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The antimicrobial susceptibilities of 75 Aeromonas isolates were determined by agar dilution. Differences in
resistance patterns were observed between strains isolated from different geographic locations and between A.
sobria and A. hydrophila isolates. Multiple resistance was common; however, only one conjugative plasmid was
detected. This 110-megadalton plasmid mediated resistance to eight antibiotics.

The motile aeromonads are recognized both as causes of
infection in immunocompromised patients and as enteric
pathogens which may cause diarrhea in healthy individuals
(4, 9, 20). In view of the increasing clinical importance of
these organisms, and since little is known about the genetic
basis for drug resistance in the genus (1, 7, 12, 19), we
wished to assess the plasmid content of hospital isolates of
Aeromonas spp. Because previous studies on antimicrobial
susceptibility and its genetic basis were performed before
the recent division of the motile aeromonads into three
species (16), our studies also aimed to examine any species-
associated antimicrobial resistance patterns.
A total of 75 Aeromonas isolates were tested. Thirty-one

strains were from patients in metropolitan hospitals in Aus-
tralia and were collected during 1980 and 1981. A total of 29
of these were fecal isolates, including 26 from patients with
diarrhea and 2 from patients with an infected wound and
septicemia, respectively. Forty-four strains were collected
in 1982, forty from diarrheal patients in Jakarta, Indonesia,
and four from patients in Vellore, India, comprising three
fecal isolates from diarrheal patients and one isolate from an
infected wound. In all cases, isolates were taken from
individual patients without duplication. The isolates from
infected wounds or septicemias were recovered in pure
culture and were considered to be the primary pathogens,
whereas the fecal isolates were recovered in mixed culture
and their clinical significance remains undetermined. The
isolates were identified by the criteria of Popoff (16).

Antimicrobial susceptibility testing was performed using a
standard agar dilution method (17). Strains were considered
resistant if more than 100 colonies grew from an inoculum of
approximately 104 CFU on Iso-Sensitest agar (Oxoid Ltd.,
Basingstoke, England) containing antimicrobial agents at the
concentrations shown in Table 1. These concentrations were
chosen on the basis of the MICs reported for Aeromonas
spp. by Richardson et al. (17). In general, concentrations
10-fold higher than those required to kill at least 50% of the
Aeromonas strains in that study were used.

All isolates were found to be resistant to at least one of the
17 antimicrobial agents tested. Multiple resistance to 3, 4, or
5 agents was common (76% of isolates), and resistance to as
many as 11 agents was observed.
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Previous studies indicated that cefamandole, trimetho-
prim, chloramphenicol, and tetracycline are extremely ac-
tive against Aeromonas spp. (5, 15, 17). In this study, the
frequency of resistance to some antimicrobial agents was
much greater than previously reported (Table 1). In partic-
ular, 43% of isolates were resistant to cefamandole and 21%
were resistant to tetracycline. This resistance was found
principally among the Asian isolates. Chloramphenicol
resistance, which is generally considered to be an extremely
rare trait in Aeromonas spp., appeared in 14% of our Asian
isolates but in none of the Australian strains. Similarly,
resistance to mercuric chloride, nalidixic acid, and rifampin
was detected only among Asian isolates, which also exhib-
ited a high frequency of colistin resistance.
The spread of drug resistance among Aeromonas spp. is of

some concern. Recent surveys have emphasized the emer-
gence of A. hydrophila as a primary pathogen (4, 8, 20), and
antibiotic therapy has now been recommended for patients
with chronic diarrhea and for those at risk of developing
Aeromonas septicemia (4, 8).

Motyl et al. (15) reported that A. hydrophila is more
resistant than A. sobria to antimicrobial agents, especially
the penicillins and cephalosporins. Similarly, in the present
study, the frequencies of resistance to cefamandole and
colistin were significantly greater among A. hydrophila iso-
lates (73 and 59%) than among A. sobria isolates (6%)
(two-tailed hypothesis test, P < 0.005). However, resistance
to carbenicillin, ticarcillin, streptomycin, and spectinomycin
occurred more frequently in A. sobria isolates (P < 0.05).
Such species differences may well be related to the source of
the Aeromonas isolates and in particular to the frequency
and type of antimicrobial agent used in different geographical
areas for different kinds of Aeromonas infections. A. sobria
is more frequently associated with bacteremia than is A.
hydrophila (9) and may also be more frequently the cause of
invasive enteric infections (21).

