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We characterized penicillin-susceptible group B streptococcal (PSGBS) clinical isolates exhibiting no growth inhibition zone
around a ceftibuten disk (CTB" PSGBS). The CTB* PSGBS isolates, for which augmented MICs of cefaclor and ceftizoxime were
found, shared a T394A substitution in penicillin-binding protein 2X (PBP 2X) and a T5671 substitution in PBP 2B, together with
an additional G429S substitution in PBP 2X or a T145A substitution in PBP 1A, although the T145A substitution in the transgly-
cosidase domain of PBP 1A would have no effect on the level of resistance to ceftibuten.

G roup B streptococcus (GBS) is one of the principal causes of
neonatal sepsis and meningitis. GBS also causes cutaneous
and invasive infections in adults, including pregnant women, el-
derly people, and immunocompromised individuals. Serotypes
III and Ia are predominant in isolates from neonates with invasive
infections (1, 2). In adults with invasive infections, the most com-
mon serotype reported in Japan is Ib, but this serotype is not
frequent in other countries (1, 3-5). Penicillin is the first-line an-
tibiotic for treating GBS disease and for intrapartum chemopro-
phylaxis. We recently reported GBS isolates with reduced penicil-
lin susceptibility (PRGBS), where at least two key amino acid
substitutions, V405A and/or Q557E, in penicillin-binding protein
2X (PBP 2X) contribute to a considerable reduction in B-lactam
susceptibility (6). Besides these two key substitutions, multiple
amino acid substitutions were also found in PBP 2X, PBP 2B, and
PBP 1A among PRGBS isolates, depending on the penicillin MIC
levels (6-8). After our aforementioned study, PRGBS isolates har-
boring amino acid substitutions in PBPs were also reported in the
United States and Canada (9-11). The prevalence of penicillin
nonsusceptibility among GBS isolates from various clinical
sources has increased from around 4.5% between 2007 and 2012
to 6.6% in 2013, according to the Japan Nosocomial Infections
Surveillance (JANIS) of the Ministry of Health, Labour and Wel-
fare (see http://www.nih-janis.jp). Since a low to moderate in-
crease in penicillin MICs for PRGBS isolates has been observed, it
is still very difficult to distinguish them from penicillin-suscepti-
ble GBS (PSGBS) isolates in routine susceptibility tests using disk
diffusion or microdilution methods (12). However, a reduction in
growth inhibition zone diameters or an elevation of the MICs of
ceftizoxime and ceftibuten was found to be a good marker for
screening of PRGBS (6, 13). Most GBS isolates displaying no
growth inhibition zone around a ceftibuten disk were identified to
be PRGBS isolates. However, we occasionally noticed a very small
number of PSGBS isolates that exhibited no growth inhibition
zone around the ceftibuten disk (CTB" PSGBS). The objective of
the present study was to characterize these CTB" PSGBS isolates
for a better understanding of the mechanisms underlying the re-
duced susceptibility to cephalosporins and penicillins in GBS.

In May 2011 and January 2012, six clinical isolates of CTB"
PSGBS, B1 to B6, were isolated clinically in a general hospital
located in Chiba Prefecture, Japan. All of those isolates were sero-
type Ib, so an additional two PRGBS isolates (Al and A2) and a
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PSGBS isolate (B7) with serotype Ib were selected for comparative
analyses (Table 1). The diameters of the growth inhibition zones
produced around disks containing 30 g of ceftibuten per disk
(6.35-mm diameter; Eiken Chemical Co., Ltd., Tokyo, Japan)
were measured by Kirby-Bauer’s disk diffusion method according
to Clinical and Laboratory Standards Institute (CLSI) guidelines
(13, 14). MICs were determined by a broth microdilution method
and were interpreted by following CLSI guidelines (14, 15). Cefti-
zoxime MICs were determined by Etest according to the manu-
facturer’s instructions (Sysmex bioMérieux Co., Ltd., Tokyo, Ja-
pan). Sequence analyses of the pbp2x, -2b, and -1a genes were
performed as previously described (8, 16). Pulsed-field gel electro-
phoresis (PFGE) of chromosomal digests with Smal was per-
formed as described previously by Nagano et al. (8). The sequence
type (ST) of each isolate was determined by the protocol for mul-
tilocus sequence typing (MLST) as described previously (16, 17).
Phylogenetic analysis was performed on the newly identified CTB"
PSGBS isolates together with previously reported PRGBS and PS-
GBS clinical isolates (8, 16) and three reference strains (2603V/R,
NEM316, and COH1) to explore the molecular phylogeny of pbp
genes among the PSGBS, CTB" PSGBS, and PRGBS isolates. The
concatenated pbp2x, pbp2b, and pbpla sequences were subjected
to phylogenetic analyses as described previously (8, 18).

