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bstract

This study was undertaken to test the in vitro activity of tigecycline against 117 clinically relevant Gram-positive pathogens and to correlate
his activity with their resistance gene content. Overall, tigecycline showed a minimal inhibitory concentration (MIC) range of 0.015–0.5 mg/L,
ble to inhibit potently all multiresistant streptococci, enterococci and MR staphylococci. Tigecycline was active against methicillin-resistant
taphylococcus aureus (MRSA) and enterococci, with MICs for 90% of the organisms (MIC90) of 0.25 mg/L and 0.12 mg/L, respectively, being
ore active than linezolid (MIC90 = 2 mg/L) and quinupristin/dalfopristin (MIC90 = 0.5 and 2–4 mg/L, respectively). Molecular characterisation

f resistance determinants demonstrated the concomitant presence of different classes of genes: in particular, tet(M), erm(B) and erm(C) in
treptococcus agalactiae; tet(O), variably associated with different erm genes, in Streptococcus pyogenes; vanA, tet(M) and erm(B) in
nterococcus faecalis, and vanA and erm(B) in Enterococcus faecium. All the MRSA strains harboured SCCmec and erm genes and 50%
ossessed tet(K) with tet(M) genes. Staphylococcus epidermidis strains were only resistant to erythromycin. These results clearly demonstrate
hat tigecycline has a MIC90 range of 0.015–0.5 mg/L both against tetracycline-susceptible and -resistant isolates carrying other resistance

eterminants, suggesting that this drug could play an important role in the treatment of infections caused by these multiresistant Gram-positive
athogens.

2007 Elsevier B.V. and the International Society of Chemotherapy. All rights reserved.
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. Introduction

The significant increase in the number of Gram-positive
nfections observed over the last few years has been related
o many factors, including the abuse of some anti-Gram-
egative antimicrobial agents in therapeutic and prophylactic
egimens and in part to a side effect of the evolving changes
n the clinical care of patients (use of indwelling devices,
mmunosuppressive therapies, etc.). As well as the increas-
ng prevalence of Gram-positive infections, there is the

roblem of resistance: staphylococci, streptococci and ente-
ococci, in addition to becoming more common, have also
eveloped resistance to many previously effective drugs

∗ Corresponding author. Tel.: +39 095 311 352; fax: +39 095 313 715.
E-mail address: stefanis@unict.it (S. Stefani).
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1]. The prevalence of multidrug-resistant Gram-positive
acteria, including vancomycin-resistant enterococci (VRE)
nd methicillin-resistant staphylococci (methicillin-resistant
taphylococcus aureus (MRSA) and methicillin-resistant
oagulase-negative staphylococci) over the past 20 years has
ighlighted a critical need for new therapeutic options to treat
hese infections.

In this context, tigecycline, the first glycylcycline to be
eveloped and to reach the market, is a novel antibacterial
ompound that provides the medical community with a potent
ew antimicrobial for treating infections caused by a broad
pectrum of clinically relevant pathogens for which limited

herapeutic options exist owing to the increasing antibi-
tic resistance to numerous classes of drugs. Tigecycline is
ctive against a broad spectrum of Gram-positive and Gram-
egative pathogens, including Klebsiella pneumoniae and

of Chemotherapy. All rights reserved.

mailto:stefanis@unict.it
dx.doi.org/10.1016/j.ijantimicag.2007.03.014


2 l of An

E
a
a
a
d
d

t
l
i
l
c
o
w
a
G
t
c

2

2

5
S
E
s
c
r
i
w
t
d
r
l
c
l
A
p

2

a
f
a
u
f
b
s
f
C
S
c

v
M
s
W
(
w
t
o
a
a

2
c

e
e
d
f
B
e
[
m
t
a
p
g
w
d

2

o
b
a
s
P

p
f
M

3

3
i

c
C

10 S. Borbone et al. / International Journa

scherichia coli producing extended-spectrum �-lactamase
nd the Gram-negative bacilli Acinetobacter baumannii
nd Stenotrophomonas maltophilia, aerobic, anaerobic and
typical bacteria including those containing the two major
eterminants of tetracycline resistance (active efflux of the
rug out of the bacterial cell and ribosomal protection) [2].

