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Introduction

According to Martin-Carnahan and Joseph 
[26], Aeromonas spp. are facultatively anaerobic, 
chemoorganotrophic Gram-negative microorganisms from 
the Aeromonadaceae family. They are widely distributed 
in the aquatic environment and are frequently isolated 
from different foodstuffs, mainly hydrobionts, meat, milk 
and vegetables [27]. Daskalov [10] outlines the role of 
A. hydrophila as an emerging pathogen causing human 
infections after consumption of contaminated food and its 
ability to develop during cold storage. Kirov [21] reported 
that Aeromonas spp. counts in foodstuffs increased from 10 
to 1000 folds over 7 to 10 days cold storage at 5 0С, and that A. 
hydrophila and A. sobria produce an enterotoxin. According 
to Tsai and Chen [38] A. hydrophila could grow at 4-5 0С, 
in vacuum-packed foods or in a 36% СО2 environment,  
suggesting that food conservation methods  like cooling, 

vacuum packaging or controlled atmosphere storage could 
fail in suppressing its growth. 

Aeromonas spp. have a broad spectrum of hosts including 
invertebrates, fish, warm-blooded animals and humans, 
in which they can provoking various pathological signs. 
Several authors [10, 14, 21, 22, 29, 37] highlight the fact that 
members of the Aeromonas genus play an important role for 
the onset of such human pathological states as gastroenteritis, 
septicaemia, meningitis, respiratory, wound, hepatic and 
ophthalmic infections, as well as haemolytic-uraemic 
syndrome. According to Daskalov [10], consumption of fish 
and fish products contaminated with A. hydrophila is the root 
cause of gastroenteritis. Most cases of the disease reported 
are related to aquaculture products or cold-stored ready for 
consumption feeds. 

Green and Buckley [15] stated that aerolysin was able 
to lyse red blood cells. Singh and Sanyal [34] investigated 
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the haemolytic activity of  A. hydrophila, A. sobria and A. 
caviae isolates in correlation with enteropathogenicity. In 
their study, β-haemolytic strains provoked a stronger fluid 
accumulation in rabbit ileal loops. Wong еt al. [41] showed 
the presence of two β-haemolytic toxins in A. hydrophila and 
proved their role in the high virulence observed. Ottaviani 
et al. [28] established that the aerA gene was present and 
haemolysin production occurred in most toxigenic strains 
regardless of their origin. Aeromonas strains isolated from 
food and water often carry gene coding for toxins, similar 
to those of clinical isolates and exhibiting virulent profiles at 
human body temperature.

Aeromonads produce extracellular enzymes 
(haemolysins, lipases, proteases, β-lactamases, amylases, 
chitinases and nucleases) involved in their ecology, survival 
and pathogenicity [30]. Despite the presence of alternatives, 
antimicrobial drugs are still medications of choice for the 
control of bacterial infections in human and veterinary 
medicine. Intensive fish production systems are frequently 
confronted with emerging bacterial diseases and can 
contribute, through the use of antibiotics  to the development 
of antimicrobial resistance [16].

With regard to the growing body of evidence on the role 
of members of the Aeromonas genera as human pathogens, 
we aimed to isolate b-haemolytic Aeromonas spp. strains 
from common carps (Cyprinus carpio L.) intended for 
human consumption and to determine their proteolytic, 
lipolytic and lecithinase activities, as well as the antimicrobial 
resistance spectrum.

Material and methods

SAMPLING

From October 2011 to December 2012, 132 samples 
of live carps (Cyprinus carpio L.) destined for human 
consumption and each weighing between 1.2 to 3.5 kg were 
analysed. The carps were purchased from specialised live fish 
shops. Samples of water (200 ml) were also collected in sterile 
glass flasks from each tank where carps were kept. The carps 
originated from different fish farms located in Central South 
and Southeast Bulgaria. Samples for isolation of Aeromonas 
spp. were collected from the skin at the dorsal region and 
from all surface ulcerations and wounds. Blood samples were 
aseptically obtained directly from the heart using a sterile 
needle, dorsal muscles after skin removal as well as spleen 
and kidney were also collected.  

METHODS

Aeromonas spp. isolation and identification

Sterile swabs were rubbed over 50 cm2 of the skin of live 
fish and inoculated on Aeromonas spp. specific medium 
(GSP agar, Merck, Germany). Bacteriological examination 
was conducted after inoculation of a drop of sterile blood 

on two Petri dishes containing GSP agar. Muscle, spleen and 
kidneys specimens were also inoculated on the same selective 
medium. Inoculated Petri dishes were incubated at 28 0С for 
24 h and the results were recorded. Single typical colonies 
were reinoculated to obtain pure cultures. Water samples 
were also inoculated on the selective medium. 

