
ARTICLE; AGRICULTURE AND ENVIRONMENTAL BIOTECHNOLOGY

Antibiotic resistance of Gram-negative benthic bacteria isolated from the sediments of

Kardzhali Dam (Bulgaria)

Ivan Iliev*, Mariana Marhova, Velizar Gochev, Marinela Tsankova and Sonya Trifonova

Department of Biochemistry and Microbiology, Faculty of Biology, University of Plovdiv “Paisii Hilendarski”, Plovdiv, Bulgaria

(Received 31 October 2014; accepted 10 December 2014)

The aim of the present study was to carry out a preliminary assessment for the occurrence of bacterial strains resistant to
frequently used antibiotics in the sediments beneath the sturgeon cage farm in Kardzhali Dam (Bulgaria). Samples were
taken from the top 2 cm of sediments under a fish farm and from a control station in the aquatory of the reservoir in the
period July�October 2011. Surveillance of bacterial susceptibility to 16 antimicrobial agents was performed for 160
Gram-negative strains (Pseudomonas mandelii � 100 strains; Hafnia alvei � 30 strains; and Raoultella ornithinolytica �
30 strains). No significant differences in the resistance to the tested antibiotics were observed between the strains isolated
from the two stations (analysis of variance, P > 0.05). Widespread resistance to penicillins and certain cephalosporin
antibiotics was observed in both stations. None of the studied strains showed resistance to the aminoglycoside antibiotics
gentamicin and amikacin, or to ciprofloxacin. Minimal Inhibitory Concentrations (MIC) were determined for five of the
tested antimicrobial agents by the microdilution antibiotic sensitivity assay. The data indicate that amikacin, tetracycline
and ciprofloxacin effectively suppress the growth of the tested micro-organisms. The isolates from genus Pseudomonas
showed the highest MIC and were characterized by the highest percentage of antibiotic resistance.
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Introduction

Antimicrobial agents have a wide range of applications

for control and prevention of infectious diseases in

humans and animals.[1] The increasing resistance of

micro-organisms to used antibiotics is globally acknowl-

edged as a serious ecological problem.[2�5] Antimicro-

bial resistance is a direct consequence of the misuse of

antibiotics in veterinary medicine and aquaculture,

causing selective pressure on bacterial species.

Net cage fish farms have a direct impact on the aquatic

environment. Usually, medicated feed is used for antibiotic

treatment of fish. Contamination of the environment with

drugs occurs due to release of uneaten feed and faeces in

the water column.[1] One of the challenges for the develop-

ment of cage aquaculture in open waters is disease caused

by pathogenic bacteria such as Aeromonas spp., Vibrio spp.,

Pseudomonas spp. and Flavobacterium spp.[1,6] This can

result in propagation of resistant strains in the environment.

[4,7] Such high frequency of occurrence of bacterial resis-

tance is well documented in clinical isolates and in wild ani-

mal populations and natural water samples. Allochthonous

and antibiotic-resistant pathogenic bacteria introduced in

the environment can transfer their resistance to autochtho-

nous aquatic bacteria, which can in turn transfer it to suscep-

tible autochthonous pathogenic bacteria.[4,8�11]

Although fish farms have existed since the 1960s in

Europe, this problem is poorly documented.[1,12,13]

Today, due to the development of good practices for sus-

tainable management of land and freshwater use, it seems

necessary to enhance that knowledge.

The aim of this study was to carry out a preliminary

assessment for the occurrence of bacterial strains resistant

to frequently used antibiotics in the sediments beneath the

sturgeon cage farm in Kardzhali Dam (Bulgaria).

Materials and methods

Study area

The study was carried out in the aquatory of Kardzhali

Dam in the period July�October 2011. Two sampling sta-

tions were selected on the basis of a preliminary survey

on the spatial impact of cage farms. Station 1(N

41�3802700; E 25�1804300) is located near a cage fish farm

which has been used for commercial rearing of carp and

sturgeon species for approximately 30 years. Station 2 (N

41�3804400; E 25�1703700) is situated in the upper part of

the reservoir, which is free of cages, and was used as a

control station. The exact location was determined by a

Garmin 76CS x GPS receiver (Figure 1).
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Sediment sampling

Sediment samples were collected from the bottom with an

Ekman�Birge bottom sampler. The upper two centi-

metres from the sediment core were transferred into sterile

plastic tubes and transported on ice to the laboratory

within six hours. Samples were taken three times for the

period of the study in order to compare the results from

the control and cage farm station.

