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Objectives: Recently several clinical isolates of Streptococcus agalactiae [also known as group B Streptococcus
(GBS)] that have acquired reduced penicillin susceptibility (PRGBS) by amino acid substitutions in the penicillin-
binding protein 2X have emerged. The frequency of fluoroquinolone (FQ)- and macrolide-resistant streptococci
among PRGBS is not yet known.

Methods: Fifty-seven GBS [19 PRGBS and 38 penicillin-susceptible GBS (PSGBS)], isolated from different medical
institutions in Japan, were studied. For GBS, the MICs of penicillin G, levofloxacin and erythromycin were deter-
mined using the agar dilution method. Nineteen PRGBS were previously confirmed as genetically diverse
streptococci by PFGE. Further, the mechanisms underlying penicillin, FQ and macrolide non-susceptibility/resist-
ance were analysed.

Results: The frequency of non-susceptibility to FQs among PSGBS was 18.4% (7/38), whereas that among
PRGBS was 100% (19/19). The frequency of resistance to erythromycin among PSGBS was 7.9% (3/38), while
that among PRGBS was 47.4% (9/19). Statistical significance was determined using Fisher’s exact test
between reduced penicillin susceptibility and FQ non-susceptibility (P≤0.0001) and macrolide resistance
(P¼0.0012). The resistance/non-susceptibility mechanisms among PRGBS were diverse, suggesting that the
PRGBS examined were not clonal.

Conclusions: PRGBS isolates tend to show resistance to FQs and/or macrolides. Because the drug choice for
treating these multidrug-resistant GBS is more limited than that for usual GBS, these strains may present
future public health challenges.
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Introduction
Streptococcus agalactiae [group B Streptococcus (GBS)] is the
primary cause of neonatal (from birth to 4 weeks of age) invasive
infections such as sepsis and meningitis and is an important
pathogen in elderly people and those with underlying medical
disorders.1 – 6 Because GBS is consistently susceptible to
b-lactams, including penicillins and cephems,1,6 the b-lactam re-
sistance breakpoints have not yet been set by the CLSI.7

b-Lactams are prescribed as first-line drugs, without susceptibil-
ity testing, to treat GBS infections. Moreover, the US CDC has
recommended b-lactams to prevent neonatal invasive infections

in pregnant women who harbour GBS in their gestational and/or
enteric tracts.6 However, several GBS clinical isolates with
reduced penicillin susceptibility (PRGBS) have been identified by
molecular methods in both Japan8 – 12 and North America.13 – 15

The MICs of penicillin, oxacillin and ceftizoxime for PRGBS isolates
are usually above ‘susceptible’ levels for the Streptococcus spp. of
the b-haemolytic group.7

EUCAST (http://www.eucast.org/clinical_breakpoints/) has
defined a clinical penicillin MIC breakpoint for Streptococcus
groups A, B, C and G, together with the penicillin MIC resistance
breakpoint (.0.25 mg/L).16 Both EUCAST and CLSI state that
penicillin-non-susceptible isolates are extremely rare in GBS.
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High MICs of fluoroquinolones (FQs) for the PRGBS isolates
were usually found in our preliminary investigations. After our
first report on PRGBS,8 almost all newly identified PRGBS clinical
isolates in Japan were found to have FQ resistance. However,
the frequency of FQ-non-susceptible and macrolide-resistant
streptococci among PRGBS has not yet been determined.

We conducted this study to ascertain the frequency of FQ-non-
susceptible and macrolide-resistant streptococci among PRGBS
isolated in Japan using 57 GBS, including 19 PRGBS and 38
penicillin-susceptible GBS (PSGBS).

Materials and methods

Bacterial isolates
Fifty-seven GBS (19 PRGBS and 38 PSGBS) were isolated from blood or re-
spiratory specimens in Japan between 2001 and 2008. PRGBS were con-
firmed by penicillin-binding protein 2X (PBP2X) gene sequencing analysis
and disc diffusion methods using ceftibuten discs.17 Among the well-
characterized PRGBS, we excluded PRGBS isolated between 1995 and
1998 because we could not obtain PSGBS between 1995 and 1998 retro-
spectively. We obtained PSGBS between 2001 and 2008 and analysed 19
PRGBS and 38 PSGBS during this period. For statistical analysis, the
number of PSGBS analysed was twice that of PRGBS.

MIC determinations
The MICs of penicillin G, levofloxacin (FQ) and erythromycin (macrolide)
for 57 GBS were determined using the agar dilution method recom-
mended by the CLSI7 using Streptococcus pneumoniae ATCC 49619 as
the quality-control strain.