Smears for Gram staining were prepared from all 
suspected Aeromonas spp. colonies exhibiting typical growth 
on the selective nutrient medium. For identification purposes, 
the biochemical properties of isolates were determined via 
API 20NE (BioMerieux, France) following the procedure 
described in the instruction manual. 

Haemolytic activity test

Haemolytic activity of all confirmed Aeromonas spp. 
isolates was determined. Typical colonies were grown for 4-5 
h in brain heart infusion broth (Меrck, Germany) then tested 
for haemolytic activity after 24-hour incubation at 37 0С on 
blood agar containing 5% sheep red blood using the method 
reported by Singh and Sanyal [34].

Proteolytic (caseinase) activity test 

Proteolytic activity of Aeromonas isolates was tested as 
described by Marcy and Pruett [25] on an agar base containing 
3% skimmed milk powder (Difco, Becton Dickinson and 
Company, USA). After inoculation of 0.1 ml suspension on 
Petri dishes and incubation for 24-48 h at 25 0С, plates were 
flooded with 1% HCl for 1 min, then the acid was removed 
and the presence  or absence of a clear zone due to proteolysis 
of milk casein was observed. 

Lipolytic activity test

Lipolytic activity of Aeromonas isolates was tested using 
double layer method as reported by Haas [17] on agar 
base (Merck, Germany) enriched with tributyrin as a lipid 
supplement. The inoculum consisted of 0.1 ml broth culture 
at a 10-5 dilution was spread on agar surface. After drying 
of inoculum on agar surface, 10-12 ml of melted agar was 
poured onto the inoculum and swirling for suspension of 
the bacterial cells to the moment of solidity. The plates were 
incubated at 30 0С for 72 h. Bacterial colonies presented  
lypolitic activity on agar suplemented with tributyrin were 
detected by a transparent zone surrounding the colony on an 
opaque background. 

Lecithinase activity test

Lecithinase production was tested using the method 
of Esselmann and Liu [11]. Egg yolk agar was prepared by 
mixing tryptic soy agar (Merck, Germany) at at 47-49 0С, 
0.11% calcium chloride and 5% of a sterile egg yolk emulsion. 
The pH of the medium was adjusted to 7.2. Lecithinase activity 
was determined after inoculation of a 24-hour culture of the 
tested isolates on egg yolk agar plate. Plates were incubated 
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at 30 0С for 24 h. Lecithinase positive colonies were clearly 
marked by an opaque zone extending from the edge of the 
colony and a curd usually appeared on the top of the egg yolk 
broth.

Antimicrobial resistance test

Several single 24-h blood agar colonies were suspended in 
4-5 ml of sterile physiological saline solution until a turbidity 
(determined on a nephelometer DEN1, BIOSAN, Latvia) 
corresponding to 0.5 McFarland standard was achieved. 50 
μl of bacterial suspension were transferred into an 11 ml 
MICRONAUT-SB medium (Merlin Diagnostika, Germany) 
and thoroughly mixed. 100 μl of the bacterial suspension 
obtained was inoculated in each well of Micronaut-SB Varia 
KH I 2 microplates (Merlin Diagnostika, Germany). The 
plates were sealed then incubated at 30 0C for 24 h. The MIC 
reading was done visually using the mirror reading method 
with SENSITITRE©, Manual Viewer [8].

The reference A. hydrophila ATCC 7965 strain was used 
as positive control in tests with fish isolates.

Results

Table I summarizes the origin and identification of 
b-haemolytic Aeromonas spp. isolated from tested carps 
and water samples from the tanks where the carps were 
reared. A total number of 127 strains were isolated, and 17 
(13%) of them had a b-haemolytic activity. Out of those 
with b-haemolytic activity, 14 (82%) were confirmed 
biochemically as A. hydrophila/caviae, while 3 (18%) were 
A. sobria. All six b-haemolytic Aeromonas strains isolated 
from blood, kidneys, muscles and water were identified as 
A. hydrophila/caviae. The isolates from the skin of carps were 
identified as A. hydrophila/caviae (7 strains) and A. sobria (2 
strains). One A. hydrophila/caviae and one A. sobria strains 
were isolated from spleen samples.

