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This is the first report of high-level gentamicin resistance in a group B streptococcus. Strain B128 of serotype
II was isolated from an infected leg wound in 1987. B128 was resistant to high levels of gentamicin as well as
of all other available aminoglycosides and was also resistant to tetracyclines. No bactericidal synergism was
found between ampicillin or vancomycin and any of these aminoglycosides. Gentamicin, kanamycin,
streptomycin, and tetracycline resistance determinants transferred by conjugation into a plasmid-free group B
streptococcus recipient at a frequency of 10-8 to 10-9 transconjugants per donor cell. No transconjugants were
detected when streptococci of groups A, C, and G, Streptococcus sanguis, or Enterococcus faecalis was used as
a recipient. No plasmids were detected in B128 or in any of the four transconjugants tested. By DNA-DNA
hybridization, homology was detected between gene aac6laph2, ofE. faecalis origin, and a 2.4-kilobase HindHI
chromosomal fragment of B128; homology to the genes aph3 and aadE, of E. faecalis origin, was found with
HindM chromosomal fragments of the same size (3.0 kilobases). Strains like B128, which potentially can be
responsible for severe neonatal infections, are of great clinical concern, since there are to date no antibiotic
combinations exhibiting bactericidal synergism against them.

During the last two decades, group B streptococci (GBS)
have become the most frequent cause of life-threatening
infections in newborns; the diseases this organisms cause,
particularly septicemia and meningitis, are associated with a
high mortality rate (1). Severe GBS infections also occur in
adults in two distinct populations: young healthy females in
which GBS are a complication of pregnancy, abortion, or the
postpartum period (28) and elderly and immunocompro-
mised patients with serious underlying diseases (25). Al-
though uniformly susceptible to beta-lactam antibiotics,
GBS require higher concentrations of these antibiotics for
growth inhibition and are killed at much lower rates than are
streptococci of group A, C, or G (5). As for other strepto-
coccal infections, penicillin G is the antibiotic of choice for
the current treatment of GBS infections. However, the use
of penicillin G alone is not indicated when the GBS strain is
penicillin G tolerant (18) or when it causes septicemia and
meningitis in neonates. In the latter cases, it is now known
that the number of bacteria per milliliter (106 to 108) found in
vivo is higher than the number of bacteria per milliliter (105)
used in vitro to evaluate a standard MIC of penicillin G. If
one increases the inoculum in an in vitro test from 105 to 108
bacteria per ml, the MIC of penicillin G increases from 0.03
to 0.1 ,g/ml to 2 to 4 ,ug/ml (1). Therefore, penicillin G alone
cannot be the recommended therapy for severe GBS neona-
tal infections. Antibiotic combinations of penicillin G or
ampicillin with an aminoglycoside usually demonstrate in
vitro synergism against GBS, as they do against a variety of
other streptococci and enterococci (1, 5). High-level amino-
glycoside resistance in enterococci and streptococci has
been shown to confer resistance to bactericidal synergism
between aminoglycosides and antibiotics, such as penicillins
or vancomycin, that act on the cell wall (33). The combina-

* Corresponding author.
t Present address: Unitd des Entdrobactdries, Institut Pasteur,

Paris, France.

tion of ampicillin plus gentamicin is the current treatment in
France for serious GBS infections in newborns.
For the last 10 years, all streptococcal and enterococcal

clinical isolates received by our laboratory have been rou-
tinely tested for high-level resistance to gentamicin, kana-
mycin, and streptomycin (10): more than 10% of GBS are
highly resistant to streptomycin and kanamycin-neomycin,
and about 50% of Enterococcus faecalis strains are resistant
to different aminoglycosides, including 5 to 8% of E. faecalis
isolates which are highly resistant to gentamicin. High-level
resistance to gentamicin in GBS has not yet been reported.
GBS strain B128, highly resistant to gentamicin as well as

to all other clinically available aminoglycosides, was re-

cently isolated at Broussais Hospital. The purpose of the
present study was to localize and identify the aminoglyco-
side resistance genes of this strain. B128 was investigated
with respect to the conjugative transfer of its antibiotic
resistance markers and to the presence of plasmids. DNA-
DNA hybridization experiments were performed with
probes bearing aminoglycoside resistance genes originating
from different plasmids harbored by E. faecalis strains.

