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Incidence and identification of mesophilic Aeromonas spp.

from retail foods
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K. NEYTS, G. HUYS, M. UYTTENDAELE, J. SWINGS AND J. DEBEVERE. 2000. Sixty-eight food

samples were examined for the presence of mesophilic Aeromonas species both qualitatively

and quantitatively. Aeromonads were isolated from 26% ofthe vegetable samples, 70% of

the meat and poultry samples and 72% ofthe fish and shrimps. Numbers of motile

aeromonads present in the food samples varied from < I02cfu g 1 to > 10s cfu g~'. GLC

analysis of FAMEs was used to identify a selection of presumptive Aeromonas colonies to

fenospccies or genomic species level. Aeromonas strains belonging to the Aer. caviae

complex, which also includes the potentially pathogenic genospecies HG4, were mostly

isolated from vegetables but were also found in meat, poultry and fish. In addition, three

strains of the virulent taxon Aer. veronii biovar sobria HG8 were isolated from poultry and

minced meat. All members of the Aer. hydrophila complex, predominant in the fish, meat

and poultry samples, were classified in the non-virulent taxon HG3. Although the

significance of Aeromonas in foods remains undefined, the isolation of Aeromonas HG4 and

HG38 strains from a variety of retail foods may indicate that these products can act as

possible vehicles for the dessimination of food-borne Aeromonas gastroenteritis.

INTRODUCTION

Aeromonas species are widely distributed in the aquatic
environment, including raw and processed drinking water
(Holmes et al. 1996), and have been frequently isolated
from various food products such as fish and shellfish, raw
1996). Motile

aeromonads are considered as emerging food-borne patho-

meat, vegetables and raw milk (Palumbo

gens because it was showrn that some Aeromonas food iso-
lates can produce different, virulence factors, not only at
optimal growth temperature, but also at refrigeration tem-
peratures (Merino et al. 1995). This may be of importance
for refrigerated food products that wusually have an
extended shelf-life at this temperature. Although the exact
role of these virulence factors in the pathogenesis of motile
Aeromonas species is still not fully elucidated, representa-
tives of these taxa have been incriminated in cases of
human gastroenteritis, particularly in children younger
than 2 years, the elderly and immunocompromised patients
(Joseph 1996). Further, Aeromonas species are frequently
associated with travellers’ diarrhoea (Hénninen el al. 1995;

Yamada e/ al. 1997). Consequently, aeromonads should be
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carefully monitored in foodstuffs as a possible source of
food-borne infections.

Phenotypic characteristics of Aderomonas spp. have been
used to differentiate between environmental strains and
those strains causing gastroenteritis. Historically, motile
aeromonads were phenotypically classified into the species
Aer. hydrophila, Aer. sobria and Aer. caviae, according to
the criteria of Popoff (1984). With the introduction of
DNA-DNA hybridization techniques (Popoff el al. 1981),
the taxonomy of the genus Aeromonas has become much
more refined and consequently, the use of biochemical
reliable identification of

characteristics alone for the

unknown Aeromonas isolates is no longer adequate.
Currently, the genus Aeromonas comprises at least 14 geno-
mic species or DNA hybridization groups (HG), of which
1996).

Interestingly, most pathogenic Aeromonas strains group

some have not yet been named (Huys el al

predominantly in three of these genomic species, Aer.
hydrophila HG 1, Aer. caviae FIG 4 and Aer. veronii biovar
sobria HG 8 (Altwegg el al. 1990). As most surveys used
mainly phenotypic techniques for the identification of
Aeromonas food isolates, few reliable data are available on
the prevalence of these Aeromonas taxa in foods.

The objectives of this study were: (i) to determine the
prevalence of Aeromonas spp. in a wide variety of retail
foods, both qualitatively (absence/presence per 25g) and
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quantitatively (cfu g~') and (ii) to assess the taxonomic
diversity of the isolated strains to genomic species (HG)
level using gas-liquid chromatographic analysis of cellular

fatty acids.

MATERIALS AND METHODS

Sampling of foods

A total of 68 food samples, 27 vegetable samples, 23 poul-
try, red meat and meat product samples, and 18 samples of
fish and shrimps, were collected from seven randomly
selected local retail shops and supermarkets in Flanders,
Belgium. Foods w'ere purchased in regular consumer
packages and immediately transferred to the laboratory for

analysis.

