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Gokkusagi Alabaliginda Goriilen Bashica Bakteriyel Patojenlerin Mevcut
Antimikrobiyal Durumu

Oz: Bu caligmada, dénemli ii¢ bakteriyel balik patojeninin (Lactococcus garvieae, Vibrio
anguillarum, Yersinia ruckeri) gokkusagi alabaligi ciftliklerinde yaygin olarak kullanilan
antibiyotiklere karsi olusturduklari antimikrobiyal diren¢ belirlenmistir. Her bir patojenin
antibiyotik duyarliliginin belirlenmesi i¢in Kirby-Bauer disk difiizyon teknigi kullanildi. Segilen
kemoterapétikler i¢in hizli ve kantitatif sonuglar saglayan E-test seritleri ile minimum inhibitor
konsantrasyon (MIC) degerleri belirlendi. L. garvieae suslarinin birgok antimikrobiyel ajana karg1
direng olugturdugu, V. anguillarum ve Y. ruckeri suslarinin ise klindamisin, ampisilin ve penisilin

~Sorumlu yazar: G’ye kars1 direngli oldugu tespit edilmistir. Her antibiyotik i¢in tedavi edilebilir ve tedavi
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INTRODUCTION

Antibiotic use has been the major treatment of
bacterial infectious diseases in the twentieth century, and
antimicrobial resistance has been increasing due to the
excessive use of chemotherapeutics (Ighinosa, 2014; Sharma
et al., 2017). Antibiotic resistance is developed by encoding
the resistance genes which imitate the inhibitory effect of the
antibiotics (Blair et al., 2015; Khan et al., 2019). It is
important to determine whether an antibiotic is susceptible
or not to prevent multidrug resistance, which could present
the causative agent with harsher symptoms than its
predecessors and prevent its rapid diagnosis (Khan et al.,
2019). Accurate and rapid antimicrobial tests have been
more important in practicing appropriate prophylaxis and
antimicrobial chemotherapy (Hughes et al., 1993).
Furthermore, the misuse of antibiotics causes the
development of the resistance mechanism and limits the
effects of antibiotics. Recent studies have shown that more
than 70% of infected bacteria have developed resistance to
at least one of the generally used antibiotics (Mathew et al.,
2007; Allerberger & Mittermayer, 2008; Jilani et al., 2008;
Shahriar et al., 2019).

Aquaculture production in the EU has been
predicted to be around 1.3 million tonnes in 2015
(EUROSTAT, 2019) and Turkey is one of the notable
producers of farmed fish among European countries.
Rainbow trout (Oncorhynchus mykiss) is the second most
produced species in the country (TUIK, 2020), in addition,
Aegean region, especially the Mugla province, has the
highest production amount for farmed fish (rainbow trout,
sea bass, and sea bream) considering other regions (Balci-
Akova, 2015). Recent developments in the amount of
production have led to challenges with different fish
diseases, especially those caused by bacterial pathogens. The
main disease-causing pathogens of rainbow trout were
established as Vibrio anguillarum, Yersinia ruckeri,
Lactococcus  garvieae, Flavobacterium  columnaris,
Aeromonas hydrophila, Pseudomonas fluorescens, and
Flavobacterium psychrophilum (Toranzo, 2004).

Along with the development of the aquaculture
industry and the prevalence of different bacterial diseases,
the continuous and occasional use of antibiotics has been
recognized as a serious concern for leading mutagenic and
multidrug resistant pathogens that can cause infectious
diseases (Vignesh et al., 2011). Antibiotics used in both fish
and human infections reduce the efficiency of antibiotics
over time and resistance limits disease treatment (Kathleen
et al., 2016). Furthermore, antimicrobial resistance in
aquaculture leads to global spread through international
trade and maritime transport (Lulijwa et al., 2020).

In this study, the main bacterial fish pathogens that
were isolated from different rainbow trout farms located in
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the Southern Aegean Region of Turkey were tested with
different antimicrobial agents to determine antibiotic
resistance and appropriate antimicrobial chemotherapy.
However, E-test results in the review in detail the available
information on the MIC values of selected antibiotics for
each bacterial pathogen. It is important to determine the
relevant antibiotic treatment and the effective dose to reduce
antibiotic resistance and provide safe production for the
environment and human consumption.

