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Introduction
Türkiye is one of Europe's leading countries in 
producing farmed fish (Ukav 2023). Over the past last 
30 years, national aquaculture production has increased 
significantly. However, challenges such as overfishing, 
the introduction of predatory/invasive species such as 
Pterois volitans and Lagocephalus sceleratus from the 
Red Sea and Indo-Pacific, rising seawater temperatures 
due to global warming, and the widespread occurrence 
of various bacterial fish pathogens have significantly 
affected aquaculture production (Bariche et al 2020, 
Çinar et al 2021, Huseyinoglu et al 2023). Aeromonas 
species are among the most common causes of 
infectious diseases in fish.

Aeromonas species are Gram-negative, facultatively 
anaerobic bacteria belonging to the family 
Aeromonadaceae.  The genus Aeromonas currently 
contains 36 recognized species. Among these, 
Aeromonas hydrophila, Aeromonas salmonicida, 
Aeromonas caviae, and Aeromonas veronii are known 
to cause significant diseases in fish (Fernández-Bravo 
and Figueras 2020). A. hydrophila is an important 
pathogen causing motile Aeromonas septicemia (MAS). 
This pathogen infects a variety of fish and shellfish 
species in both freshwater and marine environments, 
often causing mass mortalities, which represent a 
serious global challenge for the aquaculture industry. 
The infection typically manifests as hemorrhagic and 
ulcerative lesions on the skin and muscles, exophthalmia, 
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Abstract

Aeromonas species are widespread pathogens that cause significant diseases in 
humans and animals, resulting in severe economic losses in the aquaculture industry. 
Furthermore, these species have become a greater threat due to recent reports of 
multidrug-resistant Aeromonas species and the potential transfer of antibiotic 
resistance genes to important pathogenic bacteria affecting human and animal 
health. The aim of this study was to investigate the presence of Aeromonas spp., an 
important zoonotic pathogen, in wild fish species caught in the Gulf of Antalya and 
in seawater, and to identify the most common Aeromonas species and their antibiotic 
resistance profiles. Seawater samples from five different coastal points in the Gulf 
of Antalya and 80 fish caught by local fishermen were bacteriologically examined. 
Suspected Aeromonas spp. isolates were purified and identified by matrix-assisted 
laser desorption ionization-time of flight mass spectrometry. The resistance profiles 
of the isolates to 12 antibiotics from 9 different classes were determined by the Kirby-
Bauer disk diffusion method in accordance with Clinical and Laboratory Standards 
Institute criteria. Aeromonas spp. were isolated from the liver and kidney of only 
one (1.25%) wild fish (Pagellus acarne Risso, 1826) and identified as Aeromonas 
molluscorum. The isolate was resistant to ampicillin and cefazolin. The multiple 
antibiotic resistance index was calculated to be 0.16. These findings highlight that 
wild fish and seawater in the Gulf of Antalya do not pose a risk with respect to 
multidrug-resistant Aeromonas species that could threaten human health through 
foodborne infections or direct contact. 

Keywords: Aeromonas spp., antimicrobial resistance, fish, gulf of Antalya, 
Mediterranean Sea.
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ascites, fin erosion, hemorrhages in internal organs, 
bloody fluid accumulation in the abdominal cavity, 
and enlargement of the spleen and kidneys (Janda and 
Abbott 2010, Noga 2010, Roberts 2012, Fernández-
Bravo and Figueras 2020). Additionally, A. salmonicida 
is responsible for furunculosis, a contagious and fatal 
disease characterized by septicemia and the appearance 
of furuncles of varying sizes on the body. This disease 
primarily affects salmonids, but can also affect other 
non-salmonid fish species (Janda and Abbott 2010).

The genus Aeromonas is recognized as one of the most 
important pathogens causing disease in fish and other 
cold-blooded animal species. It is also an important 
etiologic agent responsible for various infections in both 
immunosuppressed and immunocompetent individuals 
(Janda and Abbott 2010, Fernández-Bravo and Figueras 
2020). Motile Aeromonas species are classified among 
foodborne pathogenic bacteria because they can 
proliferate across a broad temperature range, including 
refrigerator temperatures, along with the presence of 
various virulence factors such as enterotoxins (Janda 
and Abbott 2010). Infections can be transmitted by 
ingestion of uncooked or contaminated foodstuffs, 
consumption of water contaminated with pathogens, 
and close contact with infected animals (Igbinosa et al 
2012, Praveen et al 2016, Hoel et al 2019). Aeromonas 
species that cause disease in humans can lead to a 
variety of infections, including septicemia, skin and 
soft tissue infections, meningitis, peritonitis, liver 
dysfunction, and gastroenteritis (Janda and Abbott 
2010). A recent study demonstrated that bilateral 
necrotizing fasciitis in an immunocompromised 
patient was caused by multidrug-resistant (MDR) A. 
hydrophila (Ugarte-Torres et al 2018). Similarly, it has 
been identified that Aeromonas spp. have been found 
to cause necrotizing fasciitis in humans after ingestion 
of raw or undercooked seafood or direct exposure to 
seawater in coastal regions (Park et al 2009).

In recent years, the emergence of MDR Aeromonas 
species has posed a significant threat due to the 
potential transfer of antibiotic resistance genes to 
important pathogenic bacteria affecting both human 
and animal health. This situation is of great concern 
to the both populations. The aquatic environment, 
particularly coastal waters, is recognized as a reservoir 
for the spread of antibiotic resistance. Consequently, 
seawater may serve as a potential source of antibiotic 
resistance for a number of organisms and species, 
both wild and cultivated in aquaculture. These include 
molluscs, sea bass, gilthead bream, and salmon, as well 
as humans. Acquisition of antibiotic resistance has been 
shown to occur through two main routes: ingestion of 
edible marine organisms or direct exposure to seawater 

(Matyar et al 2010, Onuk et al 2015, Eid et al 2022, 
Gambino et al 2022). 

In Türkiye, numerous studies have reported the 
prevalence of Aeromonas spp. and varying rates of 
antibiotic resistance in farmed, retail, and frozen fish, 
especially in species such as trout and sea bass (Kırkan 
et al 2003, Karatas et al 2005, Yücel et al 2005, Tel et 
al 2007, Akşit and Kum 2008, Durmaz and Türk 2009, 
Özer et al 2009, Erdem et al 2010, Korun and Toprak 
2010, Akaylı et al 2011, Boran et al 2013, Capkin et al 
2015, Uzun and Ogut 2015, Türe and Alp 2016, Şık et 
al 2020, Filik et al 2021, Kayış et al 2021, Tanrıkul and 
Dinçtürk 2021, Ünver and Bakıcı 2021, Yardımcı and 
Turgay 2021, Telli et al 2022). However, only a limited 
number of studies have investigated the present of 
Aeromonas spp. and their antibiotic resistance profiles 
in fish and seawater from natural environments 
(Matyar et al 2008, Matyar et al 2010, Akkan et al 2013, 
Onuk et al 2015, Onuk et al 2017). Furthermore, there 
are no studies specifically identifying the prevalence of 
Aeromonas spp. and the dominant Aeromonas species in 
fish caught by local fishermen for human consumption 
or in seawater, which is considered to be a reservoir for 
bacterial pathogens affecting marine life and humans 
in the Gulf of Antalya. Similarly, there are limited 
data exist on the detection of resistant Aeromonas 
spp. in marine organisms and seawater from other 
Mediterranean countries (Alduina et al 2020, Sucato et 
al 2021, Eid et al 2022, Gambino et al 2022). 