All b-haemolytic isolates were biochemically profiled 
using API 20 NE and the respective species and data are 
presented in Table II. Accordingly, 7 different profile indexes 

Source A. hydrophila/caviae A. sobria

Skin 7 2
Blood 2 -
Kidney 2 -
Spleen 1 1
Muscle 1 -
Water 1 -

Total 14 3

Table I: Source and identification of the b-haemolytic Aeromonas spp. isolated from live carps and tanks water.

Source Profile index Species Identification percentage  
(% id and T index)

А. hydrophila
ATCC 7965 5577754 А. hydrophila/caviae 99.9%  T = 0.85

Water 7577754 А. hydrophila/caviae 99.9%  T = 1.00
Muscle 7577354 А. hydrophila/caviae 99.9%  T = 0.80
Spleen 5577754 А. hydrophila/caviae 99.9%  T = 0.85
Kidney 7577744 А. hydrophila/caviae 99.9%  T = 0.88
Kidney 7777754 А. hydrophila/caviae 99.9%  T = 0.67
Blood 7577754 А. hydrophila/caviae 99.9%  T = 1.00

Blood 7576755 А. hydrophila/caviae
A. sobria

83.8%  T = 0.86
16.2%  T = 0.67

Skin 7576755 А. hydrophila/caviae
A. sobria

83.8%  T = 0.86
16.2%  T = 0.67

Skin 7176755 A. sobria 99.2%  T = 1.00
Skin 7577755 А. hydrophila/caviae 99.3%  T = 0.96
Skin 7577755 А. hydrophila/caviae 99.3%  T = 0.96
Skin 5577754 А. hydrophila/caviae 99.9%  T = 0.85
Skin 7577754 А. hydrophila/caviae 99.9%  T = 1.00
Skin 7577754 А. hydrophila/caviae 99.9%  T = 1.00
Skin 7577754 А. hydrophila/caviae 99.9%  T = 1.00

Skin 5176754 A. sobria
А. hydrophila/caviae

96.0%  T = 0.77
4.0%    T = 0.61

Spleen 7176755 A. sobria 99.2%  T = 1.00

Table II: Biochemical profile index as per identification system  (API 20 NE – 09263 A – 09/97)
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were established in the 14 A. hydrophila/caviae isolates and 2 
in the 3 A. sobria isolates. The most frequently encountered 
profile index was 7577754, seen in 5 out of 14 tested A. 
hydrophila/caviae isolates. 

The biochemical properties of all 17 b-haemolytic 
Aeromonas strains to the different API 20 NE components 
are shown in Table III. 

Table IV presents the data on the enzyme activity of 
b-haemolytic A. hydrophila/caviae strains. All strains isolated 
from blood, kidney, spleen, muscle and water exhibited 
caseinase, lipase and lecithinase activity. Five (71%) A. 
hydrophila/caviae strains isolated from skin had caseinase 
activity, which was completely absent in 2 strains. All strains 
recovered from the skin produced lipase and lecithinase.

Test А. hydrophila 
ATCC 7965

A. hydrophila/caviae (n=14) A. sobria (n=3)
% of positive strains

Potassium nitrate + 100 100
Tryptophan  - 57.1 66.7
Glucose + 100 100
Arginine + 100 100
Urea - 7.1 0 
Esculin + 100 0
Gelatin + 100 100
Galactopyranoside + 100 100
Arabinose + 85.7 0
Mannose + 100 100
Mannitol + 100 100
N-acetyl-glucosamine + 100 100
Maltose + 100 100
Gluconate + 92.9 100
Caprate + 92.9 100
Adipate - 0 0
Malate + 100 100
Citrate - 28.6 66.7
Phenyl acetate - 0 0
Oxidase + 100 100

Table III: Biochemical properties of β-haemolytic Aeromonas spp. 

Strains Source Caseinase activity Lipase activity Lecithinase activity
A. hydrophila ATCC 7965 Reference strain + + + 

A. hydrophila/caviae 
(n=14)

Skin (n=7) 5 7 7
Blood (n=2) 2 2 2

Kidney (n=2) 2 2 2
Spleen (n=1) 1 1 1
Muscle (n=1) 1 1 1

Tank water (n=1) 1 1 1

Table IV : Characteristics of β-haemolytic A. hydrophila/caviae strains.

