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The systemic dissemination of oral patho-
gens to distant body sites may cause
bacterial endocarditis, brain abscesses,
and other life-threatening infections, with
viridans streptococci frequently being
implicated (5).
In Spain, erythromycin is considered the

antimicrobial of choice in the prophylaxis
of focal infections for penicillin-allergic
patients with risk factors who undergo
certain dental procedures (24, 25).

Recently, our group found that after dental
extractions there was a high prevalence of
bacteremia caused by erythromycin-resist-
ant viridans streptococci (1 submitted). This
is of particular concern since the lack of
erythromycin susceptibility is associated
with resistance to first-line antimicrobials
recommended in the current prophylactic
regimes such as long half-life macrolides
(azythromycin and clarythromycin) and
clindamycin (4, 20).

In this scenario, new antimicrobials
such as telithromycin have emerged. Few
studies about the in vitro activity of
telithromycin against viridans strepto-
cocci of oral origin have been published
(10, 18). The present study evaluated the
in vitro activity of telithromycin against
erythromycin-susceptible and erythromy-
cin-resistant viridans streptococci with a
well characterized erythromycin resist-
ance mechanism (mefA and ermB genes)
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Erythromycin-resistant viridans streptococci are often responsible of bacteremias
following dental manipulations. The aim of this study was to evaluate the in vitro activity
of telithromycin against erythromycin-susceptible and erythromycin-resistant viridans
streptococci. Venous blood samples were collected from 84 patients, 30 s after dental
extractions. Viridans streptococci were identified by conventional microbiological
techniques. A set of 36 viridans streptococci were selected to investigate the in vitro
activity of telithromycin by the agar dilution method. Macrolide resistance genes were
amplified with specific primers for the mefA and ermB genes and visualized by
electrophoresis. For erythromycin-susceptible viridans streptococci, telithromycin mini-
mal inhibitory concentration90 (MIC90) was <0.008 lg/ml. For erythromycin-resistant
viridans streptococci, telithromycin MIC90 was 1 lg/ml. The MIC90 to telithromycin of
the mefA-positive and ermB-negative viridans streptococci was lower than that of the
mefA-negative and ermB-positive viridans streptococci (0.128 lg/ml versus 1 lg/ml).
The in vitro activity of telithromycin was high, irrespective of the erythromycin
susceptibility and the mechanism of erythromycin resistance identified.
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Coruóña, Spain.

Key words: bacteremia; dental extractions;
viridans streptococci; telithromycin

Pedro Diz Dios, C./ Panamá 2; 2� dcha,
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isolated from the bloodstream after dental
extractions.

Patients and methods

Venous blood samples were collected
from 84 patients, 30 s after dental
extractions. Viridans streptococci were
identified as aerobic cocci that display
chains in the Gram stain, were catalase-
negative, optochin-resistant, pyrrolidonyl
arylamidase-negative, leucine aminopept-
idase-positive and did not grow in 6.5%
NaCl broth. We used the identification
scheme proposed by Ruoff et al.
(16, 17), which includes five groups of
viridans streptococci:
Streptococcus mitis group, Streptococ-

cus anginosus group, Streptococcus
mutans group, Streptococcus salivarius
group and Streptococcus bovis group.
Eighty-one streptococci were isolated,

and their susceptibilities to erythromycin
and clindamycin evaluated. A set of 36 of
these viridans streptococci were selected to
investigate the in vitro activity of telithro-
mycin: 11 were erythromycin-susceptible
strains, 15 erythromycin-resistant strains
and 10 erythromycin- and clindamycin-
resistant strains. The following streptococ-
cal groups were identified:
• Streptococcus mitis group, n ¼ 25;
• Streptococcus anginosus group, n ¼ 7;
• Streptococcus salivarius group, n ¼ 2;
• Streptococcus mutans group, n ¼ 1;
• Streptococcus bovis group, n ¼ 1.
Minimal inhibitory concentrations

