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All clinical isolates of group B Streptococcus (GBS; Streptococcus agalactiae) are considered uniformly susceptible
to B-lactams, including penicillins. However, GBS with reduced penicillin susceptibility (PRGBS) were first identified
by our group in Japan and have also been reported from North America. PRGBS are non-susceptible to penicillin
because of acquisition of amino acid substitutions near the conserved active-site motifs in PBP2X. In particular,
V405A and Q557E are considered the key amino acid substitutions responsible for penicillin non-susceptibility. We
revealed that in addition to the substitutions in PBP2X, an amino acid substitution in PBP1A confers high-level
cephalosporin resistance in GBS. As the number of publications on GBS with reduced B-lactam susceptibility
(GBS-RBS), especially PRGBS, and concomitantly the need for a systematic classification of GBS-RBS is increasing,
we propose here a classification of GBS-RBS based on the amino acid substitutions in their PBPs.

Keywords: Streptococcus agalactiae, non-susceptibility, group B streptococci with reduced penicillin susceptibility, PRGBS

Introduction

Group B Streptococcus (GBS; Streptococcus agalactiae) is the major
cause of neonatal sepsis and meningitis; it also causes invasive infec-
tions in the elderly and in people with underlying illness. ~3 At present,
no approved vaccine to prevent GBS infections is available. Clinical iso-
lates of GBS continue to be widely regarded as susceptible to
B-lactams, with penicillin commonly being a first-line option for the
treatment or prevention of GBS infections. However, we have identi-
fied GBS with reduced penicillin susceptibility (PRGBS) in Japan and
these have also been reported from North America.~® PRGBS
show non-susceptibility to penicillin due to the acquisition of amino
acid substitutions near the active-site motifs in the transpeptidase
domain of PBP2X.“~8 In particular, two amino acid substitutions in
PBP2X, V405A and/or Q557E, are considered the key substitutions
accounting for penicillin non-susceptibility.* Moreover, we have
shown that in addition to substitutions in PBP2X, an amino acid sub-
stitution in PBP1A confers high-level resistance to cephalosporins in
GBS.!3 Recently, penicillin-susceptible, but ceftibuten-resistant, GBS
with amino acid substitutions in PBP2X were reported.'® Because
the number of publications on GBS with reduced B-lactam suscepti-
bility (GBS-RBS) is increasing, a classification scheme for GBS-RBS,
including PRGBS, based on the amino acid substitutions in their
PBPs is very important to prevent future confusion in the nomencla-
ture of GBS-RBS, including PRGBS.

Rationale for the classification of GBS-RBS

A substantial body of literature on B-lactam-non-susceptible clin-
ical isolates of GBS is available. These publications are based solely

on drug susceptibility tests and lack supportive molecular data on
the mechanism of B-lactam non-susceptibility, e.qg. sequence ana-
lysis data of the PBP genes. As phenotypic drug susceptibility tests
are subjective and hence prone to potential measurement errors,
we cannot rule out possible inaccuracies in the susceptibility data
of B-lactam-non-susceptible clinical isolates described in these
publications if PBP sequence data are not available. Moreover,
as the reported penicillin MICs for PRGBS (0.25-1 mg/L)*~® are
close to the ‘susceptible’ breakpoint (<0.12 mg/L) as defined
by the CLSI, international cooperation on antibiotic resistance
research using a systematic approach is essential. Therefore,
we propose a classification scheme for GBS-RBS clinical isolates,
including PRGBS, for which the sequence data of the PBP genes
are available.

Perspective on the classification of GBS-RBS

Our perspective on the classification of GBS-RBS based on amino
acid substitutions in PBPs is outlined in Table 1. First, we classified
GBS-RBS into classes I-1V based on the distinct PBPs that harbour
amino acid substitutions. Class I contains critical amino acid sub-
stitutions in PBP2X, but not in PBP1A, 1B, 2A or 2B. Although it is
difficult to define a ‘critical’ amino acid substitution, we consid-
ered substitutions-near the active-site motifs (within five amino
acids) as ‘critical’ amino acid substitutions, except in PBP2X.
Because amino acid substitutions in PBP2X are considered the
first step of B-lactam non-susceptibility, we considered all substi-
tutions in the transpeptidase domain of PBP2X as ‘critical’ amino
acid substitutions. Class II contains critical amino acid substitu-
tions in both PBP2X and PBP1A, but not in PBP1B, 2A or 2B. Class