Tested strains

After identification, a total of 50 strains of Pseudomonas

mandelii, 30 strains of Raoultella ornithinolytica and 30

strains of Hafnia alvei isolated from the sediments of sta-

tion 1 and 50 strains of Pseudomonas mandelii isolated

from station 2 were tested for antibiotic sensitivity.

Antibiotic sensitivity assay

The antibiotic susceptibility testing of all isolates was car-

ried out using the disc-diffusion method of Bauer�Kerby.

[14] Sixteen antimicrobial agents were selected as repre-

sentatives of seven different classes of antibiotics used in

aquaculture: ampicillin (AMP, 10 mg), ampicillin/sulbac-

tam (SAM, 20 mg), amoxicillin (AML, 10 mg), amoxicil-

lin/clavulanic acid (AMC, 30/15 mg), cefuroxime (CFX,

30 mg), cefixime (CFM, 5 mg), cefoperazone/ sulbactam

(CFS, 75/35 mg), cefalothine (KF, 30 mg), amikacin (AK,
30 mg), gentamicine (GN, 10 mg), tetracycline (TE,

30 mg), erythromycin (E, 15 mg), ciprofloxacin (CIP,

5 mg), nalidixic acid (NAL, 30 mg), sulfamethoxazole/tri-

methoprim (SXT, 23.75/1.25 mg) and chloramphenicol

(C, 30 mg). All were products of Oxoid (Hampshire, Eng-

land). Reference strains Escherichia coli ATCC 25922

and Pseudomonas aeruginosa ATCC 27853 were used as

internal standards.

Determination of minimal inhibitory concentration

The minimal inhibitory concentration (MIC) of five anti-

microbial agents (tetracycline, amikacin, ciprofloxacin,

nalidixic acid and sulfamethoxazole) was determined by

the microdilution antibiotic sensitivity assay, according to

the Clinical and Laboratory Standards Institute.[14] After

18�24 h of incubation on Mueller�Hinton agar at 37 �C,
a single colony from each strain was transferred into

Mueller�Hinton Broth (HiMedia) and adjusted to optical

density (OD) 0.5 McFarland units. Antibiotic stock solu-

tions with a final concentration of 1280 mg∙mL¡1 (prod-

ucts of HiMedia, India) were prepared in Mueller�Hinton

Broth. Assays were conducted in 96-well microtiter plates

at 10 different concentrations for each antimicrobial agent

prepared by series of two-fold dilutions (64�0.125

mg∙mL¡1). Higher concentrations were used for sulfa-

methoxazole (640 �1.25 mg∙mL¡1). Prior to inoculation,

the standardized bacterial suspensions were diluted 1:100

and 100 mL were added to each well containing 100 mL

of the tested antimicrobial agent. This resulted in a final

inoculum of 5 £ 105 cfu∙mL¡1.[14] MIC values were

determined after 24 h incubation at 37 �C. The turbidity

of each well was measured by an ELx 800 spectrophotom-

eter (Bio-Tek). RidaWin V 1.31 software (R-Biopharm

AG) was used to analyse the results. MIC was defined as

the lowest concentration of the antimicrobial agent that

inhibits the growth of the tested isolate more than 80%

compared to that in the positive control well.

Statistical analysis

Statistical analysis was performed with Statistica V 10

(StatSoft). Analysis of variance (ANOVA) was used for

sample comparison in order to examine the null hypothe-

sis that antibiotic resistance in bacteria isolated from sedi-

ments under the fish farm was greater than in isolates

from the control sediments.

Results and discussion

Antibiotic sensitivity of Gram-negative microflora

A total of 160 Gram-negative strains isolated from sedi-

ments at stations 1 and 2 were tested for sensitivity to 16

antibiotics. Gram-negative species were used as a more

reliable subject for testing antibiotic resistance due to their

marked resistance to a broad spectrum of antibiotics, as

opposed to Gram-positive micro-organisms.[15,16] The

gram-negative microflora in the sediments beneath the

two stations was formed mainly by Pseudomonas mande-

lii. This was the only species isolated from station 2. At

station 1, the species composition included representatives

of the coliform group, Raoultella ornithinolytica and

Hafnia alvei.

