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The natural antibiotic susceptibilities to 71 antibiotics of 102 Edwardsiella strains belonging to E. tarda (n =
42), E. ictaluri (n = 41), and E. hoshinae (n = 19) were investigated. MICs were determined using a microdi-
lution procedure according to NCCLS criteria and German standards. All edwardsiellae were naturally
sensitive to tetracyclines, aminoglycosides, most B-lactams, quinolones, antifolates, chloramphenicol, nitro-
furantoin, and fosfomycin. Edwardsiella species were naturally resistant to macrolides, lincosamides, strepto-
gramins, glycopeptides, rifampin, fusidic acid, and oxacillin. Although slight species-dependent differences in
natural susceptibilities to some antibiotics (e.g., macrolides and cefaclor) were seen, differences in natural
susceptibility affecting clinical assessment criteria were only seen with benzylpenicillin. Whereas E. tarda was
naturally resistant to benzylpenicillin, E. hoshinae was naturally sensitive. Natural sensitivity and resistance to
this penicillin were found among the strains of E. ictaluri. The observed oxacillin sensitivity of E. ictaluri was
attributed to the failure of the species to grow at higher salt concentrations found in oxacillin-containing
microtiter plates. The present study describes a database concerning the natural susceptibility of Edwardsiella
species to a wide range of antibiotics, which can be applied to validate forthcoming antibiotic susceptibility

tests of these microorganisms.

The genus Edwardsiella comprises a genetically distinct
taxon weakly related to other members of the Enterobacteri-
aceae. It consists of bacteria differing strongly in their biochem-
ical and physiological features, natural habitats, and patho-
genic properties. The most common species of the genus is E.
tarda, which was already described in 1965 (8). Although it has
been recovered from a variety of environmental and animal
sources (for a review, see reference 13), E. tarda is predomi-
nantly found in freshwater and fish. Humans are regarded to
be occasional hosts but are prone to serious diseases due to this
organism. Most frequently, E. tarda causes gastroenteritis pre-
senting as acute watery diarrhea resembling that produced by
other toxigenic enteropathogens (3), but dysentery-like courses
also occur (16). Immunocompromised patients, older adults,
and children are predominantly affected. Extraintestinal infec-
tions such as septicemia—with a mortality rate near 50%—and
wound infections have also been reported (13, 40). Exception-
ally, E. tarda has also been found to cause meningitis, perito-
nitis, osteomyelitis, and liver abscesses (13, 36). In 1980, a
second Edwardsiella species was proposed by Grimont et al.
and was named E. hoshinae (10). In contrast to E. tarda, E.
hoshinae is found in relatively few ecological niches (i.e., birds,
reptiles, and water) (10). Although E. hoshinae has been iso-
lated from human feces (9), its role as a human or animal
pathogen has not been established (13). The third Edwardsiella
species was created in 1981 and was called E. ictaluri (11). E.
ictaluri shows unusual properties: Apart from having a low
optimal growth temperature, this organism has been predom-
inantly isolated from channel catfish (9), in which it causes fatal
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systemic infections known as enteric septicemia (11). Human
infections due to E. ictaluri are not known; however, virulence-
associated properties such as serum resistance, indicating the
potential to cause human disease, have been documented for
all Edwardsiella species (12, 27).

The aim of the present study was to create a database con-
cerning the natural susceptibilities to a wide range of antibiot-
ics of all known Edwardsiella species originating from different
areas and sources. Particularly, we investigated whether there
are species-related differences in natural antimicrobial suscep-
tibility that affect the clinical assessment criteria for the MICs.

MATERIALS AND METHODS

Bacterial strains. A total of 103 strains labeled as E. tarda, E. ictaluri, or E.
hoshinae originating from European countries, Japan, and different areas in the
United States were examined. E. farda strains were predominantly isolated from
clinical specimens or were taken from several fish species. All but one E. ictaluri
strain derived from channel catfish and E. hoshinae strains were mainly isolated
from reptiles and water. An overview of the origin of the Edwardsiella strains
examined is shown in Table 1. Escherichia coli ATCC 25922 (derived from the
Deutsche Stammsammlung fiir Mikroorganismen und Zellkulturen, Braun-
schweig, Germany) and Yersinia pseudotuberculosis ATCC 29833 (kindly pro-
vided by H. Neubauer, Munich, Germany) served as controls for antibiotic
susceptibility testing.