© The Author 2015. Published by Oxford University Press on behalf of the British Society for Antimicrobial Chemotherapy. All rights reserved.
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Table 1. Classification of GBS-RBS, including PRGBS, based on amino acid substitutions in their PBPs

Class  Subclass PBP2X PBP2B  PBP2A  PBP1B  PBP1A Strains (reference)
I Ia V405A — — — — B8, B502“, B503“, B514“, B516% R1° R2°, RS®, R6% R9’,
no. 1-8'?, M19'% MRY08-517* MRY08-528“ MRY11-004¢,
MRY11-005'6, NUBL-244916
Ib QSS7E — - - - B6“, B10“, B12, B40, B60®, B68“, 3789-04°, 6138-03°,
7507-03%, 8607-03°, R3°, R45, M161*
Ic V405A, Q557E — — — — B513, MRY08-527% A11°, A2'®
Iz other — — — — B7“, MRY08-1422 one clinical isolate®, GBS2007°, B1-6'°
11 Ila V405A — - —_ yes
Itb QSS7E — — - yes B1413
1lc V405A, Q557E — — - yes
11z other — - — yes.
11 Illa V405A yes — — —
Ilib Q557E yes — - - R75, R8>
Illc V405A, Q557E yes — — —
Iz other yes — —_ —
v Iva V40SA — yes — yes
IVb Q557E — yes — yes
IVc V405A, Q557E — yes — yes
vz other — yes — yes 2009 isolate'®

‘Yes’, the PBP harbours a critical mutation; ‘—’, the PBP does not harbour a critical amino acid substitution; V405A, PBP2X contains the V405A substitution
close to the 402SSN404 Motif; Q557E, PBP2X contains the Q557E substitution close to the 55,KSGs s, motif; VAOSA, Q557E, PBP2X contains both the VA05A
and the Q557E substitutions; other, PBP2X contains neither the V405A substitution nor the Q557E substitution, but it contains novel potentially critical
amino acid substitutions. We considered substitutions near the active-site motifs (within five amino acids) in the transpeptidase domain as ‘critical’
amino acid substitutions, except in PBP2X. Because amino acid substitutions in PBP2X are considered the first step of -lactam non-susceptibility, we
considered all substitutions in the transpeptidase domain of PBP2X as ‘critical’ amino acid substitutions.

111 harbours critical substitutions in both PBP2X and PBP2B, but
not in PBP1A, 1B or 2A. Class IV harbours critical substitutions in
PBP2X, PBP2A and 1A, but not in PBP1B or 2B. If other substitutions
are reported in the future, new classes can be added, e.g. class V,
class VI etc.

In addition, we divided each class into four subclasses, based on
the key amino acid substitutions in PBP2X. Subclass ‘@’ of each class
harbours the V405A substitution close to the 4025SN4qs, motif in
PBP2X. Subclass ‘b’ contains the Q557E substitution close to the
552KSGss, motif. Subclass ‘¢’ harbours both the V405A and Q557E
substitutions. Subclass ‘z" harbours neither V405A nor Q55 7E substi-
tutions, but it harbours novel potentially critical amino acid substitu-
tions in PBP2X. If other key amino acid substitutions in PBP2X are
reported in the future or if the substitutions in PBP2X now classified
under subclass ‘Z’ are experimentally confirmed to be critical, novel
subclasses can be added, e.g. subclass ‘d’, subclass ‘e’ etc.

Finally, we propose to add an asterisk to each class for which
the amino acid substitutions in the PBPs have been proven critical
by using molecular genetic techniques. For example, clinical iso-
late B1 belongs to 1Ib* because amino acid substitutions in
PBP2X and PBP1A were shown to be critical by using allelic
exchange experiments.*?

Prospect of the classification of GBS-RBS

At present, the number of publications on the PBPs of GBS-RBS is
increasing, owing to the ongoing emergence and discovery of

novel B-lactam-non-susceptible clinical isolates. Concomitantly,
the number of reported distinct amino acid substitution patterns
in the PBPs will likely continue to increase. Therefore, we propose a
classification scheme that is easily expandable with the increasing
identifications of critical substitutions in PBPs.

For some B-lactam-non-susceptible clinical isolates, PBP gene
sequence data are unfortunately missing. We recommend perform-
ing sequence analysis of the PBP genes for all g-lactam-non-
susceptible clinical isolates of GBS. Furthermore, when novel putative
key amino acid substitutions in the PBPs are found, we recommend
molecular genetic analyses including allelic exchange in order to
reveal the importance of each amino acid substitution in the devel-
opment of non-susceptibility to B-lactams.

