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GUIDO FUNKE,* VERENA PÜNTER, AND ALEXANDER VON GRAEVENITZ

Department of Medical Microbiology, University of Zürich,
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The susceptibility patterns of 480 isolates representing six recently defined species of coryneform bacteria
(Corynebacterium amycolatum [n5 101], Corynebacterium auris [n5 48], Corynebacterium glucuronolyticum [n5
86], Brevibacterium casei [n 5 50], Dermabacter hominis [n 5 49], and Turicella otitidis [n 5 146]) to 17 anti-
microbial agents were determined by an agar dilution method. Most significantly, for C. amycolatum strains the
MICs at which 90% of isolates are inhibited were >32 mg/ml for nearly all agents. However, all 480 strains
examined were susceptible to glycopeptide antibiotics.

Coryneform bacteria have been recognized with increasing
frequency as opportunistic pathogens in recent years (6). Apart
from this, many new species have been described as a result of
the increasing number of taxonomic investigations with this
heterogeneous group of organisms. However, data on the an-
timicrobial susceptibility patterns of recently described species
(or species recognized as clinically significant) are very scanty.
The Department of Medical Microbiology at the University of
Zürich has, over the last few years, collected a large number of
isolates belonging to some recently defined species of coryne-
form bacteria. The intention of the present study was to pro-
vide comprehensive antimicrobial susceptibility data for six
species for the first time.
Brevibacterium casei was defined in 1983 by Collins et al. (5)

but was only shown in 1994 to represent the majority of Brevi-
bacterium strains isolated from clinical specimens (9). Coryne-
bacterium amycolatum (the only true Corynebacterium species
lacking mycolic acids) was established in 1988 (4), and in 1993,
Barreau and coworkers (1) suggested that some strains iden-
tified as Corynebacterium striatum, Corynebacterium minutis-
simum, and CDC coryneform group F-2 and I-2 bacteria in
the routine clinical laboratory actually represent misidentified
C. amycolatum strains. Dermabacter hominis was also estab-
lished in 1988 (16) and was shown in 1994 (13) to comprise the
former CDC coryneform group 3 and 5 bacteria. In 1994,
Turicella otitidis was described from patients with otitis media
(12), as was Corynebacterium auris in 1995 (11). Finally, Coryne-
bacterium glucuronolyticum was isolated from male patients
with genitourinary infections, and its description appeared in
the literature in 1995 (8, 15).
The 480 isolates used in this study were collected by the

Department of Medical Microbiology at the University of Zür-
ich between 1990 and 1995, but mainly between 1993 and 1995.
The isolates were identified by published methods (4, 8–13).
About 120 of the isolates studied were referred to our institu-
tion for identification from different laboratories located

throughout Europe and North America. From the available
data, we had no indication that the patients’ isolates were
epidemiologically linked. All strains were kept in 10% skim
milk at 2708C until further use.
The antibiotics used were kindly provided as powders for in

vitro studies by the following companies in Switzerland: amoxi-
cillin-clavulanic acid and ampicillin (SmithKline Beecham,
Thörishaus), ceftriaxone (Hoffmann-LaRoche, Basel), cefurox-
ime sodium (Glaxo, Schönbühl), cephalothin, erythromycin,
and vancomycin (Lilly, Bern), chloramphenicol (Parke-Davis,
Baar), ciprofloxacin and oxacillin (Bayer, Zürich), clindamycin
(Upjohn, Brüttisellen), fosfomycin (Boehringer Mannheim,
Rotkreuz), imipenem (Merck Sharpe & Dohme, Glattbrugg),
penicillin G (Hoechst, Zürich), rifampin (Ciba-Geigy, Basel),
teicoplanin (Marion Merrell Dow, Horgen), and tetracycline
(Lederle, Adliswil). Gentamicin was purchased from Sigma
Chemical Co. (St. Louis, Mo.). All antibiotics were dissolved
and diluted as recommended by the guidelines of the Nation-
al Committee for Clinical Laboratory Standards (NCCLS)
(20).
The MICs were determined by an agar dilution method (20)

