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Against 198 viridans group streptococci, 25 Streptococcus bovis strains, and 5 Cardiobacterium hominis strains,
MICs of DX-619, a des-F(6)-quinolone, were between 0.004 and 0.25 �g/ml. These MICs were lower than those
of other quinolones (<0.008 to >32 �g/ml). �-Lactam MICs were between <0.008 and 16 �g/ml. Azithromycin
resistance was found in most species, while most were telithromycin susceptible. Glycopeptides and linezolid
were active against viridans group strains but inactive against C. hominis.

Organisms in the viridans streptococcal group are normal
inhabitants of the human respiratory tract above the larynx.
The classification of these organisms has been a matter of
dispute and is still in a state of flux, with disagreements in the
precise nomenclature and the need for laborious and time-
consuming methods for accurate and reproducible species
identification (14, 16). Such methods are beyond the capability
of the routine clinical microbiology laboratory, so these strains
usually remain unidentified to the species level.

With proper classification, it has become clear that disease
caused by viridans group streptococci is, to a large extent,
species specific. Streptococcus mutans strains are involved in
the pathogenesis of dental caries, and those in the group com-
prising S. mitis, S. salivarius, and S. sanguinis are the main
causative organisms in subacute bacterial endocarditis (7). By
contrast, organisms grouped together by the United Kingdom
classification as S. milleri (S. anginosus, S. constellatus, S. inter-
medius; beta-hemolytic group F streptococci) are involved
(alone or in combination with other aerobic, microaerophilic,
and anaerobic species) in the pathogenesis of deep pyogenic
processes, such as liver and brain abscesses (13). Cardiobacte-
rium hominis, a gram-negative rod, is another cause of sub-
acute endocarditis and was included because of the lack of
susceptibility data for this species (6, 11). Although S. bovis is
not classified as a viridans group streptococcus, it was included
in this study because of the paucity of data related to quinolone
resistance in this species.

It is possible that the pneumococcus originally obtained its
resistance transposon(s) from the viridans group more than 30
years ago; Janoir et al. (8) have reported in vitro exchange of
fluoroquinolone resistance determinants between Streptococ-
cus pneumoniae and viridans group streptococci in vitro. Ad-
ditionally, resistance to �-lactams and other agents is increas-
ingly seen for viridans group streptococci, necessitating a
search for other therapeutic modalities (4, 13, 15). DX-619 is a
new des-F(6)-quinolone with excellent activity against gram-

positive organisms (1, 5, 17). In this study we tested the
activity of DX-619 and compared it to the activities of sita-
floxacin, levofloxacin, moxifloxacin, gatifloxacin, penicillin
G, amoxicillin/clavulanate, azithromycin, telithromycin, van-
comycin, teicoplanin, and linezolid against a spectrum of
viridans group streptococci, S. bovis strains, and C. hominis
strains.

Viridans group streptococci (Table 1) were all recent clinical
isolates identified to the species level by standard CDC-rec-
ommended methodology (6, 14). Apart from 14 strains isolated
between 1997 and 1999, all others were isolated from sites in
North America, Latin America, and Europe between 2001 and
2004. A total of 198 viridans group streptococci, 25 S. bovis
strains, and 5 C. hominis strains were tested. Viridans group
streptococci were cultured from blood, wound drainage, spu-
tum, abscesses, pleural fluid, invasive pulmonary infections,
sinuses, eye, bronchoalveolar lavage specimens, cerebrospinal
fluid, tissue, and ear/nose/throat. All C. hominis strains were
obtained from the American Type Culture Collection (Rock-
ville, Md.). Strains were frozen at �70°C in double-strength
skim milk (Difco Laboratories, Detroit, Mich.) before use.
DX-619 and sitafloxacin powders were obtained from Daiichi
Pharmaceutical Co., Ltd., penicillin G from Sigma, Inc., St.
Louis, Mo., and the remaining compounds from their respec-
tive manufacturers.

Susceptibility testing was done to determine agar dilution
MIC by use of Mueller-Hinton plates supplemented with 5%
sheep blood (3). Inocula were 104 CFU/spot, and plates were
incubated overnight at 35°C in ambient air. C. hominis strains,
which require increased humidity for growth (11), were incu-
bated in sealed jars with moist paper towels at the bottom of
the jar. Standard quality control strains recommended by CLSI
(Staphylococcus aureus ATCC 29213 and S. pneumoniae ATCC
49619) were included in each run (3).