Antimicrobial agent
EUCAST MIC 

distribution (µg/ml)
Clinical breakpoints

EUCAST MIC 
distribution (µg/ml)

Epidemiological cut-off

Tested A. hydrophila/caviae strains 
(n=10)

Sensitive Resistant

Gentamicin   *S ≤ 4 µg/ml
**R > 4 µg/ml Not defined 1  9

Imipenem     Not defined Not defined 2 (≤ 4 µg/ml) 8 (> 4 µg/ml)

Ofloxacin       S ≤ 0.5 µg/ml  
   R > 1 µg/ml Not defined 1 9

Tobramycin    S ≤ 2 µg/ml  
   R > 4 µg/ml Not defined 2 8

*S – susceptible; **R – resistant

Table V: Antimicrobial resistance of A. hydrophila/caviae strains (n =10) using EUCAST MIC Distribution (µg/ml) clinical breakpoints as a reference
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Table V presents data on the sensitivity of A. hydrophila/
caviae to 4 antibiotics (gentamicin, imipenem, ofloxacin and 
tobramycin), with respect to EUCAST clinical breakpoints 
and epidemiological cut-off values. The results demonstrated 
high resistance of these strains to gentamicin and ofloxacin 
with values exceeding the current upper limits in 9 strains. 
Against tobramycin, increased resistance was also seen 
and for imipenem, 8 strains were resistant when tested at 
concentrations of 4 µg/ml. 

Table VI presents the behavior against other antimicrobial 
drugs included in the test plate. Many of the tested strains 
showed values over the maximum antimicrobial agent 
concentration in using plates.

Discussion

Aeromonas spp. are widely spread microorganisms and 
there is a large body of evidence supporting their role in 
gastrointestinal and extraintestinal infections in humans [29, 
37]. The study of Fiorentini et al. [13] outlined a significant 

correlation between diarrhoeic diseases and the release of 
enterotoxic, haemolytic and cytotoxic proteins. Burke et al. 
[4] established that 97% of enterotoxigenic strains produced 
haemolysin. A. hydrophila is commonly isolated from fish 
pond water and from the organs of healthy and diseased fish 
[3]. This pathogen causes significant economic losses due to 
the high mortality in some fish species that limits production 
[18].

The most frequent and significant fish contaminants are 
those originating from the Aeromonas genus. Incidence of 
Aeromonas positive samples vary between 37 and 93%. The 
identification of fish Aeromonas spp. showed a predominance 
of A. hydrophila, followed by A. sobria and A. caviae species 
[36]. In our study, 17 (13%) out of 127 isolated strains 
exhibited a clear b-haemolytic activity. In a similar study, 
Kozinska and Pekala [24] isolated 427 strains Aeromonas 
spp. from cultured carps and 3 of them were identified as A. 
hydrophila that exhibited a strong haemolytic, gelatinolytic 
and caseolytic activity. Popovic et al. [31] studied 339 
freshwater fish and isolated 26 A. hydrophila strains from 

Antimicrobial agent
Antimicrobial agent 

concentration (µg/ml) in 
used MIC plates

Tested A. hydrophila/caviae strains (n=10)

Sensitive Resistant
Amikacin 4 10 ≤ 4 -
Amoxicillin/Clavulanic acid 8/2 - 10 > 8/2
Ampicillin 2; 8 - 10 > 2
Ampicillin/Sulbactam 2/4; 8/4 - 10 > 2/4
Cefaclor 4 1 ≤ 4 9 > 4                    
Cefazolin 4; 8 1 ≤ 4 9 > 8
Cefepime 4 9 ≤ 4 1 > 4
Cefotiam 4 9 ≤ 4 1 > 4
Cefpodoxime-Proxetil 1; 4 8 ≤ 1 2 > 4
Ceftazidime 4; 16 9 ≤ 4 1 > 16
Ceftriaxone 4; 16 9 ≤ 4 1 > 16
Cefuroxime 4; 8 9 ≤ 4 1 > 8
Ciprofloxacin 1; 2 9 ≤ 1 1 > 2
Clindamycin 1  - 10 > 1
Co-trimoxazol 16 10 ≤ 16 -
Doxycyclin 1 10 ≤ 1 -
Erythromycin 4 9 ≤ 4 1 > 4
Levofloxacin 2 9 ≤ 2 1 > 2
Linezolid 4 - 10 > 4
Meropenem 4 8 ≤ 4 2 > 4
Mezlocillin 4 4 ≤ 4 6 > 4
Mezlocillin/Sulbactam 4/4 1 ≤ 4/4 9 > 4/4
Norfloxacin 1 8 ≤ 1 2  > 1
Oxacillin + 2% NaCl 1 4 ≤ 1  6 > 1
Penicillin G 0.125; 1 - 10 > 1
Piperacillin 4 4 ≤ 4 6 > 4
Piperacillin/Sulbactam 4/4 2 ≤ 4/4 8 > 4/4
Piperacillin/Tazobactam 4/4; 32/4 9 ≤ 4/4 1 > 32/4
Rifampicin 1 5 ≤ 1 5 > 1
Teicoplanin 4 - 10 > 4
Vancomycin 4 - 10 > 4