Molecular biological methods
To analyse the sequences of PBP2X genes and quinolone resistance-
determining regions (QRDRs) of gyrA, gyrB, parC and parE genes, we amp-
lified each full-length and/or partial gene using the total DNA isolated
from GBS as templates and PrimeSTAR HS DNA Polymerase (Takara Bio
Inc., Otsu, Shiga, Japan). The primers used for PCR amplification and
sequencing have been described previously.8,12

To identify the macrolide-resistance genes erm(TR), erm(B) and
mef(A/E), we performed PCR amplification of these partial genes using
primers described previously.18,19

Statistical analysis
Fisher’s exact test was performed using GraphPad Prism 4 software
(GraphPad Software, La Jolla, CA, USA). Significance was set at P,0.05.

Results
The MICs for the 57 GBS are presented in Table S1 (available as
Supplementary data at JAC Online). The MICs of penicillin G for
all 19 PRGBS were above the susceptible limit defined by the
CLSI (.0.12 mg/L); however, the MICs of penicillin G for 38
PSGBS were below the susceptible limit. Figure 1 shows the rela-
tionship of the MICs of penicillin G with those of levofloxacin
(Figure 1a) and erythromycin (Figure 1b). Because PRGBS seem
to show higher levofloxacin and erythromycin MICs than
PSGBS, we classified the 57 GBS into two groups—susceptible
and not susceptible/resistant to levofloxacin and erythromycin—
according to CLSI criteria (Table 1). Among the 38 PSGBS, 7/38

(18.4%) were not susceptible to levofloxacin and 3/38 (7.9%)
were resistant to erythromycin. In addition, none of the 19
PRGBS isolates (100%, 19/19) were susceptible to levofloxacin and
9/19 isolates (47.4%) were resistant to erythromycin. The statistical
significance of reduced penicillin susceptibility and FQ non-
susceptibility was determined using Fisher’s exact test (P≤0.0001)
(Table 1). A similar statistical significance (P¼0.0012) was obtained
between reduced penicillin susceptibility and macrolide resist-
ance among the GBS tested (Table 1). PRGBS tend to display
multiple-antimicrobial resistance that may predict FQ and/or
macrolide treatment failure.

The PRGBS isolates were found to have several amino acid
substitutions in PBP2X (Table S2; available as Supplementary
data at JAC Online), as found in our previous studies,8,10 together
with several amino acid substitutions in the QRDR of the Gyr and
Par enzymes (Table S3; available as Supplementary data at JAC
Online). In addition, diverse macrolide resistance genes
erm(TR), erm(B) and mef(A/E) were detected (Table S4; available
as Supplementary data at JAC Online). No pair of isolates was
identical in terms of amino acid substitutions in PBP2X and
QRDR regions of Gyr and Par enzymes, and macrolide resistance
gene types. The data show that the 19 PRGBS tested in this study
were not clonal, which is consistent with a previous PFGE
study.8,10

Discussion
This study revealed that PRGBS tend to be FQ non-susceptible
and macrolide and multidrug resistant. Only 19 PRGBS were
used in this study because the isolation rate in Japan is only
2.3% of all GBS clinical isolates.10 It is difficult to obtain more iso-
lates, and, as far as we know, this study analysed the largest
number of PRGBS compared with other PRGBS studies worldwide.
Moreover, our results revealed a statistically significant associ-
ation between reduced penicillin susceptibility and FQ non-
susceptibility and macrolide resistance. Therefore we conclude
that PRGBS tend to be multidrug resistant.

Although we did not select the analysed PRGBS from
FQ-resistant GBS, all PRGBS were non-susceptible to levofloxacin.
The obvious selection bias is unlikely. Therefore, although PRGBS
clonal expansion must be considered, we can rule out this possi-
bility according to previous PFGE findings,8,10 the amino acid sub-
stitutions in PBP2X and Gyr and Par enzymes, and the macrolide
resistance gene types.

Because an adequate amount of PRGBS isolates for epidemio-
logical study has not yet been recovered from GBS infectious
cases and clinical samples often comprise sputa or upper respira-
tory tract swabs, the clinical significance of PRGBS has not yet
been confirmed. Fortunately, no neonatal case of invasive
PRGBS infection has been reported in Japan. However, PRGBS
tend to demonstrate multidrug resistance. Therefore we must
examine PRGBS prevalence from this point onward. To validate
the accuracy of GBS susceptibility tests, it is important to deter-
mine the resistance criteria of b-lactams for GBS. Additionally,
GBS isolates should be subjected to aggressive susceptibility
testing against penicillin and cephalosporins such as ceftizoxime
to ensure early and accurate identification of PRGBS demonstrat-
ing multidrug resistance.

Kimura et al.