The ability of bacteria to acquire resistance determinants
hat, once obtained, can stably be maintained in the popu-
ation of resistant strains is another important point to take
nto consideration. Geographic differences in resistance high-
ighted in different countries could be caused by the gene
ontent and mobility of resistance genes, even if it is not the
nly factor [3]. With this in mind, the purpose of this study
as (i) to evaluate the activity of tigecycline and comparator

gents against a sample of clinically relevant multiresistant
ram-positive bacteria and (ii) to investigate and correlate

he resistance gene content with the minimal inhibitory con-
entrations (MICs) of resistant strains.

. Materials and methods

.1. Bacterial strains

A total of 117 multidrug-resistant strains, comprising
4 staphylococci (38 MRSA and 16 methicillin-resistant
taphylococcus epidermidis (MRSE)), 30 enterococci (15
nterococcus faecalis and 15 Enterococcus faecium) and 33
treptococci (13 Streptococcus agalactiae and 20 Streptococ-
us pyogenes) were studied. These isolates were clinically
elevant pathogens implicated in a variety of infections
ncluding complicated skin and skin-structure infections as
ell as bloodstream, intra-abdominal and respiratory infec-

ions. All unrelated microorganisms isolated throughout Italy
uring 2004–2005 were selected based on evaluation of their
esistance or multiresistance to one or more antibiotics. Iso-
ates were identified by standard methods [4]. Regular quality
ontrol was performed using American Type Culture Col-
ection (ATCC) strains: S. aureus ATCC 29213, E. faecalis
TCC 29212, E. faecium ATCC 27853 and Streptococcus
neumoniae ATCC 49619.

.2. Susceptibility testing

Tests for susceptibility to tigecycline and comparator
gents were performed by the broth dilution method with
resh Mueller–Hinton broth as recommended by the Clinical
nd Laboratory Standards Institute (CLSI) [5]. In partic-
lar, fresh broth and fresh antibiotic solutions were used
or testing tigecycline [6] and the following susceptibility
reakpoints were used: for staphylococci ≤0.5 mg/L; for
treptococci and enterococci ≤0.25 mg/L. MIC breakpoints

or all other antibiotics used were as recommended by the
LSI [5] and the European Committee on Antimicrobial
usceptibility Testing (EUCAST) [7]. Erythromycin, tetra-
ycline, amoxicillin, penicillin, minocycline, oxacillin and

l
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o
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ancomycin were purchased from Sigma–Aldrich (St Louis,
O). Other antibiotics were obtained from the following

ources: tigecycline and piperacillin/tazobactam were from
yeth-Ayerst (Pearl River, NY); linezolid was from Pfizer

Rome, Italy); and quinupristin/dalfopristin and teicoplanin
ere from Aventis-Pharma (Milan, Italy). The oxacillin resis-

ance of staphylococci was determined by MIC tests for
xacillin supplemented with 2% NaCl and was interpreted
ccording to CLSI criteria; these criteria were also used for
ll other antibiotics in the study.

.3. Identification of resistance genes and resistance
assettes

All primer pairs used in polymerase chain reaction (PCR)
xperiments for mecA, tet(K), tet(M), tet(L), class erm(A),
rm(B), erm(C), msr(A), mef(A), van(A) and van(B) were
esigned from the respective published sequences as well as
rom the sequence information directly deposited in Gen-
ank (http://www.ncbi.nlm.nih.gov). Genomic DNA was
xtracted from all bacterial cultures as previously described
8] and used as a template for amplification. PCR experi-
ents were carried out by established procedures following

he reported conditions for the use of individual primer pairs
nd following procedures previously published [9]. PCR
roducts were analysed by electrophoresis on 1% agarose
els (Sigma–Aldrich, St Louis, MO). The SCCmec types
ere determined by a multiplex PCR protocol as previously
escribed [10].

