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The Etest was evaluated as a possible alternative to the standard agar dilution method for susceptibility
testing of nine antimicrobial agents against Flavobacterium species. In studies of 100 clinical isolates, the
agreement between the MICs (61 log2 dilution) obtained by the two methods was acceptable for cefotaxime,
ceftazidime, amikacin, minocycline, ofloxacin, and ciprofloxacin (>90%). Conversely, the agreement between
the results obtained for piperacillin was limited (84%). The overall agreement was 92.5%.

Strains of Flavobacterium species, including Flavobacterium
meningosepticum, F. indologenes, and F. odoratum, have been
reported to cause a variety of infections in humans (9–12, 15,
18, 19, 21). Invasive infections caused by this organism, espe-
cially in hospitalized and immunocompromised patients, fre-
quently necessitate effective and timely antimicrobial therapy
(9–12, 15, 19, 21). Appropriate choice of effective antimicrobial
agents for treatment of flavobacterial infections is difficult.
First, the MIC breakpoints for resistance and susceptibility
have not been established by the National Committee for Clin-
ical Laboratory Standards (NCCLS) (14). Second, results of
the disk diffusion method, the method most commonly used for
routine susceptibility testing in most clinical microbiology lab-
oratories, have been demonstrated to show considerable dis-
crepancy from those determined by the standard agar dilution
method (1, 6). Third, the performance of standard dilution
susceptibility testing as a routine method to determine the
MICs of the agents prescribed against an individual flavobac-
terial isolate of clinical significance is laborious and time-con-
suming.
Although broth microdilution susceptibility methods are

available in automated and semiautomated test formats from
various manufacturers, most of the clinical microbiology labo-
ratories in Taiwan are not equipped with the instruments re-
quired for MIC determination. The Etest (AB Biodisk, Solna,
Sweden) has been proved to be a convenient and reliable
alternative to the standard dilution method for determination
of MICs of antimicrobial agents against a wide array of bacte-
ria (3–5, 13, 16). This study was undertaken to evaluate the
reliability of Etest results for determining the antimicrobial
susceptibility of flavobacteria.
The 100 clinical strains of flavobacteria used in this study,

including 40 isolates of F. meningosepticum, 55 of F. indolo-
genes, and 5 of F. odoratum, were isolated in Taiwan from
January 1992 to June 1996. MICs for all isolates were deter-
mined concomitantly by the agar dilution method and the
Etest. Standard powders of nine antimicrobial agents obtained
from various manufacturers for agar dilution testing included
piperacillin and minocycline (Lederle Laboratories, Pearl

River, N.Y.), cefotaxime (Hoechst AG, Frankfurt, Germany),
ceftazidime (Glaxo Operations, Ltd., Greenford, England), az-
treonam (Bristol-Myers Squibb Laboratories, Princeton, N.J.),
imipenem (Merck Sharp & Dohme, West Point, Pa.), amikacin
(Sigma Chemical Co., St. Louis, Mo.), ofloxacin (Daiichi Phar-
maceutical Co., Ltd., Tokyo, Japan), and ciprofloxacin (Bayer
Co., Leverkusen, Germany). Etest strips were purchased from
AB Biodisk.
MICs were determined by an agar dilution method by fol-

lowing NCCLS guidelines (14), with Mueller-Hinton agar
(BBL, Becton Dickinson, Sparks, Md.) and a multipoint inoc-
ulator with an inoculum of 104 CFU per spot. Antimicrobial
agent concentrations ranged from 0.03 to 128 mg/ml for all
agents. The MIC of each antimicrobial agent determined by
the agar dilution method was defined as the lowest concentra-
tion which inhibited visible growth of the organism.
The Etest was performed in accordance with the manufac-

turer’s directions. The antimicrobial concentrations of nine
Etest strips ranged from 0.016 to 256 mg/ml for piperacillin,
cefotaxime, ceftazidime, aztreonam, amikacin, and minocy-
cline and from 0.002 to 32 mg/ml for imipenem, ofloxacin, and
ciprofloxacin. A bacterial suspension of growth from a tryptic
soy agar plate (BBL) was prepared in 5 ml of Mueller-Hinton
broth (BBL) and adjusted to equal the turbidity of a 0.5 Mc-
Farland standard. A cotton-tipped swab was dipped into the
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TABLE 1. Antimicrobial susceptibilities of 100 Flavobacterium
isolates determined by the agar dilution method and the Etest

