunization of rabbits with
formaldehyde-fixed serotype 6C whole cells and subse-
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quent absorption of the antiserum with serotype 6A
whole cells. In addition to the serological examination,
serotypes 6C and 6D of the isolates were confirmed by
genetic characterization involving comparison of the
weiN region of 6A, 6B, 6C, and 6D isolates using PCR
with primers 5106 and 3101 (5), and DNA sequencing of
the wciP gene. The size of the wciN PCR products was
determined by electrophoresis with 0.8% SeaKem GTG
agarose gel (Takara Bio, Otsu, Japan). The DNA se-
quence of the wciP gene was determined using BigDye
vl.1 (Applied Biosystems, Foster City, Calif., USA)
and 3130x/ Genetic Analyzer (Applied Biosystems). The
antibiotic susceptibility of the isolates was analyzed
by the microbroth dilution method according to the
Clinical and Laboratory Standards Institute (CLSI
M100-518). Multi-locus sequence typing (MLST) was
performed as described by Enright and Spratt (16).

A total of 337 S. preumoniae isolates were obtained
in this study. All isolates were initially serotyped using
the Quellung reaction, and those that exhibited positive
reactions with serogroup 6 antiserum were further tested
using factor 6b, 6c, and 6dh antisera. Serotypes 6A and
6C exhibited positive reactions with factor 6b antise-
rum, whereas serotypes 6B and 6D cxhibited positive
reactions with factor 6c antiserum. Serotypes 6A and 6B
exhibited negative reactions, and serotypes 6C and 6D
exhibited positive reactions, with factor 6dh antiserum
(Fig. 1). Thirty-two isolates (9.5%) exhibited positive
reactions with both factor 6b and 6dh antisera, thus sug-
gesting that they expressed the serotype 6C capsule. Fur-
thermore, 1 isolate (0.3%) exhibited positive reactions
with factor 6¢c and 6dh antisera, thus suggesting that it
expressed serotype 6D capsule.

The wciN gene of the S. pneumoniae isolates was sub-
sequently examined using PCR. The lengths of the PCR
products for serotype 6A and 6B isolates found to be 2.0
(Fig. 2, lane 1) and 2.0/2.2kb (Fig. 2, lanes 2 and 3),
respectively. The length of each of the PCR products of
the putative serotype 6C and 6D isolates was 1.8 kb
(Fig. 2, lanes 4 and 5). The 2.0- and 2.2-kb wciN PCR
products indicate the presence of capsular polysaccha-
ride (PS) containing galactose, whereas the 1.8-kb PCR
product indicates substitution of galactose by glucose
(5). The DNA sequences of the wciP gene were deter-
mined for the isolates (4,5,11). The 138th amino acid
residue in WciP for the 6A isolate is serine (AGT),
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Fig. 1. Quellung reaction of Streptococcus pneumoniae serotypes 6A, 6B, 6C, and 6D. S. pneumoniae serotypes 6A
{SP128) and 6B (KSP120) were isolated from cerebrospinal fluid. S. pneumoniae 6C (SP569) and 6D (SP687) were
isolated from nasopharyngeal mucosa in this study. The antisera used are indicated on top of each column. G6,
antiserum for serogroup 6; 6b, factor antiserum 6b; 6¢, factor antiserum 6¢; 6dh, home-made factor antiserum
6dh. Serotypes of S. pneumoniae are indicated on the left of the photographs. The underlined photographs illus-

trate positive results.