Figure 1. General scheme of Kardzhali Dam (a) and locations
of sampling stations (b) in the studied area of the reservoir.
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Widespread resistance for penicillins, some cephalo-

sporin antibiotics and erythromycin was observed. All iso-

lated strains were found to be resistant to AMP, AMX and

E; 79% were resistant to SAM, 81% to AMC and KF,

75% to CFX; 62% to CFM and C; 59% to CFS; 12.5% to

TE and NAL, and 5% to cotrimoxazole. There was no

established resistance of the studied strains to the amino-

glycoside antibiotics GN and AK, as well as to CIP. The

reference strain Escherichia coli ATCC 25922 was sensi-

tive to all the antimicrobial agents tested, with the excep-

tion of erythromycin. Pseudomonas aeruginosa ATCC

27853 showed resistance to AP, SAM, AML, AMC, CXM,

CFM, KF, E, NAL, C and SXT. It was susceptible to CES,

AK, G and CIP. The results for the reference strains are in

accordance with the acceptable limits for quality control

strains used to monitor the accuracy of disk diffusion test-

ing of nonfastidious micro-organisms.[14]

Resistance to tetracycline and tetracyclines is a

common phenomenon.[17�19] However, only 21

Pseudomonas mandelii strains that were isolated from the

sediments from Kardzhali Dam were resistant to tetracy-

cline. Resistance to tetracycline was not observed in

H. alvei and R. ornithinolytica. Tetracyclines are charac-

terized by a broad spectrum of action and resistance to

them is often plasmid-determined. The presence of strains

resistant to tetracycline poses risk of transmission of this

resistance to pathogenic species.[20]

Resistance to quinolones is rare within representatives

of the natural microflora and does not exceed 25%,[12]

although Chelossi et al. [20] have found that 70% of their

isolates were resistant to nalidixic acid. These levels are

much higher compared to the results obtained for Kardz-

hali Dam. We determined the resistant strains to be 12.5%

of all tested isolates. For P. mandelii, the level of resis-

tance was higher and reached 21%. None of the tested

strains was found to be resistant to ciprofloxacin. It must

be taken into account, however, that neither of these sub-

stances is approved for use in aquaculture.

Pseudomonas mandelii

All of the 100 tested strains showed resistance to ampicil-

lin and amoxicillin, irrespective of the addition of b-lacta-
mase inhibitors such as sulbactam and clavulanic acid, as

well as to cephalosporins CFM, CFX and KF (Figure 2).

A total of 31 (31%) strains were resistant to cefoperazone

with added sulbactam: 19 of those isolated from station 1,

and 12 from the sediments at station 2. Eight of the iso-

lates from station 1 and 12 strains from station 2 demon-

strated resistance to TE (20%), while resistance to NAL

was observed in 21 strains (21%), eight of which were iso-

lated from station 1 and 13, from station 2. Resistance to

cotrimoxazole was shown in four strains (4%) from the

sediments at station 1. There was no resistance to GN, AK

and CIP in the tested P. mandelii strains. No significant

differences were found in the resistance of the strains iso-

lated from stations 1 and 2 to the tested antibiotics

(ANOVA, P > 0.05).

Of the identified bacterial groups, the representa-

tives of genus Pseudomonas are notorious for their

resistance to antibiotics, as these bacteria maintain

antibiotic resistance plasmids.[21] Since these plasmids

are transmissible, the increased resistance to certain

antibiotics poses a threat of transferring such resistance

to sensitive bacteria, thus making them acquire resis-

tance to antibiotics.[16,22]

Figure 2. Sensitivity of the 160 Gram-negative strains isolated from the sediments of Kardzhali Dam (P. mandelii � 100 strains; H.
alvei � 30 strains; and R. ornithinolytica � 30 strains).
Note: AMP� ampicillin; SAM � ampicillin/sulbactam; AMX � amoxicillin; AMC� amoxicillin/clavulanic acid; CXM � cefuroxime;
CFM� cefixime; CES � cefoperazone/sulbactam; KF � cephalothin; G � gentamicin; AK � amikacin; TE � tetracycline; E � erythro-
mycin; CIP � ciprofloxacin, NAL � nalidixic acid; C � chloramphenicol; SXT � sulfamethoxazole/trimethoprim.
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Raoultella ornithinolytica

