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Abstract

Aeromonas popoffii is the most recent species within the genus Aeromonas described from freshwater. In our study this species was also
recovered from this habitat and for the first time from seawater. Most of the virulence factors known in Aeromonas spp. (aerolysin/
hemolysin, serine protease, lipases and DNases) were highly prevalent in this species. Third-generation cephalosporins and quinolones were
the most active antimicrobial agents against A. popoffii. ß 2002 Federation of European Microbiological Societies. Published by Elsevier
Science B.V. All rights reserved.
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1. Introduction

Aeromonas spp. are autochthonous inhabitants of
aquatic environments and are considered causative agents
of human gastrointestinal and, to a lesser extent, extrain-
testinal infections [1]. Currently, the genus Aeromonas
comprises 14 species, although its taxonomy remains con-
fusing [2]. Aeromonas popo¤i is one of the most recently
described species, and only a few strains have been recov-
ered up to now [3,4]. In an extensive study carried out in
our laboratory, some strains showed an atypical biochem-
ical behavior [5] and could only be identi¢ed as A. popo¤i
by using a 16S rDNA restriction fragment length poly-
morphism (RFLP) technique [6]. However, due to the lim-
ited number of strains isolated to date [3,4], there are no
data on the incidence and potential virulence of this new
species. Pathogenic species of Aeromonas have been found
to possess several virulence factors that may be involved in

infection mechanisms [7]. Among them, aerolysin, a pore-
forming cytolysin, is the most studied [7]. The glycero-
phospholipid:cholesterol acyltransferase (GCAT) is an
extracellular lipase only so far investigated in ¢sh furun-
culosis caused by Aeromonas salmonicida [8,9]. Both aero-
lysin and GCAT are secreted as proenzymes, and the latter
has been found to be activated by serine protease [10],
which is also considered a virulence factor. Other virulence
factors common in Aeromonas are extracellular lipases (lip,
lipH3, pla and plc), which may alter the plasma membrane
of the host, and DNases, although little is known about
their role in Aeromonas pathogenesis [7]. The aim of this
study was to investigate the incidence of A. popo¤i in
freshwater and seawater samples from Catalonia (north-
east Spain). Since antimicrobial susceptibility patterns for
this species have only been investigated in seven strains [3],
we considered it important to elucidate this aspect in all
available strains, i.e. in those previously reported, along
with eight strains from Switzerland [4] and in those iso-
lated by us in Catalonia, adding 10 new antimicrobial
agents never before investigated in A. popo¤i. In addition,
the presence of the above-mentioned virulence genes and
their associated phenotypic activity were evaluated in the
above-mentioned strains.
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2. Materials and methods

A total of 113 water samples, including freshwater and
seawater, were investigated for the presence of Aeromonas
spp. using the methodology described in a previous paper
[5]. Of three typical colonies selected from ampicillin dex-
trin agar, only one isolate representing a species was con-
sidered from each sample for incidence calculation. Strains
were identi¢ed genetically to species level (Table 1) by the
16S rDNA RFLP technique [6,11].

Sequences from GenBank (GB) and European Molecu-
lar Biology Laboratory (EMBL) were used to design prim-
ers (Primer Designer 3 software, Scienti¢c Educational
Software, Durham, NC, USA) for each group of genes
(Table 2) after alignment with a CLUSTAL W program
[12]. The gene accession numbers for aerolysin/hemolysin
were those of the 10 sequences used by Kingombe et al.
[13], while the others were: serine protease, GB AF159142
[14] and EMBL X67043 [15]; GCAT, EMBL X70686 [16]
and X07279 [17]; lipases, GB U63543 [18], S65123 [19],
AF092033 [20] and U14011 [21]; DNase, GB AF004392
(unpublished), L78266 [22] and M99491 [23]. PCR ampli-
¢cations were performed with 1.2^2 Wg of DNA as previ-
ously described [11] and using conditions shown in Table
2. Selected primers were compared to all sequences depos-
ited in GB and EMBL databases to ensure their speci¢c-
ity. PCR products were con¢rmed by sequencing with an
ABI-Prism1 310.

The associated phenotypic activities investigated were:
L-hemolysis, assayed on TSA agar (Difco) containing 5%
sheep or human blood agar, at 20 and 37³C; DNase ac-
tivity, assessed at 37³C on DNase agar; lipase activity,
tested at 37³C on TSA plates containing 0.5% tributyrin
emulsi¢ed in the presence of 0.2% Triton X-100; and the
serine protease activity, detected at 30³C by the azocasein
method as previously described [24].