(bp)
3,000
2,000
1,650

M 1

Fig. 2. PCR products of the wciN region of Streptococcus pneu-
monige serogroup 6 isolates. M, 1 kb plus DNA ladder; lane 1,
serotype 6A (SP128); lane 2, serotype 6B (KSP123); lane 3,
serotype 6B (KSP120); lane 4, serotype 6C (SP569); lane 5,
serotype 6D (SP687). The 2.0-kb or 2.2-kb fragments were ob-
tained from serotype 6A (2.0-kb only) and 6B (2.0-kb or
2.2-kb) isolates, whereas the 1.8-kb fragments were obtained
from serotype 6C and 6D isolates.

whereas that for the 6B isolate is asparagine (AAT) (17).
The former amino acid is responsible for the rhamnose-
(1—3)-ribitol linkage in the PS of serotype 6A, whereas
the latter is responsible for the rhamnose-(1— 4)-ribitol
linkage in the PS of serotype 6B. The corresponding
amino acids of the putative 6C and 6D isolates were ser-
ine and asparagine, respectively. The serological and
genetic analyses yielded identical results in that both
were consistent with the PS structure [—2)-glucose-
(1-3)-glucose-(1- 3)-rhamnose-(1—3)-ribitol-(5—phos-
phate] for 6C and [—2)-glucose-(1 —3)-glucose-(1 - 3)-

rhamnose-(1 —4)-ribitol-(5—phosphate] for 6D, thus

confirming the colonization of S. pneumoniae serotype
6C and 6D isolates in the nasopharynx of healthy
Japanese children.

The 32 6C S. pneumoniage isolates were obtained from
a total of 30 children (3 from 4-mo children, 5 from
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7-mo children, 13 from 10-mo children, and 11 from
18-mo children); 2 of the isolates were obtained from
the same child at 7- and 10-mo, and a furthre 2 isolates,
which showed different colony morphologies and
different antibiograms, were simultaneously obtained
from a child at 18 mo. The S. pneumoniae serotype 6D
was isolated from an 18-mo child. None of the children
who carried the S. prneumoniae serotypes 6C or 6D had
received PCV7. As for the children’s residential area
and day nursery attendance, there was no obvious as-
sociation between the 30 children from whom the S.
pneumoniae serotype 6C was isolated. The minimum in-
hibitory concentration (MIC) of penicillin G for the
serotype 6C isolates ranged between <0.015 and 0.25
pg/ml, and that for 26 (81.3%) of the isolates being
=<0.06 ug/ml. All of the 6C isolates were susceptible to
both cefotaxime (MIC =<1 pug/ml) and meropenem
MIC <0.25 ug/ml), whereas 30 (93.8%) of them were
resistant to erythromycin (MIC =1 ug/ml). The 6D iso-
late was susceptible to penicillin G (0.03 gg/ml),
cefotaxime (0.25 ug/ml), and meropenem (<0.008
ug/ml) but resistant to erythromycin (=8 ug/ml).
MLST analysis revealed that the frequent sequence
types (STs) of the serotype 6C isolates were ST2923
(40.6%) and ST2924 (31.3%), whereas the ST of the 6D
isolate was ST2924. The MLST analysis showed that the
serotype 6C isolates from children on Sado Island com-
prised multiple clones.

The routine immunization of infants and toddlers in
the United States with PCV7 has successfully reduced

