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The aim of this study was to isolate β-haemolytic Aeromonas hydrophila strains from live rainbow 

trouts (Oncorhynchus mykiss) destined for human consumption and to investigate their resistance to 

antimicrobial drugs. Sterile swab samples were collected from 52 rainbow trouts. Fifteen (28.8%) β-

haemolytic Aeromonas strains were isolated from collected 52 swab samples. Through API 20 NE, 12 

of them were identified as A. hydrophila. The sensitivity of 8 isolates to antimicrobial drugs and drug 

combinations was determined using MICRONAUT-SB Varia KH I 2 microplates. All isolates were 

sensitive to ceftazidime, ciprofloxacin, co-trimoxazole and levofloxacin, and resistant to amikacin, 

amoxicillin/clavulanic acid, ampicillin/sulbactam, cefazolin, cefotiam, clindamycin, erythromycin, 

imipenem, linezolid, meropenem, teicoplanin and vancomycin. The percentages of resistance of 

isolates to the other tested chemotherapeutic drugs were variable. The presence of β-haemolytic A. 

hydrophila strains, resistant to antimicrobial drugs in rainbow trouts poses a potential risk for 

consumers’ health.  
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INTRODUCTION 

Aeromonads are Gram-negative, facultati-

vely anaerobic bacteria which normally 

inhabit the aquatic environment. They 

cause diseases in cold-blood, warm-blood 

animals and humans (Igbinosa et al., 

2012). Mesophilic members of the genus 

Aeromonas are regarded as opportunistic 

pathogens capable of infecting fish under 

stress or with other co-morbidity. Aero-

monads could cause haemorrhagic septi-

caemia in fish and also, pose a risk of 

infection for consumers (Saavedra et al., 

2004). Foodborne diseases in men associ-

ated with aeromonads are most frequently 

caused by Aeromonas hydrophila. The 

consumption of A. hydrophila–contami-

nated fish and fish products is of major 

importance for the occurrence of 

gastroenterites. Most illnesses are caused 

by aquaculture products or fridge-stored 

ready-to-eat foods (Daskalov, 2006). 

Various reports have demonstrated a 

strong correlation between human diar-

rhoeas and the release of enterotoxins, 

haemolysins and cytotoxic proteins (Fio-

rentini et al., 1998). According to Burke 
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et al. (1982), 97% of enterotoxigenic 

strains are haemolysin producers.  

The prevention and treatment of fish 

diseases with extensive application of 

antimicrobial drugs has resulted in se-

lection of resistant microbial strains 

(Rhodes et al., 2000). The frequent use of 

antibacterial substances is also related to 

prevalence of their residues in aquaculture 

products (Rahman et al., 2009). On the 

other hand, Aeromonas spp. becomes 

rapidly adapted to antibacterial drugs used 

in medical practice, hence it is potentially 

hazardous for human health (Bizani & 

Brandelli, 2001). 

With regard to the increasing body of 

evidence about the role of Aeromonas 

members as human pathogens, we aimed 

to isolate β-haemolytic A. hydrophila 

strains from live rainbow trouts (Onco-

rhynchus mykiss) destined for human con-

sumption and to investigate their resis-

tance to antimicrobial drugs. 

MATERIAL AND METHODS 

Isolation of Aeromonas spp.  

The study was performed on 52 rainbow 

trouts (Oncorhynchus mykiss) with live 

weight 400–500 g, originating from a fish 

farm in Enina, Stara Zagora region. Sterile 

swabs were rubbed over the skin of the 

dorsal part of the live fish and then 

inoculated on Aeromonas spp. specific 

medium (GSP agar, Merck). Inoculated 

Petri dishes were incubated at 28 
o
С for 

24 h. 

Haemolytic activity determination 

The haemolytic activity tests were perfor-

med as per Singh & Sanyal (1992). 

Typical colonies of each sample were 

grown for 4–5 h in brain heart infusion 

broth (Меrck, Germany), and then were 

inoculated on blood agar containing 5% 

sheep red blood cells. The presence of 

haemolysis was detected after 24-hour 

incubation at 37 
o
С.  

Identification of β-haemolytic Aeromonas 

spp. 

Isolates which exhibited β-haemolytic ac-

tivity were identified by API 20 NE 

(bioMérieux, France) 

Determination of antimicrobial resistance 

of β-haemolytic A. hydrophila 

The antimicrobial resistance of β-haemo-

lytic A. hydrophila strains to 35 antimic-

robial drugs and drug combinations was 

determined visually by means of MIC-

RONAUT-SB Varia KH I 2 microplates 

(Merlin Diagnostika, Germany) according 

to manufacturer's instructions. 