Identification. All strains were identified to the species level with a commercial
identification system for Enterobacteriaceae (Micronaut-[MCN]-E; Merlin-Diag-
nostika, Bornheim, Germany) and additional conventional tests. The inoculum
for the commercial test reactions (Table 2) was a suspension from an overnight
culture on solid medium in physiological saline solution at a concentration of 10°
(E. tarda and E. hoshinae) or 10% (E. ictaluri) CFU/ml. Regarding E. tarda and E.
hoshinae, incubation times for MCN-E tests were 24 h at 36 =1°C. MCN-E tests
for E. ictaluri were read after 24 h at 25 and 36°C, 48 h at 25 and 36°C, and 72 h
at 25°C. Fermentation of trehalose and p-mannitol was tested on bromcresol
purple agar (Difco Laboratories, Detroit, Mich.) supplemented with trehalose (3
g/liter) and mannitol (4 g/liter). H,S production was tested on triple sugar iron
(TSI) agar (Merck, Darmstadt, Germany) and with the MCN-E test; citrate
assimilation was examined on Simmons citrate agar (Oxoid, Basingstoke, United
Kingdom) and with the MCN-E test. Agar plate tests were incubated at 36°C
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TABLE 1. Edwardsiella strains used in the present study

Strain Source
Material Country (state)
E. tarda
ATCC 15947 Human feces Sweden E. Valsen?
CCUG 28069 Human feces Sweden
CCUG 33985 NA¢ United Kingdom
CCUG 415 NA United States (Indiana)
CCUG 6517 NA United Kingdom
01-03, 01-04, 01-05, 01-06 NA Unknown H. Backes®
01-07, 01-09, 01-10, 01-11 Channel catfish United States (Alabama) M. Delaney
01-12, 01-13, 01-14, 01-15, 01-16, 01-17, Fish United States (Louisiana) R. Thune?®

01-18, 01-19, 01-20, 01-21

01-22¢, 01-23¢

01-24, 01-25, 01-26, 01-27, 01-28, 01-29,
01-30, 01-31, 01-32, 01-33

Human feces
Human feces

01-34 Red seabream
01-35 Japanese flounder
01-36 Japanese flounder
01-37, 01-38, 01-39 Human feces
01-43° NA

E. ictaluri
ATCC 33202 Channel catfish

Channel catfish
Channel catfish

03-02, 03-03, 03-04, 03-05, 03-06

03-07, 03-08, 03-09, 03-10, 03-11, 03-12,
03-13, 03-14, 03-15, 03-16, 03-17, 03-19,
03-21, 03-22, 03-23, 03-24, 03-25, 03-26,
03-28, 03-29, 03-30, 03-31, 03-32, 03-33,
03-34, 03-35, 03-36, 03-37, 03-38, 03-39,
03-41, 03-42, 03-43, 03-44

03-40 Blue catfish
E. hoshinae
ATCC 33379 Female puffin
CCUG 20937 Monitor (Varanus)
CCUG 20938 Lizard
CCUG 21191, CCUG 21192 NA
02-14, 02-15, 02-16, 02-17 Water
02-18, 02-19 Lizard
02-03, 02-04, 02-05, 02-06, 02-07, 02-08, NA
02-09, 02-10

United Kingdom

A. Phillips"

Germany G. Stempfel’
Japan 1. Hirono/
Japan

Japan

United States A. von Graevenitz*
United States J. Mecsas'
United States E. Valsen
United States (Alabama) M. Delaney
United States (Louisiana) R. Thune
United States (Louisiana) R. Thune
France E. Valsen
France

France

France

Germany H. Backes
Austria

Unknown

¢ Published by Phillips et al. (26).
b Published by Strauss et al. (33).
¢ NA, not available.

4 Department of Clinical Bacteriology, Culture Collection, University of Goteborg (CCUG), Géteborg, Sweden.

¢ Merlin-Diagnostika.

7 Southern Cooperative Disease Laboratory, Department of Fisheries and Allied Aquacultures, Auburn University, Auburn, Ala.
& Departments of Veterinary Science, Louisiana State University, Baton Rouge, La.
" University Department of Paediatric Gastroenterology, Royal Free Hospital, London, United Kingdom.

‘ Laborgemeinschaft Dr. Girtner, Weingarten, Germany.

/ Laboratory of Genetics, Department of Genetics and Biochemistry, Tokyo University of Fisheries, Tokyo, Japan.
K Institut fiir Medizinische Mikrobiologie der Universitit Ziirich, Ziirich, Switzerland (strains originally obtained by J. M. Janda and S. Abbott, California

Department of Health Services, Berkeley).