Onuk et al (2017) emphasized the importance of 
elucidating the antibiotic resistance profiles of isolates 
to prevent zoonoses transmitted through direct contact 
or food, highlighting the need for more widespread 
studies on this topic. The aim of this study is to 
investigate the presence of Aeromonas spp., a significant 
zoonotic pathogen, in wild fish species that are heavily 
caught by fishermen and in seawater collected from 
various coastal regions of the Gulf of Antalya, while also 
identifying the commonly found Aeromonas species and 
their antibiotic resistance profiles. Furthermore, the 
aim is to provide updated data on whether the aquatic 
environment acts as a potential reservoir for MDR 
Aeromonas spp., which could present a risk to humans 
through foodborne infections or direct contact.

Material and Methods
Sample Collection

Sampling was conducted between November 2023 and 
April 2024 in the Antalya Bay (36°42'-36°02'N-31°35'-
32°10'E; 36°19,6'N 29°61,3'E-36°19,3'N 29°64,5'E; 
36°17,8N 29°61'E-36°17,6'N 29°64,6'E), which is located 
in the eastern part of the Mediterranean Sea, within the 
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Levantine Sea. A total of 80 fish samples were collected 
directly from the sea by local fishermen along the coast 
of Antalya, including 11 red mullet (Mullus barbatus 
Linnaeus, 1758), 9 goldband goatfish (Upeneus moluccensis 
Bleeker, 1855), 14 common pandora (Pagellus erythrinus 
Linnaeus, 1758), 6 axillary seabream (Pagellus acarne 
Risso, 1826), 20 sardines (Sardina pilchardus Walbaum, 
1792), and 20 chub mackerel (Scomber japonicus 
Houttuyn, 1782). In addition, seawater samples (1L) were 
collected from five different coastal locations in Antalya 
Bay, including the Antalya fishing harbor, Kumluca, Kaş, 
Kundu, and Gazipaşa coasts (Figure 1). All water and fish 
samples were immediately transported to the laboratory 
under aseptic conditions and maintained in a cold chain 
at +4 °C (Nhinh et al 2021, Eid et al 2022, Gambino et 
al 2022). 

Bacterial Isolation and Identification

To detect Aeromonas spp. in fish, the skin surface 
was disinfected with 70% ethanol prior to dissection 
incisions. Ventral and lateral incisions were performed to 
expose the internal organs (Mangus and Pessier 2021). 
During necropsy, fish were examined for macroscopic 
findings including ascites, exophthalmia, skin darkening, 
ulceration, hemorrhage, visceral congestion, and liver 
and spleen enlargement, and findings were recorded. 
Liver, spleen and kidney samples were collected for 
bacteriologic examination. These samples were cultured 
on 5% sheep blood agar (Oxoid, UK) and incubated at 
28°C for 24 hours. To isolate Aeromonas spp. from water 
samples, 25 ml of the water sample was enriched by 
incubation in 225 ml of alkaline peptone water (pH 8.6) 
at 28°C for 24 hours, followed by inoculation onto blood 
agar. After the incubation period, colonies of catalase- 
and oxidase-positive, Gram-negative rod-shaped bacteria 

on blood agar were selected, subcultured onto blood agar 
for pure colony isolation, and incubated again at 28°C for 
24 hours. After this period, the isolates were inoculated 
onto nutrient agar containing 6% NaCl to assess their 
growth characteristics. Colonies that grown on 6% NaCl 
nutrient agar were excluded from further analysis. For 
other bacterial agents, subcultures were performed on 
Aeromonas selective agar (Himedia, India) and incubated 
at 28°C for 24-48 hours. After this incubation period, 
colonies suspected to be Aeromonas spp. (translucent, 
circular, convex, 0.5-3 mm in diameter) were selected, 
and their hemolytic activity on blood agar was evaluated 
(Matyar et al 2010, Eid et al 2022, Mursalim et al 2022).

The identification of suspected Aeromonas spp. isolates 
was performed using matrix-assisted laser desorption/
ionization time-of-flight mass spectrometry (MALDI-
TOF MS). The analyses were carried out at the Plant Health 
Clinic Application and Research Center of Hatay Mustafa 
Kemal University. Protein isolation from suspected 
Aeromonas spp. isolates was conducted according to 
the ethanol-formic acid protocol previously reported by 
Uysal et al (2019). Following data acquisition using the 
Biotyper 3.0 software (Microflex LT; Bruker Daltonics 
GmbH, Bremen, Germany), the resulting spectra were 
assessed for genus- and species-level identification using 
the Maldi Biotyper Real-Time Classification (RTC) 
software (version 9). A score range between 1.700 and 
3.000, indicated by yellow/green, was considered a reliable 
threshold for identification.

Antimicrobial Susceptibility Testing

The antimicrobial susceptibility of Aeromonas species 
was evaluated using Kirby-Bauer disk diffusion method 
on Mueller-Hinton agar (MHA) plates (Oxoid, UK), in 
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Figure 1. Map of sampling site: Antalya fishing harbor (W1); 
Gazipaşa (W2); Kundu (W3); Kaş (W4); Kumluca (W5).
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accordance with the Clinical and Laboratory Standards 
Institute (CLSI) guidelines. The study tested 12 antibiotics 
from 9 different classes, including penicillins: ampicillin 
(10 µg); β-lactam/β-lactamase inhibitor combinations: 
amoxicillin-clavulanic acid (20/10 µg); cephalosporins: 
ceftriaxone (30 µg) and cefazolin (30 µg); aminoglycosides: 
streptomycin (10 µg) and amikacin (30 µg); tetracyclines: 
tetracycline (30 µg); fluoroquinolones: ciprofloxacin 
(5 µg) and ofloxacin (5 µg); quinolones: nalidixic acid 
(30 µg); sulfonamides: sulfamethoxazole/trimethoprim 
(23.75/1.25 µg); and phenicols: chloramphenicol (30 µg, 
Bioanalyse®, Türkiye).

The bacterial concentration was adjusted to 0.5 McFarland 
standard (1.5 x 108 CFU/ml) using sterile physiological 
saline, and 0.1 ml of the bacterial suspension was spread 
onto the MHA surface with a sterile swab. Antibiotic discs 
were placed on the MHA plates with sterile forceps, and 
the plates were incubated at 28°C for 24 hours. The results 
were interpreted by measuring the diameter of inhibition 
zones around the discs, which were classified as sensitive 
(S), intermediate (I), or resistant (R) in accordance with 
CLSI M100-S25 and M45 guidelines (CLSI 2015a, CLSI 
2015b). Since CLSI breakpoints for Aeromonas spp. are 
available for only a limited number of antibiotic agents, 
the CLSI Enterobacteria breakpoints were used instead 
(Nhinh et al 2021, Eid et al 2022). For each isolate, 
the Multiple Antibiotic Resistance (MAR) index was 
determined according to the formula MAR = a/b, where 
'a' indicates the number of antibiotics to which the 
isolate exhibited resistance, and 'b' is the total number of 
antibiotics assessed. According to Krumperman (1983), a 
MAR index exceeding 0.2 indicates that the isolates likely 
originate from high-risk environments characterized by 
frequent antibiotic usage. Conversely, a MAR index of 
0.2 or below suggests that the isolates are associated with 
low-risk sources where antibiotic use is minimal or absent 
(Krumperman 1983, Nhinh et al 2021).

Results
Bacterial Isolation and Identification

The bacterial agents were isolated from 65 out of 80 fish 
samples (81.25%), while no pathogenic agents were found 
in the remaining 15 samples (18.75%). A single bacterial 
pathogen was isolated from 54 fish, while two different 
bacterial agents were identified in 11 samples. All isolates 
were determined to be Gram-negative, oxidase-positive, 
and catalase-positive rods. In subcultures grown on 
nutrient agar containing 6% NaCl, 42 of the 76 isolates 
(55.26%) showed growth and were excluded from further 
testing. Among the remaining 34 isolates, 21 showed 
growth on Aeromonas selective agar. Of the translucent, 
circular, convex colonies measuring 0.5–3 mm in diameter 
suspected to be Aeromonas spp., only one was confirmed 

as Aeromonas molluscorum by MALDI-TOF MS analysis. 
This strain showed α-hemolytic, smooth colonies on 
blood agar. The results of the MALDI-TOF MS analysis 
of 21 isolates grown on Aeromonas selective agar are 
presented in Table 1.