Quinolone-resistant strains were tested for mutations in por-
tions of the gyrA and parC genes by PCR and sequencing by use
of the following primers: gA2 (5�-TYATYGAYTAYGCYAT
GAGTG-3�) and gA1 (5�-GCRCYATCHCCRTCCATDGAA
CC-3�) for gyrA amplification and pC1 (5�-GTCCCTKGAGG
AYATYATGGGAG-3�) and pC2 (5�-ARRCGNGCYTCNGT
ATAACGC-3�) for parC amplification (Y. Onodera, personal
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TABLE 1. Comparative MICs (�g/ml) against strains tested

Species (no. of strains) and drug MIC range MIC50 MIC90 Species (no. of strains) and drug MIC range MIC50 MIC90

S. mitis (25) S. constellatus (23)
DX-619 0.004–0.03 0.016 0.03 DX-619 0.004–0.016 0.008 0.016
Sitafloxacin 0.03–0.25 0.06 0.12 Sitafloxacin 0.016–0.06 0.03 0.06
Levofloxacin 1–2 2 2 Levofloxacin 0.25–2 0.5 1
Moxifloxacin 0.12–0.25 0.12 0.25 Moxifloxacin 0.06–0.25 0.12 0.25
Gatifloxacin 0.25–1 0.5 0.5 Gatifloxacin 0.06–0.5 0.25 0.25
Penicillin G �0.008–8 0.12 2 Penicillin G 0.016–0.06 0.06 0.06
Amoxicillin-clavulanate 0.03–16 0.06 1 Amoxicillin-clavulanate �0.016–0.25 0.12 0.25
Azithromycin 0.03–�64 2 �64 Azithromycin 0.03–0.12 0.06 0.12
Telithromycin 0.008–0.25 0.03 0.12 Telithromycin 0.008–0.06 0.03 0.03
Vancomycin 0.25–0.5 0.5 0.5 Vancomycin 0.5–1 1 1
Teicoplanin 0.06–0.5 0.12 0.25 Teicoplanin 0.06–0.25 0.06 0.12
Linezolid 1–2 1 2 Linezolid 0.5–4 1 2

S. salivarius (25) S. intermedius (27)
DX-619 0.004–0.03 0.016 0.03 DX-619 0.004–0.016 0.016 0.016
Sitafloxacin 0.03–0.25 0.06 0.06 Sitafloxacin 0.03–0.12 0.03 0.06
Levofloxacin 1–4 1 2 Levofloxacin 0.5–1 1 1
Moxifloxacin 0.12–0.5 0.25 0.5 Moxifloxacin 0.06–0.25 0.12 0.25
Gatifloxacin 0.12–1 0.25 1 Gatifloxacin 0.06–0.5 0.25 0.5
Penicillin G 0.03–1 0.12 0.5 Penicillin G 0.03–0.5 0.06 0.06
Amoxicillin-clavulanate 0.03–1 0.12 0.5 Amoxicillin-clavulanate 0.03–0.25 0.12 0.25
Azithromycin 0.03–�64 0.06 �64 Azithromycin 0.03–�64 0.12 0.25
Telithromycin 0.008–0.25 0.03 0.12 Telithromycin 0.016–0.06 0.03 0.06
Vancomycin 0.25–1 0.5 1 Vancomycin 0.25–1 0.5 1
Teicoplanin 0.12–0.5 0.25 0.25 Teicoplanin 0.06–0.5 0.12 0.25
Linezolid 1–4 1 2 Linezolid 1–4 2 2