"Tufts University, Boston, Mass. (strain originally obtained by J. M. Janda, California Department of Health Services, Berkeley).

(E. tarda and E. hoshinae) and at 25 and 36°C (E. ictaluri) and were read after 24,
48, and 72 h.

Antibiotics and antibiotic susceptibility testing. The natural susceptibilities to
71 antibiotics were investigated. All antibiotics were kindly provided to Merlin-
Diagnostika’s disposal by their manufacturers. The following concentrations
were included: 0.01 to 32 mg/liter (for benzylpenicillin, ciprofloxacin, sparfloxa-
cin, ofloxacin, enoxacin, fleroxacin, pefloxacin, lincomycin, clindamycin, rifam-
pin, and fusidic acid), 0.03 to 64 mg/liter (for tetracycline, doxycycline, minocy-
cline, oxacillin, cefuroxime, cefotiam, cefoxitin, cefixime, cefpodoxime, cefdinir,
cefoperazone, cefotaxime, ceftibuten, ceftriaxone, ceftazidime, cefepime, imipen-
em, meropenem, aztreonam, norfloxacin, erythromycin, roxithromycin, clarithro-
mycin, azithromycin, dalfopristin, quinupristin, dalfopristin-quinupristin, tri-
methoprim, and vancomycin), 0.06 to 128 mg/liter (for gentamicin, netilmicin,
tobramycin, apramycin, ribostamycin, lividomycin, amoxicillin, amoxicillin-clavu-
lanic acid, ampicillin-sulbactam, pipemidic acid, teicoplanin, and chloramphen-

icol), 0.125 to 256 mg/liter (for amikacin, streptomycin, kanamycin, neomycin,
spectinomycin, piperacillin, piperacillin-tazobactam, ticarcillin, mezlocillin, cefa-
clor, loracarbef, cefazolin, co-trimoxazole, nitrofurantoin, and fosfomycin, and
0.25 to 512 mg/liter (for azlocillin and sulfamethoxazole). Antibiotic susceptibil-
ities were tested by a microdilution procedure in Iso-Sensitest broth (Oxoid)
(used for E. tarda and E. hoshinae strains) and in cation-adjusted Mueller-Hinton
broth (CAMHB) (Difco) (used for E. ictaluri strains). Six strains of each of
E. tarda and E. hoshinae were also tested using CAMHB. After inoculation of
antibiotic-containing microtiter plates (Merlin-Diagnostika) with 100 ul of the
appropriate bacterial suspension (3 X 10° to 5 X 10° CFU/ml) and incubation for
20 h at 36°C (E. tarda and E. hoshinae) and for 48 h at 25°C (E. ictaluri), MICs
were determined with a photometer for microtiter plates (Labsystems Multi-
scan Multisoft, Helsinki, Finland). MIC data were evaluated with Excel (Micro-
soft).
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TABLE 2. Biochemical properties of Edwardsiella spp.”
% Positive reactions with:
Reaction E. ictaluri
E. tarda E. hoshinae
36°C 25°C
Tryptophan deaminase® 0 0 0 0
H,S production” 55 95 0 0
H.S production on TSI agar 69 [79 (72 h)] 0 5 17 [34 (72 h)]
B-Glucosidase”* 0 0 0 0
Tryptophanase®? 98 74 0 0
Urease” 0 0 0 0
Lysine decarboxylase” 100 100 98 71[93 (72 h)]
Ornithine decarboxylase” 100 100 7 3959 (72 h)]
Arginine dihydrolase” 0 0 2 0
Citrate assimilation”* 93 100 0 10
Citrate assimilation on Simmons citrate agar 93 100 0 10
Malonate assimilation” 17 100 20 29 [34 (72 h)]
Voges-Proskauer reaction” 0 0 0 0
Glucose fermentation” 100 100 100 100
Rhamnose fermentation” 0 0 0 0
Adonitol fermentation” 0 0 0 0
(Myo)-inositol fermentation” 0 0 0 0
Xylose fermentation” 0 0 0 0
Sorbitol fermentation” 0 0 0 0
Sucrose fermentation” 0 100 0 0
D-Mannitol fermentation 0 100 0 0
Trehalose fermentation 0 100 0 0
B-Galactosidase®” 0 0 0 0
B-Xylosidase®s 0 0 0 0
B-Glucuronidase®” 0 0 7 54 [66 (72 h)]

“ Results are stated as percentage of positive reactions after 24 h of incubation at 36°C (for E. tarda and E. hoshinae) and 48 h of incubation at 25 and 36°C as indicated
(for E. ictaluri). Delayed positive reactions and their times are indicated in brackets and parentheses, respectively.