(MICs) were determined by the agar
dilution method (15). An inoculum of
104 colony-forming units (CFU)/spot were

placed on Mueller-Hinton II agar (Becton
Dickinson Microbiology Systems, Coc-
keysville, MD), pH 7.3, containing 5%
sheep blood, with a 19 PIN Hand Inocu-
lator (Mast Laboratories Ltd., Mereyside,
UK). The plates, which contained doub-
ling dilutions of telithromycin, were incu-
bated for 18–24 h at 37�C under aerobic
conditions. For telithromycin preliminary
breakpoints, MICs proposed by the manu-
facturer (Aventis Pharma, Romainville,
France) were applied (susceptible £ 0.5
lg/ml; resistant ‡ 4 lg/ml). These break-
points have been validated by two com-
mittees in Europe, MENSURA (Mesa
Española de Normalización de la Sensi-
bilidad y Resistancia a los Antimicrobia-
nos) and CA-SFM (Comité de
l’Antibiogramme de la Société Française
de Microbiologie) (21). Staphylococcus
aureus ATCC 29213 and Streptococcus
pneumoniae ATCC 49619 were used as
controls.
DNA extraction for polymerase chain

reaction (PCR) amplification was per-
formed using the InstaGene Matrix (Bio-
rad Laboratories, Hercules, CA) according
to the manufacturer’s instructions. Macro-
lide resistance genes were amplified with
specific primers for the mefA and ermB
genes (2, 22) and visualized following
agarose gel electrophoresis.

Results

The MIC50 and MIC90 to telithromycin for
all viridans streptococci tested were 0.032
lg/ml and 1 lg/ml respectively (MIC
range, <0.008–1 lg/ml). Applying the
telithromycin preliminary breakpoints,

none of the isolates was resistant to
telithromycin.
The MIC range, MIC50 and MIC90 to

erythromycin, clindamycin and telithro-
mycin of the erythromycin-susceptible and
erythromycin-resistant viridans strepto-
cocci with a well characterized erythromy-
cin resistance mechanism (mefA and ermB
genes) is detailed in Table 1. For the
erythromycin-susceptible viridans strepto-
cocci, the telithromycin MIC90 value
(<0.008 lg/ml) was lower than the values
to erythromycin and clindamycin (0.128
lg/ml for both antimicrobials).
For the erythromycin-resistant viridans

streptococci, the telithromycinMIC90 was 1
lg/ml (MIC range, <0.008–1 lg/ml). The
MIC90 to telithromycin of themefA-positive
and ermB-negative viridans streptococci
was lower than that of the mefA-negative
and ermB-positive viridans streptococci
(0.128 lg/ml versus 1 lg/ml). Only one
strain carried both genes, showing a telith-
romycin MIC of 0.064 lg/ml. The MIC
range to telithromycin for mefA- and ermB-
negative viridans streptococci was 0.064–
0.256 lg/ml.

Discussion

In agreement with Alcaide et al. (1),
telithromycin showed higher in vitro activ-
ity than erythromycin and clindamycin
against erythromycin-susceptible viridans
streptococci. Low telithromycin MIC val-
ues have been also detected in other
erythromycin-susceptible streptococci
such as S. pneumoniae (26), Streptococcus
pyogenes (19) and Streptococcus agalac-
tiae (11).

Table 1. MIC range, MIC50 and MIC90 to erythromycin, clindamycin and telithromycin of the erythromycin-susceptible and erythromycin-resistant
viridans streptococci

Antimicrobial Resistance profile to E (no. of VS)
MIC range
(lg/ml)

MIC50

(lg/ml)
MIC90

(lg/ml)

Erythromycin E-susceptible VS (11) 0.016–0.128 0.032 0.128
E-resistant VS (25) 1–256 16 256
mefA-positive and ermB-negative VS (10) 1–256 4 256
mefA-negative and ermB-positive VS (10) 256 256 256
mefA- and ermB-positive VS (1) 256
mefA- and ermB-negative VS (4) 4–16