Quantitative analysis (enumeration of Aeromonas
spp-)

Food samples (30 g) were transferred aseptically to sterile
stomacher bags, diluted 10-fold in peptone saline solution
[8-5g N aCirl (Vel), 1g peptone P 1 (Oxoid), pH 7 0],
homogenized, and a 10-fold serial dilution prepared. Two
selective culture media were used for enumeration, namely
ADA pH 8-0 (Ampicillin-Dextrin Agar) and modified
BIBG pH 8-7 (modified Bile Salts-Irgasan-Brilliant Green
Agar) (Neyts el al. 2000).

Both media were incubated for 24 h at 30°C and pre-
sumptive Aeromonas colonies enumerated. Aeromonas
strains typically produce yellow colonies on ADA medium
and purple colonies on mBIBG medium. Three presump-
tive Aeromonas colonies were subcultured on Tryptic Soy
Agar (Oxoid) for 24 h, 30°C, for purification and subse-
quently identified to genus level by oxidase and catalase
testing, Gram coloration and the BBL Crystal ID kit

(Becton Dickinson Cockeysville, USA).

Qualitative analysis (presence/absence of Aeromonas
spp.)

Food samples (25 g) were transferred aseptically to sterile
stomacher bags, diluted 10-fold in Alkaline Peptone W ater
pH 8-7 (Oxoid), homogenized, and incubated for 24 h at 30
°C prior to inoculation onto ADA and mBIBG medium.
Presumptive Aeromonas colonies were identified as
described above. Food samples were defined as being posi-
tive for Aeromonas if confirmed Aeromonas colonies were

isolated on either ADA or mBIBG media.

FAME identification of Aeromonas isolates

Gas-liquid chromatographic (GLC) analysis of cellular
fatty acid methyl esters (FAMEs) Was used to further
determine the taxonomic diversity among 130 Aeromonas
isolates from fish (73), vegetables (41), and meat and poul-
try(16). FAME profiles were determined as described by
Huys el al. (1995). Essentially, overnight cultures were
inoculated on Tryptic Soy Agar (15 g I; Difco) according
to the quadrant streak method (MIDI, 1999). Cells were
harvested from the third quadrant after 24 h. Following
saponification of the cell lipids, méthylation of the fatty
acids and extraction of FAMEs, the washed extracts were
analysed by a GLC equipped with a flame ionization detec-
tor. The resulting peak patterns were automatically identi-
fied and compared with the predetermined library profiles
of a representative database, AER48C, which contains the
mean FAME profiles of all currently recognized DNA
hybridization groups (HGs) or genomic species within the

genus Aeromonas.

RESULTS

Prevalence of Aeromonas sp. in vegetables, poultry
and meat, fish and shrimps

Mesophilic aecromonads were identified in 26% ofthe vege-
table samples examined (Table 1). Only two samples (fen-
nel and garden sorrel) were positive by direct plating
(detection limit 102 cfu g_1), indicating aecromonad counts
of between 2-9 x 102 cfu g-1 and 4-9 x 103 cfu g_1. A rela-
tively high percentage of positive samples (70%) was found
for meat and poultry (« = 23) (Table 1). Detection of meso-
philic aeromonads by direct plating was only positive for
five of these samples (bacon, chicken breast meat, hambur-
ger, minced meat 2x). However, in one sample, acromonad
counts exceeded 10s cfu g 1. Thirteen (72%) samples of
fish and

Aeromonas and in 10 of these samples, the aeromonad

shrimps («=18) were contaminated with
populations ranged from 1-9 x 102 to 2-4 x 105 cfu g-1
(Table 1).

In the qualitative analysis of foods, no significantly dif-
ferent results were obtained using the ADA or mBIBG
medium (Table 1). Significantly more samples showed a
high level of contamination using the ADA medium than
the mBIBG medium for direct plating of food homogenates
(Table 1). If typical Aeromonas was present on both media,
enumeration was about 0-5-1'0 log unit higher on the
ADA medium than on the mBIBG medium. However, the
background flora was significantly reduced on the mBIBG
medium (0-5-2-0 log units for the vegetable samples,
results not shown). This indicates that mBIBG is a more
selective medium. All presumed Aeromonas colonies from
mBIBG medium were confirmed as Aeromonas sp., whereas
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Table 1 Prevalence ofAderomonas spp. in different foods

No. samples with deromonas spp.