Table VI: Antimicrobial resistance of A. hydrophila/caviae strains (n =10) to other antimicrobial agents,  not defined  using the EUCAST database or CLSI 
standards
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kidneys, liver, spleen and gills. In the study of Gonzalez-
Serrano et al. [14], A. hydrophila strains isolated from the skin 
and tissues of freshwater fish produced caseinase, lecithinase 
and lipase. In our study, the detected 14 A. hydrophila/caviae 
strains had lipase and lecithinase activity, and only 2 isolates 
from fish skin did not produce caseinase. 

Management of fish diseases is based on the application of 
various antimicrobial drugs. The frequent use of antibacterial 
agents could increase antimicrobial resistance and unwanted 
drug residues in aquaculture products and the environment 
[32]. Investigations on A. hydrophila showed a high resistance 
to some antibiotics used in clinical applications. The presence 
of haemolytic and drug-resistant A. hydrophila strains in 
fish marketed for consumption is a potential health risk 
factor among consumers [10].  The European Committee 
on Antimicrobial Susceptibility Testing specifies the clinical 
breakpoint limits only for four antibiotics, namely gentamicin, 
doripenem, ofloxacin and tobramycin for A. hydrophila [12]. 

Aeromonas spp. are sensitive to cephalosporins, 
aminoglycosides, chloramphenicol, tetracycline, 
trimethoprim-sulfametoxazole, aztreonam and 
fluoroquinolones [23]. Daood [9] observed resistance 
to gentamicin and amikacin in less than 8% of tested A. 
hydrophila, A. sobria and A. caviae isolates from carps. Awan 
et al. [2] reported that all A. hydrophila were sensitive to 
gentamicin, amikacin and tobramycin. Comparably, we also 
found out that all A. hydrophila/caviae strains were sensitive 
to amikacin. Our data on the sensitivity to gentamicin and 
tobramycin are variable. We established a high resistance, 
with only 1 strain sensitive to gentamicin and 2 other strains  
sensitive to tobramycin. 

Aeromonads produce threes β-lactamase classes, which 
predetermines their resistance to a broad spectrum of 
β-lactam antibiotics [6]. They are considered universally 
resistant to penicillins (penicillin, ampicillin, carbenicillin 
and ticarcillin). That is why, ampicillin is included as a 
supplement to some selective culture media for the isolation 
of aeromonads from contaminated samples [2, 9, 19]. 
Nevertheless, penicillin-sensitive strains are also reported in 
the literature [7, 35]. In our study, all strains were found to 
be resistant to ampicillin and penicillin G. The combination 
of ampicillin and sulbactam does not decrease resistance 
and all strains were once more resistant. Similar results 
were obtained by Guz and Kozinska [16], who reported on 
resistant A. hydrophila and A. sobria strains to ampicillin 
and penicillin. These results were confirmed also by Daood 
[9] who demonstrated that all A. hydrophila, A. caviae and 
A. sobria isolates from cultured carps were resistant to 
ampicillin and penicillin. 

Our experiment demonstrated the resistance of A. 
hydrophila/caviae isolates to broad-spectrum of penicillins 
such as mezlocillin and piperacillin. An increased resistance 
was exhibited by the combination of mezlocillin and 
sulbactam compared to mezlocillin alone whereby, 9 A. 

hydrophila/caviae strains were found resistant. Similar results 
were obtained with the combination piperacillin/sulbactam 
(8 resistant strains). The combination of piperacillin/
tazobactam was effective against A. hydrophila/caviae strains, 
with one resistant strain detected. These results were also 
confirmed by Aravena-Romаn et al. [1], who reported 97% 
sensitivity of Aeromonas strains to piperacillin/tazobactam. 
Awan et al. [2] observed 91% resistance of A. hydrophila to 
piperacillin. On the contrary, Vila et al. [39] found out that all 
tested A. hydrophila strains were sensitive to piperacillin and 
piperacillin/tazobactam. 

