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ISOLATION OF MOTILE AEROMONAS SPP. FROM FISH AND THEIR CYTOTOXIC EFFECT
ON VERO CELL CULTURES
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The presence of motile Aeromonas spp. in fish and other sea
food on the Belgrade retail market was investigated with the aim of
determining the ability of these bacteria to produce and secrete toxins.
Nine strains of motile Aeromonas spp. were isolated from seventy-eight
food samples. Aer. sobria was identified in three cases, while six of the
obtained strains were identified as Aer. hydrophila. Strains of motile
Aeromonas spp. from different sources were analysed for cytotoxicity
on Vero cell cultures. A cytotoxic effect was detected for all tested
strains, but of different intensity.
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INTRODUCTION

The genus Aeromonas, in the family Vibrionaceae, comprises non-motile
psychrophilic and motile mesophilic aeromonads. The psychrophils are well
known as pathogens for fish but not humans. Mesophilic Aeromonas spp.
occasionally cause wound infections, septicaemia, and gastrointestinal infections
in humans. Aeromonas spp. are environmental bacteria, widespread in water,
sewage and soil, and well recognized as pathogens of fish, reptiles and
amphibians. Animals can be fecal carriers of Aeromonas spp (Panin, 1993).

The main source of aeromonas infection is water, even chlorinated water
as well as sea food (Burke et al., 1984 a,b; Haninen and Siitonen, 1995). Food
products like poultry, raw meat, and vegetables also may contain
enteropathogenic Aeromonas spp., (Burke et al., 1984a,b). The incidence of
Aeromonas spp. in food is high but the majority of Aeromonas spp. isolates from
food are not enteropathogenic strains (e. g. Aeromonas caviae ), (Merino et al.,
1995). The enteropathogenic strains are mainly represented by Aeromonas veroni
sobria and Aeromonas hydrophila. Food-borne gastroenteritis associated with
Aeromonas spp. has been reported in humans from all age groups and is
particularly severe in risk populations like very young children and old
immunocompromised patients. It is important that Aeromonas spp. found in food
are able to produce different exotoxins, some of which are clearly enterotoxins.

A correlation at a highly significant level between cytotoxicity and virulence
in suckling mice was observed and it is of interest that the production of cytotoxin
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has also been correlated with gastroenteritis (Millership et al., 1986; Wong et al.,
1996). Vero cells are reported to be the most sensitive cell line for the detection
of aeromonas cytotoxin (Barer et al., 1986). Toxin production appears 1o
contribute to virulence but is not the only factor that defines virulence. The main
additional virulence factors of Aeromonas spp. that can be associated with
gastroenteritis are: endotoxin (LPS-lipopolysaccharide), S-layers, and fimbriae
(adhesins), (Merino et al., 1995).

This study was carried out to investigate the presence of motile Aeromonas
spp. mainly in fish on sale in Belgrade examine the ability of these bacteria to
produce and secrete factors/toxins and to determine their cytotoxic effects on
cultured cells.

MATERIALS AND METHODS

Sample collection

Samples were collected from January through June 1998 from the retail
market in Belgrade. Samples were: freshwater fish (14 samples), saltwater fish (56
samples) and sea-food (8 samples). The freshwater samples were mainly salmon
and trout. the saltwater mackerel, and the sea-food squid. Most of the saltwater
fish samples were frozen, while freshwater fish were mainly fresh or just cooled.
After the skin surface had been removed 25g of meat was taken aseptically and
pooled in sterile Stomacher bags for bacteriological analyses.

Media

Selective enrichment broth: alkaline peptone water, selective agar, starch
ampicillin agar. Confirmatory test media: Aeromonas hydrophila medium,
Vibriostatic test agar (0/129).

Microorganisms

The microorganism collection came from different sources: fish meat-6
strains of Aer. hydrophila, 3 strains of Aer. sobria (Faculty of Veterinary Medicine,
Belgrade); poultry meat- 2 strains of Aer. hydrophila (Institute for Meat Hygiene
and Technology, Belgrade); water- 1 strain of Aer. hydrophila (Serbian Public
Health Institute) and from a human/clinical source - 1 strain of Aer. hydrophila CCM
4528 (Czech Collection of Microorganisms).