MATERIAL AND METHOD

The antibiotic susceptibility of bacterial fish
pathogens was utilized by using the Kirby-Bauer disc
diffusion technique under aseptic conditions (Figure 1)
(Stokes et al., 1993). The total 12 identified bacterial strains
(Lactococcus garvieae, Vibrio anguillarum, Yersinia
ruckeri) were obtained from Izmir Katip Celebi University
Faculty of Fisheries Fish Disease and Biotechnology
Laboratory culture collection. ALG4 (MT875309), GLG1
(MT876413), ILG1 (MT875319) and A3LG22 (OP420800)
represent L. garvieae, AVAl (MT875321), BVAl
(MT876113), EVAl (MT876427) and C5VA22
(OP422224) represent V. anguillarum, AYR1 (MT876430),
BYR1 (MT876477), FYR1 (MT876522) and B3YR22
(OP420869) represent Y.ruckeri strains in this study. Fresh
bacteria suspensions were prepared in tubes containing
Tyriptic Soy Broth (TSB, Merck, Germany) then incubated
until the bacteria suspension was equivalent to the
McFarland 0.5 standard (approximately 1.5x 10 8 CFU/mL)
and then spread with a sterile glass baguette on Mueller
Hinton Agar (MHA, Merck, Germany). Twenty different
antimicrobial susceptibility discs (Oxoid, UK) were placed
on the agar with sterile forceps and incubated at 21 °C for 48
hours (Table 1). The diameters of the inhibition zone were
measured in millimeters and compared with the interpretive
criteria of the Clinical and Laboratory Standards Institue. To
obtain statistically reliable data and minimize the margin of
error, each antibiogram test was redoubled three times to
take the arithmetic mean of the values.

Figure 1. Determination of the susceptibility of antibiotics to
bacterial fish pathogens by the Kirby-Bauer disc diffusion technique.
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Table 1. The selected antimicrobial susceptibility test discs, their codes, and
concentrations.

Antimicrobial material Code Concentration
Trimethoprim/Sulfamethoxazole 1:19 SXT 25 g
Oxytetracycline oT 30 ug
Fosfomycin FOS 50 pg
Streptomycin S 10 ug
Enrofloxacin ENR 5ug
Amoxicillin/Clavulanic Acid AMC 30 ug
Florfenicol FFC 30 ug
Amoxicillin AML 10 ug
Clindamycin DA 2pg
Flumequine uB 30 ug
Doxycycline DO 30 ug
Ampicillin AMP 10 ug
Erythromycin E 15 ug
Trimethoprim w Spg
Oxolinic Acid OA 2ug
Polymyxin B PB 300U
Chloramphenicol C 30 pg
Penicillin G P 10U
Kanamycin K 50 pg
Nitrofurantoin F 300 pg

The minimum inhibitory concentration (MIC)
values of the identified bacteria were determined by
performing E-test (BioMerieux, France) (Figure 2). The E-
test strips were chosen according to the susceptibility of the
bacteria stated in EUCAST and Austin and Austin, (2007)
(Table 2). Before performing the tests, E-test strips were
taken from -20 °C and kept at room temperature for 30
minutes. The surface with the MIC gaps was placed on top
and the antibiotic-impregnated back of the strip was placed
crosswise with sterile forceps to contact the MHA. The E-
test strips were evaluated by measuring ellipsoid inhibition
zones after incubation at 21°C for 48 hours (Table 2). The
minimum inhibitory concentration values determined where
antibiotic agents no longer inhibited the growth of bacteria
on the epsilometer strip.

Figure 2. Determination of the minimum inhibitory concentration (MIC) of
bacterial fish pathogens with E-test strips.

Table 2. The selected E-test strips, their codes, and MIC values.

Antimicrobial material Code MIC values (pg/ml)
Amoxicillin AC 0.016-256
Ampicillin*Sulb 2/1 AB 0.016-256
Benzylpenicillin PG 0.016-256
Clindamycin CM 0.016-256
Doxycycline DC 0.016-256
Enrofloxacin EF 0.002-32
Moxifloxacin MX 0.002-32
Nitrofurantoin NI 0.032-512
Oxacillin oX 0.016-256
Tetracycline TC 0.016-256
Trimethoprim/sulfamethoxazole TS 0.002-32
RESULTS