with Mueller-Hinton agar supplemented with 5% sheep blood.
About 104 CFU per strain was placed on the surfaces of the
plates with a 96-point inoculator (Dynatech, Embrach, Swit-
zerland). Incubation was carried out at 358C in ambient air for
24 h. Staphylococcus aureus ATCC 29213 and Enterococcus
faecalis ATCC 29212 served as controls. MICs were defined by
no visible growth after 24 h. “Breakpoints” for susceptibility
were defined as follows: ceftriaxone, #8 mg/ml; cefuroxime
sodium, #8 mg/ml; cephalothin, #8 mg/ml; chloramphenicol,
#8 mg/ml; ciprofloxacin, #1 mg/ml; clindamycin, #0.5 mg/ml;
erythromycin, #0.5 mg/ml; gentamicin, #4 mg/ml; imipenem,
#4 mg/ml; rifampin, #1 mg/ml; teicoplanin, #8 mg/ml; tetra-
cycline, #4 mg/ml; and vancomycin, #4 mg/ml. It is, however,
important to note that the breakpoints applied are similar to
NCCLS values (21) but that breakpoints have not been defined
by NCCLS to include coryneform bacteria. By a pragmatic
approach, breakpoints for staphylococci (21) were applied to
amoxicillin-clavulanic acid (#4/2 mg/ml), ampicillin (#0.25 mg/
ml), penicillin (#0.12 mg/ml), and oxacillin (#2 mg/ml).
The results of the susceptibility testing (i.e., 8,160 MIC de-
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TABLE 1. MICs of 17 antimicrobial agents for the six recently defined coryneform bacteria

Organism
(no. of isolates) Antimicrobial agent

MIC (mg/ml)

Range 50% 90%

C. amycolatum (101) Amoxicillin-clavulanic acid 0.06–.64 4 .64
Ampicillin 0.06–.64 4 .64
Ceftriaxone 0.125–.64 1 .64
Cefuroxime sodium 0.125–.64 0.5 .64
Cephalothin 0.06–.64 0.25 .64
Chloramphenicol 1–64 16 32
Ciprofloxacin #0.03–.64 4 .64
Clindamycin 0.125–.64 .64 .64
Erythromycin #0.03–.64 .64 .64
Gentamicin 0.06–.64 0.25 32
Imipenem #0.03–.64 0.5 .64
Oxacillin 0.25–.64 8 .64
Penicillin G 0.06–.64 0.25 .64
Rifampin #0.03–.64 #0.03 .64
Teicoplanin 0.125–1 0.25 0.5
Tetracycline 0.25–.64 0.5 2
Vancomycin 0.125–0.5 0.25 0.25

C. auris (48) Amoxicillin-clavulanic acid 0.5–2 1 2
Ampicillin 1–4 2 4
Ceftriaxone 4–16 8 16
Cefuroxime sodium 0.5–2 1 2
Cephalothin 0.125–0.5 0.25 0.5
Chloramphenicol 1–4 2 4
Ciprofloxacin #0.03–0.25 0.06 0.125
Clindamycin 0.06–.64 0.5 .64
Erythromycin #0.03–.64 0.5 .64
Gentamicin #0.03–1 0.125 0.25
Imipenem 0.125–1 0.25 1
Oxacillin 4–32 16 32
Penicillin G 0.5–2 1 2
Rifampin #0.03–0.06 #0.03 0.06
Teicoplanin 0.125–0.25 0.125 0.25
Tetracycline 0.125–1 0.5 1
Vancomycin 0.125–0.25 0.125 0.25

C. glucuronolyticum (86) Amoxicillin-clavulanic acid #0.03–0.25 0.06 0.06
Ampicillin #0.03–0.25 0.06 0.125
Ceftriaxone #0.03–4 0.25 2
Cefuroxime sodium 0.06–1 0.125 0.5
Cephalothin #0.03–1 0.06 0.125
Chloramphenicol 0.06–8 2 4
Ciprofloxacin 0.06–16 0.25 8
Clindamycin #0.03–.64 2 .64
Erythromycin #0.03–.64 0.25 16
Gentamicin #0.03–8 0.06 1
Imipenem #0.03–0.5 0.06 0.125
Oxacillin #0.03–4 0.25 1
Penicillin G #0.03–0.25 0.06 0.125
Rifampin #0.03 #0.03 #0.03
Teicoplanin 0.125–0.5 0.5 0.5
Tetracycline 0.5–64 32 32
Vancomycin 0.06–0.25 0.25 0.25

B. casei (50) Amoxicillin-clavulanic acid 4–32 8 16
Ampicillin 4–16 8 8
Ceftriaxone 0.5–32 4 8
Cefuroxime sodium 2–16 4 16
Cephalothin 2–16 8 16
Chloramphenicol 2–64 32 32
Ciprofloxacin 0.5–4 2 2
Clindamycin 0.06–8 4 4
Erythromycin 0.125–16 2 8
Gentamicin 0.25–4 0.5 1
Imipenem 0.5–16 2 8
Oxacillin 16–64 16 32
Penicillin G 1–4 1 2
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terminations) are summarized in Table 1. All MICs could
usually be read without difficulty after 24 h of incubation. Only
for C. amycolatum isolates that were resistant to b-lactam
antibiotics (MIC,.64 mg/ml) was growth more easily observed
after 48 h; nevertheless, the MICs for these isolates were also
readable after 24 h. The MICs for the two control strains were
within the accepted ranges for each of the antimicrobial
agents.
For all strains tested the MICs of both teicoplanin and