Eight clinical isolates, including six CTB" PSGBS isolates and
two PRGBS isolates, exhibited no growth inhibition zones around
the ceftibuten disks. Those isolates showed increased cefaclor
MIC:s (8 to 16 pg/ml) compared to those for the reference PSGBS
isolates (Table 1). However, considerable differences were ob-
served in ceftizoxime MIC levels among the CTB" PSGBS, PRGBS,
and reference isolates. CTB" PSGBS and the reference isolates were
all susceptible to penicillin. Nonsusceptibility to penicillin, cefo-
taxime, and cefepime was found in two of the PRGBS isolates
tested. As shown in Table 2, two amino acid substitutions, T394A
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TABLE 1 Origins and antimicrobial susceptibilities of GBS isolates

Date of CTB inhibition  pM1C (ng/ml) of &
Strain or category” and isolation Patient Age Specimen zone diameter
isolate no. (mo/day/yr) status”  Ward® (yr) Sex type® Serotype (mm) CEC PEN AMP CTM CTX CRO CDN FEP CFM ZOX" MEM ERY CLR CLI LVX TET VAN
2603V/R ATCC BAA-611 \Y% 19.0 1 0.06 0.12 0.5 =0.06 0.12 =0.06 =0.5 0.5 0.064 =0.12 =0.12 =0.12 =0.12 0.5 >4 0.5
NEM316 ATCC 12403 111 18.7 1 0.06 012 =05 =006 =0.12 =0.06 =0.5 0.5 0.094 =0.12 =0.12 =0.12 =0.12 0.5 >4 0.5
PRGBS
Al 12/5/2011 Out EM 9 M TTA Ib No zone 16 0.5 025 >4 1 0.5 0.5 1 1 >32 05 >1' >1f >1' >8 =05 0.5
A2 1/12/2012 In M2C 77 M TTA Ib No zone 16 0.5 025 4 1 1 0.5 1 >1 >32  0.25 1 1 >1 >8 =0.5 0.5
CTB" PSGBS
Bl 1/8/2012 In M2C 77 M TTA Ib No zone 8 012 012 2 0.25 0.25 0.12 =05 1 1.5 =0.12 =0.12 =0.12 =0.12 >8 =05 0.5
B2 5/16/2011 In S4C 80 M Pus (oral Ib No zone 16 006 0.12 1 0.12 =0.12 =0.06 =0.5 1 075 =0.12 >V > >/ >8 >4 0.5
cavity)
B3 9/12/2011 In IM2C 68 M TTA Ib No zone 16 0.06 012 1 0.12 =0.12 =0.06 =05 1 075 =0.12 =0.12 =0.12 =012 >8 =05 05
B4 9/14/2011 In NS3B 92 F Urine Ib No zone 8 0.06 0.12 0.5 0.12 =0.12 =0.06 =0.5 0.5 0.75 =012 =0.12 =0.12 =0.12 >8 =05 05
B5 10/18/2011  In IM2C 64 M TTA Ib No zone 8 0.06 0.12 2 0.25 =0.12 0.12 =05 1 1.5 =0.12 =0.12 =0.12 0.12 >8 =05 0.5
B6 1/18/2012 In IM4W 94 M TTA Ib No zone 8 006 0.12 1 0.12 =0.12 =0.06 =0.5 0.5 1 =0.12 >1F >1k >1k >8 >4 0.5
PSGBS
B7 10/17/2011  Out EM 73 M Urine Ib 17.6 2 0.06 012 1 0.12 =0.12 =0.06 =05 1 0.19 =0.12 =0.12 =0.12 =0.12 >8 =05 05

“ PRGBS, GBS isolates with reduced penicillin susceptibility; CTB" PSGBS, PSGBS with no growth inhibition zones around a ceftibuten disk; PSGBS, penicillin-susceptible GBS.
¥ Qut, outpatient; In, inpatient.
€S, surgery; IM, internal medicine; NS, neurosurgery; EM, emergency.

4 M, male; F, female.

¢ TTA, transtracheal aspirate.
/ Determined by standard disk diffusion test. CTB, ceftibuten.
¢ CEC, cefaclor; PEN, penicillin; AMP, ampicillin; CTM, cefotiam; CTX, cefotaxime; CRO, ceftriaxone; CDN, cefditoren; FEP, cefepime; CFM, cefixime; ZOX, ceftizoxime; MEM, meropenem; ERY, erythromycin; CLR, clarithromycin;
CLI, clindamycin; LVX, levofloxacin; TET, tetracycline; VAN, vancomycin.