Antibacterial susceptibility testing was performed using
Combo Urine 1S panels containing 26 antibiotics (Dade-
MicroScan).

3. Results and discussion

A total of 102 (90.3%) water samples were positive for
Aeromonas spp., 72 from freshwater (reservoirs and rivers)
and 30 from seawater. The species A. popo¤i was present

in 8.8% of the samples studied. From a total of 145 strains
of Aeromonas recovered, 11 belonged to A. popo¤i (eight
from freshwater and three from seawater at bathing
areas), representing 8% of strains isolated from freshwater
and 6.8% from seawater (Table 1). In freshwater the most
frequently recovered species were A. veronii, A. hydrophila
and A. caviae, while in seawater A. caviae was the most
abundant (Table 1). Although it has been argued that A.
popo¤i is unable to grow in the presence of NaCl [3], three
of the isolates studied were from seawater with a high
salinity rate. This is the ¢rst report of the species in this
habitat.

Most of the known genes encoding virulence factors in
Aeromonas were also present in the strains of A. popo¤i
tested (Table 3). All strains had the genes for DNases,
GCAT and lipases and showed DNase and lipase activity.
Although the role of DNases is unknown in Aeromonas
pathogenicity, these genes are involved in Streptococcus
infections [25], and are considered important for bacterial
nutrition [7]. GCAT had only been previously investigated
by PCR in isolates of A. salmonicida [9]. Practically all A.
popo¤i strains (96%) presented the serine protease genes,
and 69% showed protease activity with the azocasein test.
All strains isolated in Switzerland and Scotland^Belgium
had the genes encoding aerolysin/hemolysin, while they
were only present in 73% of the isolates from Spain. Aero-
lysin/hemolysin is commonly found in A. hydrophila
strains that cause bacteremia [26]. Additionally, it has
been observed that deletion mutants for the aerA gene
(encoding aerolysin) are less virulent than parental strains
[27]. Our study demonstrated that the occurrence of the
aerolysin/hemolysin genes in A. popo¤i (92%) is similar to
that in common clinical species (e.g. A. veronii bt sobria),
and also in the ¢sh pathogen A. salmonicida [13]. In the
original description, the isolates of A. popo¤i were tested
in sheep blood at 37³C and considered non-L-hemolytic
[3]. However, in our study strains of A. popo¤i were
clearly L-hemolytic, although dependent on the tempera-
ture and the type of blood used (Table 3), which agrees
with data on other Aeromonas spp. [28].

To date, the patterns of antibiotic susceptibility of A.
popo¤i have only been investigated in the seven strains
used to describe the species [3,29]. In this study, we have
tested all available strains against a total of 26 antibiotics,
10 of which have never been tested against this species
(piperacillin^tazobactam, cefalotin, ceftibuten, merope-

Table 1
Distribution of Aeromonas species isolated from freshwater and seawater

A. hydrophila A. bestiarum A. salmonicida A. caviae A. media A. sobria A. veronii A. jandaei A. popo¤i A. schubertii Total

Freshwater 14a 8 3 13 7 1 44 3 8 ^ 101
(13.9)b (7.9) (2.9) (12.9) (6.9) (1.0) (43.6) (2.9) (8.0) (100)

Seawater 2 6 5 21 4 ^ 1 1 3 1 44
(4.5) (13.6) (11.4) (47.7) (9.1) (2.3) (2.3) (6.8) (2.3) (100)

aNumber of strains.
bPercentage (incidence).
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nem, fosfomycin, pipemidic acid, colistin, ampicillin^sul-
bactam, amoxycillin^clavulanic acid and trimethoprim^
sulfamethoxazole). As expected, all A. popo¤i strains
were resistant to ampicillin, a characteristic trait for
most of the species of the genus [30]. By contrast, all the
strains were susceptible to piperacillin, piperacillin^tazo-
bactam, cefalotin, cefuroxime, ceftibuten, cefotaxime, cef-
tazidime, aztreonam, imipenem, meropenem, gentamicin,
amikacin, tobramycin, fosfomycin, pipemidic acid, cipro-
£oxacin, nor£oxacin, colistin and trimethoprim^sulfame-

thoxazole. 65% of the strains were resistant to ampicil-
lin^sulbactam, 54% to cefazolin, 42% to ticarcillin, 27%
to amoxycillin^clavulanic acid, 8% to cefoxitin, and 4%
to tetracycline. The combination of penicillin and a L-lac-
tamase inhibitor proved to be useful for reducing the A.
popo¤i resistance to ampicillin. The resistance to L-lactam
antibiotics in the genus Aeromonas has been considered
dependent on chromosome-mediated L-lactamases [31^
33]. However, it is not clear if clavulanic acid shows in-
trinsic activity against Aeromonas, or if it inhibits the ac-