Cell Culture

The assay for cytotoxicity was performed using Buffalo Green Monkey

(Vero) cells.

Bacteriological Analyses

The initial sample (25g) was homogenised In alkaline peptone water
(225ml), and incubated aerobically at28+1 °C for 24h. 10ul loopfuls of enrichment
broth were streaked on to dried starch ampicillin agar plates to obtain isolated
colonies and incubated aerobically at 28 =1 °C for 24h. Yellow to honey-coloured
colonies, surrounded by a cloudy zone of starch hydrolysis were recorded as
presumptive positive Aeromonas Spp. Presumptive positive colonies were
confirmed as motile aeromonads with confirmatory tests: Aeromonas hydrophila
medium. Vibriostatic test agar (resistance to O/129), Gram stain (Gram-negative,
rods). oxidase (+), catalase (+). To further classify the colonies at the species
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level, the following were used: ATB system (miniAPI instrument) with ID 32 GN
strips (BioMerieux).

Assay for cytotoxicity (CTE)

Twelve Aeromonas spp. strains from different sources were assessed for
cytotoxic activity using Buffalo Green Monkey (Vero) cells. The bacteria were
subcultured into 10 ml of brain-heart infusion broth and incubated for 18h at 28+ 1
°C on a horizontal shaker at 150 rpm. The cell suspension was then harvested by
centrifugation at 10.000 x g for 10 minutes and the supernatant was sterilised by
filtration through a 0.45um filter. Filtrates added to Vero cell monolayers and
cytotoxicity (CTE) estimated after 45 minutes to 24h at 37+1°C. The appearance
of vacuoles, cell pigmentation, intensive light refraction, cell rounding and
detachment of Vero cells under the light microscope were interpreted as evidence
for cytotoxic activity.

RESULTS AND DISCUSSION

Detection of motile Aeromonas spp. in food samples
Nine strains of motile Aeromonas spp. were isolated and identified from
seventy-eight samples of food. The most common species of motile aeromonads
found was Aer. hydrophila which was represented with 6 strains. The remaining
three isolated strains were identified as Aer. sobria. As shown in Table 1, most
isolates were obtained from freshwater fish and only one from saltwater fish. No
isolates were recovered from squid sea-food.

Table 1. Aeromonas spp. isolated from the examined food samples

No. of No.of
Type of sample | samples Species isolated strains =50
ye . | obtained isolates
tested isolated .
_ Aer. hydrophila 6 1/3/11/15/19/30
Freshwater fish 14 ;
Aer. sobria 2 7/17
Saltwater fish 56 Aer. sobria 1 25
Sea-food 8 - | - -
Total 78 Total 9

Aeromonas cytotoxicity

Twelve strains of motile Aeromonas spp. (3 strains of Aer. sobria and 9 strains
of Aer. hydrophila) from different sources were analysed. The morphological
changes in Vero cells caused by supernatant fluids from the examined motile
Aeromonas spp. were very similar and toxogenic. The cytotoxic activity of Aer.
hydrophila strain on Vero cells is shown Figure 1. CTE was evident 45 minutes
after inoculation of the supernatant. Supernatants of two strains induced complete
CTE (++++) of Vero cell monolayers 4-5h and one more strain 24 after
inoculation. Very strong CTE after 24h of incubation was induced by seven
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Control
cells

Figure 1. Cytotoxic activity of Aer. hydrophila strain on Vero cells. A/B/C/D/E - cells treated with
supernatant of strain 3
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supernatants and only two supernatants induced slight changes (+) in the
cultured cells (Table 2). Thus, most supernatants induced very strong CTE (+ + +)

on Vero cells during the incubation period.

Table 2. Therelative intensity of cytotoxic changes (CTE) in Vero cells induced by

supernatants of Aerormornas spp.