Antimicrobial
agent

MIC (mg/ml)a

Agar dilution Etest

Range 50% 90% Range 50% 90%

Piperacillin 1–.128 4 128 1–.256 8 .256
Cefotaxime 4–.128 64 .128 8–.256 128 .256
Ceftazidime 2–.128 128 .128 1–.256 .256 .256
Aztreonam .128 .128 .128 .256 .256 .256
Imipenem 1–.128 .128 .128 1–.32 .32 .32
Amikacin 16–.128 128 .128 32–.256 .256 .256
Minocycline 1–16 2 8 0.25–32 4 8
Ofloxacin 0.5–64 4 64 0.5–.32 2 .32
Ciprofloxacin 0.25–128 2 64 0.25–.32 1 .32

a 50% and 90%, MICs at which 50 and 90% of the isolates were inhibited,
respectively.
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standardized suspension, excess fluid was expressed, and the
suspension was streaked over the entire surface of a Mueller-
Hinton agar plate (15 by 150 mm). The nine Etest strips were
applied with forceps to the surfaces of two Mueller-Hinton
agar plates (four and five strips in each) for each isolate. The
plates were incubated at 358C in ambient air for 16 to 18 h. The
MIC was defined as the intercept of the zone of inhibition with
the graded Etest strip.
Control strains for the two susceptibility test methods were

Staphylococcus aureus ATCC 29213, Escherichia coli ATCC
25922, and Pseudomonas aeruginosa ATCC 27853. For com-
parison with the results of the agar dilution method, any MIC
obtained by the Etest that fell between twofold dilutions was
rounded up to the next twofold dilution. MICs of .128 mg/ml
determined by the agar dilution method and MICs of .256
mg/ml determined by the Etest were both considered 256 mg/
ml. For ofloxacin and ciprofloxacin, Etest MICs of .32 mg/ml
were considered 64 mg/ml. Category discrepancies (very major,
major, and minor errors) were defined on the basis of the
description reported by Ferraro and Jorgensen (8). Acceptable
Etest accuracy for an antimicrobial agent should provide
.90% agreement with MICs determined by the agar dilution
method (8).
The MICs of the antimicrobial agents obtained by the Etest

and the agar dilution method were all within the recommended
ranges for the three quality control strains. The differences
between the MICs obtained by the two methods were all within
61 log2 dilution.
The MICs determined by the agar dilution method and the

Etest are shown in Table 1. All of the agents tested, except
minocycline, had limited in vitro activities against the flavobac-
teria tested. The MICs of piperacillin, cefotaxime, and mino-
cycline obtained by the Etest for 50% of the strains tested
(MIC50s) were 1 log2 dilution higher than those obtained by
the agar dilution method. However, the MIC50s of ofloxacin
and ciprofloxacin were 1 log2 dilution lower than those ob-
tained by the agar dilution method. Compared with the agar
dilution method, the Etest produced higher MICs of pipera-
cillin, cefotaxime, ceftazidime, and amikacin and lower MICs
of ofloxacin and ciprofloxacin. These findings support previous
observations (13, 16). The MICs of aztreonam and imipenem
were not compared because the MICs obtained by both meth-
ods for most (.90%) of the isolates were at the upper end of
the MIC range. For significant percentages of the isolates
tested, the Etest MICs of ceftazidime (36%), cefotaxime
(46%), and amikacin (48%) were greater than the highest

concentration tested by the agar dilution method. As shown in
Table 2, the agreement between the MICs (61 log2 dilution)
obtained by the two methods was acceptable for cefotaxime,
ceftazidime, amikacin, minocycline, ofloxacin, and ciprofloxa-
cin (.90%). Conversely, for piperacillin the agreement was
the poorest (84%). The percent agreement between the MICs
obtained by these two methods for all agents was 92.5%.
Regarding the MIC obtained in this study and those of

previous reports, piperacillin, ofloxacin, and ciprofloxacin may
be considered as potential drugs of choice for the management
of infections caused by flavobacteria (2, 6, 7, 9–12, 17, 20, 22).
In the present study, for 56% of the isolates tested, the Etest
piperacillin MICs were higher than those obtained by the agar
dilution method, and for 26% of the isolates, the Etest ofloxa-
cin and ciprofloxacin MICs were lower than those obtained by
the standard method, indicating the possibility of Etest cate-
gory discrepancies. Because no NCCLS MIC breakpoints are
available for Flavobacterium species to determine categories of
susceptibility, the category discrepancies between the two
methods cannot be estimated. However, when the MIC break-
points of these seven agents for Enterobacteriaceae were ap-
plied to the Flavobacterium species tested, no very major or
major category error was found for any of the agents tested,
except piperacillin, for which there was a significant major
category error of 16.7% (Table 2). In contrast to our findings,
Baker et al. demonstrated a good agreement (92%) of Etest
results for piperacillin against 140 strains of gram-negative
bacteria compared with those of the agar dilution method (3).
The reason for the poor correlation between the piperacillin
efficacy results obtained with these two susceptibility test meth-
ods for flavobacteria is unknown and requires more thorough
study.
We suggest that the Etest may be considered as an accept-

able alternative for testing of the susceptibility of Flavobacte-
rium species to all of the agents tested here except piperacillin.
When evaluating susceptibility to piperacillin, any Etest MIC
between 16 and 128 mg/ml should be reevaluated by another
test procedure.
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