vancomycin were #1 mg/ml. The MICs of teicoplanin tended
to be 1 twofold dilution higher than those of vancomycin.
About 40% of the C. amycolatum isolates were resistant to

b-lactam antibiotics (MICs, .64 mg/ml). The MICs of chlor-
amphenicol, ciprofloxacin, clindamycin, and erythromycin, at
which 50% of isolates are inhibited (MIC50s) were above the
applied susceptibility breakpoints, as were the MIC90s of gen-
tamicin and rifampin. Tetracycline, however, showed good ac-
tivity against the C. amycolatum isolates.
All C. auris isolates could be considered resistant to penicil-

lins. The MICs of cephalothin were lower than those of ceftri-
axone. All C. auris isolates could be classified as susceptible to
chloramphenicol, ciprofloxacin, gentamicin, rifampin, and tet-

racycline, whereas for about 30% of the isolates the MICs of
either clindamycin or erythromycin were .64 mg/ml (most
often in parallel).
For the C. glucuronolyticum isolates the MICs of all b-lactam

antibiotics were relatively low. All isolates were susceptible
to chloramphenicol (MIC, #4 mg/ml). Rifampin showed excel-
lent activity against C. glucuronolyticum isolates, whereas the
MIC50 of tetracycline was 32 mg/ml. The MICs of ciprofloxacin,
clindamycin, and erythromycin for C. glucuronolyticum strains
covered a broad range.
The B. casei isolates exhibited decreased susceptibilities to

all b-lactam antibiotics tested (i.e., MIC50s, $1 mg/ml) as well
as to nearly all other antimicrobial agents except gentamicin,
rifampin, and tetracycline.
The MICs of cephalosporins were #8 mg/ml for D. hominis

strains, whereas the MIC90s of the penicillins were close to the
applied levels for resistance. The activities of chloramphenicol,
ciprofloxacin, clindamycin, erythromycin, gentamicin, and tet-
racycline against D. hominis were also limited, as revealed by
their MIC90s. Again, rifampin showed excellent activity.
The MICs of the b-lactams were extremely low for the

T. otitidis isolates tested. For all of these strains the MICs of

TABLE 1—Continued

Organism
(no. of isolates) Antimicrobial agent

MIC (mg/ml)

Range 50% 90%

Rifampin #0.03 #0.03 #0.03
Teicoplanin 0.25–1 0.5 1
Tetracycline 0.125–1 0.5 1
Vancomycin 0.125–0.5 0.25 0.25

D. hominis (49) Amoxicillin-clavulanic acid #0.03–4 0.5 4
Ampicillin #0.03–4 0.5 2
Ceftriaxone #0.03–8 0.5 4
Cefuroxime sodium #0.03–8 0.25 4
Cephalothin #0.03–1 0.125 1
Chloramphenicol 0.5–32 2 32
Ciprofloxacin 0.25–64 2 4
Clindamycin #0.03–.64 0.25 .64
Erythromycin #0.03–.64 1 .64
Gentamicin 0.5–64 1 8
Imipenem #0.03–4 0.5 2
Oxacillin 0.5–32 2 16
Penicillin G 0.06–4 0.25 2
Rifampin #0.03–32 #0.03 #0.03
Teicoplanin 0.06–0.25 0.06 0.125
Tetracycline 0.5–32 2 16
Vancomycin 0.125–0.5 0.25 0.5

T. otitidis (146) Amoxicillin-clavulanic acid #0.03 #0.03 #0.03
Ampicillin #0.03 #0.03 #0.03
Ceftriaxone #0.03–0.25 0.125 0.25
Cefuroxime sodium #0.03–0.125 0.06 0.125
Cephalothin #0.03 #0.03 #0.03
Chloramphenicol 0.25–2 1 2
Ciprofloxacin 0.06–0.25 0.125 0.125
Clindamycin #0.03–.64 0.125 32
Erythromycin #0.03–.64 #0.03 .64
Gentamicin #0.03 #0.03 #0.03
Imipenem #0.03 #0.03 #0.03
Oxacillin #0.03–0.5 0.125 0.25
Penicillin G #0.03 #0.03 #0.03
Rifampin #0.03 #0.03 #0.03
Teicoplanin 0.125–1 0.25 0.5
Tetracycline #0.03–1 0.25 0.25
Vancomycin 0.125–0.5 0.25 0.5
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chloramphenicol (#2 mg/ml), ciprofloxacin (#0.25 mg/ml),
gentamicin (#0.03 mg/ml), rifampin (#0.03 mg/ml), and tet-
racycline (#1 mg/ml) were very low. About 25% of all T. otiti-
dis isolates were resistant to clindamycin and erythromycin
(MICs, $32 mg/ml). Again, resistance to these two antimicro-
bial agents was, in almost every case, present in the same
isolates.
It should be noted that the b-lactamase inhibitor clavulanic