We hope that this classification scheme for GBS-RBS will be
adopted and expanded and that it will aid in predicting their
B-lactam susceptibility profiles.

Transparency declarations
We have no conflicts of interest to declare.
The manuscript was edited by Editage, a language-editing company.

References

1 Baker CJ. Group B streptococcal infections. In: Stevens DL, Kaplan EL,
eds. Streptococcal Infections: Clinical Aspects, Microbiology, and Molecular
Pathogenesis. Oxford: Oxford University Press, 2000; 222-37.

20f3

—200—

S10T ‘1 Yode Uo Atelql] “saseasi(] snooaju] Jo ainnsuj [euonieN Je /310 s[ewnofpiogxo- sefy:dny woij papeojumo(]



Leading article

JAC

2 Schuchat A. Group B Streptococcus. Lancet 1999; 353: 51-6.

3 Okike 10, Johnson AP, Henderson KL et al. Incidence, etiology, and
outcome of bacterial meningitis in infants aged <90 days in the United
Kingdom and Republic of Ireland: prospective, enhanced, national
population-based surveillance. Clin Infect Dis 2014; 59: e150-7.

& Kimura K, Suzuki S, Wachino J et al. First molecular characterization of
group B streptococci with reduced penicillin susceptibility. Antimicrob
Agents Chemother 2008; 52: 2890-7.

5 Nagano N, Nagano Y, Kimura K et al. Genetic heterogeneity in pbp genes
among clinically isolated group B streptococci with reduced peniciltin sus-
ceptibility. Antimicrob Agents Chemother 2008; 52: 4258-67.

6 Dahesh S, Hensler ME, Van Sorge NM et al. Point mutation in the group B
streptococcal pbp2x gene conferring decreased susceptibility to B-lactam
antibiotics. Antimicrob Agents Chemother 2008; 52: 2915-8.

7 Nagano N, Kimura K, Nagano Y et al. Molecular characterization of group
B streptococci with reduced penicillin susceptibility recurrently isolated
from a sacral decubitus ulcer. J Antimicrob Chemother 2009; 64: 1326-8.
8 Murayama SY, Seki C, Sakata H et al. Capsular type and antibiotic resist-
ancein Streptococcus agalactiae isolates from patients, ranging from new-
borns to the elderly, with invasive infections. Antimicrob Agents Chemother
2009; 53: 2650-3.

9 Gaudreau C, Lecours R, Ismail J et al. Prosthetic hip joint infection with a

Streptococcus agalactiae isolate not susceptible to penicillin G and ceftri-
axone. J Antimicrob Chemother 2010; 65: 594-5,

10 Longtin J, Vermeiren C, Shahinas D et al. Novel mutations in a patient
isolate of Streptococcus agalactiae with reduced penicillin susceptibility
emerging after long-term oral suppressive therapy. Antimicrob Agents
Chemother 2011; 55: 2983-5. :

11 Kimura K, Nagano N, Nagano Y et al. Predominance of sequence type 1
group with serotype VI among group B streptococci with reduced penicillin
susceptibility identified in Japan. J Antimicrob Chemother 2011; 66: 2460- 4.

12 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.

13 Kimura K, Wachino J, Kurokawa H et al. High cephalosporin resistance
due to amino acid substitutions in PBP1A and PBP2X in a clinical isolate of
group B Streptococcus. J Antimicrob Chemother 2013; 68: 1533 -6.

14 Kimura K, Nagano N, Nagano Y et al. High frequency of fluoroquinolone-
and macrolide-resistant streptococci among clinically isolated group B
streptococci with reduced penicillin susceptibility. J Antimicrob Chemother
2013; 68: 539-42.

15 Nagano N, Nagano Y, Toyama M et al. Penicillin-susceptible group B
streptococcal clinical isolates with reduced cephalosporin susceptibility.
J Clin Microbiol 2014; 52: 3406-10.

16 BannoH, Kimura K, Tanaka Y et al. Characterization of multidrug-resistant
group B streptococci with reduced penicillin susceptibility forming small
non-B-hemolytic colonies on sheep blood agar plates. J Clin Microbiol
2014; 52: 2169-71.