.4. Sequence analysis

To confirm the erm(C) gene found in two strains
f S. agalactiae, the amplicon obtained was sequenced
idirectionally using a LI-COR DNA sequencer 4000 L
pparatus (LI-COR Inc., Madison, WI). The complete
equence flanking erm(C) was determined by inverse
CR.

Sequence similarities were analysed using the software
ackage BLAST available online from the National Center
or Biotechnology Information of the National Library of

edicine (http://www.ncbi.nlm.nih.gov).

. Results

.1. Activity of tigecycline against multidrug-resistant
solates

The MICs of the antimicrobial agents tested for all the
ontrol strains were within the MIC ranges provided by
LSI [5]. In vitro susceptibilities of the 117 clinical iso-
ates to the antimicrobial agents are shown in Table 1.
igecycline demonstrated potent activity against MRSA and
RSE strains, with the MIC for 50% and 90% of the

rganisms (MIC50 and MIC90, respectively) ranging from

http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/
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Table 1
Minimal inhibitory concentrations (MICs) of tigecycline and comparator agents against 117 multiresistant Gram-positive pathogens

Organism Drug MIC (mg/L) %S %R

Range MIC50 MIC90

MRSA (n = 38) Tigecycline 0.06–0.25 0.12 0.25 100 –
Erythromycin 32–2048 2048 2048 100
Linezolid 0.5–2 1 2 100 –
Minocycline 0.06–4 1 4 100 –
Piperacillin/tazobactam 64–512 256 512 – 100
Quinupristin/dalfopristin ≤0.12–0.5 0.25 0.5 100 –
Teicoplanin 0.25–8 <0.5 4 100 –
Tetracycline 0.25–16 0.5 16 53 47
Vancomycin <0.5–2 1 1 100 –

MRSE (n = 16) Tigecycline 0.06–0.5 0.25 0.25 100 –
Erythromycin <0.12–2048 1024 2048 50 50
Linezolid 0.5–2 1 2 100 –
Minocycline 0.03–0.25 0.06 0.25 100 –
Piperacillin/tazobactam 16–128 32 128 – 100
Quinupristin/dalfopristin <0.12 <0.12 <0.12 100 –
Teicoplanin 1–4 2 4 100 –
Tetracycline 0.25–4 2 2 88 12
Vancomycin 1–4 2 2 100 –

Enterococcus faecalis (n = 15) Tigecycline 0.03–0.12 0.03 0.12 100 –
Erythromycin 1–1024 512 1024 9 91
Linezolid 0.5–2 0.5 2 91 –
Minocycline 4–8 8 8 9 91
Piperacillin/tazobactam 1–128 2 16 64 36
Quinupristin/dalfopristin 0.5–4 2 4 45 55
Teicoplanin 0.5–64 8 16 36 64
Tetracycline 8–64 32 64 – 100
Vancomycin 0.5–512 64 256 0 100

Enterococcus faecium (n = 15) Tigecycline 0.015–0.12 0.015 0.12 100 –
Erythromycin 1024–2048 2048 2048 – 100
Linezolid 0.5–4 2 2 91 –
Minocycline 0.06–4 0.06 0.5 91 9
Piperacillin/tazobactam 64–1024 512 1024 – 100
Quinupristin/dalfopristin 0.25–4 0.25 2 82 18
Teicoplanin 0.5–64 16 32 9 91
Tetracycline 0.12–64 0.25 0.5 91 9
Vancomycin 0.5–512 64 512 0 100

Streptococcus pyogenes (n = 20) Tigecycline 0.015–0.12 0.03 0.015 100 –
Amoxicillin <0.12–2 0.25 0.5 85 –
Azithromycin 16–64 32 64 – 100
Erythromycin 8–>128 64 >128 – 100
Minocycline <0.12–8 2 2 100 –
Penicillin <0.12 <0.12 <0.12 100 –
Tetracycline <0.12–32 16 32 20 80

Streptococcus agalactiae (n = 13) Tigecycline 0.015–0.12 0.06 0.12 100 –
Amoxicillin <0.12–0.5 0.06 0.12 92 –
Azithromycin 0.5–>128 4 >128 – 100
Erythromycin <0.12–>128 0.5 >128 31 69
Minocycline 0.25–32 4 32 38 62
Penicillin <0.12 <0.12 <0.12 100 –
Tetracycline 0.25–64 32 64 31 69

M ercent s
S midis.