Among the 30 strains tested, 100% resistance to AMP and

AMX was established. The addition of b-lactamase

inhibitors decreased the resistance to 0%. All strains were

sensitive to first-, second- and third-generation cephalo-

sporins, to aminoglycoside antibiotics (AK and GN), to

quinolones (CIP and NAL) and to sulfonamides (cotri-

moxazole). Only the R. ornithinolytica isolates were sen-

sitive to chloramphenicol, which is one of the main agents

used in aquaculture. In our study, 62% of the total strains

tested showed resistance to chloramphenicol. Resistance

of Gram-negative micro-organisms to chloramphenicol

was reported in Chili [23] and France [24]. At present,

due to its proven cytotoxicity, this substance is banned in

the European Union.[25]

Hafnia alvei

Isolates of H. alvei exhibited higher resistance to the

tested antibiotics compared to R. ornithinolytica. All 30

strains (100%) were resistant to AMP, AMX, AMC, KF

and E. Full susceptibility (100%) was observed to CFM,

GN, AK, TE, CIP, NAL and cotrimoxazole. Six strains

(20%) were resistant to SAM and nine strains (30%), to

CFX. Four strains (13%) showed resistance to KF.

The level of resistance of coliforms to the tested anti-

microbial agents was low, with no reported evidence for

the emergence of such resistance in the strains in our

study. They exhibited higher sensitivity to ampicillin and

ciprofloxacin in comparison to results obtained from

research of waste water.[3,26] What is essential for the

emergence of resistant forms of microorganisms is the

presence of favourable conditions for them to divide.[27]

In the bottom layers of Kardzhali Dam the temperatures

are low and create unfavourable conditions for reproduc-

tion of Enterobacteriaceae species in the sediments.

The results from the tests for antimicrobial activity did

not show significant differences in respect to the number of

resistant strains isolated from the two stations (ANOVA,

P > 0.05). Unlike our results, Gordon et al. [1], who stud-

ied the effect of net-cage farms on the counts of representa-

tives of genus Aeromonas and genus Pseudomonas in the

sediment under the farms, observed a significant increase

in the number of Aeromonas spp. resistant to OA (oxolinic

acid) and OTC (oxytetracycline) during the period of active

feeding, without this affecting the adjacent areas.

Our study showed high levels of antibiotic resistance

of the isolates from sediments from the two stations. The

levels of resistance do not differ significantly from those

reported in similar researches in countries where the use

of antibiotics in aquaculture is proven. The strains we

tested exhibited resistance to AMP, AMX, first- and sec-

ond-generation cephalosporins and erythromycin. The

resistance of Gram-negative micro-organisms to erythro-

mycin in the present study is consistent with reports by

other authors.[6,17,18,20]

The analysis of the results shows that eight P. mande-

lii strains (5%) were characterized with resistance to six

of the eight tested classes of antibiotics. Resistance to

four of the tested classes was established in 7.5% of the

cases (12 P. mandelii strains), and 31 P. mandelii isolates

were resistant to three classes. There was resistance to

two of the classes in 70% of the strains, including all P.

mandelii isolates and 12 H. alvei isolates. In all (100%) of

the tested strains, there was resistance to at least one class

of antibiotics (Figure 3).

The study showed resistance to more than one class of

antibiotics in 68% of the tested isolates. Multiple resis-

tance is a characteristic trait reported in a number of stud-

ies on pathogenic Gram-negative micro-organisms in

aquaculture.[28] The natural microflora in water basins

rarely presents a threat of causing infectious diseases in

Figure 3. Multiple antibiotic resistance of Gram-negative strains isolated from the sediments of Kardzhali Dam in August 2011.
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the inhabitants. The development of resistance to a given

group of antibiotics in representatives of the natural

microflora poses a risk of creating a pool of resistant genes

which can be transferred in transposable elements.[29]

This entails a significant risk of emergence of pathogenic

strains of micro-organisms with broad-spectrum antibiotic

resistance.[4]

Minimum inhibitory concentration

The minimum inhibitory concentration (MIC) values of

tetracycline, amikacin, ciprofloxacin, nalidixic acid and

sulfamethoxazole for 60 tested strains of P. mandelii

isolated from the sediment in stations 1 and 2 are shown

in Figure 4. The data indicate that AK, TE and CIP effec-

tively suppress the growth of the tested micro-organisms,

and the reported MIC values correspond to the standards

of sensitivity for Pseudomonas aeruginosa.[14]

The MIC values for nalidixic acid indicated average

levels of sensitivity and in 6 of the studied 30 strains from

station 1, they exceeded the set standards for sensitivity of

16 mg¢mL¡1.[6] For station 2, the average value was 6.85

mg¢mL¡1 and did not exceed 8 mg¢mL¡1. The isolates

that showed the highest MIC were those from genus Pseu-

domonas. They were also characterized by the highest

percentage of antibiotic resistance.

