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ABSTRACT

Aeromonas hydrophila secretes several extracellular proteins including enterotoxin, hemolysin and 
aerolysin that are associated with the bacterial virulence. Previous studies have shown that two 
hemolytic toxins, hemolysin A and aerolysin A contribute to the virulence of Aeromonas hydrophila. In 
the current study, a total of 50 strains of Aeromonas hydrophila, including 28 (56%) strains isolated 
from diarrheal cases and 22 (44%) strains isolated from healthy asymptomatic controls, were used. 
These strains were tested for cytochrome oxidase activity based on Kovac’s method and confirmed as 
A. hydrophila with API 20E multi-test systems. To determine hemolysin, cytotoxin and enterotoxin 
activities, horse blood agar, Vero cells and the suckling mouse model were used, respectively. The 
presence of two hemolytic toxin genes: hlyA and aerA was determined by PCR assay. About 89% of 
diarrheal strains tested were positive for hemolysins, 68% for cytotoxin and 89% for enterotoxin 
activity. These figures for healthy asymptomatic isolates were 72%, 23% and 14%, respectively. A 
significant association was found between cytotoxin and enterotoxin activity in diarrheal disease, 
whereas such association was not found in case of hemolysin. Almost 93% of diarrheal isolates and 
73% of healthy person strains were PCR positive for hlyA gene. The corresponding figures for aerA
gene were 86% and 45.5% respectively. The aerA+ hlyA+ genotype and in some cases aerA+ genotype 
could be considered as reasonable predictors of human diarrheal disease. However, the role of other 
unknown hemolytic and cytolytic factors cannot be discounted.  Iran. Biomed. J. 8 (4): 199-203, 2004
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INTRODUCTION

eromonads are ubiquitous organisms found 
in aquatic environments, food items, 
including meat, fish and vegetables and the 

intestine of apparently healthy humans with 
diarrhea [1]. Among various Aeromonas species, 
A.hydrophila is the most commonly involved in 
human infection such as septicemia and 
gastroenteritis [2]. The pathogenesis of A. 
hydrophila infection is complex and multi-factorial 
with the involvement of a number of virulence 
factors [3].

A. hydrophila may cause diarrhea by producing 
cytotoxic enterotoxin [4]. To date, two hemolytic 
toxins have been described: the A. hydrophila
hemolysin (hlyA) [5] and aerolysin (aerA) [6]. Most 

Aeromonas hemolysins described are related to one 
of these toxins. A virulent strain of A. hydrophila
(A6) [7] produces both hemolysins. The combined 
effect of these toxins causes hemolysis and 
cytotoxicity and contributes to the virulence in the 
suckling mouse.

It is estimated that aeromonads may cause up to 
13% of the reported gastroenteritis cases in the 
United States [8]. Studies carried out in Thailand 
indicated a higher isolation rate in patients with 
diarrhea, while there was no difference in isolation 
rates among native Thais living in the same area [9]. 
Studies in Australia showed a 10% isolation rate in 
diarrhea patients compared with no isolation in 
healthy individuals [10].
The current study aimed to determine different 
virulence factors such as hemolysin, cytotoxin and 
enterotoxins phenotypically and genetically.
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MATERIALS AND METHODS

Bacterial strains.  A total of 50 strains of A. 
hydrophila  isolated from fecal samples of diarrheal 
and asymptomatic healthy persons in Ilam (Iran) 
were used. All strains were tested for cytochrome 
oxidase activity based on Kovac’s method [11] and 
confirmed as A. hydrophila with API 20E (Analytab 
Products, Inc., plain view NY) multi-test systems 
[12].

Culture conditions.  Bacterial strains were grown 
on blood agar (oxoid blood agar base with 5%
added defibrinated horse blood) at 37ºC for 18 h.

Hemolysin detection.  The production of 
hemolysin was assayed by recording the lysis of 
horse erythrocytes in agar plate (5% horse blood in 
brain heart infusion agar) by the sterile cell-free 
culture filtrates [7].

Cytotoxin assay.  Cytotoxin assay was performed 
according to the modified method [7]. Briefly, the 
harvested culture from blood agar plates was 
inoculated into two containers with 15 ml of tryptic 
soy broth (Difco laboratories), and incubated at 
37ºC for 24 h on a shaker (60 rpm). The cultures 
were then harvested by centrifugation (13000 xg) at 
4ºC for 30 minutes. The supernatants were filter 
sterilized by 0.22 μm membrane and tested for 
cytotoxic activity on Vero cells (African green 
monkey kidney cells, National Cell Bank, the 
Pasture Institute of Iran, Tehran) by exposing a 
monolayer of the cell to serial dilutions of the 
filtrates. After incubations at 37ºC for 24 h in 5%
Co2, destruction of at least 50% of the Vero cells 
was recorded as a positive result. Two strains of A. 
hydrophila: ATCC 7966 and ATCC 15467 were 
used as positive and negative controls, respectively.