The microbial sensitivity was determined by the
Kirby-Bauer disc diffusion technique with
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trimethoprim/sulfamethoxazole, oxytetracycline,

fosfomycin, streptomycin, enrofloxacin,
amoxicillin/clavulanic  acid, florfenicol, amoxicillin,
clindamycin,  flumequine,  doxycycline,  ampicillin,

erythromycin, trimethoprim, oxolinic acid, polymyxin B,
chloramphenicol,  penicillin G,  kanamycin  and
nitrofurantoin against strains of L. garvieae, V. anguillarum
and Y. ruckeri isolated from rainbow trout farms. The
antimicrobial sensitivity and resistance percents of important
bacterial fish pathogens (L. garvieae, V. anguillarum, and Y.
ruckeri) were presented to clarify the antibiotic use (Figure
3; Table 3). L. garvieae strains showed resistance to most of
the antibiotics used, however V. anguillarum and Y. ruckeri
strains were determined 100% resistant to clindamycin and
penicillin G (Figure 3). All V. anguillarum and Y. ruckeri
strains were sensitive to trimethoprim/sulfamethoxazole,
florfenicol, trimethoprim and chloramphenicol (Table 3).
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Figure 3. The resistance percents of bacterial fish pathogens towards
different antibiotics.

All the analysed L. garvieae strains determined
resistance to various antibiotics such as
trimethoprim/sulfamethoxazole, oxytetracycline,
fosfomycin, streptomycin, florfenicol, clindamycin,
flumequine, erythromycin, trimethoprim, oxolinic acid,
polymyxin B, kanamycin, and nitrofurantoin. The MIC
values  of  tetracycline, amoxicillin,  ampicillin,
benzylpenicillin, moxifloxacin, and doxycycline against
strains of L. garvieae are presented in Table 4. The minimum
inhibitory  concentration of amoxicillin, ampicillin,
benzylpenicillin, doxycycline, moxifloxacin and
nitrofurantoin were detected 0.25, 0.25, 0.75, 0.25, 0.125,
12, and 0.75 pg/mL, respectively.

The antimicrobial susceptibility of V. anguillarum
strains showed 100% resistance to clindamycin, ampicillin,
and penicillin G. Furthermore, the 100% sensitivity of
isolates to trimethoprim/sulfamethoxazole, fosfomycin,
florfenicol, flumequine, trimethoprim, and chloramphenicol
was determined. The results of the E-test for amoxicillin,
ampicillin, benzylpenicillin, clindamycin, doxycycline and
tetracycline showed different MIC values between 0.25 and
32 pg/ml (Table 5).
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Table 3. Antimicrobial susceptibility of bacterial fish pathogens.
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Intermediate Sensitive
*ALG4, GLG1, ILG1, A3LG22: L. garvieae, AVAL, BVAL, EVAL, C5VA22: V. anguillarum, AYR1, BYR1, FYR1, B3YR22: Y. ruckeri

The antibacterial resistance of Y. ruckeri was less

. . . . . Amoxicillin (AC)
determined than other bacterial pathogens studied in this