Aeromonas spp. were isolated from the liver and kidney 
of only one fish (1.25%) out of 80 samples, an axillary 
seabream (Pagellus acarne Risso, 1826). In addition to A. 
molluscorum, Shewanella spp. were also isolated from the 
same fish. During necropsy, hemorrhage in the internal 
organs and hepatomegaly were observed. No Aeromonas 
spp. was isolated from any of the five seawater samples.

Antimicrobial Susceptibility Profile

The A. molluscorum isolate was found to be susceptible 
to amoxicillin-clavulanic acid, ceftriaxone, streptomycin, 
amikacin, tetracycline, ciprofloxacin, ofloxacin, 
nalidixic acid, sulfamethoxazole/trimethoprim, and 
chloramphenicol, but resistant to ampicillin and cefazolin. 
The MAR index of the isolate was calculated to be 0.16.

Discussion
This study reports the detection of Aeromonas spp. and its 
antibiotic resistance profiles in wild fish species [Mullus 
barbatus (Linnaeus, 1758), Upeneus moluccensis (Bleeker, 
1855), Pagellus erythrinus (Linnaeus, 1758), Pagellus 
acarne (Risso, 1826), Sardina pilchardus (Walbaum, 1792), 
and Scomber japonicus (Houttuyn, 1782)] and seawater 
samples from the Gulf of Antalya in the Mediterranean 
Sea. Additionally, it highlights the potential risks posed by 
Aeromonas spp. and its antibiotic resistance to humans, 
marine life, and the environment in the sampled areas.

Numerous studies have documented the presence of 
Aeromonas spp. in Türkiye, particularly in farmed, retail, 
and frozen fish, with a specific emphasis on trout and sea 
bass (Yücel et al 2005, Tel et al 2007, Erdem et al 2010, 
Akaylı et al 2011, Boran et al 2013, Capkin et al 2015, 
Türe and Alp 2016, Şık et al 2020, Kayış et al 2021, 
Tanrıkul and Dinçtürk 2021, Ünver and Bakıcı 2021, 
Yardımcı and Turgay 2021, Telli et al 2022, Çilli et al 
2023). For instance, Durmaz and Türk (2009) examined 
73 fish samples and 22 water samples collected from trout 
farms and isolated Aeromonas spp. from 52 of the 95 
samples (41.0%). Among these isolates, 21 (40.3%) were 
identified as A. hydrophila, 24 (46.1%) as A. caviae, and 7 
(13.4%) as A. sobria. They reported isolating Aeromonas 
spp. from 34 fish samples (35.6%) and 18 water samples 
(59%), with A. hydrophila being the most frequently 
isolated species from both sources. Additionally, Akşit 
and Kum (2008) reported a 16.22% isolation rate of A. 
salmonicida in a study conducted in four trout farms in 
the provinces of Muğla, Aydın and Denizli. A study in 
Ankara, which analyzed a total of 78 raw fish samples (30 
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freshwater and 48 marine), found a significantly higher 
isolation rate of motile Aeromonas species in marine fish 
(93.7%) compared to freshwater fish (10%) (Yücel and 
Balcı 2010). Özer et al (2009) reported that they isolated 
motile Aeromonas strains from 48 out of 259 rainbow trout 
(Oncorhynchus mykiss, Walbaum) samples (18.53%) and 
from 6 out of 56 water samples (10.71%) collected from 
seven commercial farms located in Mersin, in the Eastern 
Mediterranean region. Among these isolates, 20 (91.3%) 
were identified as A. hydrophila and 2 (8.7%) as A. sobria. 
Notably, Karatas et al (2005) first isolated A. salmonicida 
achromogenes in 2002 from sea bass raised along the Black 
Sea coast, reporting that this Aeromonas species caused 
bacterial infections leading to cumulative mortality rates 
of up to 20% in sea bass. Furthermore, Uzun and Ogut 
(2015) identified Aeromonas veronii biovar sobria as the 
predominant bacterial pathogen with an isolation rate of 
65.2% in their study conducted in two separate sea bass 
farms in the Black Sea.

Although the prevalence of Aeromonas species in fish 
farming in Türkiye and the associated economic impacts 
have been well documented, there is still a lack of 
sufficient studies investigating the presence of Aeromonas 
spp. in marine fish and natural habitats (Uzel and Uçar 
2000, Matyar et al 2010, Uğur et al 2012, Akkan et al 
2013, Erdem et al 2017). Uzel and Uçar (2000) reported 
isolating A. hydrophila from 4 out of 14 seawater samples 
(28.5%), 3 out of 10 mussels (30%), 1 out of 4 stream samples 
(25%), and 1 out of 10 fish samples (including anchovy, 
horse mackerel, coral fish, scorpion fish, mullet, bogue, 
red mullet, sardine, bonito, and trout) (10%) collected 
from the Izmir region between January 1995 and January 

1996. Uğur et al (2012) reported that 15 out of 46 Gram-
negative bacteria (32.60%) isolated from seawater samples 
collected from nine different locations along the Bodrum 
coast of Muğla province were identified as Aeromonas spp. 
Matyar et al (2010) found a total of 60 Aeromonas spp. 
from 40 seawater samples collected from three different 
areas along the southeastern coast of İskenderun Bay, 
Türkiye, in the northeastern Mediterranean Sea. Of these 
isolates, 57 (95%) were identified as A. hydrophila, while 
only 3 (5%) were identified as A. caviae. Korun et al 
(2019) isolated Shewanella putrefaciens, A. sobria and A. 
veronii from three freshly dead silver eels caught by local 
fishermen in Antalya Bay. However, there are no studies 
specifically investigating the prevalence of Aeromonas 
spp. in fish species caught for human consumption by 
local fishermen in the Antalya Bay of the Mediterranean 
Sea, nor in seawater, which considered to be a reservoir 
for bacterial pathogens affecting marine organisms and 
humans. Similarly, there are few reports on the presence 
of Aeromonas spp. in seawater and wild marine fish from 
other Mediterranean countries (Alduina et al 2020, 
Sucato et al 2021, Eid et al 2022, Gambino et al 2022). 
Eid et al (2022) collected 100 healthy mullet fish and 25 
water samples from the Mediterranean Sea in Egypt and 
reported that Aeromonas spp. were isolated from 44 of 
the fish (44%) and 9 of the water samples (36%). They 
identified A. hydrophila as the most frequently isolated 
Aeromonas species isolated from fish (53.85%).  A. sobria, 
A. caviae, and A. schubertii followed with 26.92%, 16.67% 
and 2.56%, respectively. They also isolated the same species 
from the water samples, except for A. schubertii. Gambino 
et al (2022) reported that the highest proportions of Vibrio 

Table 1. The MALDI-TOF MS analysis results of 21 isolates grown on Aeromonas selective agar

Fish number Fish species MALDI-TOF MS results Liver Kidney Spleen

1, 4, 7, 9, 10, 11, 13, 14, 
18

Chub mackerel (Scomber 
japonicus Houttuyn, 1782)

Pseudomonas spp. + + +

22, 32, 36 Sardines (Sardina pilchardus 
Walbaum, 1792)

Pseudomonas spp. + + +

41 Axillary seabream (Pagellus 
acarne Risso, 1826)

Shewanella spp. and 
Aeromonas molluscorum

+ + -

42 Axillary seabream (Pagellus 
acarne Risso, 1826)

Shewanella spp. and 
Pseudomonas spp.