® Included in the MCN-E panels (Merlin-Diagnostika).
¢ Hydrolysis of esculin.

4 Indole production.

¢ Mixture of Simmons and Christensen citrate.

/ Cleavage of ortho-nitrophenyl-B-galactopyranoside.

& Cleavage of ortho-nitrophenyl-B-xyloside.

" Cleavage of para-nitrophenyl-B-glucuronide.

Evaluation of natural antibiotic susceptibility. Plotting the MIC of a partic-
ular antibiotic for one species against the number of strains found with the
respective MIC usually results in a bimodal distribution. One peak with relatively
low MICs represents the natural population, and one peak with higher MICs
represents the strains with acquired (secondary) resistance. Analysis of the MIC
distribution of all strains of one species for each antibiotic permitted the deter-
mination of the biological thresholds, i.e., the thresholds which limit the natural
population at high MICs but not those strains with secondary resistance. We
investigated whether the MICs for the natural population were above or below
the breakpoints of the standards used to assess clinical susceptibility. When the
natural population was sensitive or intermediate according to the cited standard,
it was described as naturally sensitive or naturally intermediate, respectively.
‘When the natural population was clinically resistant, it was described as naturally
(intrinsically) resistant. The method has been described in detail previously (30,
32). In the present study, breakpoints according to the American standard
(NCCLS) valid for Enterobacteriaceae (18), Pseudomonas aeruginosa and other
non-Enterobacteriaceae (19), Neisseria gonorrhoeae (21), and Staphylococcus spe-
cies (20) were applied. For antibiotics for which NCCLS clinical assessment
criteria do not exist, breakpoints according to German (7), French (5), or Swed-
ish standards (25) were employed. Breakpoints for ribostamycin, apramycin, and
lividomycin were used as published recently (34).

B-Lactamase testing. Two methods were applied to detect B-lactamase. All
the strains were tested using a conventional nitrocefin colony testing procedure
(Carr-Scarborough Microbiologicals, Inc., Decatur, Ga.). The tests were per-
formed according to the manufacturer’s instructions. Four strains each of
E. hoshinae and E. ictaluri were also tested as described previously (29), with
CAMHB as the medium. The latter tests were performed in the absence of an
inducer at temperatures of 36°C (E. hoshinae and E. ictaluri) and 25°C
(E. ictaluri); E. tarda ATCC 15947 served as a positive control.

RESULTS

Identification. The identification of all but one of the re-
ceived strains was confirmed. Although the MCN-E system was
able to identify Edwardsiella strains to the species level, addi-
tional tests were helpful for discrimination. Apart from hydro-
gen sulfide production, the examined strains showed the ex-
pected phenotypic properties. E. hoshinae was metabolically
the most active species, being able to ferment sucrose, manni-
tol, and trehalose, and E. ictaluri showed some temperature-
dependent features, being metabolically more active with sev-
eral substrates at low temperatures (i.e., B-glucuronidase test,
malonate and citrate assimilation, ornithine decarboxylase test,
and hydrogen production on TSI agar). Numerous strains of
each species were able to produce hydrogen sulfide, dependent
on the applied test and on the incubation time (and tempera-
ture for E. ictaluri). Classical biovar 1 strains of E. tarda (hy-
drogen sulfide-negative and sucrose- and b-mannitol-ferment-
ing edwardsiellac) were not found. An overall view of the
phenotypic properties of the examined Edwardsiella strains is
shown in Table 2.

Natural antibiotic sensitivity and resistance. To most anti-
biotics there were only minor differences in natural suscepti-
bility among the species which were not affected by clinical



Number of Strains with MIC [mg/1] of

Antibiotic Standard Taxon
<0.03 0.06 0.13025 05 1 2 4 8 16 32 64 2128

TETRACYCLINES

E. tarda 15 23 1 % § 2 1
Tetracycline NCCLS-E E. ictaluri 1 34 6

E. hoshinae 15 4

E. tarda 1 12 25 2 1 1
Doxycycline NCCLS-E E. ictaluri 1 30 10

E. hoshinae 4 14 1

E. tarda 2 10 10 17 2 1
Minocycline NCCLS-E E. ictaluri 1 21 19

E. hoshinae 4 12 1 2
AMINOGLYCOSIDES
Amikacin NCCLS-E All strains » 2 21 75 4
Gentamicin NCCLS-E All strains 2 10 8 4
Netilmicin NCCLS-E All strains 3 20 76 3
Tobramycin NCCLS-E All strains 2 23 73 4
Streptomycin SFM All strains 2 50 48 15 1
Kanamycin NCCLS-E All strains 1 1 47 51 2
Neomycin SFM All strains 2 25 69 6
Spectinomycin ~ NCCLS-N  All strains 4 55 23 20
Apramycin [34] All strains 21 67 14
Ribostamycin [34] All strains 2 13 8 5
Lividomycin A [34] All strains 3 41 57 1
BETA-LACTAMS: PENICILLINS