Plasmid DNA was found in 20 of the 75 wild-type Aero-
monas isolates, using the procedure of Birnboim and Doly
(2). This is a low plasmid-carriage frequency compared with
that found in populations of antibiotic-resistant strains of
members of the family Enterobacteriaceae (11, 18). Molec-
ular sizes ranged from approximately 2 to 110 megadaltons;
15 of the 20 isolates harbored plasmids of less than 25
megadaltons. There were 12 A. sobria and 8 A. hydrophila
plasmid-containing isolates. Eleven of the stains were Aus-
tralian isolates, and nine were from Asian sources.
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TABLE 1. Frequency of drug resistance among
Aeroinonatis clinical isolates

% Resistant isolates

Antibacterial agent Source Species
(,ug/ml) (OI = 75) Australia Asia A. sobrii A. hv-drophila

(n = 31) (n = 44) (1 = 32) (i = 41)

Ampicillin (100) 95 94 95 94 95
Carbenicillin (50) 35 48 25 56 20
Cefamandole (10) 43 9 66 6 73
Chloramphenicol (10) 8 0 14 6 10
Colistin (10) 34 6 54 6 59
Gentamicin (10) 0 0 0 0 0
Mercuric chloride (27) 1 0 2 0 2
Kanamycin (25) 4 3 5 3 5
Nalidixic acid (50) 1 0 2 0 I

Rifampin (300) 1 0 2 3 0
Streptomycin (10) 41 45 39 66 24
Spectinomycin (10) 76 84 70 88 66
Sulfisoxazole (250) 11 9 12 13 7
Tetracycline (6) 21 16 25 25 20
Ticarcillin (50) 8 6 9 16 2
Tobramycin (5) 4 3 5 9 0
Trimethoprim (20) 7 9 5 6 5

Strains were selected for genetic analysis on the basis of
drug resistance pattern as well as plasmid content; 39 strains
were screened for transfer of antibiotic resistance markers in
conjugation experiments using Escherichia coli JP990 nali-
dixic acid-resistant (13) and A. hvdrophila 2688 rifampin-
resistant (10) as plasmid-free recipients. Matings were per-

formed on solid media at 37 and 30°C for 4 and 18 h.
The only isolate in which a conjugative plasmid was

detected was A. soblria 236 from Vellore. The plasmid,
pSOBI1, had a molecular size of approximately 110 mega-
daltons and transferred resistance to ampicillin, kanamycin,
streptomycin, spectinomycin, sulfisoxazole, ticarcillin, to-
bramycin, and trimethoprim. It was transferable to E. coli.
A. hydrcophila, and Salmonella typhimurium LT2. The plas-
mid exhibited entry exclusion with the two IncC plasmids
R40a and RAI (3, 6), suggesting that it is a member of the
IncC group. IncC plasmids were previously reported in
Aeromonas spp. (6, 7, 14), and pSOBI is a typical member of
the group, with its high molecular weight and wide host
range. It is interesting that pSOBI1 confers resistance to
ampicillin, since this is generally considered to be an intrin-
sic or chromosomal resistance of A. hvdrophlila and A.
sobria (1).

Preliminary mobilization experiments for the detection of
nonconjugative R plasmids have been performed with con-
jugative reference plasmids from Inc groups FIT, I, P, W,
and C (13). No mobilization of Aeromonas plasmids has
been observed, although results suggestive of the transposi-
tion of a tetracycline resistance marker have been obtained.
Curing experiments have also failed to demonstrate the
existence of R plasmids in the isolates. Thus, it appears that
the observed high frequency of antibiotic resistance is not
due primarily to the presence of R plasmids in this group of
Aeromonas isolates.
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