+ - -

43 Axillary seabream (Pagellus 
acarne Risso, 1826)

Pseudomonas spp. + - +

47 Common pandora (Pagellus 
erythrinus Linnaeus, 1758)

Pseudomonas spp. + - +

50,52 Common pandora (Pagellus 
erythrinus Linnaeus, 1758)

Pseudomonas spp. + - -

80 Goldband goatfish (Upeneus 
moluccensis Bleeker, 1855)

Pseudomonas spp. + + +
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spp. (44.8%) and Aeromonas spp. (31%) were isolated from 
seawater samples collected from various shores of Sicily.

In this study, Aeromonas spp. was isolated from only one 
wild fish specimen (Pagellus acarne Risso, 1826) collected 
from Antalya Bay in the Levantine Sea, which is located 
in the eastern Mediterranean, representing 1.25% of the 
total sample size (1 out of 80 specimens). Additionally, no 
Aeromonas spp. were detected in the seawater samples. 
Several factors may explain the lower isolation rate of 
Aeromonas spp. observed in this study compared to 
other reports: I. The limited number of fish caught due 
to the inability of local fishermen to venture far into the 
open sea from the coastal areas of Antalya Bay, resulting 
in a smaller sample size for this study; II. The lack of 
widespread aquaculture in this region, in contrast to other 
areas; III. The adaptation of Aeromonas species mainly to 
freshwater environments and their inability to survive in 
salt concentrations above 3% NaCl; IV. The presence of 
various microorganisms, such as halophilic bacteria like 
Vibrio spp. and marine heterotrophic bacteria, which 
compete with Aeromonas spp. for resources and space 
in marine environments; V. The limited availability of 
nutrients necessary for the proliferation of Aeromonas 
spp. in marine habitats; and VI. Other physical conditions 
present in marine environments, such as temperature and 
oxygen levels, present in marine environments, which 
may also influence isolation rates (Cavicchioli et al 2003, 
Khan et al 2008, Silva et al 2014, Setiaji et al 2020, 
Abdella et al 2024).

In this study, A. molluscorum was isolated from the liver 
and kidney of one wild fish specimen (Pagellus acarne 
Risso, 1826). No previous reports of A. molluscorum 
isolation from fish were found. Most research on 
Aeromonas species in aquatic environments has focused 
on other species that are common pathogens affecting 
fish, such as A. hydrophila, A. veronii, and A. caviae. It has 
been reported that A. molluscorum has been isolated from 
bivalve molluscs (Igbinosa et al 2012). It is considered to 
be of no clinical significance (Janda and Abbott 2010). 
In this study, Shewanella spp. were also isolated from the 
same fish specimen along with A. molluscorum.

Antimicrobial resistance detected in seawater and marine 
organisms consistently raises concerns. Antibiotic 
resistance has emerged as one of the most critical public 
health challenges globally, affecting not only developing 
countries but also developed nations. This resistance 
leads to serious infectious diseases and prolonged 
hospitalizations, increased healthcare costs, higher 
spending on second-line drugs, increased antibiotic use, 
and treatment failures, resulting in significant economic 
losses (Dadgostar 2019, Kraemer et al 2019).

The emergence of antimicrobial resistance is significantly 

influenced by the inappropriate and excessive use of various 
antibacterial agents in the healthcare and agricultural 
industries, as well as the uncontrolled discharge of waste 
in numerous locations worldwide (Dadgostar 2019). 
In addition, bacteria can acquire antibiotic resistance 
through natural mutations and the horizontal transfer 
of resistance genes, which can also be induced by the 
presence of antimicrobials in the environment (Gwenzi 
et al 2018, Dadgostar 2019, Kraemer et al 2019). It 
has been reported that antibiotic resistance genes are 
commonly found in antibiotic-resistant bacteria in the 
environment, and even in those that have never undergone 
antibiotic treatment (Alduina 2020). Furthermore, it 
has been noted that a significant number of antibiotic 
resistance genes associated with human disease have an 
environmental origin (Waseem et al 2018). The term 
"hotspot environment" is used to describe a setting in 
which bacteria are continuously and intensively exposed 
to antibiotics. Such environments include hospitals, 
farms, aquaculture facilities and wastewater treatment 
plants. In these settings, the abundance of nutrients leads 
to increased reproduction rates of the exposed bacteria 
(Gwenzi et al 2018, Kraemer et al 2019). As a result, 
wastes discharged from these "hotspots" have the potential 
to carry antimicrobial agents and resistant pathogens into 
the sewer system and ultimately into aquatic ecosystems 
via wastewater (Bondarczuk and Piotrowska-Seget 
2019).   

Numerous studies have documented the detection of 
antimicrobial-resistant pathogens and related genetic 
elements in a range of aqueous environments, including 
surface waters (Stoll et al 2012, Sucato et al 2021), 
wastewater (Matyar 2016, Gwenzi et al 2018), and 
coastal waters (Belding and Boopathy 2018, Gambino 
et al 2022), as well as in the surrounding environments 
and associated animals. As a result, aquatic environments 
are regarded as reservoirs of antibiotic resistance, with 
seawater playing a crucial role in facilitating the transfer 
of resistance genes between bacterial species (Su et al 
2020). MDR bacteria and antibiotic resistance genes can 
serve as key indicators of anthropogenic contamination 
of the environment, particularly in coastal waters where 
human activities predominate and sewage and wastewater 
treatment plants are present (Zhang et al 2020).

Although the antibiotic resistance of Aeromonas spp. 
isolates obtained from retail, cultured, and frozen fish 
in Türkiye has been comprehensively studied (Kırkan 
et al 2003, Yücel et al 2005, Tel et al 2007, Akşit and 
Kum 2008, Durmaz and Türk 2009, Özer et al 2009, 
Korun and Toprak 2010, Capkin et al 2015, Uzun 
and Ogut 2015, Türe and Alp 2016, Balta 2020, Filik 
et al 2021, Kayış et al 2021, Telli et al 2022), there is 
a lack of sufficient information on antibiotic resistance 
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in Aeromonas spp. isolated from fish and seawater in 
natural environments (Matyar et al 2008, Matyar et al 
2010, Akkan et al 2013, Onuk et al 2015, Onuk et al 
2017). However, research has documented the occurrence 
of drug-resistant pathogens and associated genes in 
diverse aquatic ecosystems, including coastal marine 
environments, wastewater, and surface waters, as well as in 
their surrounding environments and animals (Matyar et 
al 2010, Onuk et al 2015, Onuk et al 2017). Furthermore, 
regional differences in antibiotic resistance levels have 
been documented, which correlate with proximity to 
populated areas and industrial sites (Matyar et al 2010). 