E. tarda 6 24 10 1 1
Benzylpenicillin NCCLS-S E. ictaluri 2 612 19 2

E. hoshinae 18 1

NCCLS-S E. tarda 1 1 7 13 19 1

FIG. 1. Antibiotic susceptibilities of E. tarda, E. ictaluri, and E. hoshinae. The number of strains for the corresponding MIC is cited. A number
in the lowest concentration of the antibiotic represents the maximal MIC at this concentration (MIC = c_;, — MIC = c_,;,). An MIC higher than
the highest concentration tested is cited in the subsequent higher concentration step. MICs in shaded areas indicate the clinically intermediate area
according to the American standard (NCCLS) valid for Enterobacteriaceaec (NCCLS-E) (18), Pseudomonas aeruginosa and other non-Enterobac-
teriaceae (NCCLS-P) (19), Neisseria gonorrhoeae (NCCLS-N) (21), and Staphylococcus spp. (NCCLS-S) (20). A black thick line indicates the
breakpoint between the clinically sensitive and clinically resistant strains, if the intermediate interpretation does not exist. For antibiotics for which
NCCLS clinical assessment criteria do not exist, breakpoints according to German (DIN) (7), French (SFM) (5), or Swedish (SWE) (25) standards
were employed. Breakpoints for ribostamycin, apramycin, and lividomycin were used as published recently (34). A superscript 1 indicates
susceptibility testing in the presence of sodium chloride (2%). Oxacillin breakpoints: susceptible, =2 mg/liter; resistant, =4 mg/liter. A superscript
2 indicates the MIC distribution for sulfamethoxazole for higher concentrations: MIC = 128 mg/liter, n = 18; MIC = 256 mg/liter, n = 9; MIC
= 512 mg/liter, n = 17; MIC = 1,024 mg/liter, n = 22; breakpoint for sensitivity, =256 mg/liter (NCCLS-E).
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Oxacillin ' E. ictaluri 41
E. hoshinae 2
E. tarda 1 10 27 2
Amoxicillin NCCLS-E E. ictaluri 1 6 32 2
E. hoshinae 3 16
E. tarda 4 5 6 25 1
Amoxicillin /
NCCLS-E E.ictaluri 2 2 25 11 1
Clavulanic acid
E. hoshinae 5 13 1
E. tarda 1 6 29 4
Ampicillin /
NCCLS-E E.ictaluri 3 20 18
Sulbactam
E. hoshinae 19
E. tarda 40 1
Piperacillin NCCLS-E E. ictaluri 27 9 4
E. hoshinae 19
E. tarda 41 1
Piperacillin /
NCCLS-E E. ictaluri 27 12 2
Tazobactam
E. hoshinae 19
E. tarda 28 11 1
Ticarcillin NCCLS-E E. ictaluri 8 19 14
E. hoshinae 19
E. tarda 5 33 2
Mezlocillin NCCLS-E E. ictaluri 7 21 10 3
E. hoshinae 19
E. tarda 2 13 24
AZzlocillin NCCLS-P E. ictaluri 8 21 10
E. hoshinae 18 1
BETA-LACTAMS: CEPHALOSPORINS
E. tarda 1 14 12 3
Cefaclor NCCLS-E E.ictaluri 40
E. hoshinae 19
E. tarda 1 17 9 5
Loracarbef NCCLS-E E. ictaluri 2 13 22 4
E. hoshinae 11 7 1

FIG. 1—Continued.
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Cefazoline NCCLS-E All strains 1 8 74 18

