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The contamination of aquatic ecosystems by heavy metals has been identified as RESEARCH ARTICLE

a significant environmental hazard for aquatic animal species, including fish. The

objective of this study was to investigate the tolerance of Vagococcus Received  :31.10.2024  [m]dgh[m]
salmoninarum bacteria to copper and the impact of copper exposure on antibiotic Revised +10.12.2025
susceptibility. The bacterial isolates, comprising six strains, were obtained from .

rainbow trout reared in cage culture at Kilavuzlu Dam Lake. The initial Accepted :21.01.2025
assessment of antibiotic susceptibility was conducted using the Kirby-Bauer disc Published  :30.04.2025
diffusion method, which was subsequently validated through the determination of
minimum inhibitory concentration (MIC). The broth microdilution method was
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employed, with the bacterial isolates exposed to concentrations of copper sulphate "

ranging from 0.1 to 1 mM. The resistance to multiple antibiotics was altered to be CORRESPONDING AUTHOR
significantly altered following exposure to copper sulphate. The minimum
inhibitory concentration (MIC) value of copper was observed to be 0.4 mM
against V. salmoninarum. It was noted that V. salmoninarum, which has been
exposed to copper in its natural environment, has developed the capacity to
withstand stress and has undergone a change in its physiological status.
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Kilavuzlu Baraj Golii’ndeki Alabalik isletmelerinden izole Edilen Vagococcus salmoninarum’da Bakir
Toleransi ve Antibiyotik Duyarhhigi Arasindaki Iliskinin Incelenmesi

Oz: Sucul ekosistemlerin agir metallerle kirlenmesi, baliklar da dahil olmak iizere sucul hayvan tiirleri i¢in énemli bir cevresel
tehlike olarak tanimlanmistir. Bu ¢aligmanin amaci Vagococcus salmoninarum bakterisinin bakira toleransini ve bakira maruz
kalmanin antibiyotik duyarlilig: iizerindeki etkisini aragtirmaktir. Alt1 sugtan olusan bakteri izolatlar1 Kilavuzlu Baraj Golii'nde kafes
kiiltiirinde yetistirilen gokkusag alabaliklarindan elde edilmistir. Antibiyotik duyarliliginin ilk degerlendirmesi Kirby-Bauer disk
difiizyon yontemi kullanilarak yapilmis ve daha sonra minimum inhibitoér konsantrasyon (MIK) degeri belirlenerek dogrulanmustir.
Bakteri izolatlar1 0,1 ila 1 mM arasinda degisen bakir siilfat konsantrasyonlarina maruz birakilarak et suyu mikrodiliisyon yontemi
kullanilmigtir. Bakir siilfata maruz kalmanin ardindan ¢oklu antibiyotik direncinin énemli dl¢iide degistigi bulunmustur. Bakirm
minimum inhibitér konsantrasyon (MIK) degerinin V. salmoninarum'a kars: 0,4 mM oldugu gdzlenmistir. Dogal ortaminda bakira
maruz kalan V. salmoninarum'un strese dayanma kapasitesi gelistirdigi ve fizyolojik durumunda bir degisiklik oldugu

kaydedilmistir.
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Introduction subsequently  defined as V. salmoninarum
Vagococcus salmoninarum is a Gram-positive  (Wallbanks et al. 1990; Daly 1999).
coccobacillus that was initially V. salmoninarum is the causative agent of

described as a Lactobacillus strain in 1968  coldwater streptococcosis. An infectious disease that
(Austin and Austin 2016). This strain was has been shown to result in high mortality rates and
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significant economic losses on fish farms,
particularly in rainbow trout and Atlantic salmon
(Ghittino et al. 2004; Schmidtke and Carson 1994;
Ozcan and Baris 2019). However, over the last 30
years, the disease has become established in fish
farmed in numerous countries across Europe and the
globe (Schmidtke and Carson 1994; Michel et al.
1997; Ghittino et al. 2004; Ruiz-Zarzuela et al. 2005;
Salogni et al. 2007; Didinen et al. 2011; Ozcan et al.
2014). The mortality rates observed ranged from 20%
to 50% per year (Nougayrede et al. 1995; Michel et
al. 1997; Ruiz-Zarzuela et al. 2005; Ozcan et al.
2016).