" MIC results of the Etest.
" Positive for ermT/R.

J Positive for ermB, ermT/R, and mefA/E.

K positive for ermB.
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TABLE 2 MLST and amino acid substitutions in PBPs among serotype Ib GBS clinical isolates

Amino acid substitution in”

MLST

Category” and isolate no. sequence type PBP 2X PBP 2B PBP 1A
PRGBS

Al 1 — A400V V405A — Q557E T5671 —

A2 1 — A400V V405A — Q557E T5671 —
CTB" PSGBS

Bl 1 T394A — — G429S — T5671 —

B2 1 T394A —_ —_ —_ —_ T5671 T145A

B3 1 T394A — — G429S — T5671 —

B4 1 T394A — — — — T5671 T145A

B5 1 T394A —_ —_ G429S —_ T5671 —_

B6 1 T394A — — — — T5671 T145A
PSGBS

B7 10 — — — — — — —

“ PRGBS, GBS isolates with reduced penicillin susceptibility; CTB" PSGBS, PSGBS with no growth inhibition zones around a ceftibuten disk; PSGBS, penicillin-susceptible GBS.
¥ Amino acid substitutions compared to the sequences of Streptococcus agalactiae strains 2603V/R and NEM316.
€ —, no substitution was observed on the basis of the amino acid sequences of the reference strains described above.

in PBP 2X and T5671 in PBP 2B, were shared among the CTB"
PSGBS isolates. A unique amino acid substitution, G429S in PBP
2X, was also observed among CTB" PSGBS isolates B1, B3, and B5.
Moreover, a T145A substitution in PBP 1A was also found among
CTB" PSGBS isolates B1, B3, and B5. The PRGBS isolates Al and
A2 shared A400V, V405A, and Q557E substitutions in PBP 2X and
a T567I substitution in PBP 2B (Table 2).

PFGE patterns of the CTB" PSGBS isolates were mutually dif-
ferent, although a probable close genetic relatedness was suggested
between clinical isolates B1 and B5. PRGBS isolates Al and A2,
which were recovered separately from an outpatient and an inpa-
tient, respectively, shared the same PFGE profile. Note that CTB"
PSGBS isolate B1 and PRGBS isolate A2 showed different PEGE
patterns, despite being isolated from the same inpatient. CTB"
PSGBS and PRGBS isolates were assigned to ST1, a founder of
clonal complex 1 (CC1) (Table 2).

In the phylogenetic analyses of concatenated pbp genes shown
in Fig. 1, CTB" PSGBS isolates B1 through B6 formed a clade and
then formed a sister clade with four PRGBS isolates, A1 and A2
from this study and R3 and R4 from a previous report (8). All 10 of
these isolates belonged to ST1. The PSGBS isolate B7 formed a
clade together with other PSGBS isolates, including those from
reference strain 2603V/R, which were assigned to ST10.