0
s
f
l

IC50/90, MIC for 50% and 90% of the organisms, respectively, %S/R, p
taphylococcus aureus; MRSE, methicillin-resistant Staphylococcus epider
.12 mg/L to 0.25 mg/L. These pathogens were also highly
usceptible to quinupristin/dalfopristin (MIC90 = 0.5 mg/L
or MRSA and MIC90 = 0.12 mg/L for MRSE) and, to a
esser extent, linezolid (MIC90 = 2 mg/L for both species).

M
p
t
w

usceptible/resistant, respectively; MRSA, methicillin (oxacillin)-resistant
RSA strains were uniformly resistant to erythromycin and
iperacillin/tazobactam and 47% of strains were resistant to
etracycline but not minocycline. Of the MRSE strains, 50%
ere resistant to erythromycin and 12% to tetracycline. In
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hese strains, minocycline retained its potency, with a MIC90
f 0.25 mg/L.

Tigecycline was also active against E. faecalis and
. faecium (MIC90 = 0.12 mg/L for both pathogens),

ncluding isolates resistant to vancomycin, teicoplanin,
rythromycin and tetracycline (Table 1). Linezolid and
uinupristin/dalfopristin showed different levels of activity:
s expected, E. faecalis were less susceptible to quin-
pristin/dalfopristin compared with E. faecium (MIC90
alues of 4 mg/L and 2 mg/L, respectively). Linezolid was
lso active against VRE, with a MIC90 of 2 mg/L, at the limit
f the breakpoint indicated for this genera.

�-haemolytic streptococci and S. agalactiae isolates were
ighly susceptible to tigecycline (Table 1): the MIC90 for
. pyogenes was 0.015 mg/L and for S. agalactiae it was
.12 mg/L. These pathogens were also susceptible to peni-
illin and amoxicillin, but they were resistant to erythromycin
nd tetracycline.

.2. Resistance gene content

Table 2 summarises the overall content of the major resis-
ance determinants in the studied strains.

With regard to oxacillin (methicillin)-resistant S. aureus,
he diverse SCCmec allotypic forms that are known to possess
ifferent levels of complexity were characterised. In particu-
ar, type I carries only the mec gene complex, types II and III
ontain transposons and plasmids (including Tn554 carrying
he erm(A) gene, integrated copies of IS431 [11] and plas-
ids such as pT181 that carries the tet(K) gene or pUB110

12,13] that carries the ble, neo and aadD genes) and the
mallest type IV shares only the mec complex and ccrAB
enes.

Our results show that all oxacillin-resistant S. aureus have

constitutive phenotype of resistance to macrolides and har-
our at least two erm genes, with the exception of SCCmec
ype IV. The most prevalent methylase genes were erm(A)
nd erm(C) concomitantly present in the vast majority of all

s
c
w
t

able 2
ajor resistance genes in Gram-positive cocci

pecies No. of
isolates

SCCmec
type

Efflux gene
(mef(A))

Methylase
genes

erm(A) class

RSA 16 I 16
10 IA 10

2 II 2
8 IIIA 8
2 IV –

RSE 16 –
nterococcus faecalis 15 –
nterococcus faecium 15 –
treptococcus pyogenes 20 9 2
treptococcus agalactiae 13 –

RSA, methicillin (oxacillin)-resistant Staphylococcus aureus; MRSE, methicillin
timicrobial Agents 31 (2008) 209–215

CCmec allotypes. The erm(B) determinant was present in
our strains of MRSA belonging to SCCmec type I and in
wo strains of type IA. We failed to detect staphylococci with

acrolide resistance due to the presence of the msr(A) gene.
The most common mechanism of tetracycline resistance

n MRSA was due to the presence of tet(K) and tet(M) genes;
et(K) alone was present only in eight strains belonging to the
CCmec I and IA (data not shown).