There is evidence to suggest that there is a
correlation between the tolerance of bacteria to heavy
metals and their resistance to antibiotics. This is a
global problem that is currently threatening the
treatment of infections in plants, animals and humans
(Spain and Alm 2003). It is noteworthy that
resistance to these metals is mediated by the same
plasmid that determines resistance to drugs. The
majority of these metals have recently been identified
as either established or potential causes of
environmental contamination (Nakahara et al. 1977).
Furthermore, the presence of heavy metals in the
environment has the potential to induce significant
alterations in the structure and functionality of
microbial communities. It has been demonstrated that
both Gram-negative and Gram-positive bacteria may
develop resistance to heavy metals. This resistance
may serve as an indicator of the extent of
contamination and the degree of exposure to bacteria
and heavy metals (Kimiran-Erdem et al. 2015).

Previous studies have demonstrated the development
of antibiotic resistance in bacterial strains due to
heavy metal contamination (Calomiris et al. 1984;
McArthur and Tuckfield 2000; Stepanauskas et al.
2006; Garhwal et al. 2014).

The objective of this study was to ascertain the
antibiotic susceptibility of V. salmoninarum isolates
following exposure to copper.

Materials and Methods

Bacteria

The experiments were conducted using V.
salmoninarum bacteria isolated from six rainbow
trout farms with disease outbreaks in Kilavuzlu Dam
Lake in Kahramanmaras province of Turkey (Figure
1). The strains were stored in trypticase-soy broth
(TSB) supplemented with 15% (v/v) sterile glycerol
at a temperature of -80°C. The isolate was identified
by means of the polymerase chain reaction (PCR)
method described by Ruiz-Zarzuela et al. (2005). For
each experiment, the bacteria were inoculated on
trypticase-soy agar (TSA), and one to three colonies
were transferred into TSB and incubated for 48 hours
at 22°C with shaking. The cells were harvested and
washed twice with sterile phosphate-buffered saline
(PBS, pH 7.2) by centrifugation at 2500 g for 10
minutes. Following the final centrifugation, the cells
were re-suspended in sterile PBS and immediately
employed in the experiments. The number of bacteria
(expressed as colony forming units, CFU) in the
suspension ~ was  determined  through  the
implementation of 10-fold serial dilutions and the
plate count technique on TSA.
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Figure 1. Map of the sampling station



Gokhan et al. 2025 - LimnoFish 11(1): 33-37

35

Exposure to copper and minimum inhibitory
concentration

To each of the triplicate tubes containing TSB,
copper sulphate was added to obtain final
concentrations of 0 and 0.1 to 1 mM. A suspension of
V. salmoninarum (50 ul of 5x10° CFU ml?) was
added to each tube, mixed, and incubated for 48 hours
at 22°C. Following a 48-hour incubation period, 50
ul of sample from each tube was cultured in sterile
agar plates containing copper in order to test bacterial
recovery. The samples were incubated for 48 hours at
22 degrees Celsius, after which the number of
bacterial colonies was counted.

Antibiotic susceptibility testing of the isolates

The antimicrobial susceptibility patterns were
determined using Mueller-Hinton medium and
commercial antimicrobial disks. The antimicrobial
susceptibility patterns were determined
using the following antimicrobial  disks:
kanamycin (30 pg), ampicillin (10 pg), enrofloxacin
(10 pg), eritromycin (15 pg), gentamicin
(10 png), neomycin (30 pg), chloramphenicol
(30 pg), ciprofloxacin (5 pg), penicillin G (10 IU)
and trimetoprim/sulfametaxazol (25 ug).
Antimicrobial susceptibility testing was conducted in
accordance with the Clinical and Laboratory
Standards Institute (CLSI) guidelines using the

Kirby-Bauer disc diffusion method (CLSI 2011). The
results for the antibiotic
susceptibility patterns before and after copper
exposure were recorded and subjected to analysis to
ascertain any changes in the patterns.

Result
All isolates isolated from rainbow trout
in six cage culture farms in Kilavuzlu

Dam Lake showed high resistance to copper and the
minimum inhibitory concentration (MIC) for
copper was 0.4 mM. Following exposure to

copper, no change was observed in the
organisms' phenotypical properties.
However, all  isolates  exhibited altered
antibiotic susceptibility characteristics.

Figure 2 depicts the varying inhibition levels of
copper  against V.  salmoninarum.  After
exposure to copper, all antibiotics in this study

demonstrated  increased  resistance in V.
salmoninarum isolates.

The copper strains demonstrated
resistance to furazolidone, gentamicin,

and  trimethoprim-sulfadiazine. ~ All  strains
demonstrated sensitivity to kanamycin, ampicillin,
neomycin, chloramphenicol, ciprofloxacin,
enrofloxacin, erythromycin and penicillin.
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Figure 2. Antibiotic susceptibility of V. salmoninarum not exposure and exposure to 0.4 mM copper. K: Kanamycin,
F: Furazolidon, A: Ampicillin, G: Gentamicin, N: Neomycin, Ch: Chloramphenikol, C: Ciprofloxacin, E:
Enrofloxacin, Er: Eritromisin, P: Penisillin, Tr-Su: Trimethoprim-Sulphadiazine.

