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The aim of this study was to isolate B-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%) B-
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 f-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-ecat foods (Daskalov, 20006).
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 B-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 °C 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 (Merck, Germany), and then were
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inoculated on blood agar containing 5%
sheep red blood cells. The presence of
haemolysis was detected after 24-hour
incubation at 37 °C.

Identification of p-haemolytic Aeromonas
spp.

Isolates which exhibited B-haemolytic ac-
tivity were identified by API 20 NE
(bioMérieux, France)

Determination of antimicrobial resistance
of p-haemolytic A. hydrophila

The antimicrobial resistance of B-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 B-haemolytic strains out of all
positive samples was 15 (28.8%). Twelve
of them were identified as 4. hydrophila,
and the affiliation of the other three was
not confirmed.

The sensitivity of 8 B-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,

BJVM, 16, No 4



D. Stratev, I. Vashin & H. Daskalov

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

Distribution (png/mL) clinical breakpoints

. EUCAST MIC dis- EUCAST MIC Tested A. hydrophila
Antimicrobial . C : -8
agent tribution (ug/mL) distribution (pug/mL) strains (n=8)

& Clinical breakpoints Epidemiological cut-off  gepgsitive Resistant
Gentamicin S* <4 pg/mL not defined 6 2
R*>4 pg/mL
Imipenem not defined not defined 8 (<4 pug/mL)
Ofloxacin S <0.5 pg/mL not defined 7 1
R>1 pg/mL
Tobramycin S <2 pg/mL not defined 1 7
R >4 pg/mL

*S — sensitive; R — resistant.

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
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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 aecromonads (Namdari
& Bottone, 1990).

In this study, Aeromonas spp. was
isolated from all 52 individual trout skin
swab samples, 28.8% of which were f-
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 P-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
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Table 2. Antimicrobial resistance of 4. hydrophila strains (n =8) to other antimicrobial agents, not
included in EUCAST database or CLSI standards. MIC plate concentration is given in brackets.

Antimicrobial agent
concentration (pg/mL) in

Antimicrobial agent

Tested A. hydrophila strains (n=8)

used MIC plates Sensitive Resistant
Amikacin 4 - 8 (>4 ng/mL)
aAcrirzloxw1111n/Clavu1anlc 82 B 8 (>8/2 pg/mL)
Ampicillin 2;8 - 8 (=8 ug/mL)
Ampicillin/Sulbactam 2/4; 8/4 - 8 (>8/4 ng/mL)
Cefaclor 4 1 (<4 pg/mL) 7 (>4 pg/mL)
Cefazolin 4;8 - 8 (>8 pg/mL)
Cefepime 4 7 (<4 pg/mL) 1 (>4 ug/mL)
Cefotiam 4 - 8 (>4 pg/mL)
Cefpodoxime-Proxetil 1;4 6 (<1 pg/mL) 2 (>4 pg/mL)
Ceftazidime 4; 16 8 (<4 pg/mL) -
Ceftriaxone 4; 16 6 (<4 pg/mL) 2 (>16 pg/mL)
Cefuroxime 4;8 6 (<4 pg/mL) 2 (>8 ug/mL)
Ciprofloxacin 1;2 8 (51 pg/mL) -
Clindamycin 1 - 8 (=1 pg/mL)
Co-trimoxazole 16 8 (<16 pg/mL) -
Doxycycline 1 6 (<1 pg/mL) 2 (=1 pg/mL)
Erythromycin 4 - 8 (>4 ng/mL)
Levofloxacin 2 8 (<2 pg/mL) -
Linezolid 4 - 8 (>4 ng/mL)
Meropenem 4 - 8 (>4 pg/mL)
Mezlocillin 4 1 (<4 pg/mL) 7 (>4 pg/mL)
Mezlocillin/Sulbactam 4/4 1 (<4/4 pg/mL) 7 (>4/4 ng/mL)
Norfloxacin 1 4 (<1 pg/mL) 4 (=1 pg/mL)
Oxacillin + 2% NaCl 1 3 (21 pg/mlL) 5 (=1 pg/mL)
Penicillin G 0.125; 1 1 (=0.125 pg/mL) 7 (=1 pg/mL)
Piperacillin 4 1 (<4 pg/mL) 7 (>4 ng/mL)
Piperacillin/Sulbactam 4/4 1 (<4/4 pg/mL) 7 (>4/4 ng/mL)
Piperacillin/Tazobactam 4/4; 32/4 1 (<4/4 pg/mL) 7 (>32/4 pg/mL)
Rifampicin 1 2 (<1 pg/mL) 6 (=1 pg/mL)
Teicoplanin 4 - 8 (>4 ng/mL)
Vancomycin 4 - 8 (>4 pg/mL)