MATERIALS AND METHODS
Bacterial strains. The strains used in this study are listed in

Table 1. In addition, strain B96(pIP501) (11) was used as a
control. Serogroup and serotype were determined by the
methods of Fuller (9) and Lancefield (19), respectively. The
plasmid-free recipient strains used in the mating experiments
were BM137 (16), BM132 (14), BM138 (16), BM140 (16),
BM90 (27), and JH2-2 (17), which represent group A, B, C,
and G streptococci, Streptococcus sanguis (strain Challis),
and E. faecalis, respectively. All the recipient strains were
resistant to both rifampin and fusidic acid.
Media. Media and growth conditions have been described

previously (11).
Determination of antibiotic susceptibility. The disk diffu-

sion method was performed on Mueller-Hinton agar (Diag-
nostics Pasteur, Mamne-la-Coquette, France) supplemented
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TABLE 1. Bacterial strains and DNA-DNA hybridization results

Size (kb) of HindIII fragments hybridizing with
Strain Antibiotic resistance markers' aminoglycoside resistance geneb:

(origin or reference)
aac6laph2 aph3 aadE

B128 (Leg wound) Akr Gmr Kmr Nmr Ntr Smr Tmr TCr Mnr 2.4 3.0 3.0
BM132 (14) FuSr Rif' C
BM5236 (B128 x BM132) Akr Kmr Nmr Smr FuSr Rifr - 3.0 3.0
BM5237 (B128 x BM132) Akr Gmr Kmr Ntr Tmr TCr Mnr FuSr Rifr 2.4
BM5238 (B128 x BM132) Akr Gmr Kmr Nmr Ntr Smr Tmr FuSr Rif' 2.4 3.0 3.0
BM5239 (B128 x BM132) Akr Gmr Kmr Nmr Ntr Smr Tmr FuSr RifT 2.4 3.0 3.0

a Akr, High-level amikacin resistance; Gmr, high-level gentamicin resistance; Kmr, high-level kanamycin resistance; Nmr, high-level neomycin resistance; Ntr,
high-level netilmicin resistance; Smr, high-level streptomycin resistance; Tmr, high-level tobramycin resistance; Tcr Mnr, tetracycline-minocycline resistance;
Fusr and Rif, resistance to fusidic acid and rifampin, respectively (Fusr and Rif' are chromosomal markers obtained by mutation and carried by BM132).

b aac6/aph2, Gene encoding gentamicin-kanamycin resistance; aph3, gene encoding kanamycin-neomycin resistance; aadE, gene encoding streptomycin
resistance.
c-, No homology detected.

with 5% horse blood by using different disks (Diagnostics
Pasteur). Resistance to aminoglycosides was tested with
overloaded disks of streptomycin, gentamicin, and kanamy-
cin containing 500, 250, and 1,000 ,ug per disk, respectively.
The MICs of different aminoglycosides were determined by
the agar dilution method as described by Chabbert (4) on
brain heart infusion agar (Difco Laboratories, Detroit,
Mich.) supplemented with 5% horse serum and serial dilu-
tions of antibiotics.
Mating experiments. Matings were performed on mem-

brane filters (HAEP, 0.45-p.m pore diameter, 47mm; Milli-
pore Corp., Bedford, Mass.) as described earlier (3). For
counterselection of the donor, we used fusidic acid and
rifampin, and for selection of transconjugants, we used
gentamicin, kanamycin, streptomycin, and tetracycline (final
concentrations, 25, 100, 1,000, 2,000, 1,000, and 4 p,g/ml,
respectively).
DNA isolation. DNA was extracted from B128, from its

corresponding transconjugants, and from B96 by ultracen-
trifugation in dye-buoyant density gradients as described
earlier (21). Plasmid DNA from Escherichia coli strains was
isolated as described by Bimboim and Doly (2).
DNA analysis. Chromosomal DNA was digested by the

restriction endonuclease HindIII (Amersham International,
Little Chalfont, England). Electrophoresis of digested chro-
mosomal DNA was carried out on horizontal submerged
agarose gels (0.7%; Sigma Chemical Co., St. Louis, Mo.).
The molecular sizes of linear DNA fragments were calcu-
lated with XDNA doubly digested by HindIII and EcoRI
(Amersham International) and a 1-kilobase (kb) DNA ladder
(Bethesda Research Laboratories, Inc., Gaithersburg, Md.)
as molecular size markers.