Discussion

The phenomenon of antimicrobial resistance has
recently been identified as a significant global
ecological issue (Levy 2001). The occurrence of

antibiotic resistance in the environment may be
attributed to the presence of heavy metals and other
toxic substances (Schwarz et al. 2004; Baker-Austin
et al. 2006).
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The present study has demonstrated that
kanamycin, ampicillin, neomycin, chloramphenicol,
ciprofloxacin, enrofloxacin, erythromycin and
penicillin  are effective in controlling V.
salmoninarum. It is therefore recommended that
farmers employ these antibiotics for prophylactic and
therapeutic purposes in the culture of rainbow trout.
As reported by Ruiz-Zarzuella et al. (2005), strains of
V. salmoninarum isolated from farms in the north-
eastern region of Spain demonstrated sensitivity to
erythromycin and oxytetracycline. In a further study,
Tanrikul et al. (2014) demonstrated that strains of V.
salmoninarum isolated from diseased rainbow trout

exhibited sensitivity to amoxicillin, ampicillin,
enrofloxacin, norfloxacin, oxolinic acid and
florfenicol.

In this study, the minimum inhibitory

concentration (MIC) values of copper against all
strains of V. salmoninarum were found to be identical
(0.4 mM). As reported by Nies (1999) and Roane and
Kellogg (1995), the MIC of copper for Escherichia
coli was found to be 1 mM and 10 mM, respectively.
Zhou et al. (2015) demonstrated that exposure to five
heavy metals (Pb, Cu, Zn, Cr (VI) and Hg) resulted
in antibiotic  susceptibility in  Pseudomonas
fluorescens, with a reported MIC value for copper of
100 mg/ml. The MIC of bacteria resistant to copper
exhibited variability between bacterial groups.
Copper has the potential to disrupt cell function
in multiple ways, since several mechanisms acting
simultaneously may reduce the ability of
microorganisms to develop resistance against copper
(Michels et al. 2005). In the present study, we also
demonstrated that antibiotic susceptibility could
provide valuable insights into the exposure of copper.
The findings indicated that exposure to varying doses
of copper resulted in an elevated level of antibiotic
resistance in V. salmoninarum. A previous
experiment demonstrated that elevated antibiotic
resistance levels in bacteria exposed to heavy metals
were observed (Garhwal et al. 2014). The analysis of
multiple antibiotic-resistant bacteria isolated from a
mariculture farm in China revealed a high prevalence
of chloramphenicol-resistant isolates (Dang et al.
2006). Similarly, the co-selection of antibiotic
resistance by heavy metals in freshwater microcosms
and industrially polluted streams has been
demonstrated (McArthur and Tuckfield 2000;
Stepanauskas et al. 2006). Calomiris et al. (1984)
reported a positive correlation between Cu, Pb, and
Zn contaminants and multiple antibiotic resistance in
bacteria in the drinking water. In the study conducted
by Garhwal et al. (2014), 30 clinical isolates of Gram-
negative (25 strains) and Gram-positive (5 strains)
bacteria were included in the analysis. The antibiotic
and lead resistance patterns were studied using the

disc diffusion method. Furthermore, lead exposure
was found to significantly elevate antibiotic
resistance activities in clinical isolates (Garhwal et al.
2014).

In conclusion, the presence of heavy metals in the
environment has been identified as a contributing
factor in the development of antibiotic resistance
among  bacterial  populations.  Furthermore,
prolonged exposure to these heavy metal residues
may result in the emergence of a heavy metal-
resistant bacterial strain. To date, there is a paucity of
literature on the heavy metal resistance patterns of
bacteria isolated from fish farms. It is therefore
recommended that the effects of heavy metals in
aquatic systems on bacterial populations be
monitored.

Ethical Approval

All animal studies were approved by the Animal
Ethics Committee of KSUZIRHADYEK and
Research Institute (Protocol number: 2013/5-1).

References

Austin B, Austin DA. 2016. Bacterial Fish Pathogens;
Diseases of Farmed and Wild Fish. Switzerland:
Springer Cham 732 p.