Durmaz and Türk (2009) reported that all 52 motile 
Aeromonas isolates obtained from trout farms, as well 
as fish and water samples, exhibited severe resistance 
to ciprofloxacin and enrofloxacin (between 96.1% and 
100%), high resistance to amikacin (92.3%) and moderate 
resistance to oxolinic acid, flumequine, cefoperazone/
sulbactam, imipenem, mezlocillin, piperacillin, and 
cefotaxime (between 76.9% and 84.6%). They found low 
susceptibility (between 26.9% and 61.5%) to neomycin, 
nalidixic acid, sulfonamides, nitrofurantoin, and 
trimethoprim. They also reported high resistance (between 
80.8% and 96.2%) to oxytetracycline, streptomycin and 
carbenicillin. In a study conducted by Onuk et al (2017) 
to determine the antimicrobial susceptibility profiles of 45 
Aeromonas isolates obtained from fish and aquaculture 
waters in Türkiye, the highest susceptibility rates were 
found for gentamicin (100%), ciprofloxacin (91.1%) and 
florfenicol (91.1%), while the highest resistance rates were 
found for amoxicillin (82.2%) and ampicillin (77.8%). Filik 
et al (2021) investigated the antibiotic resistance profiles 
of a total of 20 A. hydrophila strains isolated from various 
regions and different fish species in Türkiye, reporting 
100% resistance to oxacillin, ampicillin, vancomycin and 
penicillin G; 95.23% resistance to clindamycin and tylosin; 
90.47% resistance to oxytetracycline and ciprofloxacin; 
and 80.95% resistance to cephalothin and oxolinic acid, 
with 61.90% resistance to nitrofurantoin. According to the 
results of the MAR index, A. hydrophila strains exhibited 
multi-drug resistance to 14 different antibiotics, including 
sulfadiazine, oxytetracycline, oxacillin, apramycin, 
clindamycin, tylosin, cephalothin, pristinamycin, 
nitrofurantoin, sulfamethoxazole/trimethoprim, oxolinic 
acid, ampicillin, vancomycin and penicillin G. Matyar et 
al (2010) found the highest resistance rates to cefazolin 
and trimethoprim-sulfamethoxazole (66.6%) among 
Aeromonas isolates obtained from water samples collected 
from three different regions in the İskenderun Bay. They 
reported lower resistance levels to gentamicin (13.3%), 
chloramphenicol (13.3%), nalidixic acid (13.3%) and 
amikacin (3.3%).

There are only a few reports on the presence of resistant 

Aeromonas spp. in marine organisms and seawater in 
Mediterranean countries (Alduina et al  2020, Eid et al 
2022, Gambino et al 2022). In a study by Eid et al (2022) 
investigating the presence of extensively drug-resistant 
(XDR) Aeromonas spp. in mullet fish and seawater in Egypt, 
it was reported that all isolates tested (100%) demonstrated 
resistance to ampicillin, penicillin and sulfamethoxazole/
trimethoprim, followed by oxytetracycline (90%), 
streptomycin (63.33%), norfloxacin, amikacin, nalidixic 
acid and chloramphenicol (<25%), with none of the 
isolates showing resistance to cefotaxime. Moreover, the 
authors stated that 90% of the isolates exhibited MDR, 
while 26.67% demonstrated XDR. Gambino et al (2022) 
reported high levels of resistance to cefazolin (89.6%), 
streptomycin (31%), amoxicillin/clavulanic acid (37.9%), 
ceftriaxone (13.2%) and sulfamethoxazole/trimethoprim 
(17.2%) in bacteria isolated from seawater collected 
from different coasts of Sicily. In the present study, it was 
determined that the isolated A. molluscorum strain was 
only resistant to ampicillin and cefazolin. Based on the 
calculation of the MAR index of the isolate as 0.16, it was 
concluded that the Antalya Bay is a low-risk area where 
antibiotics are either not used or rarely used. 

Conclusıon
The data obtained in this study highlight that there is no 
significant risk of MDR Aeromonas spp. in fish or seawater 
from natural habitats in Antalya Bay, which could pose 
a risk to humans through foodborne infections or direct 
contact. The absence of high levels of antibiotic resistance 
in the fish caught in Antalya Bay may be related to the 
lower fish population in the region compared to areas 
with intensive aquaculture, resulting in less antibiotic use. 
In addition, Antalya's status as a tourist city, attracting 
approximately 10 million foreign visitors annually, along 
with effective waste management practices—including 
the conversion of certain industrial wastes into energy 
and the implementation of comprehensive wastewater 
treatment processes—are critical factors that are likely to 
influence the antibiotic resistance profile. On the other 
hand, due to the limited sample size in this study, further 
investigations should focus on larger populations, other 
marine pathogens and deeper-sea fish in Antalya Bay to 
gain a more comprehensive understanding of antibiotic 
resistance dynamics.

Declarations
Competing Interests
The authors declares that there are no conflict of interest related to 
the publication of this article.

Acknowledgements

This study was supported by the 2209-A- University Students 
Research Projects Support Program (Project number: 

7



Sababoglu Baytaroglu and Kucukkagnici Eurasian J Vet Sci

1919B012219832/TUBITAK - BIDEB). This study was presented as 
an oral presentation at the 7th International Health Science and Life 
Congress (IHSLC 2024) and was published as a summary text in the 
congress book.

Availability of Data and Materials

The data that support the findings of this study are available on 
request from the corresponding author. 

Ethical Statement

This research was carried out with the approval of Burdur 
Mehmet Akif Ersoy University Experimental Animals Local 
Ethics Committee (MAKUHAYDEK/29.03.2023 dated and 1066 
numbered decision).

Author Contributions

Motivation/Concept: ESB; Design: ESB; Control/Supervision: 
ESB; Data Collection and Processing: ESB, OK; Analysis and 
Interpretation: ESB; Literature Review: ESB, OK; Writing the 
Article: ESB; Critical Review: ESB

ORCID

ESB: https://orcid.org/0000-0003-3566-5443
OK:   https://orcid.org/0009-0009-0753-3786  

References
Abdella B, Shokrak NM, Abozahra NA, Elshamy YM, et al., 2024. 

Aquaculture and Aeromonas hydrophila: a complex interplay of 
environmental factors and virulence. Aquacult Int, 32, 7671–
7681. https://doi.org/10.1007/s10499-024-01535-y

Akaylı T, Çanak Ö, Başaran B, 2011. Gökkuşağı alabalıklarında 
(Oncorhynchus mykiss Walbaum, 1792) görülen Aeromonas 
schubertii enfeksiyonu üzerine bir çalışma. Bibad, 4(1), 99-106.

Akkan T, Kaya A, Dinçer S, 2013. Antibiotic levels and heavy metal 
resistance in gram-negative bacteria isolated from seawater, 
Iskenderun Organized Industrial Zone. JABS, 7(1), 10-14.

Akşit D,  Kum C, 2008. Gökkuşağı alabalıkları (Oncorhynchus mykiss, 
Walbaum 1792)’nda sık görülen patojen mikroorganizmaların 
tespiti ve antibiyotik duyarlılık düzeylerinin belirlenmesi. YYÜ 
Vet Fak Derg, 19(1), 1-7.

Alduina R, 2020. Antibiotics and environment. Antibiotics, 9(4), 
202. https://doi.org/10.3390/antibiotics9040202

Alduina R, Gambino D, Presentato A, Gentile A, et al., 2020. Is Caretta 
Caretta a carrier of antibiotic resistance in the Mediterranean sea?. 
Antibiotics, 9(3), 116. https://doi.org/10.3390/antibiotics9030116

Balta F, 2020. Fırtına deresindeki gökkuşağı alabalık çiftliklerinde 
izole edilen Aeromonas spp. izolatlarının antimikrobiyel 
hassasiyetin belirlenmesi. Anadolu Çev ve Hay Dergisi, 5(3), 397-
407. https://doi.org/10.35229/jaes.785447

Bariche M, Al-Mabruk SAA, Ates MA, Büyük A, et al., 2020. New 
alien Mediterranean biodiversity records (March 2020). Medit 
Mar Sci, 21(1), 129-145. https://doi.org/10.12681/mms.21987

Belding C, Boopathy R, 2018. Presence of antibiotic-resistant 
bacteria and antibiotic resistance genes in coastal recreational 
waters of southeast Louisiana, USA. J Water Supply Res T, 67(8), 
800-809. https://doi.org/10.2166/aqua.2018.076

Bondarczuk K, Piotrowska-Seget Z, 2019. Microbial diversity 
and antibiotic resistance in a final effluent-receiving lake. 