E. tarda 1 5 26 6 3
Cefuroxime NCCLS-E E. ictaluri 1 9 18 13

E. hoshinge 18 1

E. tarda 33 6 1 1 1
Cefotiam DIN E. ictaluri 6 21 14

E. hoshinge 19

E. tarda 9 29 2
Cefoxitin NCCLS-E E. ictaluri 9 27

E. hoshinae 16 3
Cefixim NCCLS-E All strains % 4 1
Cefpodoxime NCCLS-E All strains 9% 6 1 1

E. tarda 32 4 5 1
Cefdinir NCCLS-E E. ictaluri 32 7 2

E. hoshinge 19

E. tarda 14 7 19 1
Cefoperazone NCCLS-E E. ictaluri 2 15 19 5

E. hoshinae 19
Cefotaxime NCCLS-E All strains 100 2

E. tarda 26 7 2 3 2 2
Ceftibuten NCCLS-E E. ictaluri 351 2 1 2

E. hoshinge 19
Ceftriaxone NCCLS-E All strains 102

E. tarda 39 1 1 1
Ceftazidime NCCLS-E E. ictaluri 23 17 1

E. hoshinge 19
Cefepime NCCLS-E All strains 100 1 1
BETA-LACTAMS: CARBAPENEMS
Imipenem NCCLS-E All strains 17 65 14 4 1
Meropenem NCCLS-E All strains 102
BETA-LACTAMS: MONOBACTAMS
Aztreonam NCCLS-E All strains 101 1

FIG. 1—Continued.
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QUINOLONES
Ciprofloxacin NCCLS-E All strains 102
Sparfloxacin DIN All strains 101 1
Norfloxacin NCCLS-E All strains 100 1 1
Ofloxacin NCCLS-E All strains 9 3
Enoxacin NCCLS-E All strains 60 39 2 1
Fleroxacin NCCLS-E All strains % 9 3
Pefloxacin SFM All strains % 4 2
Pipemidicacid  DIN All strains 32 67 2 1
MACROLIDES
E. tarda 2 23 16 1
Erythromycin NCCLS-S E. ictaluri 3 15 14 8
E. hoshinae 2 14 3
E. tarda 2 36 4
Roxithromycin ~ SWE E. ictaluri 1 2 2 13 23
E. hoshinae 5 13 1
E. tarda 1 8 33
Clarithromycin ~ NCCLS-S E. ictaluri 2 5 19 7 6
E. hoshinae 2 13 4
E. tarda 13 26
Azithromycin NCCLS-S E. ictaluri 1 2 3 15 11 3
E. hoshinae 1 1 2
LINCOSAMIDES
Lincomycin SFM All strains 102
E. tarda 2 23 15 1
Clindamycin NCCLS-S E. ictaluri 15 3 24 5 1
E. hoshinae 3 4 8 1
STREPTOGRAMINS
Dalfopristin NCCLS-S All strains 2 7 57 36
Quinupristin NCCLS-S All strains 102
Dalfopristin/
NCCLS-S All strains 4 39 48 11
Quinupristin

FIG. 1—Continued.
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ANTI-FOLATES

Sulfamethoxazole Notshown All strains

6 S5 25 66°

Trimethoprim NCCLS-E All strains 81 10 3 2
Cotrimoxazole =~ NCCLS-E All strains 17 30 43 11 1
GLYCOPEPTIDES
Teicoplanin NCCLS-S All strains 1 101
E. tarda 7 42
Vancomycin NCCLS-S E. ictaluri 3 31
E. hoshinae 1 18
OTHER ANTIBIOTICS
Chloramphenicol NCCLS-E All strains 21 74 4 1
E. tarda 24 18
Nitrofurantoin =~ NCCLS-E E. ictaluri 3 23 15
E. hoshinae 2 2 15
Rifampicin NCCLS-S All strains 10 43 46 1 2
E. tarda 11 22 3 4 2
Fosfomycin NCCLS-E E. ictaluri 5 16 14 4
E. hoshinae 1 11 5 1 1
E. tarda 1 41
Fusidic acid SWE E. ictaluri 1 1 1 37
E. hoshinae 1 18

FIG. 1—Continued.

assessment criteria. All edwardsiellae were naturally sensitive
to tetracyclines, aminoglycosides, most B-lactam antibiotics,
quinolones, antifolates, chloramphenicol, nitrofurantoin and
fosfomycin. Edwardsiella species were naturally resistant to
macrolides, lincosamides, streptogramins, glycopeptides, ri-
fampin and fusidic acid. Species-dependent differences in nat-
ural susceptibility affecting clinical assessment criteria were
seen with benzylpenicillin. Additionally, oxacillin susceptibility
was likely to be species-associated.