. . . 100
current study. Y. ruckeri strains were found resistant to
clindamycin, penicillin G, ampicillin, oxolinic acid, and e %
sensitive to trimethoprim/sulfamethoxazole, enrofloxacin, g o
florfenicol, chloramphenicol. The results of the E-test fz} 40
revealed the effective doses of the MIC values for T 20 I ” I
amoxicillin, ampicillin, doxycycline, moxifloxacin and 0
trimethoprim/sulfamethoxazole as 1.5, 0.5, 0.25, 0.094 and SFEEFP @ ST d P
0.012 pg/mL, respectively. (Table 6). wg/mL
L.garvieae mV.anguillarum mY.ruckeri
Table 4. Minimum inhibitory concentration (MIC) of different antibiotics
against L. garvieae by E-test.
Code MIC range ALG4 GLG1 ILG1 A3LG22
(pg/mL) (pg/mL) (pg/mL) (ng/ml)  (ug/mlL) Ampicillin (AB)
AC 0.016-256 025 0.50 1.0 0.75
AB 0.016-256 0.25 0.75 0.75 0.75 100
PG 0.016-256 0.75 0.75 2.0 0.75
DC 0.016-256 0.25 0.50 038 0.50 .80
MX 0.002-32 0.50 0.125 0.25 0.38 X
NI 0.032-512 16 12 16 12 : 60
TC 0.016-256 0.75 0.75 15 1.0 e
TS 0.002-32 >32 >32 >32 >32 "g 40
* ALG4, GLG1, ILG1, A3LG22: L. garvieae o
o | 11T
Table. 5 Minimum inhibitory concentration (MIC) of different antibiotics 0
against V. anguillarum by E-test. Q\b Qm“r Q@‘ \q? PP NV X oD b
Code MIC range AVA1l BVA1 EVA1L B3YR22 png/mL
(ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL)
AC 0.016-256 6 24 16 16
AB 0.016-256 8 32 12 24
PG 0.016-256 24 12 32 16 L.garvieae mV.anguillarum mY.ruckeri
cM 0.016-256 1.0 4 2 8
DC 0.016-256 0.75 15 1.0 10
TC 0.016-256 0.50 0.75 038 0.75 Doxycycline (DC)
*AVAL, BVAL, EVAL, C5VA22: V. anguillarum
100
Table 6. Minimum inhibitory concentration (MIC) of different antibiotics
- - < 80
against Y. ruckeri by E-test. =3
Code MICrange  AYRL BYRL FYRL C5VA22 > 60
(ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL) § 40
AC 0.016-256 8 2 15 15 =3
AB 0.016-256 4 0.50 3 2 T 20
DC 0.016-256 0.25 0.75 050 15
MX 0.002-32 0.25 0.19 0.094 0.50 0
ox 0.016-256 >256 128 64 192 Q\b QVQ@‘ \q? PP NV X oD b
TS 0.002-32 0012 0.064 0.064 0.094
*AYR1, BYRL, FYRL, B3YR22: Y. ruckeri ng/mL
The results of the E-test give the proper MIC _ _ _
i ) i L.garvieae mV.anguillarum ®Y.ruckeri
values for the bacterial fish pathogens, and the frequencies
are presented in Figure 4. Figure 4. Frequency of L. garvieae, V. anguillarum, and Y. ruckeri MIC
values.
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DISCUSSION AND CONCLUSION

Nowadays, antibiotics are commonly used for the
treatment of fish diseases in aquaculture by oral or bath
treatment. However, high concentrations of antibiotic use
can cause various physiological disorders such as kidney
and liver damage, digestive system problems, and also
environmental  hazards  (Terech-Majewska,  2016).
Additionally, chemotherapeutics have a negative effect on
immune system cells and the cellular and humoral defense
mechanisms of fish (Lunden et al., 2002; Sieroslawska et
al., 2004; Terech-Majewska & Siwicki, 2006; Kum &
Sekkin, 2011; Terech-Majewska, 2016). It is of great
importance to determine the antimicrobial resistance and
the proper MIC values for effective treatment and
environmentally friendly production.

In this study, the antimicrobial susceptibility of
L.garvieae strains isolated from rainbow trout in the
Southern Aegean region of Turkey showed resistance to
most of the antibiotics used. Similarly, Raissy and Ansari,
(2011) reported the susceptibility of 52 different strains of
L. garvieae isolated from diseased rainbow trout, and
determined that resistance to several antibiotics ranged
between 25-100%. Kubilay et al., (2005) stated that nine
different isolates of L. garvieae were found resistant to
penicillin,  enrofloxacin,  kanamycin, clindamycin,
flumequine, oxolinic acid, trimethoprim /
sulfamethoxazole and streptomycin, as well as Diler et al.
(2002) reported resistance of L. garvieae strains against
clindamycin, penicillin, and ceftriaxone. Raissy and
Moumeni, (2016) determined the microbial resistance of
L.garvieae strains isolated from rainbow trout farms in
western Iran to ampicillin (87.5%), erythromycin (37.5%)
and tetracycline (79.1%). These results are attributed to the
extensive use of antibiotics for Lactococcosis in rainbow
trout farms, which results in the development of resistance
against a wide range of antibiotics.

V. anguillarum strains were neither fully resistant
nor sensitive to all antibiotics used. Furthermore, the MIC
values of the results of the E-test ranged from 0.25 to 32
pg/ml. Pedersen et al, (1995) compared 520 V.
anguillarum strains that were isolated from diseased fish
and environmental sources and noted that all strains were
sensitive to spectinomycin, neomycin, flumequine, and
oxolinic acid. Balta and Dengiz-Balta, (2017) have
demonstrated the antimicrobial sensitivity of strains of V.
anguillarum that were isolated from the Eastern Blacksea
region of Turkey and reported resistance to 100%
sulfamethoxazole, 90.6% ampicillin, 71.9% erythromycin,
62.5% oxytetracycline and 46.9% streptomycin. In
addition, enrofloxacin, florfenicol and oxolinic acid were
determined sensitive and could be practicable for the
treatment of the disease. Akayli et al., (2013) noted that V.
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anguillarum strains were resistant to chloramphenicol,
kanamycin, erythromycin sulfamethoxazole, and sensitive
to flumequine, oxytetracycline florfenicol, ciprofloxacin,
and furazolidone.