Sci Total Environ, 650, 2951-2961. https://doi.org/10.1016/j.
scitotenv.2018.10.050

Boran H, Terzi E, Altinok I, Capkin E, et al., 2013. Bacterial 
diseases of cultured Mediterranean horse mackerel (Trachurus 
mediterraneus) in sea cages. Aquaculture, 396, 8-13. https://doi.
org/10.1016/j.aquaculture.2013.02.025

Capkin E, Terzi E, Altinok I, 2015. Occurrence of antibiotic 
resistance genes in culturable bacteria isolated from Turkish trout 
farms and their local aquatic environment. Dis Aquat Org, 114, 
127-137. https://doi.org/10.3354/dao02852

Cavicchioli R, Ostrowski M, Fegatella F,  Goodchild A,  et al., 
2003. Life under nutrient limitation in oligotrophic marine 
environments: an eco/physiological perspective of Sphingopyxis 
alaskensis (formerly Sphingomonas alaskensis). Microb Ecol, 45, 
203-217. https://doi.org/10.1007/s00248-002-3008-6

CLSI, 2015a. Methods for antimicrobial dilution and disk 
susceptibility testing of infrequently isolated or fastidious 
bacteria, 3rd ed.; CLSI guideline M45 , Wayne.

CLSI, 2015b. Performance standards for antimicrobial susceptibility 
testing; 25th informational supplement, CLSI document 
M100-S25, Wayne. 

Çilli E, Yeşilöz H, Gökcecik ÖF, Nuhay Ç, et al., 2023. Parasitological, 
bacteriological and virological research of carp (Cyprinus carpio) 
in a case in Hirfanlı Dam Lake in Türkiye. Etlik Vet Mikrobiyol 
Derg, 34(1), 108-113. https://doi.org/10.35864/evmd.1216910

Çinar ME, Bilecenoğlu M, Yokeş MB, Öztürk B, et al., 2021. Current 
status (as of end of 2020) of marine alien species in Turkey. 
PLoS ONE, 16(5), e0251086. https://doi.org/10.1371/journal.
pone.0251086

Dadgostar P, 2019. Antimicrobial resistance: implications and costs. 
Infect Drug Resist, 12, 3903-3910. https://doi.org/10.2147/IDR.
S234610

Durmaz Y, Türk N, 2009. Alabalık işletmelerinden motil 
aeromonasların izolasyonu ve antibiyotiklere duyarlılıklarının 
saptanması. Kafkas Univ Vet Fak Derg, 15(3), 357-361.

Eid HM, El-Mahallawy HS, Shalaby AM, Elsheshtawy HM, et 
al., 2022. Emergence of extensively drug-resistant Aeromonas 
hydrophila complex isolated from wild Mugil cephalus (striped 
mullet) and Mediterranean seawater. Vet World, 15(1), 55–64. 
https://doi.org/10.14202/vetworld.2022.55-64

Erdem A, Aydogdu EÖ, Gulener M, Zorbozan H, et al., 2017. The 
determination of bacteriological quality of Kılyos-Igneada coast 
and sea water. Fresenius Environ Bull, 26, 533-544.

Erdem B, Kariptaş E, Kaya T, 2010. Siderophore, hemolytic, protease, 
and pyrazinamidase activities and antibiotic resistance in motile 
Aeromonas isolated from fish. Turk J Biol, 34(4), 453-462. https://
doi.org/10.3906/biy-0901-20

Fernández-Bravo A, Figueras MJ, 2020. An update on the genus 
Aeromonas: taxonomy, epidemiology, and pathogenicity. 
Microorganisms, 8(1), 129. https://doi.org/10.3390/
microorganisms8010129

Filik N, Önem E, Kubilay A, 2021. Aeromonas hydrophila suşlarının 
antibiyotik direnç profilleri. Act Aquat Turc, 17(2), 202-213. 
https://doi.org/10.22392/actaquatr.792224

Gambino D, Gargano V,  Gentile A, Pantano L, et al., 2022. Occurrence 
of antibiotic resistance in the mediterranean sea. Antibiotics, 
11(3), 332. https://doi.org/10.3390/antibiotics11030332

Gwenzi W, Musiyiwa K, Mangori L, 2018. Sources, behaviour and 

8

https://orcid.org/0009-0009-0753-3786
https://doi.org/10.1007/s10499-024-01535-y 
https://doi.org/10.3390/antibiotics9040202
https://doi.org/10.3390/antibiotics9030116 
https://doi.org/10.35229/jaes.785447
 https://doi.org/10.12681/mms.21987
https://doi.org/10.2166/aqua.2018.076
https://doi.org/10.1016/j.scitotenv.2018.10.050
https://doi.org/10.1016/j.scitotenv.2018.10.050
https://doi.org/10.1016/j.aquaculture.2013.02.025
https://doi.org/10.1016/j.aquaculture.2013.02.025
https://doi.org/10.3354/dao02852
https://doi.org/10.1007/s00248-002-3008-6
https://doi.org/10.35864/evmd.1216910
https://doi.org/10.1371/journal.pone.0251086 
https://doi.org/10.1371/journal.pone.0251086 
https://doi.org/10.2147/IDR.S234610 
https://doi.org/10.2147/IDR.S234610 
https://doi.org/10.14202/vetworld.2022.55-64
https://doi.org/10.3906/biy-0901-20
https://doi.org/10.3906/biy-0901-20
https://doi.org/10.3390/microorganisms8010129 
https://doi.org/10.3390/microorganisms8010129 
https://doi.org/10.22392/actaquatr.792224
https://doi.org/10.3390/antibiotics11030332


Eurasian J Vet Sci Sababoglu Baytaroglu and Kucukkagnici

health risks of antimicrobial resistance genes in wastewaters: a 
hotspot reservoir. J Environ Chem Eng, 8(1), 102220. https://doi.
org/10.1016/j.jece.2018.02.028

Hoel S, Vadstein O, Jakobsen AN, 2019. The significance of 
mesophilic Aeromonas spp. in minimally processed ready-to-
eat seafood. Microorganisms, 7(3), 91. https://doi.org/10.3390/
microorganisms7030091

Huseyinoglu MF, Arda Y, Jiménez C, 2023. Manual of invasive 
alien species in the Eastern Mediterranean. Gland, Switzerland: 
IUCN. https://portals.iucn.org/library/sites/library/files/
documents/2023-002En.pdf. Accessed at: 02.10.2024.

Igbinosa IH, Igumbor EU, Aghdasi F, Tom M, et al.,  2012. Emerging 
Aeromonas species infections and their significance in public 
health. Scie World J, 625023. https://doi.org/10.1100/2012/625023

Janda JM, Abbott SL, 2010. The genus Aeromonas: taxonomy, 
pathogenicity, and infection. Clin Microbiol Rev, 23(1), 35-73. 
https://doi.org/10.1128/CMR.00039-09

Karatas S, Candan A, Demircan MD, 2005. Atypical Aeromonas 
infection in cultured sea bass (Dicentrarchus labrax) in the Black 
Sea. IJA, 57(4), 255-263. https://doi.org/10.46989/001c.20417

Kayış Ş, Soyköse G, İpek ZZ, Er A, 2021. Determination of bacterial 
contamination and antibiotic resistance of the bacteria in the 
some trout farm hatcheries in the Eastern Black Sea region of 
Turkey. LimnoFish, 7(2), 101-107. https://doi.org/10.17216/
limnofish.827718

Khan R, Takahashi E, Nakura H, Ansaruzzaman M, et al., 2008. 
Toxin production by Aeromonas sobria in natural environments: 
River water vs. seawater. Acta Med Okayama, 62(6), 363-371. 
http://doi.org/10.18926/AMO/30947