Baker-Austin C, Wright MS, Stepanauskas R, McArthur
JV. 2006. Co-selection of Antibiotic and Metal
Resistance. Trends Microbiol. 14(4):176-82.
doi: 10.1016/j.tim.2006.02.006

Calomiris JJ, Armstrong JL, Seidler RJ. 1984. Association
of Metal Tolerance with Multiple Antibiotic
Resistance of Bacteria Isolated from Drinking Water.
Appl Environ Microb. 47(6):1238-1242.
doi: 10.1128/aem.47.6.1238-1242.1984

CLSI 2011. Clinical and Laboratory Standards Institute.
Performance Standards for Antimicrobial
Susceptibility Testing; Twenty-first Informational
Supplement M100-S21. Wayne, PA, the USA:
Clinical and Laboratory Standards Institute 165 p.

Daly JG. 1999. Other Bacterial Pathogens. In: Woo PTK,
Bruno DW, editors. Fish Diseases and Disorders:
Viral, Bacterial and Fungal Infections. New York:
CAB International. p. 577-584.

Dang H, Song L, Chen M, Chang Y. 2006. Concurrence of
cat and tet Genes in Multiple Antibiotic-Resistant
Bacteria Isolated from a Sea Cucumber and sea Urchin
Mariculture Farm in China. Microb Ecol. 52(4):634-
643.
doi: 10.1007/s00248-006-9091-3

Didinen BI, Kubilay A, Diler O, Ekici S, Onuk EE. Findik
A. 2011. First Isolation of Vagococcus salmoninarum
from Cultured Rainbow Trout (Oncorhynchus mykiss,
Walbaum) broodstocks in Turkey. Bull Eur Ass Fish
Pathol. 31(6):235-243.

Garhwal D, Vaghela G, Panwala T, Revdiwala S, Shah A,
Mulla S. 2014. Lead Tolerance Capacity of Clinical
Bacterial Isolates and Change in their Antibiotic
Susceptibility Pattern after Exposure to a Heavy



http://doi.org/10.1016/j.tim.2006.02.006
http://doi.org/10.1128/aem.47.6.1238-1242.1984
http://doi.org/10.1007/s00248-006-9091-3

Gokhan et al. 2025 - LimnoFish 11(1): 33-37

37

Metal. International Journal of Medicine and Public
Health. 4(3):253-256.
doi: 10.4103/2230-8598.137711

Ghittino C, Agnetti F, Panzieri C, Cabra S, Colussi S,
Prearo M. 2004. L’ infezione da Vagococcus
salmoninarum della trota iridea in Italia. Ittiopatol.
1:25-33. [in ltalian]

Kimiran-Erdem A, Arslan-Aydogdu EO, Gurun S, Altun
0. 2015. Determination of Multiple Antibiotic and
Heavy Metal Resistance of the Bacteria Isolated from
the Kiiclikcekmece Lagoon, Turkey. Pol J Environ
Stud. 24(3):1077-1084.
doi: 10.15244/pjoes/29202

Levy SB. 2001. Antibiotic Resistance: Consequences of
Inaction. Clin Infect Dis. 33(Supplement_3):124-129.
doi: 10.1086/321837

McArthur JV, Tuckfield RC. 2000. Spatial Patterns in
Antibiotic Resistance among Stream Bacteria: Effects
of Industrial Pollution. Appl Environ Microb.
66(9):3722-3726.
doi: 10.1128/AEM.66.9.3722-3726.2000

Michel C, Nougayrede P, Eldar A, Sochon E, de Kinkelin
P. 1997. Vagococcus salmoninarum, a Bacterium of
Pathological Significance in Rainbow Trout
Oncorhynchus mykiss Farming. Dis Aquat Organ.
30(3):199-208.
doi:10.3354/da0o030199

Michels HT, Wilks SA, Noyce JO, Keevil CW. 2005.
Copper Alloys for Human Infectious Disease Control.
Paper presented at: Materials Science and Technology
Conference; Pittsburgh, the USA.

Nakahara H, Ishikawa T, Sarai Y, Kondo I, Mitsuhashi S.
1977. Frequency of Heavy-Metal Resistance in
Bacteria from Inpatients in Japan. Nature
266(5598):165-167.
doi: 10.1038/266165a0

Nies DH. 1999. Microbial Heavy-Metal Resistance. Appl
Microbiol Biot. 51:730-750.
doi: 10.1007/s002530051457

Nougayréde P, Michel C, Sochon E, Vuillaume A, de
Kinkelin P. 1995. Vagococcosis, an Emerging Threat
for Farmed Salmonid Populations. Paper presented at:
7" International Conference on Diseases of Fish and
Shellfish; Palma de Mallorca, Spain.

Ozcan M. Baris Y. 2019. Investigation of phenotypic and
genotypic characteristics of isolation of strains
Vagococcus salmoninarum cage business rainbow
trouts (Oncorhynchus mykiss) of Kahramanmaras
province (Turkey). J. of Ani. and Vet. Adv. 18(4):124-
131
doi: 10.36478/javaa.2019.124.131.