CTE on Vero cell monolayer
Intensity 45'-2h 4-5h | 12-24h
of CTE X
No.of % No_of % No of o
strains strains strains ’
- 0 0 0 0 0 0
- 1 8.33 1 8.33 2 16.66
++ 4 33.33 8.33 0 0
oot 7 58.33 8 66.66 7 58.33
++++ 0 0 - 16.66 3 25 |
In total 12 99.99 12 99.98 12 | 99.99
) without CTE + 4+ very strong CTE
- slight CTE ++++ complete CTE
++ strong CTE

Table 3. CTE of Aer. sobria supernatants

CTE on Vero cell monolayer
Label of strain Source
| 45—2h 4-5h 12-24h
|
” +++ | +++ +++
Freshwater fish - —
17 ‘ + + g o i
25 | Salwater fish | ++ | + ;
Broth control -
Vero cell control -
- without changes
ot very strong CTE
+ slight CTE
++++4+ complete CTE

strong CTE
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The cytotoxic effects on Vero cells are presented separately in Table 3 for
Aer. sobria and in Table 4 for Aer. hydrophila strains, including positive and
negative controls.

Table 4. CTE of Aer. Ayarop/ria supernatants

|
Label of CTE on Vero cell monolayer
Source
strain 45—2h 4-5h 12-24h
3 ++ + ++++
" + ++ +
15 Freshwater fish +++ +++ +4+++
19 +++ +++ ++ +
30 +++ ++ + +++
101 ++ +4+ +4+
Poultry
102 +++ +++ +4+
1019 Water ++ +++ + 4+
CCM 4528 | Human/clinical +++ +4+++
Broth control -
Vero cell control -

- without changes +++ very strong CTE
+ slight CTE ++++ complete CTE
++ strong CTE

Many Gram-negative bacterial pathogens synthesize cytolytic toxins as
virulence factors. Aer. hydrophila and Aer. sobria have received increasing
attention because of their frequent association with human diseases including
diarrhea, wound infections, septicaemia etc. (Albrecht, 1996). Both species
secrete a cytotoxic, poreforming haemolysin called aerolysin which appears to be
largely responsible for the virulence of these bacteria. Most Aeromonas toxins are
thought to be involved in diarrheal diseases (Krovaceck et al. 1994) and the effect
of diarrhogenic toxins is alteration of intestinal function. Wong et al. (1996)
observed a correlation at a highly significant level between cytotoxicity and
virulence in suckling mice but other proposed virulence factors, such as LPS and
B-haemolysis were found not to be predictors of virulence of aeromonads in the
model they used. Vero-cytotoxic activity was detected in all virulent aeromonas
isolates tested, and at a low level in one of six avirulent strains (Wong et al., 1996).

Out of the total of seventy-eight samples of freshwater and saltwater fish and

cephalopodas examined, motile Aeromonas spp., were found out in nine samples.
Aer. sobria was identified in three out of nine isolates, while six were identified as
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Aer. hydrophila. All the tested filtrates of Aer. sobria and Aer. hydrophila caused
cytotoxic effects in Vero cells, but the intensity of changes differed between
filtrates.

Acknowledgements

We thank Dr Goca Vasi¢ and spec. Milan Radovic (from the Serbian Public
Health Institute) for identification of isolated strains by the ATB system: Dr Dejan
Kmjajic (Faculty of Veterinary Medicine, Belgrade) for helpful discussions and
technical assistance in photographing CTE on Vero Cells cultures and Rada
Atanackovic¢ (Faculty of Veterinary Medicine, Belgrade) for technical assistance
with the Vero cell cultures.

Address for corespondence:
Karabasil N.

Faculty of Veterinary Medicinine,
University of Belgrade,

Bul. JNA 18,

11000 Belgrade, Serbia/Yugoslavia
E-mail: nedja@vet.bg.ac.yu

REFERENCES

. Albrecht L, 1996, Cytolytic toxins from Gram-negative bacteria. Microbiologia Sem,12: 281-96.

. Asanin R, Stojkovi¢ Atanackovi¢ M, 1985, Enterotoksin sojeva Aeromonas hydrophila izolovanih iz
riba, Veterinarski glasnik; Vol. 39: 3. 241-9.

. Barer MR, Millership SE, Tabaqchali S, 1986, Relationship of toxin production to species in genus
Aeromonas, J Med Microbiol, 22: 303-9.

4, Burke V, Robinson J, Cooper M, Beaman J, Partridge K, Peterson D et al., 1884a, Biotyping and
virulence factors in clinical and environmental isolates of Aeromonas species. Appl Envir
Microbiol. 47: 1146-9.