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-
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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
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tested antibiotic preparations (gentamicin,
imipenem, ofloxacin and tobramycin).

Some studies outlined an increased
resistance of Aeromonas spp. to B-lactam
antibiotics (Overman & Janda, 1999; Ro-
we-Magnus et al., 2002). Aeromonas-
produced B-lactamases include cephalo-
sporinase, penicillinase and metallo-f-lac-
tamases. These enzymes hydrolyse carba-
penems such as imipenem and meropenem
(Kirov & Mclver, 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 B-
lactamase inhibitor was not efficient — all
tested B-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
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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 -
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 ef 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 4.
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. Kampfer et al.
(1992) also reported 100% resistance of
A. hydrophila to teicoplanin, whereas 4.
hydrophila strains tested by Viveka-
nandhan et al. (2002) were highly resis-
tant to rifampicin (99.6%).

CONCLUSION

The presence of B-haemolytic 4. 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 4. hydrophila are
incomplete and include only few antimic-
robial drugs (gentamicin, imipenem,
ofloxacin, tobramycin); also, epidemio-
logical cut-off values are not specified.
All B-haemolytic A. hydrophila strains
were sensitive to ceftazidime, cipro-
floxacin, co-trimoxazole and levofloxacin.
All tested B-haemolytic 4. hydrophila
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strains were resistant to amikacin, amoxi-
cillin/clavulanic acid, ampicillin, ampici-
Ilin/sulbactam, cefazolin, cefotiam, clinda-
mycin, erythromycin, imipenem, linezolid,
meropenem, teicoplanin and vancomycin.

REFERENCES

Akinbowale, O. L., H. Peng, P. Grant & M. D.
Barton, 2007. Antibiotic and heavy metal
resistance in motile aeromonads and
pseudomonads  from rainbow trout
(Oncorhynchus mykiss) farms in Australia.
International Journal of Antimicrobial
Agents, 30, 177-182.

Awan, M., A. Magbool, A. Bari & K. Kro-
vacek, 2009. Antibiotic susceptibility
profile of Aeromonas spp. isolates from
food in Abu Dhabi, United Arab Emirates.
New Microbiologica, 32, 17-23.

Bizani, D. & A. Brandelli, 2001. Anti-
microbial susceptibility, hemolysis, and
hemagglutination among Aeromonas spp.
isolated from water of a bovine abattoir.
Brazilian Journal of Microbiology, 32,
334-339.

Burke, V., J. Robinson, H. M. Atkinson & M.
Gracey, 1982. Biochemical characteristics
of enterotoxigenic Aeromonas spp. Jour-
nal of Clinical Microbiology, 15, 48-52.

Cipriano, R. C., G. L. Bullock & S. W. Pyle,
1984. Aeromonas hydrophila and motile
acromonad septicemias of fish. US Fish &
Wildlife Publications. Paper 134.

Daskalov, H., 2006. The importance of Ae-
romonas hydrophila in food safety. Food
Control, 17, 474—483.