E. tarda was naturally resistant to benzylpenicillin and ox-
acillin, whereas E. hoshinae was naturally sensitive to the former.
E. ictaluri seemed to be highly susceptible to oxacillin and was
naturally sensitive and naturally resistant to benzylpenicillin.
An overall view of the antibiotic susceptibilities of E. tarda,
E. ictaluri, and E. hoshinae is shown in Fig. 1. MICs are pre-
sented separately for each species for which distinctive pat-
terns were demonstrated. Natural antibiotic sensitivities and
intrinsic resistances are summarized in Fig. 2.

Quality assurance. Apart from the MICs of tetracyclines,
which were one or two dilution steps higher in Iso-Sensitest
broth than in CAMHB, there were no significant differences in
antibiotic susceptibility dependent on the medium (data not
shown). Susceptibility testing of E. ictaluri was only performed
in CAMHB, because the species grows poorly in Iso-Sensitest
broth. The prolonged incubation time and the lower incuba-
tion temperature used for the determination of MICs for E.
ictaluri did not significantly affect the MICs (data not shown).
The MICs for E. coli ATCC 25922 in CAMHB and Iso-Sen-
sitest broth were within the control limits for susceptibility
testing according to NCCLS criteria (22) (data not shown).
Penicillin MICs for Y. pseudotuberculosis ATCC 29833 (the
MIC range of benzylpenicillin was 0.5 to 1 mg/liter) were in
agreement with the data of a previous study (31).

B-Lactamase testing. All strains of E. tarda gave weakly
positive or positive results for B-lactamase production using
nitrocefin B-lactamase disks. No strain of E. hoshinae or E.
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Antibiotic Drug Species naturally naturally naturally
Group sensitive  intermediate  resistant
Tetracyclines All tested Tetracyclines All species
Aminoglycosides All tested Aminoglycosides  All species
E. tarda
Benzylpenicillin E. ictaluri
Penicillins E. hoshinae
Oxacillin All species 1)
All further tested Penicillins ~ All species
Cephalosporins  All Cephalosporins All species
Carbapenems All tested Carbapenems All species
Monobactams Aztreonam All species
Quinolones All tested Quinolones All species
Macrolides All tested Macrolides All species
Lincosamides All tested Lincosamides All species
Streptogramins ~ All tested Streptogramins All species
Anti-Folates All tested Anti-Folates All species
Glycopeptides All tested Glycopeptides All species
Chloramphenicol All species
Nitrofurantoin All species
Other antibiotics Rifampicin All species
Fosfomycin All species
Fusidic acid All species

FIG. 2. Grouping of natural populations of Edwardsiella spp. into the categories sensitive, intermediate, and resistant, according to the
standards mentioned in the legend to Fig. 1. Note: if =30% of the strains belonging to a natural population were attributed to one of the clinical
categories, these percentages were not taken into consideration. 1), see Discussion.

ictaluri exhibited any detectable B-lactamase activity. The lat-
ter results were also obtained with the second procedure ap-
plied. B-Lactamase activity of E. tarda ATCC 15947 was
slightly enhanced at 36°C (data not shown).

DISCUSSION

The natural susceptibility patterns found in the present study
point to the suitability of numerous antibiotics for the treat-
ment of Edwardsiella infections. Clinical trials will be necessary
to prove the excellent in vitro antibacterial activities of these
antibiotics in vivo. A high susceptibility of Edwardsiella species

to several antibiotics was documented in studies with E. tarda
(2,4,13,17,27,28,36) and in a few studies with E. ictaluri (27,
38) and E. hoshinae (27). Apart from these examinations,
which included in most cases only a few strains and/or a limited
number of antibiotics, little is known about the antimicrobial
susceptibilities of Edwardsiella species. Detailed examinations
of natural antibiotic susceptibility patterns of Edwardsiella
have not been reported. E. tarda is regarded as intrinsically
resistant to colistin (17); however, there are several studies
showing at least 10% of E. tarda strains to be colistin sensitive
(28, 37). Major resistance to polymyxin B in E. farda has also
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been reported, but incidences of resistance ranging from 10%
(28) to 50% (37) of E. tarda strains point to an acquired
resistance phenomenon.