Probes for DNA-DNA hybridization. The following plas-
mids were used as probes in hybridization experiments: (i)
pSF815A (7) (aac6/aph2 probe), which carries the gene
specifying the bifunctional enzyme 6'-aminoglycoside ace-
tyltransferase/2"-aminoglycoside phosphotransferase; (ii)
pAT93 (30) (aph3 probe), which carries the gene specifying
the 3',5"-aminoglycoside phosphotransferase type III; and
(iii) an MP13mpl8 fl 467-base-pair HpaII fragment from
pJH1 (26) (aadE probe), which carries the gene specifying
the 6-streptomycin adenylyltransferase.
DNA blotting and hybridization. DNA was transferred

from agarose gels to nitrocellulose filters by the bidirectional
method described by Smith and Summers (29). The probes
were labeled with [a-32P]dCTP by using the Multiprime
DNA labeling system (Amersham International). Hybridiza-
tion was carried out under stringent conditions (65°C) as

reported previously (21). The radioactivity of the probe
(specific activity, about 109 cpm/,ug) corresponded to ap-
proximately 107 cpm per filter.

RESULTS AND DISCUSSION

Wild-type strain description. B128 was isolated in 1987 at
Broussais Hospital from pus recovered from an adult patient
with an infected leg wound. B128 was initially identified as a
beta-hemolytic group B Streptococcus of serotype II; after
several subcultures in broth this strain became nonhemo-
lytic. B128 was resistant to high levels of gentamicin and of
all other clinically available aminoglycosides and was also
resistant to tetracycline-minocycine (Table 1).
The MICs of gentamicin, netilmicin, tobramycin, kanamy-

cin, lividomycin A, neomycin, ribostamycin, amikacin, and
streptomycin were >16,000, 1,000, >2,000, >32,000,
>2,000, >2,000, >2,000, 2,000, and >128,000 ,ug/ml, respec-
tively.
Mating experiments and plasmid isolation. B128 was mated

with BM137, BM132, BM138, BM140, BM90, and JH2-2. No
transfer was observed with any of these recipients, except
BM132. Antibiotic resistance determinants transferred into
BM132 at a frequency of 3 x 10-9, 1 x 10-8, 7 x 10-9, or
2 x 10-8 transconjugants per donor cell when selection was
done with gentamicin, kanamycin, streptomycin, or tetracy-
cline, respectively. Two hundred ten transconjugants were
analyzed by replica plating. Eighty of these clones carried
only the Tcr-Mnr marker, 101 clones carried the same
antibiotic resistance markers as B128, and 27 clones which
were susceptible to tetracycline-minocycline had an amino-
glycoside resistance pattern identical to that of B128. The
two remaining clones had aminoglycoside resistance profiles
different from that of B128: BM5236 was resistant to kana-
mycin-neomycin and streptomycin, and BM5237 was resis-
tant to gentamicin-kanamycin (as well as to tetracycline-
minocycline) (Table 1).