Ozcan M. Ispir U. Yimaz Y. 2016. Experimental
Vagococcus salmoninarum infection in Rainbow
Trout (Oncorhynchus mkiss) by intraperitoneal
injection. IOSR Journal of Agriculture and Veterinary
Science (IOSR-JAVS) 9(12): 68-72.

Ozcan M. Yilmaz Y. Donat E. Kilavuz D. 2014. A study
of Vagococcus salmoninarum infection in some
cultured Rainbow Trout in cages in the Mediterranean
and Southeast Anatolia regions. Journal of Fisheries
and Aquatic Sciences 29(1): 2130.

Roane TM. Kellogg ST. 1995. Characterization of
Bacterial Communities in Heavy Metal Contaminated
Soils. Can J Microbiol. 42(6):593-603.
doi: 10.1139/m96-080

Ruiz-Zarzuela I, de Bias I, Gironés, O, Ghittino C,
MuAzquiz JL. 2005. Isolation of Vagococcus
salmoninarum in Rainbow Trout, Oncorhynchus
mykiss (Walbaum), Broodstocks: Characterization of
the Pathogen. Vet Res Commun. 29(7):553-562.
doi: 10.1007/s11259-005-2493-8

Salogni C, Perantoni P, Pitozzi A, Loris G, Alborali GL.
2007. Vagococcus salmoninarum: descrizione di un
focolaio di malattia in riproduttori di trota iridea
(Oncorhynchus mykiss). Ittiopatol. 4:59-66. [in
Italian]

Schmidtke LN, Carson J. 1994. Characteristics of
Vagococcus salmoninarum Isolated from Diseased
Salmonid Fish. J Appl Bacteriol. 77(2):229-236.
doi: 10.1111/j.1365-2672.1994.tb03068.x

Schwarz S, Kehrenberg C, Doublet B, Cloeckaert A. 2004.
Molecular Basis of Bacterial Resistance to
Chloramphenicol and Florfenicol. FEMS Microbiol
Rev. 28(5):519-542.
doi: 10.1016/j.femsre.2004.04.001

Spain A, Alm E. 2003. Implications of Microbial Heavy
Metal Tolerance in the Environment. Reviews in
Undergraduate Research. 2:1-6.

Stepanauskas R, Glenn TC, Jagoe CH, Tuckfield RC,
Lindell AH, King CJ, McArthur JV. 2006. Coselection
for Microbial Resistance to Metals and Antibiotics in
Freshwater ~ Microcosms.  Environ  Microbiol.
8(9):1510-1514.
doi: 10.1111/].1462-2920.2006.01091.x

Tanrikul T, Avsever ML, Onuk EE, Didinen BI. 2014.
Vagococcus salmoninarum, a Causative Agent of
Disease in Rainbow Trout (Oncorhynchus mykiss,
Walbaum) Broodstocks in the Aegean Region of
Turkey. Etlik Vet Mikrobiyol Derg. 25(1):11-16.

Wallbanks S, Martinez-Murcia AJ, Fryer JL, Phillips BA,
Collins MD. 1990. 16S rRNA Sequence
Determination for Members of the Genus
Carnobacterium and Related Lactic Acid Bacteria and
Description of Vagococcus salmoninarum sp. nov. Int
J Syst Bacteriol. 40(3):224-230.
doi: 10.1099/00207713-40-3-224

Zhou Y, Xu YB, Xu JX, Zhang XH, Xu SH, Du QP. 2015.
Combined Toxic Effects of Heavy Metals and
Antibiotics on a Pseudomonas fluorescens strain ZY2
Isolated from Swine Wastewater. Int J Mol Sci.
16(2):2839-2850.
doi: 10.3390/ijms16022839



https://www.ijmedph.org/Uploads/Volume4Issue3/IntJMedPubHealth-4-3-253.pdf
http://doi.org/10.15244/pjoes/29202
http://doi.org/10.1086/321837
http://doi.org/10.1128/AEM.66.9.3722-3726.2000
http://doi.org/10.3354/dao030199
http://doi.org/10.1038/266165a0
http://doi.org/10.1007/s002530051457
http://doi.org/10.1139/m96-080
http://doi.org/10.1007/s11259-005-2493-8
http://doi.org/10.1111/j.1365-2672.1994.tb03068.x
http://doi.org/10.1016/j.femsre.2004.04.001
http://doi.org/10.1111/j.1462-2920.2006.01091.x
http://doi.org/10.1099/00207713-40-3-224
http://doi.org/10.3390/ijms16022839