Total per25 g

Source ADA
Vegetables 7/27 (26)*a 6/27
Poultry and meat 16/23 (70)*b

Poultry 5/6 4/5

Red meat 9/14 8/13

Meat products 2/3 2/3
Fish and shrimps 13/18 (72)*b

Fish 11/14 9/12

Shrimps 2/4 0/2
Total 36/68 (53)* 29/62 (47)*k

«Figures in parentheses indicate percent values.
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> 100 g-1
mBIBG ADA mBIBG
6/27 2/27 1/27
4/s 1/5 0/5
8/14 1/13 2/14
1/3 1/3 0/3
11/14 9/12 5/14
2/4 0/2 0/4

32/67 (48)*k 14/62 (23)*x 8/68 (12)*y

ab—dk=x’yDifferCnt characters indicate significantly different results (P < 0 05 Binary Logistic Regression, SPSS 9 0 for Windows).

six typical colonies picked from ADA were identified as
Pseudomonas sp. This indicates that mBIBG better differ-
entiates Aeromonas.

Cross-inoculation of strains picked from either media on
the other medium revealed that both media are comple-
mentary; two of 64 Aeromonas isolates taken from mBIBG
did not grow on ADA, and another three of the 64 isolates
did not produce typical Aeromonas colonies on ADA. On
the other hand, 13 of 99 isolates taken from ADA did not
grow on mBIBG, and one of the 99 isolates did not pro-
duce typical colonies on mBIBG (results not shown).

Identification of Aeromonas isolates from vegetables,
meat and poultry, and fish

From the present survey, 216 mesophilic Aeromonas isolates
were obtained. FAME was used to further determine the
taxonomic diversity among 130 of these isolates (73 isolates
from fish, 41 from vegetables and 16 from meat and poul-
try). The predominant hybridization group (HG) of motile
aeromonads isolated from fish samples was Aer. hydrophila
HG3 (59%), followed by representatives of the Aer. caviae
complex (HG4 and HG5A) (12%). A similar result was
obtained for the meat and poultry samples, i.e., 37% of the
isolates were identified as Aer. hydrophila HG3 and 12% as
belonging to the Aer. caviae complex (HG4 and HGS5A).
Interestingly, three strains (19%) isolated from meat and
poultry could be assigned to HGS8 {der. veronii biovar
sobria). In contrast, isolates obtained from vegetables were
dominated by strains belonging to the Aer. caviae complex
(71%) (HG4, FIGSA and HG5B), followed by Ader. hydro-
phila HG3 (7%) and Aer. bestiarum HG2 (5%).

DISCUSSION

In recent years, the number of reports on the prevalence of
Aeromonas in food products from various geographical
regions has increased significantly. For instance, Ibrahim
and MacRae (1991) reported that Aeromonas was present in
60, 58, 74 and 26% of investigated beef, lamb, pork and
milk samples, respectively, whereas Krovacek e/ al. (1992)
found aeromonads in 42% of the food samples originating
from a random selection of retail outlets in Sweden.
Aeromonas were also found in fish and fresh salads (W alker
and Brooks 1993), freshly dressed lamb carcasses (Sierra
et al. 1995), oysters (Tsai and Chen 1996), cheese and raw
cow’s milk (Melas et al. 1999). In the present study, meso-
philic aeromonads were isolated from 26% of the vegetable
samples, 70% of the meat and poultry samples and from
72% of the fish and shrimps. Because of the obvious differ-
ences in sampling period, geographical location, the origin
of the samples and methodology for analysis, it is difficult
to compare the level of Aeromonas incidence published by
different authors. However, the present data clearly con-
firm the widespread distribution of motile aeromonads in
retail foods, and also reveal a large variation in the level of
contamination. Numbers of motile aeromonads present in
the food samples varied from < 102 cfu g-1 to > 10s cfu
g-1. The latter might be a reflection of product-specific
properties that can significantly influence the survival rate
and growth characteristics of deromonas, i.e., initial con-
tamination levels, type of processing, method of packaging
and preservation (Palumbo 1996).