S. sanguinis (24) S. oralis (25)
DX-619 0.004–0.03 0.016 0.03 DX-619 0.008–0.06 0.016
Sitafloxacin 0.03–0.25 0.06 0.25 Sitafloxacin 0.06–0.5 0.12 0.03
Levofloxacin 0.5–2 1 2 Levofloxacin 1–16 2 0.25
Moxifloxacin 0.12–0.5 0.25 0.25 Moxifloxacin 0.12–4 0.25 2
Gatifloxacin 0.12–1 0.5 0.5 Gatifloxacin 0.25–8 0.5 0.5
Penicillin G 0.016–4 0.12 1 Penicillin G 0.016–4 0.06 1
Amoxicillin-clavulanate 0.03–8 0.25 2 Amoxicillin-clavulanate 0.03–8 0.06 2
Azithromycin 0.03–�64 0.12 �64 Azithromycin 0.03–16 0.5 4
Telithromycin 0.004–1 0.03 0.25 Telithromycin 0.016–1 0.03 4
Vancomycin 0.25–1 0.5 1 Vancomycin 0.25–0.5 0.5 0.12
Teicoplanin 0.06–0.25 0.12 0.25 Teicoplanin 0.06–0.25 0.12 0.5
Linezolid 0.5–2 1 2 Linezolid 1–�8 2 0.25

S. mutans (24) S. bovis (25)
DX-619 0.004–0.03 0.016 0.03 DX-619 0.008–0.25 0.016 0.12
Sitafloxacin 0.016–0.12 0.03 0.06 Sitafloxacin 0.06–2 0.12 0.5
Levofloxacin 0.25–2 1 2 Levofloxacin 1–�32 2 �32
Moxifloxacin 0.06–0.25 0.12 0.25 Moxifloxacin 0.12–16 0.5 4
Gatifloxacin 0.06–0.5 0.25 0.5 Gatifloxacin 0.5–�32 1 8
Penicillin G �0.008–2 �0.008 0.06 Penicillin G 0.016–0.12 0.06 0.06
Amoxicillin-clavulanate �0.016–4 �0.016 0.06 Amoxicillin-clavulanate 0.06–0.25 0.06 0.12
Azithromycin �0.016–�64 0.06 0.12 Azithromycin 0.06–�64 0.12 �64
Telithromycin �0.004–0.25 0.03 0.25 Telithromycin 0.008–�8 0.03 0.5
Vancomycin 0.5–1 0.5 1 Vancomycin 0.25–0.5 0.25 0.5
Teicoplanin 0.06–1 0.25 0.25 Teicoplanin 0.12–0.5 0.5 0.5
Linezolid 0.25–4 1 2 Linezolid 1–4 2 4

S. anginosus (25) C. hominis (5)
DX-619 0.004–0.016 0.016 0.016 DX-619 0.016–0.03 0.016
Sitafloxacin 0.016–0.25 0.06 0.12 Sitafloxacin �0.008–0.06 �0.008
Levofloxacin 0.5–2 1 2 Levofloxacin �0.06–0.25 �0.06
Moxifloxacin 0.06–0.25 0.12 0.25 Moxifloxacin 0.03–0.12 0.03
Gatifloxacin 0.06–0.5 0.25 0.5 Gatifloxacin �0.016–0.25 �0.016
Penicillin G �0.008–0.25 0.06 0.06 Penicillin G �0.008–2 �0.008
Amoxicillin-clavulanate �0.016–0.25 0.12 0.12 Amoxicillin-clavulanate �0.016–0.5 �0.016
Azithromycin 0.03–�64 0.12 �64 Azithromycin 0.5–1 0.5
Telithromycin �0.004–0.25 0.03 0.12 Telithromycin 0.25–1 1
Vancomycin 0.25–1 0.5 1 Vancomycin 2–�4 �4
Teicoplanin 0.06–0.5 0.12 0.25 Teicoplanin 2–�4 �4
Linezolid 1–4 2 4 Linezolid 8–�8 �8
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communication). Fragments of deduced amino acid sequences
of GyrA (amino acid positions 20 to 110, S. pneumoniae R6
numbering, NCBI accession number AAK99902) and ParC
(amino acid positions 8 to 120, S. pneumoniae R6 number-
ing, NCBI accession number AAK99561) were compared to
sequences from a susceptible strain of the same species and
the S. pneumoniae R6 susceptible strain.

All resistant strains were tested for the presence of a quin-
olone efflux mechanism by comparing ciprofloxacin agar dilu-
tion MICs in the presence and absence of 10 �g/ml of reser-
pine (a known efflux pump inhibitor). A decrease of MIC of at
least fourfold was used to define the presence of an efflux
mechanism, although an efflux mechanism was believed to be
present when the MIC (in the presence of reserpine) was at
least twofold less (1 doubling dilution) than the MIC in the
absence of reserpine (tests were done in duplicate) (2).