Table 2
Primers designed and PCR conditions for the detection of virulence genes

Gene Primersa PCR conditions Cycles

³C min

Aerolysin/hemolysin aer-f : 5P-CCTATGGCCTGAGCGAGAAG-3P 95 3 35
aer-r : 5P-CCAGTTCCAGTCCCACCACT-3P 94 1

56 1
72 1
72 5

GCAT GCAT-f: 5P-CTCCTGGAATCCCAAGTATCAG-3P 95 3 35
GCAT-r: 5P-GGCAGGTTGAACAGCAGTATCT-3P 94 1

56 1
72 1
72 5

Serine protease Serine-f : 5P-CACCGAAGTATTGGGTCAGG-3P 95 3 35
Serine-r: 5P-GGCTCATGCGTAACTCTGGT-3P 94 1

60 1
72 1
72 5

DNase Exu-f: 5P-(A/G)GACATGCACAACCTCTTCC-3P 95 3 35
Exu-r: 5P-GATTGGTATTGCC(C/T)TGCAA(C/G)-3P 94 1

54 1
72 1
72 5

Lipases lip-f: 5P-CA(C/T)CTGGT(T/G)CCGCTCAAG-3P 95 3 35
lip-r: 5P-GT(A/G)CCGAACCAGTCGGAGAA-3P 94 1

56 1
72 1
72 5

aThe selected primers produced an amplicon of 431 bp for aerolysin/hemolysin; 350 bp for serine protease; 237 bp for GCAT; 247 bp for lipases ; and
323 bp for DNase.

Table 3
Presence of virulence genes and associated phenotypic activity in 26 strains of A. popo¤i

Origin Number
of strains

Extracellular lipases Serine protease Extracellular
nucleases

Aerolysin/hemolysin

GCAT
presence

lip, plc1,
lipH3, pla
presence

Tributyrin
assay

Gene
presence

Azocasein
test

Gene
presence

DNase
assay

Gene
presence

L-Hemolysis

Sheep blood Human blood

20³C 37³C 20³C 37³C

Scotland^Be-
lgium

7 7a (100)b 7 (100) 7 (100) 7 (100) 7 (100) 7 (100) 7 (100) 7 (100) 2 (28.6) 0 (0) 6 (85.7) 4 (57.1)

Switzerland 8 8 (100) 8 (100) 8 (100) 8 (100) 3 (37.5) 8 (100) 8 (100) 8 (100) 0 (0) 0 (0) 7 (87.5) 4 (50)
Spain 11 11 (100) 11 (100) 11 (100) 10 (90.9) 8 (72.7) 11 (100) 11 (100) 8 (73) 2 (18) 0 (0) 6 (55) 5 (45)
Total 26 26 (100) 26 (100) 26 (100) 25 (96) 18 (69) 26 (100) 26 (100) 23 (88) 4 (15) 0 (0) 19 (73) 13 (50)

aNumber of strains positive for the test.
bPercentage.
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tivity of some of the chromosome-mediated L-lactamases.
The resistance to cephalosporins shown in our study
agrees with that reported for the species A. jandaei, A.
schubertii, A. trota and A. veronii bt veronii [30] and
also with that previously reported for A. popo¤i [3,29].
Our results con¢rm that third-generation cephalosporins
are the most active against A. popo¤i, followed by second-
and ¢rst-generation cephalosporins [29]. Resistance to qui-
nolones has been described in clinical isolates of Aeromo-
nas [34], however they were active against A. popo¤i.

We can conclude that, although A. popo¤i has never
been reported from clinical samples, it has been found
both in drinking water and in freshwater that is a source
of production of drinking water. Since drinking water is
considered a source of infection [35], some European
countries, The Netherlands [36] and recently also the
United States Environmental Protection Agency have
added Aeromonas to the list of emerging pathogens of
concern. The fact that A. popo¤i possesses most of the
virulence genes present in other Aeromonas pathogenic
species indicates that its potential pathogenesis should
not be underestimated. However, commercial identi¢ca-
tion systems are unable to identify this species, which
may hamper establishing its true incidence.
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