acid did not influence the MICs of any of the isolates resistant
to penicillins.
For all isolates tested fosfomycin MICs were .64 mg/ml (2);

however, for D. hominis isolates fosfomycin MICs were 16 to
64 mg/ml (data not shown).
No comprehensive data regarding the antimicrobial sus-

ceptibility patterns of the six species examined in this study
could be found in the literature. The limited data given for 26
C. amycolatum isolates (10), 10 C. auris isolates (11), 17 C.
glucuronolyticum isolates (8), 12 Brevibacterium spp. isolates
(14), and 15 D. hominis isolates (13) were confirmed in the
present study with a much larger number of strains. In contrast,
no data on the MICs for T. otitidis have been published so far.
Multiresistance has been well documented in C. jeikeium

and C. urealyticum strains (6, 25), and our data add C. amyco-
latum to the list of Corynebacterium species with reduced sus-
ceptibility to many antimicrobial agents. Moreover, in our ex-
perience, C. amycolatum is the most frequently isolated
nonlipophilic Corynebacterium species encountered in clinical
specimens. C. amycolatum strains may be misidentified as
C. striatum, C. minutissimum (1), or Corynebacterium xerosis
(10) if tests for the detection of mycolic acids are not per-
formed; therefore, it is suggested that some of the multiresis-
tant C. striatum, C. minutissimum, and C. xerosis strains re-
ported in the literature (19, 25, 27–29) represent, in fact, C.
amycolatum strains, because in our experience, true C. stria-
tum, C. minutissimum, and C. xerosis strains are almost never
multiresistant. Zapardiel et al. (31) reported difficulties in
reading agar dilution MICs as well as Etest inhibition zones for
some C. xerosis and CDC group F isolates, which may indicate
that some of their isolates actually belonged to the species C.
amycolatum, which may grow slowly in the case of b-lactam
resistance (see above). The molecular basis for the resistance
of C. amycolatum isolates to many antibiotics is not known at
present.
B. casei isolates were also resistant to many antimicrobial

agents, which has also been mentioned in case reports for a few
unspecified Brevibacterium isolates (17, 18). Again, the molec-
ular basis of the reduced susceptibility of B. casei, in particular
to b-lactams, is not known, but it should be the subject of
future investigations.
Oxacillin exhibited, in comparison with the other b-lactams,

reduced activity against the six species tested, as has also been
described for Corynebacterium diphtheriae and Listeria mono-
cytogenes (3, 25). The most frequent resistance observed within
all six species was to clindamycin and erythromycin. This type
of resistance has also been demonstrated in C. diphtheriae (23)
and C. striatum (22) strains which were carrying the ermCd
gene encoding an rRNA methylase (24). Tauch et al. (26) have
recently demonstrated that the ermCx gene derived from an R
plasmid of a so-called “C. xerosis” isolate shared 99% homol-
ogy with the ermCd gene. In our opinion, it is not unlikely that,
in particular, C. auris (and T. otitidis) isolates may also carry
rRNA methylases, and this will be the subject of future inves-
tigations.
For nearly all isolates tested, the MICs of rifampin were

either very low (#0.03 mg/ml) or very high (.64 mg/ml) (25
isolates only), which may be explained by mutations signifi-

cantly altering the b subunit of the bacterial DNA-dependent
RNA polymerases (7). Resistance to fosfomycin in coryneform
bacteria has been well documented before (25) and has served
as a basis for its use in semiselective media for coryneform
bacteria (30). However, the susceptibility of D. hominis to
fosfomycin concentrations of $16 mg/ml should be kept in
mind when semiselective media for coryneforms are used.
Penicillins are very useful antibiotics in the treatment of

infections caused by coryneform organisms because the MICs
of penicillins are very low for many strains. NCCLS does not
provide specific breakpoints of penicillins for coryneform bac-
teria. However, it would be desirable to have specific break-
points for susceptibility for coryneform bacteria (at least for
this class of antimicrobial agents), e.g., in order to answer the
question of whether penicillins might be used to treat infec-
tions caused by coryneform bacteria for which MICs are ele-
vated (i.e., 0.5 to 2 mg/ml).
All strains were susceptible to glycopeptide antibiotics,

which would justify their use as first-line drugs against serious
infections caused by coryneform bacteria. However, because of
the emergence of glycopeptide resistance in other gram-posi-
tive organisms, mainly in Enterococcus species, it would be
prudent to alter the antibiotic regimen when the results of
antimicrobial susceptibility testing become available in order
to reduce the use of glycopeptides. Our data may facilitate the
use of certain antibiotics in the empiric treatment of infections
caused by the species included in this study.
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