The statistical analysis showed significant differences

between the MIC values in stations 1 and 2 for tetracy-

cline, amikacin and ciprofloxacin (ANOVA, P < 0.005).

There were no differences in the sensitivity between the

two stations for NAL and sulfamethoxazole. The mean

MIC values for SMX of about 140 mg¢mL¡1 indicate that

the investigated strains are not sensitive to SMX.

The results from the MIC test for the Enterobacteria-

ceae representatives isolated at station 1 are shown in

Figure 5. The mean MIC values for TE were 3.6 and 3.2

mg¢mL¡1, respectively, for H. alvei and R. ornithinoly-

tica. These results were consistent with the standards for

MIC in the Enterobacteriaceae family.[14] H. alvei iso-

lates demonstrated high sensitivity to TE, AK and CIP.

All strains showed higher MIC values for AK as com-

pared to R. ornithinolytica (ANOVA, P < 0.05) with low

levels of intragroup variation, which is evidence for dif-

ferences in the levels of sensitivity within the family. The

average values for AK of 0.6 mg¢mL¡1 for R. ornithinoly-

tica are comparable to the 0.5 mg¢mL¡1 reported by Szabo

[30] for Klebsiella pnumoniae. No differences in the sen-

sitivity to TE, CIP, NAL and SMX (ANOVA, P > 0.05)

were observed in our study.

For SMX, the mean MIC values that we determined

were 160 and 128 mg¢mL¡1 for H. alvei and R. ornithino-

lytica in station 1, respectively. These values are signifi-

cantly lower than the ones reported by Wenz et al. [31]:

512 mg¢mL¡1 of SMX against E. coli and Klebsiella spp.

The high values for SMX in the absence of cotrimoxa-

zole-resistant strains of the two studied species indicate

poor efficiency of SMX in the absence of a DHFR (dihy-

drofolate reductase) inhibitor, such as trimethoprim. The

higher sensitivity to CIP than to NAL is in agreement

with the results of Barry et al. [32], who demonstrated

that CIP was four to eight times more active

against Gram-negative representatives of family

Figure 4. Comparison of minimum inhibitory concentration
(MAC) for Pseudomonas mandelii strains isolated from sedi-
ments at stations 1 and 2 in Kardzhali Dam in August 2011.
Note: TE � tetracycline; AK � amikacin; CIP � ciprofloxacin,
NAL � nalidixic acid; SMX � sulfamathoxazole.

Figure 5. Minimum inhibitory concentration for strains Hafnia
alvei (a) and Raoultella ornirhinolytica (b) isolated form station
1sediments at Kardzhali Dam in August 2011.
Note: TE � tetracycline; AK � amikacin; CIP � ciprofloxacin,
NAL � nalidixic acid; SMX � sulfamathoxazole.
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Enterobacteriaceae and Pseudomonas spp. compared to

oxolonic and nalidixic acid with MIC values � 2

mg¢mL¡1.

The lowest MIC values for all benthic isolates in our

study were those for the antibiotics amikacin and gentami-

cin. Similar results have been obtained by Pontes et al. [4]

for genus Pseudomonas.

The obtained results showed widespread resistance,

which confirms that water micro-organisms are highly

resistant to antibiotics.[20,28,33] It is indicative for the

absence of selective pressure in the aquatory of the reser-

voir. Such a survey could be used as complement to the

frequently used chemical monitoring.[1] This coupled

approach would increase the reliability of the assessment

of the ecological impact on the water body caused by the

implementation of antibiotics in aquaculture. The extent

of resistance found and the level of multiple resistance

demonstrate the need of further studies on the effect of

human activities in the area on the benthic microbial

communities.

Conclusions

Our analysis of the species composition of Gram-negative

microflora in the sediments under the net cage farm and at

the control station showed low diversity, with the main

representative being Pseudomonas mandelii. Although

the antibiotic susceptibility assay did not show any signifi-

cant differences in the level of resistance between the iso-

lates from the two locations, the results from the MIC test

indicated higher antibiotic resistance of the strains iso-

lated from beneath the cage farm. The high number of

resistant strains isolated from fish-farm and control sedi-

ments suggests that antibiotic resistance is common in

Gram-negative bacteria in the sediments of the studied

area of Kardzhali Dam.