—301—



the incidence of invasive pneumococcal disease (IPD) in
children caused by the vaccine serotypes (18-20). Vacci-
nation of children with PCV7 has also lowered the inci-
dence of IPD among the elderly, a phenomenon known
as the herd-immunity effect (18-20). The observed
reduction in the incidence of IPD among the nonim-
munized population is likely to be due to a change in the
nasopharyngeal colonization of S. pneumoniae in im-
munized individuals. There has, however, been arise in
the incidence of IPD caused by non-PCV7 serotypes
(known as replacement serotypes), including serotypes
I8A, 6C, and others, in the United States (7,9,19,
21-24). As far as 6D is concerned, this serotype was iso-
lated at a high rate (41%) from the nasopharyngeal
mucosa of Fijian children, 86% of whom had received
at least 1 dose of PCV7, thereby suggesting that sero-
type 6D may have a selective advantage after immuniza-
tion with the vaccine (11). In addition, 5 IPD cases due
to S. pneurnoniae serotype 6D were reported in Poland
(12). Because serotypes 6C and 6D were recognized after
the introduction of PCV7, the surveillance data for in-
fection with these serotypes in the United States and
other countries are retrospective (12,18,19). PCV7 was
released in Japan in February 2010 and widespread
PCV7 vaccination is expected to lead to a similarly large
reduction in pneumococcal infections, including IPD,
pneumonia, and otitis media, in both the immunized
and nonimmunized populations to that observed in
other countries. We have initiated a population-based
study to monitor the changes in IPD incidence and the
serotype distribution among Japanese children, and we
are also monitoring the colonized S. pneumoniae in the
nasopharynx of healthy children. Initial results showed
that §. pneumoniae serotype 6C was isolated from less
than 2% of IPD cases without PCV7 vaccination (un-
published data) but could be isolated from the
nasopharyngeal mucosa of 9.5% of the healthy chil-
dren. PCV7, which includes only serotype-6B con-
jugate, would not affect the colonization or infection by
S. pneumoniae serotypes 6C and/or 6D. A prospective
surveillance on both colonization and infection by S.
pneumoniae serotypes 6C, 6D, and others is therefore
warranted to obtain an accurate evaluation of the ef-
fects of the 7- and 13-valent conjugate vaccines.

Acknowledgments This work was supported by grants from the
Ministry of Health, Labour and Welfare of Japan (H21-Shinkou-ip-
pan-002 and H21-Shinkou-ippan-008), the Japanese Society for
Pediatric Infectious Diseases, St. Luke's Life Science Institute, and
the Mother and Child Health Foundation.

Conflict of interest None to declare.

REFERENCES

1. Austrian, R. and Gold, J. (1964): Pneumococcal bacteremia with
special reference to bacteremic pneumococcal pneumonia. Ann.
Intern. Med., 60, 759-776.

2. Ishiwada, N., Kurosaki, T., Terashima, 1., et al. (2008): The inci-
dence of pediatric invasive pneumococcal disease in Chiba prefec-
ture, Japan (2003-2005). J. Infect., 57, 455-458.

3. Pallarés, R., Lifares, J., Vadillo, M., et al. (1995): Resistance to
penicillin and cephalosporin and mortality from severe pneu-
mococcal pneumonia in Barcelona, Spain. N. Engl. J. Med., 333,
474-480.

4. Bratcher, P.E., Kim, K.H., Kang, J.H., et al. (2010): Identifica-
tion of natural pneumococcal isolates expressing serotype 6D by

383

10.

11.

14.

15.

16.

18.

19.

20.

21.

22.

23.

24,

genetic, biochemical and serological characterization. Microbiol-
ogy, 156, 555-560.

. Park, L.H., Park, S., Hollingshead, S.K., et al. (2007): Genetic

basis for the new pneumococcal serotype, 6C. Infect. Immun.,
75, 4482-4489.

. Park, L.H., Pritchard, D.C., Cartee, R., et al. (2007): Discovery

of a new capsular serotype (6C) within serogroup 6 of Streptococ-
cus pneumoniae. J. Clin. Microbiol., 45, 1225-1233.

. Carvalho, M. da G., Pimenta, F.C., Gertz, R.E., Jr., et al.

(2009): PCR-based quantitation and clonal diversity of the cur-
rent prevalent invasive serogroup 6 pneumococcal serotype, 6C,
in the United States in 1999 and 2006 to 2007. J. Clin. Microbiol.,
47, 554-559.

. Jacobs, M.R., Dagan, R., Bajaksouzian, S., et al. (2010): Valida-

tion of factor antiserum 6d for serotyping Streptococcus pneumo-
nige serotype 6C. J. Clin. Microbiol., 48, 1456-1457.

. Jacobs, M.R., Good, C.E., Bajaksouzian, S., et al. (2008): Emer-

gence of Streptococcus pneumoniae serotypes 19A, 6C, and 22F
and serogroup 15 in Cleveland, Ohio, in relation to introduction
of the protein-conjugated pneumococcal vaccine. Clin. Infect.
Dis., 47, 1388-1395.