RESULTS 

Aeromonas spp. strains were isolated from 

all 52 rainbow trout skin swabs. The 

number of β-haemolytic strains out of all 

positive samples was 15 (28.8%). Twelve 

of them were identified as A. hydrophila, 

and the affiliation of the other three was 

not confirmed.  

The sensitivity of 8 β-haemolytic A. 

hydrophila strains to antimicrobial drugs/ 

combinations is presented in Tables 1 and 

2. It was established that all isolates were 

sensitive to ceftazidime, ciprofloxacin, co-

trimoxazole and levofloxacin. All tested 

strains were resistant to amikacin, amoxi-

cillin/clavulanic acid, ampicillin/sulbac-

tam, cefazolin, cefotiam, clindamycin, 

erythromycin, imipenem, linezolid, mero-

penem, teicoplanin and vancomycin. The 

percentages of resistance of isolates to the 

other tested chemotherapeutic drugs were 

variable. Resistance to cefaclor, mezlo-

cillin, mezlocillin/sulbactam, penicillin, 
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piperacillin, piperacillin/sulbactam, pipe-

racillin/tazobactam and tobramycin was 

exhibited by 87.5% of tested strains. Ri-

fampicin-resistant strains were 75%, oxa-

cillin-resistant – 62.5%, norfloxacin-resis-

tant – 50%, whereas resistance to cefpo-

doxime proxetil, ceftriaxone, cefuroxime, 

doxycycline and gentamicin was detected 

in one-quarter of tested isolated. The least 

resistance percentages (12.5%) were shown 

against cefepime and ofloxacin. 

DISCUSSION 

A. hydrophila is isolated from cultured 

(Gonzales et al., 2001; Guz & Kozinska, 

2004) and wild fresh-water fish species 

(Gonzales et al., 2001; Popovic et al., 

2000) and their environment; while its 

occurrence in marine fish species is rare 

(Doukas et al., 1998). The pathogen cau-

ses substantial economic losses, due to 

high mortality rates and worsened quality 

of produce (Ibrahem et al., 2008). 

Aeromonads are human pathogens cau-

sing gastrointestinal infections (Subashku-

mar et al., 2006). A correlation between 

diarrhoeic diseases and the production of 

haemolysins (Fiorentini et al., 1998) and 

the release of haemolysins by enterotoxi-

genic strains (Burke et al, 1982) are 

acknowledged. According to Cipriano et 

al., (1984), haemolysin is one of the 

virulence factors of A. hydrophila. So, the 

production of haemolysin could be accep-

ted as a convincing proof for the patho-

genic potential of aeromonads (Namdari 

& Bottone, 1990).  

In this study, Aeromonas spp. was 

isolated from all 52 individual trout skin 

swab samples, 28.8% of which were β-

haemolytic (80% A. hydrophila; 20% un-

identified). In a similar setting, Ozer et al. 

(2009) investigated the prevalence of 

motile aeromonads in 259 rainbow trouts 

(Oncorhynchus mykiss). Twelve A. hydro-

phila strains were isolated from 48 trouts, 

and ten of them were β-haemolytic. In 

another large survey, Kozinska & Pekala 

(2010) typed 558 Aeromonas isolates, 121 

of which were collected from rainbow 

trouts (Oncorhynchus mykiss). It was 

found out that A. hydrophila was the 

dominating species in rainbow trouts (32 

isolates). From the skin of 20 rainbow 

trouts, Saavedra et al. (2004) have iso-

lated 30 A. hydrophila strains.  

The application of antibiotics in aqua-

culture species is important for the 

Table 1. Antimicrobial resistance of A. hydrophila strains (n=8) compared to EUCAST MIC 

Distribution (µg/mL) clinical breakpoints 

Tested A. hydrophila  

strains (n=8)  Antimicrobial 

agent 

EUCAST MIC dis-

tribution (µg/mL) 

Clinical breakpoints 

EUCAST MIC 

distribution (µg/mL) 

Epidemiological cut-off Sensitive Resistant 

Gentamicin S* ≤ 4 µg/mL 

R* > 4 µg/mL 

not defined 6 2 

Imipenem not defined not defined  8 (≤4 µg/mL) 

Ofloxacin S ≤ 0.5 µg/mL   

R > 1 µg/mL 

not defined 7 1 

Tobramycin S ≤ 2 µg/mL   

R > 4 µg/mL 

not defined 1 7 

*S – sensitive; R – resistant. 
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development of resistance in the res-

pective pool (Igbinosa et al., 2012). The 

investigations  on  antibiotic  resistance of 

A. hydrophila strains has shown that a 

large proportion of them were resistant to 

antibiotics used in the clinical practice 

(Daskalov, 2006). Aeromonads are repor-

ted to be resistant to penicillins (peni-

cillin, ampicillin, carbenicillin and ticar-

cillin) (Igbinosa et al., 2012). Most aero-

monads were sensitive to aminoglyco-

sides, tetracycline, chloramphenicol, tri-

metoprim-sulfamethoxazole and quinolo-

nes. They are also sensitive to piperacillin, 

azlocillin, second and third generation 

cephalosporins (Igbinosa et al., 2012). In 

EUCAST (2013) database, clinical break-

points are available only for four of all 

Table 2. Antimicrobial resistance of A. hydrophila strains (n =8) to other antimicrobial agents, not 

included in EUCAST database or CLSI standards. MIC plate concentration is given in brackets.  