540

D
ow

nloaded from
 https://academ

ic.oup.com
/jac/article/68/3/539/778201 by guest on 24 April 2024

http://jac.oxfordjournals.org/lookup/suppl/doi:10.1093/jac/dks423/-/DC1
http://jac.oxfordjournals.org/lookup/suppl/doi:10.1093/jac/dks423/-/DC1
http://jac.oxfordjournals.org/lookup/suppl/doi:10.1093/jac/dks423/-/DC1
http://jac.oxfordjournals.org/lookup/suppl/doi:10.1093/jac/dks423/-/DC1
http://jac.oxfordjournals.org/lookup/suppl/doi:10.1093/jac/dks423/-/DC1
http://jac.oxfordjournals.org/lookup/suppl/doi:10.1093/jac/dks423/-/DC1
http://jac.oxfordjournals.org/lookup/suppl/doi:10.1093/jac/dks423/-/DC1
http://jac.oxfordjournals.org/lookup/suppl/doi:10.1093/jac/dks423/-/DC1


In our previous study, sequence type (ST) 458 and serotype VI
were predominant among PRGBS isolated in Japan.9 Because
ST458 is a novel GBS ST and is specific to PRGBS found to date,
the characteristics and clinical properties of strains with ST458
are largely unknown. However, a case of nosocomial spread of
multidrug-resistant PRGBS with ST458 and serotype VI was re-
cently reported.20 Therefore there is a need to analyse and char-
acterize PRGBS with ST458 and serotype VI.

The MIC of penicillin G for PRGBS is 0.25–1 mg/L, and reduced
penicillin susceptibility mechanisms of PRGBS include the accu-
mulation of amino acid substitutions, including Q557E and/or
V405A, in PBP2X. Because the MICs of penicillin G for PRGBS
are not so high, penicillin G might be effective against PRGBS
infections, except meningitis, if PRGBS cause infections.
However, the MICs of penicillin G for PRGBS may be elevated by
the acquisition of amino acid substitutions in PBPs other than
PBP2X because the MICs of penicillins for penicillin-resistant
S. pneumoniae have been increasing by similar penicillin
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Figure 1. Scatter diagram depicting the relationship between reduced penicillin susceptibility and levofloxacin (FQ) non-susceptibility (a) and
erythromycin (macrolide) resistance (b). The numbers at each intersection indicate the number of isolates. The vertical and horizontal lines in the
scatter diagrams indicate susceptible, intermediate and resistant breakpoints established by the CLSI.

Table 1. Comparison of levofloxacin non-susceptibility and erythromycin
resistance in PRGBS and PSGBS

PRGBS (n¼19)
(penicillin G MIC

.0.12 mg/L)

PSGBS (n¼38)
(penicillin G MIC
≤0.12 mg/L) Pa

Non-susceptibility to
levofloxacin
(R or I; MIC ≥4 mg/L)

19 (100%) 7 (18.4%) ≤0.0001

Resistant to
erythromycin
(R; MIC ≥1 mg/L)

9 (47.4%) 3 (7.9%) 0.0012

I, intermediate; R, resistant. MICs were determined by the agar dilution
method according to the recommendations of the CLSI.
aCalculated using Fisher’s exact test.
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resistance mechanisms. As a result, it may be more difficult
to achieve a positive outcome with the use of penicillins
against PRGBS infection at various sites. Moreover, as this study
shows, PRGBS tend to be non-susceptible to FQs and resistant
to macrolides, and the available drug selection to treat
multidrug-resistant PRGBS infections is more limited than the se-
lection to treat common drug-susceptible GBS infections. If the
MICs of penicillins and cephalosporins for PRGBS continue
to rise in the future, the available drug selection to treat
multidrug-resistant PRGBS infections at various sites will be
quite limited. Therefore PRGBS pose future clinical concern and
further PRGBS-related research is a necessity from this point
forward.
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17 Kimura K, Wachino J, Kurokawa H et al. Practical disk diffusion test for
detecting group B streptococcus with reduced penicillin susceptibility.
J Clin Microbiol 2009; 47: 4154–7.

18 Marimón JM, Valiente A, Ercibengoa M et al. Erythromycin resistance
and genetic elements carrying macrolide efflux genes in Streptococcus
agalactiae. Antimicrob Agents Chemother 2005; 49: 5069–74.

19 Gygax SE, Schuyler JA, Kimmel LE et al. Erythromycin and clindamycin
resistance in group B streptococcal clinical isolates. Antimicrob Agents
Chemother 2006; 50: 1875–7.

20 Nagano N, Nagano Y, Toyama M et al. Nosocomial spread of
multidrug-resistant group B streptococci with reduced penicillin
susceptibility belonging to clonal complex 1. J Antimicrob Chemother
2012; 67: 849–56.

Kimura et al.

542

D
ow

nloaded from
 https://academ

ic.oup.com
/jac/article/68/3/539/778201 by guest on 24 April 2024

http://jac.oxfordjournals.org/lookup/suppl/doi:10.1093/jac/dks423/-/DC1
http://jac.oxfordjournals.org/lookup/suppl/doi:10.1093/jac/dks423/-/DC1
http://jac.oxfordjournals.org/lookup/suppl/doi:10.1093/jac/dks423/-/DC1
http://jac.oxfordjournals.org/lookup/suppl/doi:10.1093/jac/dks423/-/DC1
http://jac.oxfordjournals.org/lookup/suppl/doi:10.1093/jac/dks423/-/DC1


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /JPXEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /JPXEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