Doukas, V., F. Athanassopoulou, E. Kara-
gouni & E. Dotsika, 1998. Aeromonas
hydrophila infection in cultured sea bass,
Dicentrarchus labrax L., and Puntazzo
puntazzo cuvier from the Aegean Sea.
Journal of Fish Diseases, 21, 317-320.

EUCAST (2013). http://mic.eucast.org/Eu-
cast2/SearchController/search.jsp?action=
performSearch&Beginlndex=0&Micdif=m

BJVM, 16, No 4



ic&Numberlndex=50&Antib=-1&Specium
=233 (4 October 2013 date last accessed).

Fiorentini, C., E. Barbieri, L. Falzano, P. Ma-
tarrese, W. Baffone, A. Pianetti, M.
Katouli, I. Kuhn, R. Mollby, F. Bruscolini,
A. Casiere & G. Donelli, 1998. Occur-
rence, diversity and pathogenicity of meso-
philic Aeromonas in estuarine waters of
the Italian coast of the Adriatic Sea. Jour-
nal of Applied Microbiology, 85, 501-511.

Goni-Urriza, M., L. Pineau, M. Capdepuy, C.
Roques, P. Caumette & C. Quentin, 2000.
Antimicrobial resistance of mesophilic
Aeromonas spp. isolated from two
European rivers. Journal of Antimicrobisl
Chemotherapy, 46, 297-301.

Gonzalez, C. J., J. A. Santos, M. L. Garcia-
Lopez, N. Gonzalez & A. Otero, 2001.
Mesophilic aeromonads in wild and aqua-
cultured freshwater fish. Journal of Food
Protection, 64, 687-691.

Guz, L. & A. Kozinska, 2004. Antibiotic
susceptibility of Aeromonas hydrophila
and Aeromonas sobria isolated from
farmed carp (Cyprinus carpio L.). Bulle-
tin of the Veterinary Institute in Pulawy,
48, 391-395.

Ibrahem, M. D., M. M. Mostafa, R. M. H.
Arab & M. A. Rezk, 2008. Prevalence of
Aeromonas hydrophila infection in wild
and cultured Tilapia Nilotica (O. niloticus)
in Egypt. In: Proceedings of the 8"
International Symposium on Tilapia in
Aquaculture, pp. 1257-1271.

Igbinosa, 1., E. Igumbor, F. Aghdasi, M. Tom
& A. Okoh, 2012. Emerging Aeromonas
species infections and their significance in
public health. The Scientific World
Journal, DOI 10.1100/2012/625023.

Jones, B. L. & M. H. Wilcox, 1995. Aero-
monas infections and their treatment.
Journal of Antimicrobial Chemotherapy,
35, 453-461.

Kampfer, P., C. Christmann, J. Swings & G.
Huys, 1999. In vitro susceptibilities of
Aeromonas genomic species to 69 anti-
microbial agents. Systematic and Applied
Microbiology, 22, 662—669.

BIVM, 16, No 4

D. Stratev, I. Vashin & H. Daskalov

Kirov, S. M., & Mclver, C. J., 2005. Aero-
monas and Plesiomonas. In: A Compen-
dium of Laboratory Diagnostic Methods
for Common And Unusual Enteric Patho-
gens, ed. C. J. Mclver, Australian Society
for Microbiology Press, Melbourne, pp.
13-28.

Kozinska, A. & A. Pekala, 2010. Serotyping of
Aeromonas species isolated from polish
fish farms in relation to species and
virulence phenotype of the bacteria. Bu-
lletin of the Veterinary Institute in Pulawy,
54, 315-320.

Namdari, H. & E. Bottone, 1990. Microbio-
logic and clinical evidence supporting the
role of Aeromonas caviae as a pediatric
enteric pathogen. Journal of Clinical
Microbiology, 28, 837-840.

Overman, T. L. & J. M. Janda, 1999. Anti-
microbial  susceptibility patterns  of
Aeromonas jandaei, A. schubertii, A. trota,
and A. veronii biotype veronii. Journal of
Clinical Microbiology, 37, 706—708.