Suckling mouse model.  Preparation of feeding 
inocula, infection of suckling mice and the 
determination of fluid accumulation (FA) in the gut 
were studied according to the method of Wong et 
al. [7]. The FA ratio was expressed as the weight of 
the gut (mg) over the weight of the remaining 
carcass (mg). The arbitrary cut-off value for 
positive FA ratio is 80 mgg­¹. A FA ratio of 49 ± 4
mgg­¹ was considered as a negative factor for FA in 
the intestine. A. hydrophila ATCC 7966 for positive 
and ATCC 15467 for negative controls were used.

DNA extraction.  A bacterial colony was 
inoculated in tryptocasein soy broth and incubated 
at 35ºC overnight with shaking at 100 rpm. Culture 

medium (1.5 ml) was centrifuged at 2500 g for 10
min. The supernatant was discarded and the 
sediment was used for DNA extraction by a phenol-
free salting-out method [13].

PCR amplification.  PCR was performed using a 
pair of primers: H1 (5’-GGC CGG TGG CCC GAA  
GAT GCA GG-3’) and H2 (5’-GGC GGC  GCC 
GGA CGA GAC GGG-3’) to amplify a 597-bp 
hlyA gene and a pair of primes: A1( 5’-GCC TGA 
GCG AGA AGG T –3’) and A2 ( 5’-CAG TCC 
CAC CCA CTT C-3’) to amplify a 416-bp aerA
gene based on Heuzenroeder’s method [14]. A. 
hydrophila ATCC 7966 and ATCC 15467 were 
used as positive and negative controls, respectively. 
PCR assay was performed using a PCR mixture 
containing 5 μl of template DNA and 8 μl of a 
mixture containing each deoxynucleoside 
triphosphate at 0.2 mM (Roche Diagnostics GmbH, 
Germany), 5 μl of a 25 mM MgCl solution (3.0
mM final concentration), 0.25 μl of a 200 mM 
solution of each primer (1 μM final concentration), 
0.8 μl of Taq polymerase (5 u/μl, Roche 
Diagnostics, GmbH, Germany), 5 μl of 10  PCR 
buffer (Roche Diagnostic, GmbH, Germany) and 
25.70 μl of sterile double distilled water, to make 
the final volume of 50 μl. The amplification 
programme consisted of 35 cycles of 30 seconds at 
94ºC, annealing for 30 seconds at 62ºC for (hlyA) or 
52ºC for (aerA) and a 2-minute extension at 72ºC 
with a final extension at 72ºC in an Eppendrof 
Thermal Cycler (Master Cycler personal, 
Germany). The PCR products were separated in a 
1.7% agarose gel. Electrophoresis was performed in 
0.5 X Tris-borate-EDTA buffer for 1 h at 100 V. 
Amplicons were visualized with UV light after the 
agarose gel had been soaked in ethidium bromide 
solution (0.5 μg/ml) for 15 min.

RESULTS

Out of 50 A. hydrophila isolates, 28 strains (56%) 
were isolated from diarrheal and 22 strains (44%) 
from healthy persons.

Hemolytic assay.  Out of 50 isolated strains, 41
strains (82%) were β-hemolytic of which 25 strains 
(61%) had been isolated from diarrheal cases (Table 
1).

Cytotoxic assay.  The characteristic cytopathic 
effect of A. hydrophila cytotoxin is shown in 
Figure 1.  The cytotoxin  effect   was   characterized 
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Table 1. Phenotypic characterization of A. hydrophila strains used in this study.

Source
-hemolysisa Cytotoxicityb Enterotoxicityc

Positive 
(%)

Negative 
(%)

Positive
(%)

Negative 
(%)

Positive 
(%)

Negative 
(%)

Diarrheal 25 (89.2) 3 (10.8) 19 (67.9)   9 (32.1) 25 (89.3)   3 (10.7)

Health/asymptomatic 16 (72.7) 6 (27.3) 5  (22.7) 17 (77.3)   3 (13.6) 19 (86.4)

Total 41 (82.0) 9 (18.0) 24 (48.0) 26 (52.0) 28 (56.0) 22 (44.0)

P value NS P<0.05 P<0.05
    aβ-hemolysis on horse blood agar; b Cytopathic effect on Vero cells; c  On suckling  mouse model; NS; not significant.

by rounding-up of the Vero cells and finally 
extensive destruction of the monolayer with cell 
detachment. Cytotoxic assay showed that only 24
strains (48%) had cytopathic effect of which 19
strains (79.2%) were isolated from diarrheal cases 
and the remainder 5 strains (20.8%) were isolated 
from healthy/asymptomatic persons (Table 1).

Enterotoxic assay.  Enterotoxic assay showed that 
overall 28 strains were positive with suckling 
mouse models, of which 25 (89.3%) strains were 
isolated from diarrheal cases and the reminder 3
strains (10.7%) were isolated from healthy/ 
asymptomatic persons.