30f3

—201—

G10T ‘1 YoIBA U0 Kieiqi] ‘soseasi(] Snonoajuf Jo ainlisuf [euolieN e /8o s[ewnolpioyxo-oely:dny woij papeojumoc]



Advance Publication by J-STAGE

Japanese Journal of Infectious Diseases

Comparative analysis of penicillin-susceptible and non-susceptible

isolates in group B streptococci by multilocus sequence typing

Ryoko Yamada, Kouji Kimura, Noriyuki Nagano, Yukiko Nagano, Satowa Suzuki,

Wanchun Jin, Jun-ichi Wachino, Keiko Yamada, Keigo Shibayama,

and Yoshichika Arakawa

Received: September 8, 2014. Accepted: November 4, 2014

Published online: February 13, 2015
DOI: 10.7883/yoken.JJID.2014.387

Advance Publication articles have been accepted by JJID but have not been copyedited

or formatted for publication.

—202—



Short Communication

Comparative Analysis of Penicillin-Susceptible and Non-Susceptible Isolates in Group B

Streptococci by Multilocus Sequence Typing

Ryoko Yamada!, Kouji Kimura'?*", Noriyuki Nagano?®, Yukiko Nagano?, Satowa Suzuki?,

Wanchun Jin', Jun-ichi Wachino!?, Keiko Yamada', Keigo Shibayama?,

and Yoshichika Arakawa'*?

! Department of Bacteriology, Nagoya University Graduate School of Medicine, 65 Tsurumai-cho,
Showa-ku, Nagoya, Aichi 466-8550, Japan
us Diseases, 4-7-1 Gakuen,

’Department of Bacteriology II, National Institute of
74 b:44

Musashi-Murayama, Tokyo 208-0011, Japan

SMedical Microbiology Laboratory, Funabas nicipal Medical Center, 1-21-1 Kanasugi,

Funabashi, Chiba 273-8588, Japan

*Corresponding author: Mailing address:. Qpartrﬂent of Bacteriology, Nagoya University Graduate

School of Medicine, 65 Tsurumai-cho, Showa-ku, Nagoya, Aichi 466-8550, Japan. Tel:

+81-52-744-2106, FAX: +81-5 107, Email: koujikim@med.nagoya-u.ac.jp

WEET, ANERR, B2, EHBET, SRR, &55, MaEs—2,

E2 and EJIEE

mmﬁ%u%b

1466-8550 EHIRSE HETIEFIXKEEEEN 6 5 £ GEXFAXFEIEFZRHILR D FHIF
BT F T B i 7

2208-0011 FRTESECEER LU TTEEH-7-1  [F 1 R I Fr R 45— 25

3273-8588 TFHEEMET£HFI-21-1 WEBTLEEE S — MEOREE

—203—



*Corresponding author: Mailing address: 466-8550 & HIR4E & E TR FIXFEFERT 6 5 £
B FEXFEE FRPIEE 7 FREAE TR FTEF Tel: +81-52-744-2106, FAX:

+81-52-744-2107, Email: koujikim@med.nagoya-u.ac.jp

Keywords

Group B Streptococcus, Streptococcus agalactiae, multilocus sequence typing; Group B

Streptococcus with reduced penicillin susceptibility, Penicillin-susceptible

Running title: MLST of PRGBS and PSGBS

SUMMARY: Since Group B Streptococcus (GBS coccus agalactiae) clinical isolates were

believed to be uniformly susceptible to B-la’é:fams‘;w enicillin G has been the first-line agent for the

prevention and treatment of GBS infections. However, Kimura et al. recently reported the existence

and characteristics of GBS isolat “reduced penicillin susceptibility (PRGBS) in Japan.

Sequence type (ST) 458 is pre ina t among PRGBS in Japan. However, although most PRGBS

isolates in Japan have been ed from respiratory specimens from adults, no information about

genotype is available concerning GBS isolates from such specimens. Therefore, whether ST458

predominates among. GBS isolates obtained from such specimens is not known. We characterised

the STs of 3 isolates with penicillin susceptibility (PSGBS) recovered from respiratory

specimens and f;mpared them to PRGBS STs.

ST458, the predominant ST of PRGBS (10/19, 53%), was not found in PSGBS. Thirty-six PSGBS
isolates belonged to the ST1/19/10 group (6 different STs); the remaining 2 isolates belonged to
ST23. PRGBS were divided between the ST1 (3 STs) and ST23 groups (2 STs).