Disclosure statement

No potential conflict of interest was reported by the authors.

References

[1] Gordon L, Giraud E, Ganiere J, Armand F, Bouju-Albert
A, De la Cote N, Mangion C, Le Bris H. Antimicrobial
resistance survey in a river receiving effluents from fresh-
water fish farms. J Appl Microbiol. 2007;102:1167�1176.

[2] Levy SB. Antibiotic resistance � the problem intensifies.
Adv Drug Deliv Rev. 2005;57:1446�1450.

[3] Ottosson J, Jarnheimer P, Stenstrom T. A longitudinal
study of antimicrobial resistant faecal bacteria in sediments
collected from hospital wastewater system. Infect Ecol
Epidemiol. 2012;2:1�7.

[4] Pontes D, Pinheiro F, Lima-Bittencourt C, Guedes R,
Cursino L, Barbosa F, Santos F, Chartone-Souza E,
Nascimento A. Multiple antimicrobial resistance of

Gram-negative bacteria from natural oligotrophic lakes
under distinct anthropogenic influence in a tropical region.
Microb Ecol. 2009;58:762�772.

[5] Singer R, Ward M, Maldonado G. Can landscape ecology
untangle the complexity of antibiotic resistance? Nat Rev
Microbiol. 2006;4:943�952.

[6] Akinbowale O, Peng H, Barton M. Antimicrobial resis-
tance in bacteria isolated from aquaculture sources in Aus-
tralia. J Appl Microb. 2006;100:1103�1113.

[7] Agerso Y, Bruun MS, Dalsgaard I, Larsen JL. Thetetracy-
cline resistance gene tet(E) is frequently occurring and pres-
ent on large horizontally transferable plasmids in Aeromonas
spp. from fish-farms. Aquaculture. 2007;266:47�52.

[8] Ash R, Mauck B, Morgan M. Antibiotic resistance of
Gram-negative bacteria in rivers, United States. Emerg
Infect Dis. 2002;8:713�716.

[9] Lodise T, Lomaestro B, Drusano G. Piperacillin tazobac-
tam for Pseudomonas aeruginosa infection: clinical impli-
cations of an extended-infusion dosing strategy. Clin Infect
Dis. 2007;44:357�363.

[10] Mazel D, Davies J. Antibiotic resistance in microbes. Cell
Mol Life Sci. 1999;56:742�754.

[11] Pontes D, Lima-Bittencourt F, Azevedo M, Chartone-
Souza E, Nasciamento A. Phenotypic and genetic analysis
of Enterobacter spp. from Brazilian oligotrophic freshwa-
ter lake. Can J Microbiol. 2007;53:983�991.

[12] Guardabassi L, Petersen A, Olsen J, Dalsgaard A. Antibi-
otic resistance in Acinetobacter spp. isolated from sewer
receiving waste effluent from hospital and pharmaceutical
plant. Appl Environ Microbiol. 1998;64:3499�3502.

[13] Schmidt A, Bruun M, Dalsgaard I, Pedersen K, Larsen J.
Occurrence of antimicrobial resistance in fish-pathogenic and
environmental bacteria associated with four Danish rainbow
trout farms. Appl Environ Microbiol. 2000;66:4908�4915.

[14] Clinical and Laboratory Standards Institute (CLSI). Perfor-
mance Standards for Antimicrobial Susceptibility Testing.
17th Informational Supplement. 2007;27(1):1�182.

[15] George A. Multidrug resistance in enteric and other gram-
negative bacteria. FEMS Microbiol Lett. 1996;139:1�10.

[16] Lu J, Perng C, Lee S, Wan C. Use of PCR with universal
primers and restriction endonuclease digestion for detec-
tion and identification of common bacterial pathogens in
cerebrospinal fluid. J Clin Microbiol. 2000;38:2076�2080.

[17] Hatha M, Vivekanandam A, Joice G, Christol G. Antibiotic
resistance pattern of motile aeromonads from farm raised
freshwater fish. Int J Food and Microbiol. 2005;98:
131�134.

[18] Ho S, Hsu T, Chen M, Wang W. Antibacterial effects of
chloramphenicol, thiamphenicol and florphenicol against
aquatic animal bacteria. J Vet Med Sci. 2002;62:479�485.