Clindamycin E-susceptible VS (11) 0.032–0.128 0.032 0.128
E-resistant VS (25) 0.016–256 0.256 256
mefA-positive and ermB-negative VS (10) 0.016–0.512 0.064 0.512
mefA-negative and ermB-positive VS (10) 16–256 256 256
mefA- and ermB-positive VS (1) 256
mefA- and ermB-negative VS (4) 0.032–0.256

Telithromycin E-susceptible VS (11) <0.008–0.016 <0.008 <0.008
E-resistant VS (25) <0.008–1 0.128 1
mefA-positive and ermB-negative VS (10) 0.016–0.128 0.064 0.128
mefA-negative and ermB-positive VS (10) <0.008–1 1 1
mefA- and ermB-positive VS (1) 0.064
mefA- and ermB-negative VS (4) 0.064–0.256

VS¼ viridans streptococci, E¼ erythromycin.
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In other viridans streptococci series (6,
18), telithromycin was also active against
highly erythromycin- and clindamycin-
resistant viridans streptococci. These find-
ings are similar to those detected in
erythromycin-resistant S. pneumoniae
(13) and S. agalactiae (3), but differ from
those observed in S. pyogenes (7, 12). In
relation to the erythromycin resistance
mechanism, contrary to the findings repor-
ted by Seppälä et al. (18), we found that
the telithromycin MICs were higher for
ermB-positive viridans streptococci
(MIC90¼1 lg/ml) than for strains harbor-
ing the mefA gene (MIC90¼0.128 lg/ml).
In previous viridans streptococci and
S. pneumoniae series, other authors have
also found that although all the telithro-
mycin MICs were in the susceptible range,
the in vitro activity of this ketolide was
only slightly affected by the ermB-medi-
ated erythromycin resistance mechanism
(10, 13). Jalava et al. (7) and Nagai et al.
(14) even demonstrated that for some
S. pyogenes which constitutively express
the ermB gene, the telithromycin MICs
were so high that the strains may be
clinically resistant to this ketolide. Struc-
tural changes in any of the ribosomal
components could help explain the differ-
ences found in the effect of the ermB
genotype on the telithromycin susceptibil-
ity among different streptococcal species
(18, 27). Furthermore, Liu & Douthwaite
(8) have suggested that the disparities in
ketolide resistance levels could be corre-
lated with variation in the degree of ermB-
encoded methylation at nucleotide A2058.
Shortridge et al. (19) found that telithro-

mycin MICs for S. pneumoniae harboring
both mefA and ermB genes were low
(CMI90¼ 0.25 lg/ml), suggesting that
despite this genetic duplicity, telithromycin
activity is similar to that observed against
strains with only an efflux resistance mech-
anism. In the present study, one viridans
streptococci carried both genes, showing a
telitromycin MIC of 0.064 lg/ml. In our
series, the telithromycin MICs for mefA-
and ermB-negative viridans streptococci
resistant to erythromycin were low. These
strains could harbor other erm genes or any
other erythromycin resistance mechanism,
as has been recently described in S. pneu-
moniae (23) and S. pyogenes (9). In this
sense, it has been proved that the constitu-
tive expression of other erm genes such as
ermA gene decreases neither the in vitro
activity to telithromycin (12) nor the pres-
ence of mutations in streptococcal rRNA or
ribosomal proteins (19).
All the isolates in the present study were

susceptible to telithromycin, since they

were inhibited at a concentration
£ 1 lg/ml, irrespective of the erythromy-
cin susceptibility and the mechanism of
erythromycin resistance. This high in vitro
activity, coupled with a favorable pharma-
cokinetic profile and the lack of inducible
properties (27), make this antimicrobial a
promising alternative for prophylaxis of
streptococcal focal infections associated
with certain dental procedures when the
administration of beta-lactam agents is
inappropriate.
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