Aravena-Romаn et al. [1] detected sensitivity to 
amoxicillin/clavulanic acid in 17% of tested Aeromonas 
spp. strains, while Saavedra et al. [33] this sensitivity was 
established in 35% of A. hydrophila strains. Our results are 
contradictory to these findings as all tested A. hydrophila/
caviae strains were found to be resistant to amoxicillin/
clavulanic acid. According to Awan et al. [2] A. hydrophila 
exhibited resistance to oxacillin (100%). In the present study, 
6 of tested strains were resistant to oxacillin. 

The European Committee on Antimicrobial Susceptibility 
Testing has not yet specified clinical breakpoints and 
epidemiological cut-off values for imipenem. We have 
found out that two of the tested strains were sensitive at 
concentrations ≤ 4 µg/ml. According to Vila et al. [39], all 
A. hydrophila strains were sensitive to imipenem. In our 
study, tested isolates showed a high sensitivity to another 
carbapenem and also established 8 sensitive A. hydrophila/
caviae isolates to meropenem. Aravena-Romаn et al. [1] also 
outlined that A. hydrophila was very sensitive to meropenem 
(100%). 

A. hydrophila has been found to be sensitive to 
cefuroxime, ceftazidime and cefepime (100%), ceftriaxone 
(82%) and cefazolin (40%) [2, 39]. We have also observed 
a high sensitivity of A. hydrophila/caviae to cefuroxime, 
ceftazidime, cefepime, ceftriaxone, cefotiam  (90%) and 
cefpodoxime-proxetil (80%) with the lowest sensitivity 
observed against cefazolin and cefaclor (10%).

Quinolones are broad-spectrum antibacterial agents 
used in human and veterinary medicine. Their extensive 
use is associated with high levels of resistance [5]. Ko et al. 
[23] reported that  MIC of fluoroquinolones (ciprofloxacin, 
gatifloxacin, levofloxacin and moxifloxacin) against A. 
hydrophila was below 1 µg/ml in 90% of clinical strains. 
The results of our experiments showed high sensitivity to 
ciprofloxacin and levofloxacin, as 9 out of 10 strains were 
sensitive to these quinolones. Sensitivity to norfloxacin 
was exhibited by 8 tested strains. This is confirmed by the 
data reported by Aravena-Romаn et al. [1] which showed 
about 100% sensitivity of Aeromonas spp. to norfloxacin. 
In contrast to the high sensitivity to quinolones, we found 
only one strain sensitive to ofloxacin. Unlike in our study, 
Vila et al. [39] reported out that all A. hydrophila strains were 
sensitive to ofloxacin. 
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A. hydrophila/caviae isolates were resistant to 
clindamycin, linezolid, teicoplanin and vancomycin, 
whereas half of the tested strains were resistant to rifampicin. 
Кampfer et al. [20] also reported resistance of all tested A. 
hydrophila to teicoplanin, and  A. hydrophila strains studied 
by Vivekanandhan et al. [40] were also highly resistant to 
rifampicin (99.6%). In our previous study [35], 100% of 
the β-haemolytic A. hydrophila strains were resistant to 
clindamycin, linezolid, teicoplanin and vancomycin. These 
data are similar to those established by Awan et al. [2] who 
found that 100% of A. hydrophila strains were resistant to 
clindamycin and vancomycin.

Guz and Kozinska [16] determined the sensitivity of A. 
hydrophila to antimicrobial drugs and found out that all isolates 
were sensitive to trimethoprim-sulfamide. All isolates tested 
in our study were sensitive to co-trimoxazole, and 9 of them 
showed sensitivity towards erythromycin. Vivekanandhan 
еt al. [40] observed resistance against erythromycin of more 
than 95% оf A. hydrophila isolates. According to Popovic et 
al. [31], A. hydrophila strains were sensitive to erythromycin 
and trimethoprim-sulfametoxazole. In our study, all tested 
strains were found sensitive to doxycycline. These results were 
similar to those of Aravena-Romаn et al. [1], which showed 
98% sensitivity of Aeromonas spp. strains to doxycycline. 

Conclusion

Live common carps (Cyprinus carpio L.) marketed 
for human consumption could be contaminated with 
b-haemolytic A. hydrophila/caviae and A. sobria strains, 
resistant to antimicrobial drugs used in various clinical 
applications. This may pose a serious health risk for 
consumers. Most isolated b-haemolytic A. hydrophila/caviae 
produced caseinase, lipase and lecithinase with all of them 
found to be resistant to ampicillin, penicillin, ampicillin/
sulbactam, amoxicillin/clavulanic acid, linezolid, teicoplanin, 
vancomycin and clindamycin. 
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