Tested A. hydrophila strains (n=8) 
Antimicrobial agent 

Antimicrobial agent 

concentration (µg/mL) in 

used MIC plates Sensitive      Resistant 

Amikacin 4 – 8  (≥4 µg/mL) 

Amoxicillin/Clavulanic 

acid 
8/2 – 8  (≥8/2 µg/mL) 

Ampicillin 2; 8 – 8  (≥8 µg/mL) 

Ampicillin/Sulbactam 2/4; 8/4 – 8  (≥8/4 µg/mL) 

Cefaclor  4 1   (≤4 µg/mL) 7  (≥4 µg/mL) 

Cefazolin 4; 8 - 8  (≥8 µg/mL) 

Cefepime 4 7   (≤4 µg/mL) 1  (≥4 µg/mL) 

Cefotiam  4 - 8  (≥4 µg/mL) 

Cefpodoxime-Proxetil 1; 4 6   (≤1 µg/mL) 2  (≥4 µg/mL) 

Ceftazidime 4; 16 8   (≤4 µg/mL) – 

Ceftriaxone 4; 16 6   (≤4 µg/mL) 2  (≥16 µg/mL) 

Cefuroxime 4; 8 6   (≤4 µg/mL) 2  (≥8 µg/mL) 

Ciprofloxacin 1; 2 8   (≤1 µg/mL) – 

Clindamycin  1 – 8  (≥1 µg/mL) 

Co-trimoxazole  16 8   (≤16 µg/mL) – 

Doxycycline 1 6   (≤1 µg/mL) 2  (≥1 µg/mL) 

Erythromycin 4 – 8  (≥4 µg/mL) 

Levofloxacin  2 8   (≤2 µg/mL) – 

Linezolid 4 – 8  (≥4 µg/mL) 

Meropenem 4 – 8  (≥4 µg/mL) 

Mezlocillin  4 1   (≤4 µg/mL) 7  (≥4 µg/mL) 

Mezlocillin/Sulbactam 4/4 1   (≤4/4 µg/mL) 7  (≥4/4 µg/mL) 

Norfloxacin  1 4   (≤1 µg/mL) 4  (≥1 µg/mL) 

Oxacillin + 2% NaCl 1 3   (≤ 1 µg/mL) 5  (≥1 µg/mL) 

Penicillin G 0.125; 1 1  (≤0.125 µg/mL) 7  (≥1 µg/mL) 

Piperacillin 4 1   (≤4 µg/mL) 7  (≥4 µg/mL) 

Piperacillin/Sulbactam  4/4 1   (≤4/4 µg/mL) 7  (≥4/4 µg/mL) 

Piperacillin/Tazobactam 4/4; 32/4 1   (≤4/4 µg/mL) 7  (≥32/4 µg/mL) 

Rifampicin  1 2   (≤1 µg/mL) 6  (≥1 µg/mL) 

Teicoplanin 4 – 8  (≥4 µg/mL) 

Vancomycin 4 – 8  (≥4 µg/mL) 
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tested antibiotic preparations (gentamicin, 

imipenem, ofloxacin and tobramycin). 

Some studies outlined an increased 

resistance of Aeromonas spp. to β-lactam 

antibiotics (Overman & Janda, 1999; Ro-

we-Magnus et al., 2002). Aeromonas-

produced β-lactamases include cephalo-

sporinase, penicillinase and metallo-β-lac-

tamases. These enzymes hydrolyse carba-

penems such as imipenem and meropenem 

(Kirov & McIver, 2005). The results from 

the present study are comparable, as all 

tested A. hydrophila strains were resistant 

to imipenem and meropenem. On the 

other hand, all tested A. hydrophila strains 

were ampicillin-resistant. All studied iso-

lates were also resistant to the combi-

nation ampicillin/sulbactam. Only one of 

tested A. hydrophila strains was sensitive 

to penicillin G. According to our results, 

the combination of aminopenicillin and β-

lactamase inhibitor was not efficient – all 

tested β-haemolytic A. hydrophila isolates 

were resistant to amoxicillin/clavulanic 

acid. Contrary to our findings, Saavedra et 

al. (2004) reported reduction of the 

resistance to the same combination in 

rainbow trout A. hydrophila isolates 

compared to amoxicillin only – 88% resis-

tance to amoxicillin and 35% to amoxi-

cillin/clavulanic acid. The results about 

the antimicrobial behaviour of tested 

strains exhibited a high resistance to mez-

locillin (87.5%) and oxacillin (62.5%). 