The biochemical classification of deromonas isolates into
one of the three historically-defined fenospecies, i.e., der.
hydrophila, Aer. caviae and Aer. sobria, is applied in the
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majority of surveys of motile aeromonads in foods (Hudson
1992; Krovacek et al. 1992; Granum et al. 1998). On
the other hand, very few studies have reported identifica-

et al.

tion at the genomic species level. Because of the significant
lack of data for the different taxa, rapid miniaturized or
automated systems using a panel of biochemical tests are
inappropriate for identification of motile aeromonads to
genomic species level. As the majority of the virulent
hydrophila HG1, Aer.
caviae HG4, or Aer. veronii biovar sobria HG8 (Altwegg
1990),
necessary to establish the risk associated with their preva-
GLC analysis of

FAMEs was used to identify a selection of presumptive

Aeromonas strains belong to Aer.

el al a reliable identification of food isolates is

lence in foods. In the current study,
Aeromonas colonies to fenospecies or genomic species level.
Aeromonas strains belonging to the Aer. caviae complex,
which also includes the potentially pathogenic genospecies
HG4, were mostly isolated from vegetables but were also
found in meat, poultry and fish. In addition, three strains
of HG8 were isolated from poultry and minced meat. No
representatives of HG1 were found among the selected
colonies as all members of the Ader. hydrophila complex
were classified in the non-virulent taxon HG3. The isola-
tion of Aeromonas HG4 and HGS8 strains from a variety of
retail foods may indicate that these products can act as pos-
sible

Aeromonas gastroenteritis. However, it is clear that addi-

vehicles for the dessimination of food-borne
tional data on the production of virulence factors, such as
haemolysins and cytolytic enterotoxins, are required to
support this hypothesis. For example, Callister and Agger
(1987) concluded that all Aer. hydrophila isolates from retail
grocery store products were highly cytotoxic at 35°C in
comparison with the non-cytotoxic Aer. caviae strains.
(1998) that the

majority of the Aer. caviae strains isolated by Norwegian

Interestingly, Granum el al reported

food control laboratories could produce cytotoxins at 30 °C
but at 37°C. Although

strains identified as Aer. hydrophila should be monitored in

not these results indicate that
the epidemiology of Aeromonas-zssociated human gastroen-
that the
used in both studies did not allow discrimination among
HG1, HG2 or HG3 ofthe Aer. hydrophila complex.

Despite the fact that potentially pathogenic aecromonads

teritis, it is unfortunate identification methods

are present in food and food products, infection and the
onset of gastroenteritis will only occur if the level of con-
tamination exceeds the infective dose. However, there are
currently insufficient clinical data to determine the infec-
tive dose. Moreover, it has been shown that the level of
contamination at the moment of consumption depends
upon the initial contamination and the opportunities for
growth and/or survival during processing, preservation and
preparation of the food (Palumbo 1996). Further research
is also needed to establish contamination routes. So far, the

RW

significance of Aeromonas in foods remains undefined,
although there is a growing concern about the consumption
of /ferowoKds-contaminated food by young children, the

elderly and the immunocomprimised.

REFERENCES

Altwegg, M., A.G., Lithy-
Hottenstcin, J. and Brenner, D.J. (1990) Biochemical identifica-

Steigerwalt, Altwegg-Bissig, R.,

tion of Aeromonas genospecies isolated from humans. Journal of
Clinical Microbiology 28, 258-264.
Callister, S.M. and Agger, W.A. (1987) Enumeration and charac-

terization of Aeromonas hydrophila and Aeromonas caviae isolated

from grocery store produce. Applied and Environmental
Microbiology 53, 249-253.
Granum, P.E., O’Sullivan, K., Tomas, J.JM. and Ormen, O.

(1998) Possible virulence factors oi Aeromonas spp. from food
and water. FEMS Immunology and Medical Microbiology 21,
131-137.
Hénninen, M .L., Salmi, S., Mattila, L.,

Siitonen, A. (1995) Association of Aeromonas spp. with travel-

Taipalinen, R. and

lers’ diarrhoea in Finland. Journal of Medical Microbiology 42,
26-31.
Holmes, P., Niccolls, L.M. and Sartory, D.P. (1996) The ecology
of mesophilic Aderomonas in the aquatic environment. In The
Genus Aeromonas ed. Austin, B., Altwegg, M., Gosling, P.J. and
Joseph, S. pp. 127-150. Chichester, UK: Wiley and Sons.
J.A., Mott, S.J., K.M. and Eldridge, A.L.