Tocheva, A.S., Jefferies, J.M., Christodoulides, M., et al.
(2010): Increase in serotype 6C pneumococcal carriage, United
Kingdom. Emerg. Infect. Dis., 16, 154-155.

Jin, P., Kong, F., Xiao, M., et al. (2009): First report of putative
Streptococcus pneumonige serotype 6D among nasopharyngeal
isolates from Fijian children. J. Infect. Dis., 200, 1375-1380.

- Kuch, A., Sadowy, E., Skoczyniska, A., et al. (2010): First report

of Streptococcus pneumoniae serotype 6D isolates from invasive
infections. Vaccine, 28, 6406-6407.

. Otsuka, T., Ono, T. and Okazaki, M. (2009): Resistance of

nasopharyngeal pathogens and antimicrobial prescription rates
for children in an area under controlled antimicrobial use.
Pediatr. Infect. Dis. J., 28, 128-130.

Bratcher, P.E. and Nahm, M.H. (2010): Cross-reactivity of cur-
rent serogroup 6 factor sera from Statens Serum Institut with the
recently described pneumococcal serotype 6D. J. Clin.
Microbiol., 48, 3044-3045.

Oftadeh, S., Satzke, C. and Gilbert, G.L. (2010): Identification
of newly described Streptococcus preumoniae serotype 6D by use
of the Quellung reaction and PCR. J. Clin. Microbiol., 48,
3378-3379.

Enright, M.C. and Spratt, B.G. (1998): A multilocus sequence
typing scheme for Streptococcus pneumoniae: identification of
clones associated with serious invasive disease. Microbiology,
144, 3049-3060.

. Mavroidi, A., Godoy, D., Aanensen, D.M., et al. (2004): Evolu-

tionary genetics of the capsular locus of serogroup 6 pneu-
mococci. J. Bacteriol., 186, 8181-8192.

Lexau, C.A., Lynfield, R., Danila, R., et al. (2005): Changing
epidemiology of invasive pneumococcal disease among older
adults in the era of pediatric pneumococcal conjugate vaccine.
JAMA, 294, 2043-2051.

Pilishvili, T., Lexau, C., Farley, M.M., et al. (2010): Sustained
reductions in invasive pneumococcal disease in the era of con-
jugate vaccine. J. Infect. Dis., 201, 32-41.

Whitney, C.G., Farley, M.M., Hadler, J., et al. (2003): Decline in
invasive pneumococcal disease after the introduction of protein-
polysaccharide conjugate vaccine. N. Engl. J. Med., 348,
1737-1746.

Byington, C.L., Samore, M.H., Stoddard, G.J., et al. (2005):
Temporal trends of invasive disease due to Streptococcus pneu-
monige among children in the intermountain west: emergence of
nonvaccine serogroups. Clin. Infect. Dis., 41, 21-29.

Hicks, L.A., Harrison, L.H., Flannery, B., et al. (2007): Inci-
dence of pneumococcal disease due to non-pneumococcal con-
jugate vaccine (PCV7) serotypes in the United States during the
era of widespread PCV7 vaccination, 1998-2004. J. Infect. Dis.,
196, 1346-1354.

Pelton, S.1., Huot, H., Finkelstein, J.A., et al. (2007): Emergence
of 19A as virulent and multidrug resistant pneumococcus in Mas-
sachusetts following universal immunization of infants with
pneumococcal conjugate vaccine. Pediatr. Infect. Dis. J., 26,
468-472.

Singleton, R.J., Hennessy, T.W., Bulkow, L.R., et al. (2007): In-
vasive pneumococcal disease caused by nonvaccine serotypes
among Alaska native children with high levels of 7-valent pneu-
mococcal conjugate vaccine coverage. JAMA, 297, 1784-1792.

—302—