All attempts to detect plasmids either in B128 or in
the four transconjugant clones tested, BM5236, BM5237,
BM5238, and BM5239 (Table 1), were unsuccessful, unlike
the current isolation of pIP501 from B96. Chromosomal
location and low frequency of transfer of antibiotic resis-
tance determinants are often associated in streptococci (3,
12, 15).
Gene identification. DNA-DNA hybridization experiments

were carried out between HindlIl-digested chromosomal
DNAs of the strains listed in Table 1 and the probes
described in Materials and Methods. B128, BM5238, and
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FIG. 1. Hybridization of chromosomal DNA with aminoglycoside resistance genes. (A) Electrophoretic pattern of HindIII-digested
DNAs. Lanes: 1, B128; 2, BM132;3, BM5236; 4, BM5237; 5, BM5238; 6, BM5239; 7, X fragments obtained by double digestion with EcoRI
and HindIII; 8, 1-kb ladder. X fragments and the 1-kb ladder were used as molecular size markers. (B and C) Same DNAs as in panel A but
transferred to a nitrocellulose filter and probed with a-32P-labeled pSF815A (encoding resistance to gentamicin-kanamycin) (B) and pAT93
(encoding resistance to kanamycin-neomycin) (C). Molecular sizes (in kilobases) of the hybridizing fragments are indicated on the right.

BM5239 carried the three genes, aac6/aph2, aph3, and
aadE, whereas BM5236 carried only aph3 and aadE and
BM5237 carried only aac6laph2 (Table 1 and Fig. 1). Gene
aac6laph2 was located in each strain on a HindIII fragment
of 2.4 kb, while the other two genes were located on HindIII
fragments of the same size (3.0 kb). That the sizes of the
fragments hybridizing with both aph3 and aadE were the
same in B128 and in the corresponding transconjugants
would suggest that these two genes are linked. The genetic
analysis of B128 transconjugants favors this hypothesis,
since none of the 129 clones resistant to kanamycin-neo-
mycin and streptomycin carried either of these determinants
without the other. The analysis of transconjugants resistant
to kanamycin-neomycin and streptomycin and obtained pre-
viously from other streptococci (groups A, B, and G, Strep-
tococcus bovis, and viridans group streptococci) (15), as well
as the study of the locations of aph3 and aadE on plasmids
harbored by E. faecalis strains (20), further supports the
notion that aph3 and aadE are linked genes.

High-level gentamicin resistance is reported here for the
first time to be chromosome borne in a streptococcal strain.
The genetic analysis of the transconjugants obtained from
B128 suggests that B128 carried three distinct chromosomal
conjugative elements encoding resistance to tetracycline-
minocycline, gentamicin-kanamycin, and kanamycin-neo-
mycin and streptomycin. The presence of at least two
chromosomal elements carried by one strain has been re-
ported recently in streptococci of groups A, B, C, and G
(22). The nature of the elements carried by B128 is under
study in our laboratory.

Since the initial report of resistance to high levels of
gentamicin and related aminoglycosides carried by plasmids
in E. faecalis (13), plasmid-borne resistance to these antibi-
otic has been reported in other E. faecalis strains (24, 32) as
well as, more recently, in Enterococcusfaecium (6). Most of
these strains, like B128, are also resistant to high levels of
streptomycin and, consequently, the high-level aminoglyco-
side resistance, either plasmid or chromosome borne, con-

fers resistance to bactericidal synergism between all avail-
able aminoglycosides and antibiotics which inhibit cell wall
synthesis, such as beta-lactams and vancomycin. The high-
level gentamicin resistance in B128 may be mediated by the
bifunctional enzyme 6'-aminoglycoside acetyltransferase/2"-
aminoglycoside phosphotransferase, which has previously
been detected in gentamicin-resistant strains of E. faecalis
(7), E. faecium (6), Staphylococcus aureus (23, 31), Staph-
ylococcus epidermidis (31), and Staphylococcus haemolyti-
cus (8).
GBS are important human pathogens, responsible for

severe early-onset and nosocomial late-onset newborn dis-
eases. In diseases which require bactericidal therapy, such
as neonatal infections and enterococcal subacute endocardi-
tis, the treatment of choice is the combination of gentamicin
with an active agent against the cell wall. As expected,
combinations of ampicillin or vancomycin with gentamicin,
netilmicin, tobramycin, amikacin, kanamycin, or streptomy-
cin failed to show bactericidal synergism against B128 (data
not shown). Therefore, the emergence of GBS like B128 is
an event of great clinical concern, since there are to date no
antibiotic combinations exhibiting bactericidal synergism
against such strains.
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