In this study, the antimicrobial susceptibility of Y.
ruckeri strains was found to be more sensitive than other
bacterial fish pathogens. Balta et al., (2016) compared 75
different strains of Y. ruckeri isolated from rainbow trout
farms in the Eastern Black Sea Region and antimicrobial
test results revealed that the strains were resistant to
ampicillin ~ (97.5%), oxytetracycline (62.0%) and
streptomycin (22.3%). The antimicrobial resistance of the
strains was associated with the lack of quarantine
management and the fish transfer process of the farms.
Akayl et al., (2013) stated that Y. ruckeri strains isolated
from rainbow trout were resistant to erythromycin and
furazolidone. Despite this, the isolates were sensitive to
flumequine, chloramphenicol, kanamycin,
sulfamethoxazole, oxytetracycline, florfenicol, and
ciprofloxacin. Orozova et al., (2014) point out that all Y.
ruckeri strains isolated from rainbow trout farms in
Bulgaria were determined to be sensitive to nalidixic acid,
sulfamethoxazole / trimethoprim, and oxolinic acid.
Furthermore, strains were found resistant to ampicillin and
oxacillin. The authors noted that it is necessary to highlight
the control of antibiotic use in the treatment of Yersiniosis.

The most commonly used antibiotic groups in
aquaculture are aminoglycosides, quinolones,
sulfonamides, and tetracycline, which are wide-spectrum
antibiotics, and oxytetracycline (OTC) is one of the most
important antibiotics that are effectively used against many
microorganisms such as Flexibacter sp., Yersinia sp.,
Aeromonas sp., Vibrio sp. and Edwardsiella sp. (Ingram,
1980; Lunden & Bylund, 2000; Terech-Majewska &
Siwicki, 2006; Wojtacka, 2007; Terech-Majewska, 2016).
Lulijwa et al., (2020) reviewed current antibiotic use in
aquaculture across 15 major producers and concluded that
67 antibiotic compounds were used in 11 of them, mostly
oxytetracycline, florfenicol and sulfadiazine. According to
recent reports, antibiotics used in aquaculture do not
completely decompose and are excreted in urine or feces
(Muziasari et al., 2014; Manage, 2018). The inappropriate
use of antibiotics causes the development of resistance in
pathogenic microorganisms, thus making difficulties for
the treatment and the control of diseases (Kirhan et al.,
2006; Austin & Austin, 2012; Roberts, 2012; Akayli et al.,
2013). The treatment of diseases caused by bacterial fish
pathogens should be carried out by determining the
antimicrobial susceptibility of the bacteria.

The E-test is an alternative, relatively simple
method for the determination of antibiotic susceptibility
using a single strip with different concentrations of
antibiotics (Miftahussurur et al., 2020). This technique
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provides to retain some principles of the agar dilution
method for the detection of quantitative MIC values (Sader
& Pignatari, 1994). Furthermore, the E-test is stated to be
an easy to use, rapid, and routinely used method that allows
us to work with fastidious organisms for several
antimicrobial drugs at the same time under the same
conditions (Benkova et al., 2020). The MIC values of this
study represent the treatable and untreatable forms of
bacterial pathogens with susceptible and resistant results.
The E-test is not routinely used in the aquaculture industry,
and these results will be a pioneer for fish disease
specialists in detecting effective antibiotic doses using E-
test strips. It is recommended to use this antimicrobial
gradient method for the detection of MIC values of
bacterial fish pathogens. Furthermore, the findings of this
study could be evidence of the excessive use of antibiotics
in fish farms. Reduce antibiotic use and the need for
surveys in aquaculture facilities are required to fill the gap
in antibiotic consumption (Lulijwa et al., 2020).

In conclusion, this research could be applicable to
antibiotic use management strategies to avoid escalation of
antibiotic resistant bacteria. Today, in many aquaculture
facilities, treatment against bacterial diseases is carried out
with broad-spectrum antibiotics without detecting the
causative pathogen and determining the appropriate
antibiotic for the pathogen. Additional research should be
carried out in different regions of Turkey to generate an
antibiotic resistance map of fish farms.
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