With regard to S. epidermidis, the most prevalent gene was
rm(C) (eight strains), which was detected alone, as well as
et(K), which was found in only two strains. tet(L) and tet(O)
ere not detected in any of the staphylococcal isolates tested.
VRE possessed prevalently the van(A) gene and only one

train possessed van(B). In these strains, tetracycline and
acrolide resistance is due to the presence of both tet(M)

nd erm(B) genes; in almost all strains of E. faecalis, the
imultaneous presence of tet(K) was also observed. Our
trains of E. faecium were uniformly resistant to macrolides
wing to the presence of the erm(B) gene; no tet genes were
etected.

Among the 20 strains of S. pyogenes, mef(A) and erm(B)
ere the most common resistance genes and only two strains

lso harboured the erm(A) class gene, i.e. ermTR. Unlike
hat was seen for staphylococci and enterococci, tet(O) was
ery common (12 strains) and was associated with tet(M)
n 7 strains [14]. A different scenario was observed in S.
galactiae in which the erm(B) gene was identified as the
ost common resistance determinant and was associated
ith tet(M) in only one strain, whilst three strains har-
oured tet(O) together with tet(M). In two strains the presence
f an unexpected erm(C) as the determinant of macrolide
esistance was confirmed by sequencing the entire plasmid
arrying this gene, which is normally found in staphylococci.
he sequence of this plasmid (4 kb) was homologous to the

equence of pSES22 found in Staphylococcus saprophyti-
us. In one of these two strains of S. agalactiae, this gene
as associated with erm(B). The ability of this plasmid to be

ransferred interspecies and intraspecies is under study.

Vancomycin
resistance genes

Tetracycline
resistance genes

erm(B) erm(C) vanA vanB Efflux Ribosomal protection

tet(K) tet(M) tet(O)

4 12 – – 4 2 –
2 10 – – 10 6 –
– 2 – – – – –
– 8 – – 8 6 –
– 2 – – 2 2 –

– 8 – – 2 – –
15 – 15 – 8 15 –
14 – 14 1 – – –
10 – – – – 7 12

6 2 – – – 7 3

-resistant Staphylococcus epidermidis.
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Table 3
Correlation between minimal inhibitory concentrations (MICs) and tetracycline resistance genes in Gram-positive cocci

Antibiotic Resistance gene(s)

tet(K) tet(M) tet(O) tet(K) + tet(M) tet(O) + tet(M)

MRSA
No. of strains 8 16
MIC range Minocycline 1 mg/L 2 mg/L

Tetracycline 16 mg/L 16 mg/L
Tigecycline 0.12–0.5 mg/L 0.06–0.25 mg/L

VRE
No. of strains 1 8 14
MIC range Minocycline 1 mg/L 8 mg/L 4–8 mg/L

Tetracycline 8 mg/L 32–64 mg/L 16–64 mg/L
Tigecycline 0.03 mg/L 0.03–0.12 mg/L 0.03–0.12 mg/L

Streptococcus pyogenes
No. of strains 4 9 3
MIC range Minocycline 2–4 mg/L 2 mg/L 4–8 mg/L

Tetracycline 32 mg/L 16–32 mg/L 16–32 mg/L
Tigecycline 0.03–0.06 mg/L 0.03 mg/L 0.03–0.06 mg/L

Streptococcus agalactiae
No. of strains 4 3
MIC range Minocycline 8 mg/L 4–16 mg/L

Tetracycline 64 mg/L 32–64 mg/L
mg/L
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RSA, methicillin (oxacillin)-resistant Staphylococcus aureus; VRE, vanc

.3. Correlation between MIC and resistance gene
ontent

Tigecycline demonstrated potent activity against all
ram-positive cocci in the study, and MIC values were
nchanged in all strains bearing the tet genes, as demonstrated
n Table 3.