In the present study it was shown that Edwardsiella species
are naturally resistant to macrolides, lincosamides, strepto-
gramins, glycopeptides, rifampin, and fusidic acid. Intrinsic
resistance to these agents is a typical feature of nearly all
Enterobacteriaceae species and has been largely attributed to
the outer membranes of these bacteria (for an overview, see
reference 23). Although there are only a few studies on the
ultrastructure of the Edwardsiella cell envelope, it seems likely
that there are no major differences between the Edwardsiella
outer membrane and those of other Enterobacteriaceae (35,
41). However, E. hoshinae and E. ictaluri strains were shown to
be more susceptible to benzylpenicillin than most other Entero-
bacteriaceae species examined so far. The natural penicillin G
resistance of Enterobacteriaceae is regarded to be connected to
the limited permeability of the outer membrane for benzylpen-
icillin (6, 14). Because the interior channel size of the porins of
several enterobacteria is broader than the molecular size of
this penicillin, it seems likely that its hydrophobicity is respon-
sible for the failure to cross the outer membrane. In 1998,
Bengoechea et al. showed that mutants of Salmonella enterica
serovar Typhimurium and Escherichia coli with a reduced hep-
tose and phosphate content within their lipopolysaccharide
(LPS) cores were highly susceptible to hydrophobic agents; the
deduced reduced hydrophilicity was likely to allow crossing
of hydrophobic agents through the membrane (1). The only
known enterobacterial species significantly more susceptible to
penicillin G than other Enterobacteriaceae (MICs of 0.125 to 1
mg/liter) are Yersinia pseudotuberculosis and Yersinia pestis
(31). Because it was shown that high susceptibility to ben-
zylpenicillin in Y. pseudotuberculosis is attributed to the natu-
rally occurring low polysaccharide content of the LPS of this
species (1), there is evidence that E. hoshinae and E. ictaluri
have an altered LPS compared to that of E. tarda, whereby
E. hoshinae may possess the lowest polysaccharide content.
Although a detailed study on the Edwardsiella LPS is not
available, it was shown that the LPS patterns of E. hoshinae
and E. ictaluri were different from that of E. tarda (24).

The natural penicillin G sensitivity of E. hoshinae also im-
plies a higher susceptibility to oxacillin, a further penicillin
to which Enterobacteriaceae are naturally resistant. Although
E. hoshinae was shown to be slightly more susceptible to ox-
acillin than E. farda, E. ictaluri was likely to be the most sus-
ceptible species (Fig. 1). However, like several other microtiter
plates containing dehydrated oxacillin, the oxacillin wells used
in the present study contained 2% sodium chloride. Whereas
E. ictaluri strains are known to tolerate 1% (all the strains) and
1.5% (90% of the strains) sodium chloride, they do not grow in
2% or higher sodium chloride solutions (39). Oxacillin suscep-
tibility testing of representative E. ictaluri strains in sodium
chloride-free oxacillin plates revealed susceptibilities similar to
those of E. hoshinae and E. tarda (data not shown). Thus,
failure of E. ictaluri to grow in oxacillin-containing microtiter
plates was clearly attributable to the salt concentration, which
was tolerated by E. tarda and E. hoshinae but not by E. ictaluri.

Apart from the outer membrane, the only other known
mechanism affecting natural susceptibility in Edwardsiella spe-
cies is the B-lactamase of E. tarda. Although a molecular char-
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acterization of this enzyme has never been performed, it seems
likely that it is located on the chromosome and is specific for
E. tarda: in agreement with the data of the present study, all
E. tarda strains examined so far were shown to be positive for
B-lactamase expression (4, 27), whereas a B-lactamase activity
in strains of E. hoshinae and E. ictaluri was never detected (27).
As within the natural populations of E. coli, Shigella spp., Pro-
teus mirabilis, and several other enterobacteria, it is likely that
the E. tarda B-lactamase is naturally expressed in only small
amounts, conferring no resistance to B-lactam antibiotics.
Apart from benzylpenicillin and cefaclor (E. tarda strains were
less susceptible than other edwardsiellae to the latter, probably
indicating an activity of the E. tarda B-lactamase toward this
cephalosporin [Fig. 1]) there were no differences in B-lactam
susceptibility among the species. Failure to detect any -lacta-
mase activity in E. hoshinae and E. ictaluri may extend the list
of B-lactamase-negative Enterobacteriaceae and qualifies the
generally held opinion that each species of Enterobacteriaceae
contains its own chromosomally encoded B-lactamase (15).

Studies on the B-lactamase(s) of E. tarda have already started.
It would be interesting to obtain information on its mechanism
of expression and its relatedness to the established chromo-
somally encoded enzymes of Enterobacteriaceae weakly related
to Edwardsiella. Strains of other Edwardsiella species will be
examined with respect to E. tarda B-lactamase homologues.

In conclusion, the data represent an assessment of the nat-
ural susceptibilities of strains of Edwardsiella spp. to a wide
range of antibacterial agents. This database can be used for the
validation of antibiotic susceptibility test results of these un-
usual Enterobacteriaceae.
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