PRGBS isolates were reported in the United States and Canada
after our first investigation of their emergence and molecular
mechanisms, but they are still rare (6—11). Domestically, our sub-
sequent investigations revealed the increase of PRGBS among
clinical GBS isolates, their tendency toward resistance to multiple
drugs, and a probable association of such a multidrug-resistant
PRGBS clone with nosocomial spread (16). Most of those PRGBS
isolates belonged to the MLST CC1, which includes the ancestral
genotype ST1 (16, 19). In the present study, we report the molec-
ular characteristics of CTB" PSGBS. To date, disappearance of a
growth inhibition zone around a ceftibuten disk or an elevation in
the cefaclor MIC has not been described in penicillin-susceptible
B-hemolytic streptococci. The common substitutions found in
the CTB* PSGBS isolates (T394A in PBP 2X and T5671 in PBP 2B)
have already been found in several PRGBS clinical isolates (6, 8,
16), but the contribution of these amino acid substitutions to
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B-lactam resistance remains unclear. The G429S substitution in
PBP 2X was found to be a different amino acid substitution at the
same position with the G429D substitution that was previously
identified in PRGBS isolates (7). The T145A substitution in PBP
1A, which was the substitution on the N-terminal side of the trans-
glycosylase domain, was not detected in previously identified
PRGBS isolates, although the T145A substitution would have no
effect on the ceftibuten resistance phenotype. Because the PFGE
patterns of six CTB" PSGBS isolates differed somewhat from each
other, the hospital transmission of a single CTB" PSGBS clone
during a short period would be rather unlikely. The PFGE profiles
of the CTB" PSGBS isolates also differed from those of the serotype
Ib PRGBS isolates A1 and A2, which were isolated during the same
study period and had the apparent key substitutions V405A and
Q557E in PBP 2X. Interestingly, PRGBS isolate A2 was isolated 4
days after the isolation of CTB" PSGBS isolate Bl from transtra-
cheal aspirate cultures from the same patient, and both isolates
shared a T5671 substitution in PBP 2B, but they did not have any
common substitutions in PBP 2X, as shown in Table 2. These
findings contradicted our initial assumption that the CTB" PSGBS
isolate might change to a PRGBS isolate after acquisition of re-
duced susceptibility to penicillin through accumulating muta-
tions in its pbp genes. The CTB" PSGBS and PRGBS isolates, which
have emerged independently from an ancestral PSGBS strain, may
have cocolonized in the respiratory tract of the host. This specu-
lation would be supported by the findings that six CTB" PSGBS
isolates and two PRGBS isolates were all assigned to ST1, and these
two groups formed sister clades with each other in the phyloge-
netic tree of the pbp genes. The EUCAST recently established clin-
ical breakpoints for penicillin and streptococcus groups A, B, C,
and G (http://www.eucast.org/clinical_breakpoints/), including a
resistance criterion for penicillin at an MIC of >0.25 pg/ml. The
EUCAST also notes that B-lactam susceptibility, including cefa-
clor and ceftibuten susceptibility in $-hemolytic streptococcus
groups A, B, C, and G, is inferred from penicillin susceptibility.
Cefaclor is one of the most widely used oral cephalosporins for the
empirical treatment of acute upper respiratory infections in Japan,
thus allowing for various bacterial species to be exposed to this
drug. Cefaclor and ceftibuten are not included in the therapeutic
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FIG 1 Correlation between phylogenetic analysis of GBS isolates based on concatenated alignment of sequenced pbp2x, pbp2b, and pbpla genes and MLST
sequence types. The CTB" PSGBS isolates B1 to B6, PRGBS isolates Al and A2, and PSGBS isolate B7, characterized in the present study, are shaded. Other
isolates, such as PRGBS isolates R1 to R8 and PSGBS isolates N1 to N4, were reported previously (8). Ten PRGBS clinical isolates (strain numbers 1, 2-1, 2-2, 3,
4-1,4-2,5, 6,7, and 8) caused a probable nosocomial transmission in a general hospital (16) and were identical to isolate R5 in the viewpoint of pbp phylogeny.
Three reference strains, 2603V/R (ATCC BAA-611, GenBank accession number NC004116), NEM316 (ATCC 12403, GenBank accession number NC004368),
and COH1 (GenBank accession number AAJR01000000) are included. Bootstrap support values (500 replicates) are shown as percentages. Scale bars indicate the

expected number of changes per sequence position.

options for GBS infections. However, the emergence of CTB"
PSGBS clones would pose a possible problem because GBS isolates
susceptible to penicillin would not necessarily be susceptible to
other B-lactams, including cephalosporins, depending on the
amino acid substitution(s) acquired in their PBPs.

To our knowledge, this is the first report describing the pres-
ence of a serotype Ib PSGBS lineage (i.e., CTB" PSGBS) demon-
strating unique susceptibility profiles to several cephalosporins.
Lineages of CTB" PSGBS and PRGBS, which displayed a sister
clade relationship, shared an amino acid substitution (T5671) in
the transpeptidase domain of PBP 2B and were assigned to ST1,
suggesting a common origination. Since PBPs play an important
role in bacterial viability through maintaining cellular integrity
and shape, amino acid substitutions randomly acquired in PBPs
would usually provide disadvantages for bacterial growth. Once a
pbp gene mutation resulting in an amino acid substitution rele-
vant to the resistance to 3-lactams occurs in GBS, it might change
to PRGBS by accumulating mutations in its PBPs, or it might
evolve into CTB" PSGBS at a low enough frequency to survive in
the presence of oral cephalosporins, such as cefaclor and ceft-
ibuten. Our findings will contribute to a better understanding of
the future development of resistance to $-lactams in GBS.

Nucleotide sequence accession numbers. The pbp gene se-

September 2014 Volume 52 Number 9

quences from representative CTB" PSGBS isolates B1 and B2 de-
termined in this study have been deposited in GenBank under
accession numbers AB819280 to AB819285.
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