This is supported by the research of Awan 

et al. (2009), having reported high resis-

tance of A. hydrophila to mezlocillin 

(90.9%) and oxacillin (100%). 

Tested isolates showed a high 

percentage of resistance to piperacillin 

(87.5%). The combination piperacillin/ 

sulbactam did not decrease the resistance 

of A. hydrophila isolates (87.5%). Similar 

data – 90.9% resistance of A. hydrophila 

to piperacillin – have been reported by 

Awan et al. (2009). Opposed to them and 

to our results, Vila et al. (2002) estab-

lished that 100% of A. hydrophila isolates 

were sensitive to piperacillin and pipera-

cillin/tazobactam. 

Although the resistance to first- and 

second-generation cephalosporins was dif-

ferent, more than 90% of Aeromonas 

strains were found sensitive to the third 

generation of this antimicrobial group 

(Jones & Wilcox, 1995). Tsai et al. 

(2005) found out that in Taiwan, Aero-

monas strains were more resistant to 

cephalosporins from the second and third 

generations compared to the USA and 

Australia. In our experiment, we observed 

resistance to cefazolin and cefotiam 

(100%), cefaclor (87.5%), cefpodoxime/ 

proxetil, ceftriaxone and cefuroxime 

(25%) and cefepime (12.5%). All tested 

A. hydrophila isolates were sensitive to 

ceftazidime. In the report of Vila et al. 

(2002) A. hydrophila was sensitive to ce-

furoxime, ceftazidime and cefepime 

(100%) and cefazolin (40%). 

Aeromonas spp. bacteria are reported 

to be highly sensitive to gentamicin 

(Goni-Urriza et al., 2000; Akinbowale et 

al., 2007). All A. hydrophila strains tested 

by Ozer et al. (2009) were gentamicin-

sensitive. These results are comparable to 

this study where 6 out of the 8 tested β-

haemolytic A. hydrophila isolates were 

sensitive to gentamicin. According to 

Awan et al. (2009), 100% of A. hydro-

phila were sensitive to amikacin, genta-

micin and tobramycin. Our data however 

are not in agreement as we found out high 

percentages of resistance of amikacin 

(100%) and tobramycin (87.5%). 

Quinolone resistance in the view of 

Goni-Urriza et al. (2000) is present in less 

than 5% of clinical strains. This group of 

antibiotics, as well as co-trimoxazole, is 

recommended as first choice drugs for 
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treatment of Aeromonas spp. infections. 

The high efficacy of quinolones and co-

trimoxazole against A. hydrophila was 

confirmed in our study as well. All tested 

A. hydrophila strains were sensitive to 

ciprofloxacin, levofloxacin and co-

trimoxazole. In contrast, there was resis-

tance to norfloxacin (50%) and ofloxacin 

(12.5%). Zong et al. (2002) outlined that 

most Aeromonas strains in the USA were 

sensitive to chloramphenicol, tetracycline, 

minocycline, doxycycline and nitrofuran-

toin, but were resistant to vancomycin, 

clindamycin and erythromycin. All A. 

hydrophila strains in our study were 

resistant to vancomycin, clindamycin and 

erythromycin, whereas 2 (25%) were 

resistant to doxycycline. 

A. hydrophila was resistant to line-

zolid and teicoplanin, and 75% of isolates 

were rifampicin-resistant. Кampfer et al. 

(1992) also reported 100% resistance of 

A. hydrophila to teicoplanin, whereas A. 

hydrophila strains tested by Viveka-

nandhan et al. (2002) were highly resis-

tant to rifampicin (99.6%). 

CONCLUSION  

The presence of β-haemolytic A. hydro-

phila strains, resistant to antimicrobial 

drugs, in live rainbow trouts (Onco-

rhynchus mykiss), destined for human 

consumption, poses a certain risk for con-

sumer's health. The formally acknowled-

ged clinical breakpoints related to 

microbial resistance of A. hydrophila are 

incomplete and include only few antimic-

robial drugs (gentamicin, imipenem, 

ofloxacin, tobramycin); also, epidemio-

logical cut-off values are not specified.  

All β-haemolytic A. hydrophila strains 

were sensitive to ceftazidime, cipro-

floxacin, co-trimoxazole and levofloxacin.  

All tested β-haemolytic A. hydrophila 

strains were resistant to amikacin, amoxi-

cillin/clavulanic acid, ampicillin, ampici-

llin/sulbactam, cefazolin, cefotiam, clinda-

mycin, erythromycin, imipenem, linezolid, 

meropenem, teicoplanin and vancomycin. 
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