Ozer, S., P. Bulduklu, S. Tezcan, E. Donmez,
E. Aydin, G. Aslan & G. Emekdas, 2009.
Genetic diversity and antimicrobial sus-
ceptibility of motile aeromonads isolated
from rainbow trout (Oncorhynchus mykiss,
Walbaum) farms. Journal of Applied
Ichthyology, 25, 195-200.

Popovic, N. T., E. Teskeredzic, 1. Strunjak-
Perovic & R. Coz-Rakovac, 2000. Aero-
monas hydrophila isolated from wild
freshwater fish in Croatia. Veterinary
Research Communications, 24, 371-377.

Rahman, T., M. M. R. Akanda, M. M. Rahman
& M. B. R. Chowdhury, 2009. Evaluation
of the efficacies of selected antibiotics and
medicinal plants on common bacterial fish
pathogens. Journal of the Bangladesh
Agricultural University, 7, 163—168.

Rhodes, G., G. Huys, J. Swings, P. McGann,
M. Hyney, P. Smith & R. W. Pickup,
2000. Distribution of oxytetracycline resis-
tance plasmids between aeromonads in
hospital and aquaculture environments:
Implication of Tn/72/ in dissemination of
the tetracycline resistance determinant

295



Antimicrobial resistance of f-haemolytic Aeromonas hydrophila isolated from rainbow trouts...

TetA. Applied and Environmental Micro-
biology, 66, 3883-3890.

Rowe-Magnus, D. A., A. M. Guerout & D.
Mazel, 2002. Bacterial resistance evolu-
tion by recruitment of super-integron gene
cassettes. Molecular Microbiology, 43,
1657-1669.

Saavedra, M. J., S. Guedes-Novais, A. Alves,
P. Rema, M. Tacao, A. Correia & A.
Martinez-Murcia, 2004. Resistance to f-
lactam antibiotics in Aeromonas hydro-
phila isolated from rainbow trout (Onco-
rhynchus mykiss). International Microbio-
logy, 7,207-211.

Singh, D. V. & S. C. Sanyal, 1992. Production
of haemolysis and its correlation with
enterotoxicity in Aeromonas spp. Journal
of Medical Microbiology, 37, 262-267.

Subashkumar, R., T. Thayumanavan, G. Vive-
kanandhan & P. Lakshmanaperumalsamy,
2006. Occurrence of Aeromonas hydro-
phila in acute gastroenteritis among child-
ren. Indian Journal of Medical Research,
123, 61-66.

Tsai, C. C., Y. H. Ho & L. S. Wang, 2005.
Aeromonas hydrophila bacteremia presen-
ting as epidural abscess in a cirrhotic
patient — a case report. Tzu Chi Medical
Journal, 17, 429-432.

Vila, J., F. Marco, L. Soler, M. Chacon & M.
Figueras, 2002. In vitro antimicrobial
susceptibility of clinical isolates of Aero-
monas caviae, Aeromonas hydrophila and
Aeromonas veronii biotype sobria. Jour-

296

nal of Antimicrobial Chemotherapy, 49,
697-702.

Vivekanandhan, G., K. Savithamani, A. A. M.
Hatha & P. Lakshmanaperumalsamy,
2002. Antibiotic resistance of Aeromonas
hydrophila isolated from marketed fish
and prawn of South India. International
Journal of Food Microbiology, 76, 165—
168.

Zong, Z., X. Lu & Y. Gao, 2002. Aeromonas
hydrophila infection: Clinical aspects and

therapeutic options. Reviews in Medical
Microbiology, 13, 151-162.

Paper received 17.06.2013; accepted for
publication 11.09.2013

Correspondence:

Assist. Prof. D. Stratev

Department of Food Hygiene and Control,
Veterinary Legislation and Management,
Faculty of Veterinary Medicine,

6000 Stara Zagora

e-mail: stratev@mail.bg

BJVM, 16, No 4