MICs (�g/ml) for the two quality control strains were as
follows. For S. aureus ATCC 29213, the MICs of DX-619 were
0.004 (once) and 0.008 (eight times); that of sitafloxacin was
0.03 (nine times); that of levofloxacin, 0.25 (nine times); that of
moxifloxacin, 0.06 (nine times); those of gatifloxacin, 0.06
(twice) and 0.12 (seven times); those of penicillin G, 0.5 (three
times), 1 (four times), and 2 (twice); those of amoxicillin/
clavulanate, 0.25 (twice) and 0.5 (seven times); those of
azithromycin, 0.5 (once) and 1 (eight times); that of telithro-
mycin, 0.12 (nine times); those of vancomycin, 0.5 (four times)
and 1 (five times); that of teicoplanin, 1 (nine times); and those
of linezolid, 2 (four times) and 4 (five times). For S. pneu-
moniae ATCC 49619, the MIC of DX-619 was 0.016 (nine
times); that of sitafloxacin, 0.06 (nine times); those of levo-
floxacin were 1 (seven times) and 2 (twice); those of moxifloxa-
cin, 0.12 (three times) and 0.25 (six times); those of gatifloxa-
cin, 0.25 (three times) and 0.5 (six times); those of penicillin G,
0.25 (once) and 0.5 (eight times); those of amoxicillin/clavu-
lanate, 0.06 (eight times) and 0.12 (once); those of azithromy-
cin, 0.12 (six times) and 0.25 (three times); that of telithromy-
cin, 0.03 (nine times); those of vancomycin, 0.25 (eight times)
and 0.5 (once); that of teicoplanin, 0.12 (nine times); and those
of linezolid, 1 (four times) and 2 (five times).

Results of MIC testing are presented in Table 1. As can be
seen, DX-619 MICs for all strains ranged between 0.004 and
0.25 �g/ml, with an overall MIC50 of 0.016 �g/ml and MIC90 of

0.03 �g/ml. By comparison, MICs of other quinolones ranged
between �0.008 and �32 �g/ml. However, when results for S.
bovis were excluded, quinolone MICs ranged between �0.008
and 16 �g/ml. By comparison, �-lactam MICs ranged between
�0.008 and 16 �g/ml, with higher MICs encountered for some
S. mitis, S. sanguinis, S. mutans, and S. oralis strains. Azithro-
mycin resistance was found in all species with the exception of
S. constellatus, and C. hominis and all strains except for S. bovis
were telithromycin susceptible, with MICs of �1 �g/ml. All
organisms except for the 5 C. hominis strains were inhibited by
vancomycin and teicoplanin at �1 �g/ml, while all strains but
C. hominis and 10 viridans group strains were inhibited by
linezolid at �2 �g/ml (3). Quinolone resistance (defined as a
levofloxacin MIC of �4 �g/ml) (3) was found only in two
strains of S. oralis, one strain of S. salivarius, and seven S. bovis
species, and results of analysis of resistance mechanisms can be
seen in Table 2.

As described before, resistance was mostly caused by alter-
ations in GyrA (Ser substitution at position 81) and/or ParC
(Ser substitution at position 79 and Asp substitution at position
83) protein (9, 10, 18). Double substitutions in ParC and GyrA
resulted in high-level resistance isolates no. 116, 124, 132, and
216, and substitution in ParC or GyrA resulted in low-level
resistance for isolates no. 68, 121, 122, and 193 (9, 10, 18). To
our knowledge, mutations H43D, G79C, and Y107I in GyrA
and Y15D and M116I in ParC have not yet been described.

Low-level resistance in isolate no. 118 probably resulted
from the presence of an efflux mechanism. Reserpine lowered
the ciprofloxacin MICs in three other isolates with mutations
in GyrA and ParC: no. 68, 193, and 216. Resistant isolate no.
125 had one previously undescribed mutation in ParC (Y15D);
a decrease in the MIC in the presence of reserpine was not
observed. This may suggest the presence of mutations in other
quinolone resistance-determining regions (QRDR) or a differ-
ent resistance mechanism which is not yet known in this strain.
Although the presence of resistance mechanisms caused resis-
tance to all other quinolones tested, DX-619 MICs were sig-
nificantly lower (0.016 to 0.25 �g/ml). Importantly, DX-619
MICs against quinolone-resistant strains with efflux and/or de-
fined mutations in QRDR were a few dilutions higher than
those seen in quinolone-susceptible strains but in no case ex-
ceeded 0.25 �g/ml.