ST458 was not predominant among PSGBS recovered from respiratory specimens in Japan and

may be specific to PRGBS. The ST distribution of PRGBS does not merely reflect that of PSGBS.
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Main Text

Group B Streptococcus (GBS, Streptococcus agalactiae) is often isolated from the digestive or
lower genital tract and is an important pathogen. GBS is the main cause of sepsis and meningitis in
neonates. [t is also a cause of serious infections in pregnant women, the elderly, and people with

underlying disease (1, 2). Since GBS clinical isolates were believed to be uniformly susceptible to

B-lactams, penicillin G has been the first-line agent for the prevention and treatment c

infections. However, Kimura et al. recently reported the existence and charact f GBS
isolates with reduced penicillin susceptibility (PRGBS) in Japan (3). PRGBS ater reported in
thre US and Canada (4-6). We had previously reported that PRGBS te sV(;tQ'\be resistant to other

drugs, fluoroquinolones and macrolides (7), and that a clinical is of PRGBS became highly

cephalosporin resistant through the acquisition of amino ac tutions in PBP1A and PBP2X

(8). Therefore, PRGBS may become a significant public health concern.

Multilocus sequence typing (MLST) analyses of PRGBS isolates in Japan and the US have been

reported. According to these reports, the 28 strains of PRGBS found in Japan are divided into 7

sequence types. Eleven (39%) belong 58, which was newly identified in that study (9). The

ST1 group (“ST1 group” inclu “and STs similar to ST1), made up of 5 different STs

including ST458, was predc it (23/28, 82%) (9). Four PRGBS isolates recovered in the US

belonged to the same ST 9) (4). Although PRGBS isolates recovered from a sacral degubitus

ulcer have been re"brtqd égisewhere (10), most PRGBS isolates in Japan were recovered from adult

respiratory nens (9). However, MLST data for GBS isolates with penicillin susceptibility

(PSGBS) isolated from adult respiratory specimens are quite limited (11) and no information is
available on GBS isolates from adult respiratory specimens in Japan. Therefore, we determined the
STs of 38 PSGBS recovered from independent adult sputum samples in Japan and compared them
to the reported STs of PRGBSs to deduce the process of PRGBS development.

We selected 19 PRGBS (patient age: 20-64 years, 4 isolates, = 65 years, 15 isolates) and 38

PSGBS isolates (patient age: 20-64 years, 12 isolates, =65 years, 24 isolates) recovered during
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2001-2008 from various Japanese medical institutions. The isolates were recovered mainly from
respiratory specimens.

MICs of penicillin G were determined by the agar dilution method using Streptococcus
preumoniae ATCC 49619 as the quality control, as recommended by the Clinical and Laboratory
Standards Institute (CLSI) (12).

STs of 38 PSGBS were determined as described (9). Chromosomal DNA was extracted using the

Wizard genomic DNA purification kit (Promega) with mutanolysin, and MLST performed as

According tdglé}he eBURST analysis, 6 PSGBS STs (ST1, ST153, ST19, ST10, ST12, and ST573)

have genetic connections, as described in Figure 2. Therefore, these STs formed the ST1/19/10
group. ST153 differed from ST1 by a single allele, and ST12 and ST573 differed from ST10 by a
single allele. ST23 was one of the STs belonging to the ST23 group. The PRGBS STs were also
divided into 2 groups, ST1 group (ST458, ST1, and ST358) and ST23 group (ST23 and ST464).

Figure 1 shows the STs of 38 PSGBS isolates and 19 PRGBS isolates. PRGBS in Japan can be
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classified into at least 2 groups: ST1 (16/19, 84%) and ST23 (3/19, 16%). In the present study, the
PSGBS STs were divided into the ST1/19/10 (36/38, 95%) and ST23 (2/38, 5%) groups.

This investigation would demonstrate that the ST distribution of PRGBS is not merely reflecting
the population of STs among PSGBS isolated from respiratory specimens of adults in Japan. This
speculation would also imply that ST458 may be a specific lineage to PRGBS.

There is not sufficient data to conclude the specificity of ST458 with respect to PRGBS.