Kırkan Ş, Göksoy EÖ, Kaya O, 2003. ‘Isolation and antimicrobial 
susceptibility of Aeromonas salmonicida in rainbow trout 
(Oncorhynchus mykiss) in Turkey Hatchery Farms. J Vet Med B, 
50, 339-342. https://doi.org/10.1046/j.1439-0450.2003.00671.x

Korun J, Çelik SY, Yılmaz M, Gokoglu M, 2019. Isolations of 
Shewanella and Aeromonas species from Silver European Eel Fish 
(Anguilla anguilla Linnaeus, 1758). J Adv VetBio Sci Tech, 4(1), 
9-15. http://doi.org/10.31797/vetbio.544847

Korun J, Toprak HB, 2010. Kültürü yapılan gökkuşağı alabalıkları 
(Oncorhynchus mykiss)’nın barsağından izole edilen hareketli 
Aeromonas suşlarının antibiyotik hassasiyetleri üzerine NaCl’ün 
etkisi. Kafkas Univ Vet Fak Derg, 16(2), 193-198. http://doi.
org/10.9775/kvfd.2009.453

Kraemer SA, Ramachandran A, Perron GG, 2019. Antibiotic 
pollution in the environment: from microbial ecology to public 
policy. Microorganisms, 7(6), 180. https://doi.org/10.3390/
microorganisms7060180

Krumperman PH, 1983. Multiple antibiotic resistance indexing 
of Escherichia coli to identify high-risk sources of fecal 
contamination of foods. Appl Environ Microbiol, 46, 165-170. 
https://doi.org/10.1128/aem.46.1.165-170.1983

Mangus LM, Pessier AP, 2021. Necropsy and ancillary diagnostics, 
In: Clinical Guide to Fish Medicine, Eds; Hadfield CA, Clayton 
LA, First edition, Wiley Blackwell, New Jersey, USA, pp;177-197. 
https://doi.org/10.1002/9781119259886.ch9

Matyar F, 2016. Hastane kanalizasyonlarından izole edilen 
Gram-negatif bakterilerin tiplendirilmesi ve çoklu antibiyotik 
dirençliliklerinin saptanması. Turk Tarim Gida Bilim Teknol 
Derg, 4(10), 845-849. https://doi.org/10.24925/turjaf.v4i10.845-
849.759

Matyar F, Akkan T, Uçak Y, Eraslan B, 2010. Aeromonas and 
Pseudomonas: antibiotic and heavy metal resistance species from 
Iskenderun Bay, Turkey (northeast Mediterranean Sea). Environ 
Monit Assess, 167, 309-320. https://doi.org/10.1007/s10661-009-
1051-1

Matyar F, Kaya A, Dinçer S, 2008. Antibacterial agents and heavy 
metal resistance in Gram-negative bacteria isolated from 
seawater, shrimp and sediment in Iskenderun Bay, Turkey. 
Sci Total Environ, 407, 279-285. https://doi.org/10.1016/j.
scitotenv.2008.08.014

Mursalim MF, Budiyansah H, Raharjo HM, Debnath PP, et al., 2022. 
Diversity and antimicrobial susceptibility profiles of Aeromonas 
spp. isolated from diseased freshwater fishes in Thailand. J Fish 
Dis, 45, 1149-1163.  https://doi.org/10.1111/jfd.13650

Nhinh DT, Le DV, Van KV, Giang NTH et al., 2021. Prevalence, 
virulence gene distribution and alarming the multidrug resistance 
of Aeromonas hydrophila associated with disease outbreaks 
in freshwater aquaculture. Antibiotics, 10(5), 532. https://doi.
org/10.3390/antibiotics10050532

Noga EJ, 2010. Fish Disease: Diagnosis and Treatment, 2nd edition, 
Wiley Blackwell, New York, USA, pp; 185-20189. 

Onuk EE, Tanrıverdi Çaycı Y, Çoban AY, Çiftçi A, et al., 2015. 
Türkiye'de su kaynaklı Aeromonas spp. izolatlarında saptanan ilk 
qnrs gen pozitifliği. Mikrobiyol Bul, 49(1), 114-123. https://doi.
org/10.5578/mb.8839

Onuk EE, Tanrıverdi Çaycı Y, Çoban AY, Çiftçi A, et al., 2017.  Balık 
ve yetiştirme suyu kökenli Aeromonas izolatlarının antimikrobiyal 
duyarlılıklarının saptanması. Ankara Üniv Vet Fak Derg, 64, 67-
73. https://doi.org/10.1501/Vetfak_0000002768

Özer S, Bulduklu P, Tezcan S, Dönmez E, et al., 2009. Genetic 
diversity and antimicrobial susceptibility of motile aeromonads 
isolated from rainbow trout (Oncorhynchus mykiss, Walbaum) 
farms. J Appl Ichthyol, 25(2), 195-200. https://doi.org/10.1111/
j.1439-0426.2008.01222.x

Park K, Jung S, Jung Y, Shin J, et al., 2009. Marine bacteria as a 
leading cause of necrotizing fasciitis in coastal areas of South 
Korea. Am J Trop Med Hyg, 80(4), 640-50.

Praveen PK, Debnath C, Shekhar S, Dalai N, et al., 2016. Incidence 
of Aeromonas spp. infection in fish and chicken meat and its 
related public health hazards: A review. Vet World, 9(1), 6-11. 
https://doi.org/10.14202/vetworld.2016.6-11

Roberts RJ, 2012. Fish Pathology, 4th edition, Wiley-Blackwell, New 
York, USA, pp; 339-382.

Setiaji J, Feliatra F, Teruna HY, Lukistyowati I, et al., 2020. 
Antibacterial activity in secondary metabolite extracts of 
heterotrophic bacteria against Vibrio alginolyticus, Aeromonas 
hydrophila, and Pseudomonas aeruginosa.  F1000Research, 9, 
1491. https://doi.org/10.12688/f1000research.26215.1

Silva CM, Evangelista-Barreto NS, dos Fernandes Vieira RHS, 
Mendonça KV, et al., 2014. Population dynamics and antimicrobial 
susceptibility of Aeromonas spp. along a salinity gradient in an 
urban estuary in Northeastern Brazil. Mar Pollut Bull, 89(1-2), 
96-101. https://doi.org/10.1016/j.marpolbul.2014.10.031

Stoll C, Sidhu JPS, Tiehm A, Toze S, 2012. Prevalence of clinically 
relevant antibiotic resistance genes in surface water samples 
collected from Germany and Australia. Environ Sci Technol, 
46(17), 9716-9726. https://doi.org/10.1021/es302020s

Su S, Li C, Yang J, Xu Q, et al., 2020. Distribution of antibiotic 

9

https://doi.org/10.1016/j.jece.2018.02.028
https://doi.org/10.1016/j.jece.2018.02.028
https://doi.org/10.3390/microorganisms7030091 
https://doi.org/10.3390/microorganisms7030091 
https://portals.iucn.org/library/sites/library/files/documents/2023-002En.pdf.
https://portals.iucn.org/library/sites/library/files/documents/2023-002En.pdf.
https://doi.org/10.1100/2012/625023
https://doi.org/10.1128/CMR.00039-09
https://doi.org/10.46989/001c.20417 
https://doi.org/10.17216/limnofish.827718 
https://doi.org/10.17216/limnofish.827718 
http://doi.org/10.18926/AMO/30947
https://doi.org/10.1046/j.1439-0450.2003.00671.x
http://doi.org/10.31797/vetbio.544847
http://doi.org/10.9775/kvfd.2009.453
http://doi.org/10.9775/kvfd.2009.453
https://doi.org/10.3390/microorganisms7060180 
https://doi.org/10.3390/microorganisms7060180 
https://doi.org/10.1128/aem.46.1.165-170.1983
https://doi.org/10.1002/9781119259886.ch9
https://doi.org/10.24925/turjaf.v4i10.845-849.759 
https://doi.org/10.24925/turjaf.v4i10.845-849.759 
https://doi.org/10.1007/s10661-009-1051-1
https://doi.org/10.1007/s10661-009-1051-1
https://doi.org/10.1016/j.scitotenv.2008.08.014
https://doi.org/10.1016/j.scitotenv.2008.08.014
https://doi.org/10.1111/jfd.13650
https://doi.org/10.3390/antibiotics10050532
https://doi.org/10.3390/antibiotics10050532
 https://doi.org/10.5578/mb.8839
 https://doi.org/10.5578/mb.8839
https://doi.org/10.1501/Vetfak_0000002768
https://doi.org/10.1111/j.1439-0426.2008.01222.x
https://doi.org/10.1111/j.1439-0426.2008.01222.x
https://doi.org/10.14202/vetworld.2016.6-11
https://doi.org/10.12688/f1000research.26215.1
https://doi.org/10.1016/j.marpolbul.2014.10.031
https://doi.org/10.1021/es302020s