In MRSA, tigecycline had a MIC value of ≤0.25 mg/L and
his drug also remained active in strains harbouring resistance
eterminants coding for both an efflux pump protein and ribo-
omal protection mechanisms. It is interesting to note that
ur MRSA strains always possessed tet(K) associated with
et(M) (16 strains); the strains are, in fact, resistant to tetracy-
line and showed reduced susceptibility to minocycline. The
otent activity of tigecycline was maintained in all strains,
rrespective of the type of SCCmec possessed, from the most
omplex responsible for the multidrug-resistant phenotypes
f the classical nosocomial strains to the community strains
arbouring the class IV SCCmec type.

Tigecycline showed MICs of 0.03 mg/L in VRE pos-
essing only the tet(K) gene, whilst a slight increase of
wo dilutions was observed in strains harbouring tet(M)
lone or tet(K) and tet(M) together. All these tigecycline
ICs correspond to clear resistance to tetracycline and a

educed susceptibility to minocycline. In S. pyogenes, tigecy-
line showed MIC values of 0.03 mg/L in strains possessing
he tet(O) determinant, responsible for tetracycline but not
inocycline resistance. In contrast, the presence of tet(M)
lone or the presence of tet(O) and tet(M) together was
lso responsible for a decrease in susceptibility to minocy-
line, whilst tigecycline activity was maintained at the same

s
[

a

0.06–0.12 mg/L

-resistant enterococci.

IC or at one dilution increase with respect to the single
enes.

In S. agalactiae, tigecycline had MIC values of
.06–0.12 mg/L both in groups of strains harbouring tet(M)
lone or associated with tet(O): in these strains, a uniform
esistance to tetracycline and resistance or a decreased sus-
eptibility to minocycline was observed. Compared with S.
yogenes harbouring the same mechanisms of resistance,
IC values for tetracycline and minocycline were higher in

hese strains and tigecycline also showed a reduction of one
ilution in the range of susceptibility.

. Discussion

In this study, tigecycline was used to challenge a small
ollection of multiresistant pathogens originating from hos-
italised patients with complicated skin, skin-structure,
loodstream, intra-abdominal and respiratory infections. As
new class of antibacterial agent, tigecycline retains potency

n those microorganisms displaying resistance to tetracy-
line and other antimicrobial classes, including oxacillin-,
rythromycin- and vancomycin-resistant strains. Overall,
ur multiresistant Gram-positive cocci were inhibited by a
igecycline MIC90 ≤ 0.25 mg/L and its activity was supe-
ior to minocycline, quinupristin/dalfopristin and linezolid.
hese results confirm and extend those of previous analy-

es using Gram-positive isolates from the USA and Europe
15–18].

In our study, many resistance genes were characterised in
ll strains and it was found that these multiresistant strains
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arbour complex arrays of resistance determinants, some of
hem coding for the same mechanism of resistance.

In our hospital-acquired MRSA, for instance, tigecycline
as tested against groups of strains belonging to the major
CCmec types I–IV and the results demonstrate that all
ariants carried many different resistance genes and were
nhibited by the same concentration of antibiotic. In these
trains, resistance to macrolide–lincosamide–streptogramin
ntibiotics was predominantly due to the presence of two evo-
utionary variants of the erm determinants, namely erm(A)
nd erm(C). Both genes, present together in ca. 70% of
taphylococci, are carried on mobile elements: erm(A) is part
f the Tn554 transposon in the chromosome whilst erm(C) is
ound on a plasmid [3]. erm(C) is also the major macrolide
esistance determinant found in one-half of the MRSE strains.
hese results confirm that this gene is predominant in
oagulase-negative staphylococci, as demonstrated by other
uthors [19,20]. As previously observed [19,20], erm(B) was
resent in a minority of MRSA strains, in our case only in
hose belonging to SCCmec types I and IA. Resistance to
etracycline was related to the presence of the tet(K) gene in 8
trains belonging to SCCmec types I and IA, and the concomi-
ant presence of tet(M) in 16 strains was also responsible for
he diminished activity of minocycline, as previously demon-
trated in other European studies [16,21]. A different situation
as observed for data from the USA, where tet(K) is the major
eterminant responsible for tetracycline but not minocycline
esistance in MRSA [15]. Two additional tetracycline resis-
ance genes have been reported in S. aureus, tet(L) and tet(O)
22], but we failed to detect these genes in our sample of