However, in this investigation, we eliminated the possibility that ST458 is predominant among the

PSGBS isolated from the respiratory specimens obtained from adults i “and the ST

distribution of PRGBS merely reflects that of PSGBS. PRGBS tends to be'n rug-resistant (7)

and a clinical isolate of GBS became highly resistant to cephalosporin” through amino acid

substitutions in 2 PBPs (8). The nosocomial spread of multidrugzrésistant PRGBSs belonging to
ST458 has been reported (15). At the present, All STs of belong to ST1/19/10 group or
ST23 group and there is no report that PRGBS clinical belong to ST17 group, which are
often isolated from neonatal meningitides. B V PRGBS may become future public health
concerns, a greater deal of and more advan ntion should be focused on monitoring and

researching PRGBS.
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Figure legends
Fig. 1. Stacked bar graphs. BS and PSGBS STs. Graphs A and B show the STs of PRGBS

and PSGBS, respecti

lysis of STs of GBS. Numbers stand for STs, and neighbouring STs connected
by a line differ at | allele. STs marked with an asterisk were identified previously in PRGBS in
Japan. STs surrounded by squares were found in PSGBS in this study. A shows ST1/19/10 group

and B shows ST23 group. STs in the figure were picked randomly from all STs.
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Objectives: Enterobacteriaceae clinical isolates showing amikacin resistance (MIC 64 to >256 mg/L) in the
absence of 16S rRNA methyltransferase (MTase) genes were found. The aim of this study was to clarify the
molecular mechanisms underlying amikacin resistance in Enterobacteriaceae clinical isolates that do not
produce 16S rRNA MTases.

Methods: PCR was performed to detect already-known amikacin resistance determinants. Cloning experiments
and sequence analyses were performed to characterize unknown amikacin resistance determinants. Transfer of
amikacin resistance determinants was performed by conjugation and transformation. The complete nucleotide
sequence of the plasmids was determined by next-generation sequencing technology. Amikacin resistance
enzymes were purified with a column chromatography system. The enzymatic function of the purified protein
was investigated by thin-layer chromatography (TLC) and HPLC.

Results: Among the 14 isolates, 9 were found to carry already-known amikacin resistance determinants such as
aac(6')-la and aac(6’)-1b. Genetic analyses revealed the presence of a new amikacin acetyltransferase gene,
named aac(6’)-Ian, located on a 169829 bp transferable plasmid (p11663) of the Serratia marcescens strain
NUBL-11663, one of the five strains negative for known aac(6’) genes by PCR. Plasmid p11663 also carried a
novel ESBL gene, named blara-3. HPLC and TLC analyses demonstrated that AAC(6')-Ian catalysed the transfer
of an acetyl group from acetyl coenzyme A onto an amine at the 6’-position of various aminoglycosides.

Conclusions: We identified aac(6’)-Ian as a novel amikacin resistance determinant together with a new ESBL

gene, blar,a-3, on a transferable plasmid of a S. marcescens clinical isolate.

Keywords: amikacin resistance, S. marcescens, antibiotic resistance genes

Introduction

Aminoglycosides have been widely used for the treatment of
bacterial infections caused by Gram-negative and Gram-positive
bacteria in combination with B-lactams.! However, bacteria are
known to acquire various mechanisms of resistance to aminogty-
cosides.? In Enterobacteriaceae, the acquisition of plasmid-
mediated 16S rRNA methyltransferase (MTase) genes such as
armA, rmtB and rmtC has been reported worldwide and is be-
coming a major clinical concern because these MTases confer a
high level of resistance to clinically important aminoglycosides
including amikacin.?

We previously reported that 16S rRNA MTase-producing
Enterobacteriaceae showing a very high level of amikacin resist-
ance (MIC =256 mg/L) have already spread in Japanese clinical
settings, although the prevalence is very low.** This survey led
us to realize that the high amikacin resistance (MIC =256 mg/L)

in Enterobacteriaceae mostly depends on 16S rRNA MTase
production and at the same time raises the question of what
resistance determinant is involved in amikacin resistance in
Enterobacteriaceae strains without 16S rRNA MTase genes.
Aminoglycoside 6'-N-acetyltransferases, AAC(6'), which
acetylate the amino group at the 6’-position of aminoglycosides,
and aminoglycoside 3'-O-phosphotransferases, APH(3’), which
phosphorylate the hydroxyl group at the 3’-position of aminogly-
cosides, are known to underlie amikacin resistance by disrupting
the ability of aminoglycosides to bind to target 16S rRNA mole-
cules.>® Several new AAC(6') enzymes, such as AAC(6')-Iad,”
AAC(6')-1ae,® AAC(6')-1af,® AAC(6')-1aj*° and AAC(6)-Iag,’" have
been reported exclusively in amikacin-resistant non-fermenting
Gram-negative pathogens over the last 10 years in Japan, but it
remains unclear whether these AAC(6') enzymes are involved in
amikacin resistance in Enterobacteriaceae. The aim of this study
was thus to clarify the molecular mechanism underlying amikacin
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