Sababoglu Baytaroglu and Kucukkagnici Eurasian J Vet Sci

resistance genes in three different natural water bodies-a lake, 
river and sea. Int J Environ Res Public Health, 17(2), 552. https://
doi.org/10.3390/ijerph17020552

Sucato A, Vecchioni L, Savoca D, Presentato A, et al., 2021. A 
comparative analysis of aquatic and polyethylene-associated 
antibiotic-resistant microbiota in the Mediterranean sea. Biology, 
10(3), 200. https://doi.org/10.3390/biology10030200

Şık Z, Altıntaş Ö, Atıcı EG, 2020. Balıklardan izole edilen bakteriyel 
etkenler: Beş yıllık değerlendirme. Etlik Vet Mikrobiyol Derg, 
31(1), 29-33. https://doi.org/10.35864/evmd.708034

Tanrıkul TT, Dinçtürk E, 2021. A new outbreak in sea bass farming 
in Turkey: Aeromonas veronii. J Hellenic Vet Med Soc, 72(3), 
3051-3058. https://doi.org/10.12681/jhvms.28486

Tel OY, İrgare G, Karahan M, Keskin O, 2007. Şanlıurfa Balıklıgöl 
balıklarından Aeromonas hydrophila izolasyonu ve antibiyotik 
duyarlılıklarının saptanması. Etlik Vet Mikrobiyol Derg, 1-2, 1-4.

Telli N, Telli AE, Biçer Y, Turkal G, et al., 2022. Occurrence and 
antibiotic susceptibility of Vibrio spp., Aeromonas spp. and 
Listeria spp. in seafoods. Eurasian J Vet Sci, 38(1), 7-16. https://
doi.org/10.15312/EurasianJVetSci.2022.359

Türe M, Alp H, 2016. Identification of bacterial pathogens and 
determination of their antibacterial resistance profiles in some 
cultured fish in Turkey. J Vet Res, 60(2), 141-146. https://doi.
org/10.1515/jvetres-2016-0020

Ugarte-Torres A, Perry S, Franko A,  Church DL, 2018. Multidrug-
resistant Aeromonas hydrophila causing fatal bilateral necrotizing 
fasciitis in an immunocompromised patient: a case report. J Med 
Case Reports, 12, 326. https://doi.org/10.1186/s13256-018-1854-
1

Uğur A, Ceylan Ö, Aslım B, 2012. Characterization of Pseudomonas 
spp. from seawater of the southwest coast of Turkey. JBES, 6(16), 
15-23.

Ukav İ, 2023. Türkiye su ürünleri dış ticareti. Econharran, 7(11), 
16-22.

Uysal A, Kurt Ş, Soylu S, Soylu EM, et al., 2019. Yaprağı yenen 
sebzelerdeki mikroorganizma türlerinin MALDI-TOF MS 
(Matris Destekli Lazer Desorpsiyon/İyonizasyon Uçuş Süresi 
Kütle Spektrometresi) tekniği kullanılarak tanılanması. YYU J 
Agr Sci, 29(4), 595-601. https://doi.org/10.29133/yyutbd.627850

Uzel A, Uçar F, 2000. İzmir ilindeki çeşitli kaynaklardan Aeromonas 
hydrophila' nın izolasyon, identifikasyon ve toksijenik özellikleri. 
Turk J Biol, 24, 25-32. https://journals.tubitak.gov.tr/biology/
vol24/iss5/3

Uzun E, Ogut H, 2015. The isolation frequency of bacterial pathogens 
from sea bass (Dicentrarchus labrax) in the Southeastern 
Black Sea. Aquac, 437, 30-37. https://doi.org/10.1016/j.
aquaculture.2014.11.017

Ünver B, Bakıcı MZ, 2021. Motile Aeromonas septicemia (MAS) 
at Cyprinus carpio L., 1758 (Actinopterygii:Cyprinidae) in Lake 
Tödürge (Sivas/Turkey). Arq Bras Med Vet Zootec, 73(2), 320-
326. https://doi.org/10.1590/1678-4162-11989

Waseem H, Williams MR, Jameel S, Hashsham SA, 2018. 
Antimicrobial resistance in the environment. WER, 90(19), 865-
884. https://doi.org/10.2175/106143018X15289915807056

Yardımcı RE, Turgay E, 2021. Diagnosis of Aeromonas sobria and 
Saprolegnia sp. co-infection in rainbow trout fry (Oncorhynchus 
mykiss). Aquat Res, 4(1), 65-72. https://doi.org/10.3153/AR21006

Yücel N, Aslım B, Beyatli Y, 2005. Prevalence and resistance to 

antibiotics for Aeromonas species isolated from retail fish in 
Turkey. J Food Qual, 28(4), 313-324. https://doi.org/10.1111/
j.1745-4557.2005.00037.x

Yücel N, Balcı Ş, 2010. Prevalence of Listeria, Aeromonas, and Vibrio 
species in fish used for human consumption in Turkey. JFP, 73(2), 
380-384. https://doi.org/10.4315/0362-028X-73.2.380

Zhang Y, Wang J, Lu J, Wu J, 2020. Antibiotic resistance genes 
might serve as new indicators for wastewater contamination of 
coastal waters: Spatial distribution and source apportionment 
of antibiotic resistance genes in a coastal bay. Ecol Indic, 114, 
106299. https://doi.org/10.1016/j.ecolind.2020.106299

10

https://doi.org/10.3390/ijerph17020552
https://doi.org/10.3390/ijerph17020552
https://doi.org/10.3390/biology10030200
https://doi.org/10.35864/evmd.708034
https://doi.org/10.12681/jhvms.28486
https://doi.org/10.15312/EurasianJVetSci.2022.359
https://doi.org/10.15312/EurasianJVetSci.2022.359
https://doi.org/10.1515/jvetres-2016-0020
https://doi.org/10.1515/jvetres-2016-0020
ttps://doi.org/10.1186/s13256-018-1854-1 
ttps://doi.org/10.1186/s13256-018-1854-1 
https://doi.org/10.29133/yyutbd.627850 
https://journals.tubitak.gov.tr/biology/vol24/iss5/3 
https://journals.tubitak.gov.tr/biology/vol24/iss5/3 
https://doi.org/10.1016/j.aquaculture.2014.11.017 
https://doi.org/10.1016/j.aquaculture.2014.11.017 
https://doi.org/10.1590/1678-4162-11989
https://doi.org/10.2175/106143018X15289915807056
https://doi.org/10.3153/AR21006 
https://doi.org/10.1111/j.1745-4557.2005.00037.x
https://doi.org/10.1111/j.1745-4557.2005.00037.x
https://doi.org/10.4315/0362-028X-73.2.380
https://doi.org/10.1016/j.ecolind.2020.106299

	Yer İmi 1