TABLE 2. Quinolone susceptibilities and resistance mechanisms in 10 isolates displaying levofloxacin MICs of �4 �g/ml

Strain no.,
species

MIC (�g/ml) against the following quinolone: Mutation(s) in QRDRa
Efflux mechanism

(no. of doubling dilutions)b
DX-619 Levofloxacin Moxifloxacin Sitafloxacin Gatifloxacin GyrA ParC

68, S. salivarius 0.03 4 0.5 0.25 1 NC S79R, M116I � (2)
116, S. bovis 0.06 �32 4 0.5 8 H43D, G79C S79F, D83N �
118, S. bovis 0.016 4 0.5 0.12 0.5 NC M116I � (1)
121, S. bovis 0.12 4 2 0.25 2 S81L NC �
122, S. bovis 0.12 8 2 0.25 2 S81L NC �
124, S. bovis 0.12 �32 8 1 16 S81F Y15D, S79F �
125, S. bovis 0.03 4 0.5 0.12 1 NC Y15D �
132, S. bovis 0.25 �32 16 2 �32 S81L S79Y �
193, S. oralis 0.06 16 4 0.5 8 NC S79Y � (1)
216, S. oralis 0.03 8 2 0.25 2 S81F, Y107I D83N � (1)

a NC, no change compared to susceptible strain or susceptible S. pneumoniae R6. Used is S. pneumoniae R6 numbering (sequence NCBI accession numbers
AAK99902 �GyrA� and AAK99561 �ParC�).

b �, efflux mechanism absent; �, efflux mechanism present.
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By comparison, �-lactam and azithromycin resistance oc-
curred frequently. All strains except 2 of S. bovis were suscep-
tible to telithromycin, and all except the 5 C. hominis strains
were susceptible to glycopeptides and had linezolid MICs of
�2 �g/ml, except for 10 viridans group strains which were
linezolid resistant (3).

In summary, the excellent activity of DX-619 against the
organisms tested in this study reflects findings by us as well as
other authors of studies of DX-619 activity against quinolone-
susceptible and -resistant pneumococci as well as other organ-
isms (1, 5, 12, 17). DX-619 was also active against strains that
had known mechanisms for the development of quinolone
resistance. Pharmacokinetic and pharmacodynamic as well as
toxicity studies will be necessary to confirm the clinical appli-
cability of the excellent activity of DX-619 against the organ-
isms tested.

This study was supported by a grant from Daiichi Pharmaceutical
Co., Ltd., Tokyo, Japan.

REFERENCES

1. Bogdanovich, T., D. Esel, L. M. Kelly, B. Bozdogan, K. Credito, G. Lin, K.
Smith, L. M. Ednie, D. B. Hoellman, and P. C. Appelbaum. 2005. Anti-
staphylococcal activity of DX-619, a new des-F-(6)-quinolone, compared to
those of other agents. Antimicrob. Agents Chemother. 49:3325–3333.

2. Brenwald, N. P., M. J. Gill, and R. Wise. 1998. Prevalence of a putative efflux
mechanism among fluoroquinolone-resistant clinical isolates of Streptococ-
cus pneumoniae. Antimicrob. Agents Chemother. 42:2032–2035.

3. Clinical and Laboratory Standards Institute. 2006. Methods for dilution
antimicrobial susceptibility tests for bacteria that grow aerobically. Approved
standard M7–A7, 7th edition. Clinical and Laboratory Standards Institute,
Wayne, Pa.

4. Ergin, A., S. Ercis, and G. Hascelik. 2006. Macrolide resistance mechanisms
and in vitro susceptibility patterns of viridans streptococci isolated from
blood cultures. J. Antimicrob. Chemother. 57:139–141.

5. Fujikawa, K., M. Chiba, M. Tanaka, and K. Sato. 2005. In vitro antibacterial
activity of DX-619, a novel des-fluoro(6) quinolone. Antimicrob. Agents
Chemother. 49:3040–3045.