[19] Kim R, Nonaka L, Suzuki S. Occurrence of tetracycline resis-
tance genes tet(M) and tet(S) in bacteria from marine aqua-
culture sites. FEMSMicrobiol Lett. 2004;237:147�156.

[20] Chelossi E, Vezulli I, Milano A, Branzoni M, Fabiano M,
Ricarrdi G, Banat I. Antibiotic resistance of benthic bacte-
ria in fish farm and control sediments of Western Mediter-
ranean. Aquaculture. 2003;219(1–4):83�97.

[21] Radi F, Rahma H. Study the effect of ethidium bromide
SDS and elevated temperature on stability of multiple anti-
biotic resistances plasmid of Pseudomonas aeruginosa.
Iraqi J Biotechnol. 2010;9(4):796�811.

[22] Otajevwo F, Okungbowa A. A study on resistance loss of
multidrug resistant (MDR) Pseudomonas aeruginosa
strains after treatment with dilutions of acridine orange.
IJMMC. 2014;6(1):24�33.

Biotechnology & Biotechnological Equipment 279



[23] Mirand C, Zemelman R. Antimicrobial multiresistance in
bacteria isolated from freshwater Chilean salmon farms.
Sci Total Environ. 2002;293:207�218.

[24] Michel C, Kerouault B, Martin C. Chloramphenicol and
florphenicol susceptibility of fish-pathogenic bacteria
isolated from France: comparison of minimum
inhibitory concentration, using recommended provisory
standarts for fish bacteria. J Appl Microbiol. 2003;95:
1008�1015.

[25] European Union. European Directive 2006/7/CE of the
European Parliament and of the Council of 15 February
2006 concerning the management of bathing water quality
and repealing Directive 76/160/EEC.

[26] Luckiewicz A, Jankowska K, Fudala-Ksiazek S, Olanczuk-
Neyman K. Antimicrobial resistance of fecal indicators in
municipal wastewater treatment plant. Water Res.
2010;44:5089�5097.

[27] Kerry J, Coyne R, Gilroy D, Hiney M, Smith P. Spatial
distribution of oxytetracycline and elevated frequencies of
oxytetracycline resistance in sediments beneath a marine
salmon farm following oxytetracycline therapy. Aquacul-
ture. 1996;145:31�39.

[28] Boon PI, Cattanach M. Antibiotic resistance of native and
faecal bacteria isolated from rivers, reservoirs and sewage

treatment facilities in Victoria, South-Eastern Australia.
Lett Appl Microbiol. 1999;28:164�168.

[29] Sobecky P, Mincer T, Chang M, Helinski D. Plasmids
isolated from marine sediment microbial communities
contain replication and incompatibility regions unrelated
to those of known plasmid groups. Appl Environ
Microbiol. 1997;63:888�895.

[30] Szabo D. Molecular-epidemiology and in vitro and in vivo
antibiotic susceptibility of extended-spectrum ß-lactamase
producing Klebsiella pneumoniae [dissertation]. Budapest
(HU): Institute of Medical Microbiology; 2002.

[31] Wenz J, Salmon S, Robb E, Garry F, Barrington G. Activity
of selected antimicrobial agents against strains of E. coli
and Klebsiella spp. isolated from bovine intramammary
infections. Paper presented at: 2nd International Mastitis
Symposium, 2001 Sep 13�15; Vancouver, Canada.

[32] Barry A, Jones R, Thornsberry C, Ayers L, Gerlach E,
Sommers H. Antibacterial activities of ciprofloxacin,
norfloxacin, oxolinic acid, cinoxacin, and nalidixic acid.
Antimicrob Agents Chemother. 1984;25(5):633�637.

[33] Edwards ML, Lilley AK, Timms-Wilson TH, Thompson
IP, Cooper I. Characterisation of the culturable heterotro-
phic bacterial community in a small eutrophic lake (Priest
Pot). FEMS Microbiol Ecol. 2001;35:295�304.

280 I. Iliev et al.


	Abstract
	Introduction
	Materials and methods
	Study area
	Sediment sampling
	Tested strains
	Antibiotic sensitivity assay
	Determination of minimal inhibitory concentration
	Statistical analysis

	Results and discussion
	Antibiotic sensitivity of Gram-negative microflora
	Pseudomonas mandelii
	Raoultella ornithinolytica
	Hafnia alvei

	Minimum inhibitory concentration

	Conclusions
	Disclosure statement
	References