(1992) Incidence and coincidence of Listeria spp., motile aero-

Hudson, Dclacy,
monads and Yersinia enterocoUtica on ready-to-eat fresh foods.
InternationalJournal ofFood Microbiology 16, 99-108.

Huys, G., Coopman, R., Janssen, P. and Kersters, K. (1996) High
resolution genotypic analysis of the genus Aeromonas.
InternationalJournal o fSystematic Bacteriology 46, 572-580.

Huys, G., Kersters, I., Vancanneyt, M., Coopman, R., Janssen, P.
and Kersters, K. (1995) Diversity of Aderomonas sp. in Flemish
drinking water production plants as determined by gas-liquid
chromatographic analysis
(FAMESs). Journal o fApplied Bacteriology 78, 445—455.

Ibrahim, A. and MacRae, I.C. (1991) Incidence of Aeromonas and

Listeria

of cellular fatty acid methyl esters

red meat and milk samples in Brisbane,

12, 263—

spp. in
Australia. International Journal of Food Microbiology
270.

Joseph, S. (1996) Aeromonas gastrointestinal disease: a case study
in causation? In The Genus Aeromonas ed. Austin, B., Altwegg,
M., Gosling, P.J. and Joseph, S. pp. 311-335. Chichester, UK:
Wiley and Sons.

Krovacek, K., Faris, A., Baloda, S.B., Pcterz, M., Lindberg, T.

(1992) Prevalence and
Aeromonas spp. isolated from foods in Uppsala, Sweden. Food
Microbiology 9, 29-36.

Melas, D.E.,

Enumeration

and Maensson, I. characterization of

Papageorgiou, D.K. and Mantis, A.L. (1999)

and confirmation of Aderomonas hydrophila,

Aeromonas caviae, and Aeromonas sobria isolated from raw milk
and other milk products in Northern Greece. Journal of Food
Protection 62, 463-466.

© 2000 The Society for Applied Microbiology, Letters in Applied Microbiology, 31, 359-363



Merino, S., Rubires, X., Knochel, S. and Thomas, J. (1995)
Emerging pathogens: Aderomonas spp. International Journal of
Food Microbiology 28, 157-168.

MIDI (1999) Microbial Identification System Operating Manual
Version 3.0, September 1999. Newark, DE, USA: MIDI Inc.
Neyts, K., Notebaert, E., Uyttendaele, M. and Debevere, J.
(2000) Modification of the bile salts-irgasan-brilliant green agar
for enumeration of Aeromonas species from food. International

Journal ofFood Microbiology 57, 211-218.

Palumbo, S.A. (1996) The Aeromonas hydrophila group in food. In
The Genus Aeromonas ed. Austin, B., Altwegg, M., Gosling, P.J.
and Joseph, S. pp. 287-310. Chichester, UK: Wiley and Sons.

Popoff, M.Y. (1984) Genus IIl. Aeromonas. In Bergey's Manual of
Systematic Bacteriology lst edn, ed. Krieg, N.R. and Holt, J.G.
pp. 545-548. Baltimore: Williams & W ilkins.

Popoff, M.Y., Coynault, C., Kiredjian, M. and Lemelin, M.

(1981) Polynucleotide sequence relatedness among motile

Aeromonas species. Current Microbiology 5, 109-114.

AEROMONAS SPP. IN RETAIL FOODS 363

Sierra, M.L., Fandos, E.G., Lopez, M.L.G., Fernandez, L.C.G.
and Prieto, M. (1995) Prevalence of Salmonella, Yersinia,
Aeromonas, Campylobacter, and cold-growing Escherichia coli on
freshly dressed lamb carcasses. Journal of Food Protection 58,
1183-1185.

Tsai, G.J. and Chen, T.PI. (1996) Incidence and toxigenicity of
Aeromonas hydrophila in seafood. International Journal of Food
Microbiology 31, 121-131.

Walker, S.J. and Brooks, J. (1993) Survey of the incidence of
Aeromonas and Yersinia species in retail foods. Food Control 4,
34-40.

Yamada, S., Matsushita, S., Dcjsirilert, S. and Kudoh, Y. (1997)
Incidence and clinical symptoms ofAderomonas-associated travel-
lers’ diarrhoea in Tokyo. Epidemiology and Infection 119, 121—
126.

© 2000 The Society for Applied Microbiology, Letters in Applied Microbiology, 31, 359-363