RSA.
Knowledge that the majority of tet determinants are asso-

iated with either conjugative or mobilisable elements may
artially explain their wide distribution among bacterial
pecies [23] and could also explain the fact that different ele-
ents can circulate in some epidemiological environments

ompared with others, contributing to the geographical dif-
erences found around the world.

Our data show that tigecycline is also active against VRE.
n this study, 91% of vancomycin-resistant E. faecalis were
esistant to erythromycin and all the strains were resistant to
etracycline owing to the presence of erm(B) and tet(M) car-
ied together on the same mobile element, i.e. Tn1545-like,
hilst in approximately one-half of the strains the tet(K) gene
as also harboured [24]. Our E. faecium were vancomycin

nd macrolide resistant.
Increased resistance of �-haemolytic streptococci, S. pyo-

enes and, more recently, S. agalactiae to antibiotics has been
eported over the past 20 years in many studies in several
ountries [25,26] and is confirmed by our data. In S. pyo-
enes, resistance to macrolides was mainly mediated by an
lmost equal distribution of erm(B) and mef(A) genes, as

emonstrated in our previously published results [27]. The
resence of tet(O) alone confers resistance to tetracycline
ut not to minocycline, whilst in tet(M)-carrying strains both
ntibiotics were affected and this result was also confirmed

w
b
f
0

timicrobial Agents 31 (2008) 209–215

n strains harbouring tet(O) and tet(M) together. Among S.
galactiae strains, the erm(B) gene was most prevalent; we
ailed to detect any erm(A) gene but found two strains har-
ouring the staphylococcal gene erm(C). To our knowledge,
his is the first report of the identification of pSES22 and
he erm(C) gene in streptococci. The tet(M) gene (the most
ommon gene), when associated with tet(O), confers resis-
ance to tetracyclines but not to tigecycline. The combination
f these two genes was previously demonstrated in a study
y Poyart et al. [28] but was not detected in other European
tudies [26,29]. As demonstrated by Poyart et al. [28], tet(M)
s carried on the Tn916 element, contributing to the rapid
issemination of this determinant in this species as well as
in our results) among E. faecalis but not among E. faecium
solates.

Analysing the tet gene content, irrespective of the dif-
erences related to the species, we observed that tigecycline
ctivity was not affected by any of the resistance genes coding
or efflux or ribosomal protection. When we analysed genes
n combination, we found that when the two genes coded
or the same mechanism of resistance (i.e. ribosomal protec-
ion), the MIC range was similar to the value of the single
ene (no potentiation). However, when the two genes coded
or different mechanisms of resistance (i.e. efflux protein and
ibosomal protection), the MIC range was higher than that of
he single genes (potentiation).

In conclusion, tigecycline exerted antibacterial activity
gainst this collection of multiresistant Gram-positive cocci
ecovered from hospitalised patients with various severe
nfections including skin and skin-structure infection, with

ICs < 0.25 mg/L. These microorganisms, responsible for
ignificant morbidity and mortality, were extremely prone
o acquiring and expressing many resistance determinants
esponsible for resistance to different classes of antibacte-
ial agents and eventually producing therapeutic failure. The
esults of this study demonstrate that clinical isolates of mul-
iresistant Gram-positive bacteria encoding tet(K), tet(O) and
et(M), or these determinants together with other resistance
enes, produce tigecycline MICs that are identical to those
btained in susceptible strains.
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