(A)

(B)

Fig. 1.  Characteristic cytopathic effect of A. hydrophila
cytotoxin in Vero cells. Normal Vero cell monolayer on the 
top;  A .hydrophila  cytopathic effect on the bottom.

Distribution of hlyA and aerA genes.  PCR assay, 
using primer H1 and H2, showed that 43 (86%) of 
the isolated strains were positive for hemolysis 
genes, of which 26 (60.5%) were isolated from 
diarrheal cases and 17 (39.5%) from healthy/ 
asymptomatic persons. All of the hemolytic strains 
on horse blood agar were PCR positive for hlyA
gene. PCR products of aerA genes with A1 and A2
primers were found in 28 strains, of which 24
strains (85.7%) were from diarrheal cases and 4
(14.3%) from healthy/asymptomatic persons. Three 
genotypes in A. hydrophila isolates were found. The 
aerA+ hlyA+ genotype was the most common 
genotype among diarrheal isolates which was found 
in 22 (78.6%) of diarrheal isolates. The summary of 
the presence of aerolysin and hemolysin genes in 50
A. hydrophila strains is shown in Table 2.

Table 2.  Summary of the presence of Aerolysin (aerA) and 
hemolysin (hlyA) genes in 50 A. hydrophila strain by PCR .

Genotype Diarrhea
No (%)

healthy/asymptomatic
No (%)

aerA+ hlyA+         22 (44) 4 (8)
aerA+  hlyA-           2 (4) 6 (12)
aerA- hlyA+            4 (8) 12 (24)
Total                 28 (56) 22 (44)

DISCUSSION

A. hydrophila is a causative agent of a number of 
human infections [2-4]. The role of these organisms 
in acute diarrhea has epidemiologically approved in 
some controlled studies [15], but not in others [9, 
16]. Aeromonas spp. in the oral-challenge study 
failed to cause diarrhea in adult volunteers [17]. On 
the other hand, there are several case reports that 
support an etiological role of aeromonds in 
diarrheal disease [4, 10].

Our data show that 82% of A. hydrophila strains 
are β-hemolytic on horse blood agar, but 84% PCR 
positive for hlyA gene with no correlation with 
diarrhea. Therefore, β-hemolysis may not be a 
predictor of virulence.
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Burk et al. [18] reported intragastric 
administration of Aeromonas culture supernatants 
to suckling mice. Two parameters of virulence were 
reported: FA and diarrhea. The FA in the intestine 
of the infected mice was consistent with findings of 
other workers [7, 19]. These observations suggest 
that a secreted product may contribute to virulence 
of aeromonds. In the present study, 89.3% of 
diarrheal isolates were enterotoxic on suckling mice 
model and there was a significant correlation 
(P<0.05) between this virulence factor and diarrhea.

Vero cells are reported to be the most sensitive 
cell line for detection of Aeromonas cytotoxin [20]. 
In this study, 67.9% of diarrheal strains showed 
vero cytotoxic activity that had a significant 
association with diarrhea. In a study conducted in 
Australia [7], vero cytotoxicity was detected in all 
virulent Aeromonas isolates tested and a low level, 
in one of the six avirulent strains. Also, a significant 
level of correlation was observed between 
cytotoxicity and virulence in suckling mice. In other 
studies, the production of cytotoxin has been also 
correlated with gastroenteritis caused by 
Aeromonas infection [21]. In our study, all of 
cytotoxic strains were also virulent in suckling 
mouse model.

Previous studies have shown that two hemolytic 
toxins: HlyA and AerA contribute to the virulence 
of A. hydrophila [22, 23]. All of the hemolytic 
strains on horse blood agar yielded PCR products 
for hlyA gene. There was no statistically significant 
correlation between the presence of this trait and 
diarrhea. However, the corresponding association 
was found significant (P<0.05) in relation to aerA
gene. Among the different genotypes (Table 2), the 
hlyA+aerA+ was the most common genotype in 
diarrheal isolated A. hydrophila strains. There was a 
significant correlation between this genotype and 
diarrhea (P<0.05). Wong et al. [22 ] reported that 
the inactivation of either aerA or hlyA alone reduced 
but did not totally cancel the hemolytic and 
cytotoxic activities of virulent strains of A. 
hydrophila (strain A6). These activities were 
removed only when both the hlyA and aerA genes 
were inactivated. It is likely that both toxins act by 
pore-formation and the effects are likely to be 
synergistic.

In conclusion, these observations suggest that an 
evaluation of Aeromonas virulence requires the 
assessment of virulence phenotypes and complete 
virulence gene set. Screening of specific cytotoxin 
and hemolysin genes appear to be the most effective 
way of detecting and characterizing Aeromonas 
virulence factors. Since a significant correlation was 

found between the aerA+ hlyA+ genotype and 
diarrhea and the frequency of these genotypes was 
the most common genotype in the diarrheal isolates, 
the aerA+ hlyA+ genotype could be good predictors 
of the human diarrheal disease.
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