6. Graevenitz, A., R. Zbinden, and R. Mutters. 2003. Actinobacillus, Capnocy-
tophaga, Eikenella, Kingella, and other fastidious or rarely encountered gram-

negative rods, p. 609–622. In P. R. Murray, E. J. Baron, M. A. Pfaller, F. C.
Tenover, and R. H. Yolken (ed.), Manual of clinical microbiology, 7th ed.
American Society for Microbiology, Washington, D.C.

7. Han, X. Y., M. Kamana, and K. V. Rolston. 2006. Viridans streptococci
isolated by culture from blood of cancer patients: clinical and microbiologic
analysis of 50 cases. J. Clin. Microbiol. 44:160–165.

8. Janoir, C., I. Podglajen, M. D. Kitzis, C. Poyart, and L. Gutmann. 1999. In
vitro exchange of fluoroquinolone resistance determinants between Strepto-
coccus pneumoniae and viridans streptococci and genomic organization of
the parE-parC region in S. mitis. J. Infect. Dis. 180:555–558.

9. Janoir, C., V. Zeller, M. D. Kitzis, N. J. Moreau, and L. Gutmann. 1996.
High-level fluoroquinolone resistance in Streptococcus pneumoniae requires
mutations in parC and gyrA. Antimicrob. Agents Chemother. 40:2760–2764.

10. Kaneko, A., J. Sasaki, M. Shimadzu, A. Kanayama, T. Saika, and I. Kobayashi.
2000. Comparison of gyrA and parC mutations and resistance levels among
fluoroquinolone-resistant isolates and laboratory-derived mutants of oral strep-
tococci. J. Antimicrob. Chemother. 45:771–775.

11. Kugler, K. C., D. J. Biedenbach, and R. N. Jones. 1999. Determination of the
antimicrobial activity of 29 clinically important compounds tested against
fastidious HACEK group organisms. Diagn. Microbiol. Infect. Dis. 34:73–76.

12. Molitoris, D., M. L. Vasainen, M. Bolanos, and S. M. Finegold. 2006. In vitro
activities of DX-619 and four comparator agents against 376 anaerobic
bacterial isolates. Antimicrob. Agents Chemother. 50:1887–1889.

13. Mrazova, M., A. Docze, E. Buckova, L. Bucko, M. Kacmarikova, E. Grey, J.
Korcova, J. Koprnova, Z. Saboova, P. Beno, M. Karvaj, I. Svetlansky, A.
Ondrus, J. Benca, M. Tazariova, B. Rudinsky, and V. Krcmery, Jr. 2005.
Prospective national survey of viridans streptococcal bacteraemia: risk fac-
tors, antibacterial susceptibility and outcome of 120 episodes. Scand. J. In-
fect. Dis. 37:637–641.

14. Ruoff, K. L., R. A. Whiley, and D. Beighton. 2003. Streptococcus, p. 405–421.
In P. R. Murray, E. J. Baron, M. A. Pfaller, F. C. Tenover, and R. H. Yolken
(ed.), Manual of clinical microbiology, 8th ed. American Society for Micro-
biology, Washington, D.C.

15. Sangvik, M., P. Littauer, G. S. Simonsen, A. Sundsfjord, and K. H. Dahl.
2005. mef(A), mef(E) and a new mef allele in macrolide-resistant Streptococ-
cus spp. isolates in Norway. J. Antimicrob. Chemother. 56:841–846.

16. Shenep, J. L. 2000. Viridans-group streptococcal infections in immunocom-
promised hosts. Int. J. Antimicrob. Agents 14:129–135.

17. Strahilevitz, J., Q. C. Truong-Bolduc, and D. C. Hooper. 2005. DX-619, a
novel des-fluoro(6) quinolone manifesting low frequency of selection of
resistant Staphylococcus aureus mutations: quinolone resistance beyond
modification of type II topoisomerases. Antimicrob. Agents Chemother.
49:5051–5057.

18. Tankovic, J., B. Perichon, J. Duval, and P. Courvalin. 1996. Contribution of
mutations in gyrA and parC genes to fluoroquinolone resistance of mutants
of Streptococcus pneumoniae obtained in vivo and in vitro. Antimicrob.
Agents Chemother. 40:2505–2510.

4194 NOTES ANTIMICROB. AGENTS CHEMOTHER.