5. Burke V, Robinson J, Gracey M, Peterson D, Meyer N, Haley V, 1984b, Isolation of Aeromanas spp.
from an unchlorinated domestic water supply. 48: 367-70.

6. Cook LR. 1991, Microbiological Methods for the Meat Industry. Second Edition. The Meat Industry
Research Institute of New Zealand, Hamilton, New Zealand.

7. Fiorentini C, Barbieri E, Faizano L, Matarrese P, Baffone W, Pianetti A et al., 1998, Occurence,
diversity and pathogenicity of mesophilic Aerormonas in estaurine waters of the Italian coast of
the Adriatic sea, J App! Microbiol, 85: 501-11.

8. Haninen ML, Siitonen A, 1995, Distribution of Aeromonas phenospecies and genospecies among
strains isolated from water, foods or from human clinical samples. Epidemiol Infect, 115, 39-50

9. Karabasil N, 2000, Izolacija, identifikacija i utica] odabranih fizicko-hemijskih faktora na pokretne
vrste aeromonas. Magistarska teza. Fakultet veterinarske medicine Univerziteta u Beogradu.

10. Karabasil N, Balti¢ ZM, Teodorovi¢ V, Aleksic Jelena, 1999, Prevalenca identifikacija pokretnih
Aeromonas vrsta u plodovima voda, Tehnologija mesa: 40. 6. 294-6.

11. Krovaceck K, Pasquale V, Balada SB, Sopranc V, Conte M, Dumontet S, 1994 Comparison of
putative virulence factors in Aeromonas hydrophila strains isolated from marine environment
and human diarrhoeal cases in Southern Italy. App/ Envir Microbiol. 60, 1379-82

12. Mattick KL, Donovan TJ, 1998, The risk to public health of aeromonas in redy-to-use salad products,
Commin Dis Public Health, 1: 267-70

13. Merino S, Rubires X, Knochel S, Tomas MJ, 1995, Emerging pathogens: Aeromonas spp. Int J
Food Microbiol, 28, 157-68.

14. Millership SE, Barer MR, Tabagchali A, 1986, Toxin production by Aeromonas spp. from different
sources. J Med Microbiol, 22: 311-4.

15. PaninJ, 1993. Izuc¢avanije prisustva i higijenskog znacaja Aeromonas hydrophila u nekim organima.
mesu i proizvodima od mesa. Doktorska disertacija. Fakultet veterinarske medicine Univerziteta
u Beogradu.

16. Wong CZF, Mayrhofer G, Heuzenroeder MW, Atkinson HM, Quinn DM. Flower RLP, 1996,

Measurement of virulence of aeromonads using a suckling mouse model of infection. FEMS

Immunol Med Microbiol. 15: 233-41.

w N~



10 Acta Veterinaria (Beograd), Vol. 52. No. 1, 3-10, 2002.
Karabasil N. et al. Isolation of motile Aeromonas spp. from fish and their cytotoxic effect
on Vero cell cultures

IZOLACIJA POKRETNIH AEROMONAS VRSTA | NJIHOV CITOTOKSICNI EFEKAT NA VERO
CELIJE

KARABASIL N, ASANIN RUZICA. BALTIC M, TEODOROVIC V i DIMITRIJEVIC MIRJANA

SADRZAJ

Cilj ovoga rada je bilo utvrdivanje prisustva pokretnih Aeromonas vrsta u
uzorcima ribe i drugim plodovima voda na Beogradskom trzistu. Takode je vrSeno
odredivanje njihove sposobnosti da produkuju toksine. Bakterioloskim
pregledom 78 uzoraka plodova voda izolovano je 9 sojeva pokretnih Aeromonas
vrsta, od cega su 6 sojeva Aer. hydrophila i 3 soja Aer. sobria. Sojevi poreklom iz
razlicitih izvora ispitani su na prisustvo toksina, delovanjem njihovih supernatanata
na Vero celije. Kod svih ispitanih sojeva ustanovljen je citotoksicni efekat na kulturi
Vero celija ali sa razli¢itim intenzitetom.



