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Abstract 
 

Despite the rapid expansion of aquaculture in Central Asia, information regarding 
bacterial pathogens and antimicrobial resistance in trout farming systems remains 
limited. The present study investigated the occurrence of bacterial pathogens, 
antimicrobial susceptibility patterns, and antibiotic resistance genes (ARGs) in rainbow 
trout cultured in major aquaculture systems of the Almaty region, Kazakhstan, 
including flow-through, hatchery, and recirculating aquaculture systems (RAS). A total 
of 120 fish exhibiting clinical signs of infection were collected during the summer and 
winter seasons of 2024. Bacterial identification was performed using conventional 
microbiological methods and partial 16S rRNA gene sequencing. 
Bacterial growth was detected in 116 of the examined fish samples, indicating a high 
prevalence of bacterial agents in the investigated aquaculture systems. Sequence 
analysis of partial 16S rRNA genes identified 11 bacterial isolates representing four 
taxa, predominantly Aeromonas spp. Species of the genera Aeromonas, Yersinia, 
Pseudomonas, and Acinetobacter were detected in the flow-through system. In 
contrast, only Aeromonas and Yersinia species were identified in the hatchery, while 
the RAS system exclusively harbored Aeromonas species. A clear seasonal trend was 
observed, with all of the isolates recovered during the summer season.  
Antimicrobial susceptibility testing revealed high resistance rates to lincomycin 
(100%), amoxicillin (80%), and penicillin (70%), whereas all isolates were susceptible 
to florfenicol. The multiple antibiotic resistance (MAR) index ranged from 0.37 to 0.87. 
Molecular screening demonstrated a high prevalence of β-lactam resistance genes, 
particularly ampC and blaTEM. 
To the best of our knowledge, this study represents the first systematic investigation 
of bacterial pathogens and associated antimicrobial resistance in rainbow trout 
aquaculture systems in Kazakhstan. These findings provide important insights into the 
seasonal distribution and resistance characteristics of bacterial agents and highlight 
the need for continuous surveillance and prudent antimicrobial use in aquaculture 
production systems.  
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Introduction 
 

Aquaculture has shown steady growth over recent 
decades and plays an increasingly important role in 
ensuring global food security. The Food and Agriculture 
Organization (FAO) reports that approximately 50% of 
total aquatic products consumed worldwide are 
obtained through aquaculture, and this trend is 
expected to continue (FAO, 2020). In this context, 
species with high commercial value are of particular 
importance, among which rainbow trout (Oncorhynchus 
mykiss) is widely cultivated in industrial aquaculture 
systems due to its economic significance and 
adaptability (Lulijwa et al., 2020). 

In Kazakhstan, aquaculture is a relatively recent 
but rapidly developing sector. In recent years, there has 
been a significant increase in production capacity and 
the number of fish farms (OECD, 2020; Graham et al., 
2022). The Almaty region represents a key area for trout 
farming due to the availability of cold-water sources and 
favorable hydrological conditions. Rainbow trout 
farming has become an increasingly important 
component of aquaculture in the Almaty region, driven 
by growing consumer demand and government 
initiatives aimed at expanding the aquaculture sector 
(FAO, 2023). On the other hand, increased production 
has brought with it the risk of infectious diseases and 
financial losses related to those diseases. Elevated 
stocking densities, temperature fluctuations, and the 
accumulation of organic matter create favorable 
conditions for the proliferation of bacterial pathogens. 
Seasonal changes, especially fluctuations in water 
temperature, strongly influence the occurrence of fish 
diseases by affecting pathogen growth, host immunity, 
and environmental conditions (Elabd et al., 2024; 
Mramba & Kahindi, 2023).  

Several studies have demonstrated that members 
of the genus Aeromonas are among the primary 
causative agents of diseases in rainbow trout, leading to 
significant economic losses (Fernández & Figuares, 
2020; Toranzo et al., 2005; Austin & Austin, 2007). A 
recent investigation of bacterial communities in rainbow 
trout from aquaculture farms in the Aktobe, Karaganda, 
and Almaty regions identified Aeromonas, 
Carnobacterium, Lactococcus, Psychrobacter, 
Flavobacterium, and Pseudomonas as the predominant 
bacterial genera associated with rainbow trout. 
Representing one of the first comprehensive 
characterizations of bacterial communities in 
Kazakhstan's aquaculture systems, this study highlights 
the importance of continuous surveillance of bacterial 
pathogens to support effective disease prevention and 
the sustainable development of aquaculture 
(Suleymenova et al. 2025). Also, motile Aeromonas 
septicemia, yersiniosis, and acinetobacteriosis, and 
lactococcosis caused by Aeromonas hydrophila, Yersinia 
ruckeri, Acinetobacter sp., and Lactococcus garvieae, 
respectively, have been frequently reported in farmed 
rainbow trout, particularly in freshwater aquaculture 

systems across European and Central Asian countries 
(Ozturk & Altinok, 2014). 

In recent years, increasing global attention has 
been directed toward the issue of antimicrobial 
resistance (AMR). Aquatic environments are 
increasingly recognized as important reservoirs and 
dissemination routes for antimicrobial resistance genes 
(ARGs) (Cabello et al., 2016; Ture et al., 2018; Preena et 
al., 2020). The accumulation of antimicrobial residues in 
water and sediment exerts selective pressure favoring 
the emergence and persistence of resistant strains, 
while also facilitating the horizontal transfer of 
resistance genes among microorganisms (Zhang et al., 
2009 Larsson & Flach, 2022). 

Recent studies indicate that intensive aquaculture 
systems, particularly RAS, may promote the 
accumulation of ARG and the formation of resistant 
bacterial communities (De Schryver and Vadstein, 2014; 
Johnson et al., 2019). The spread of resistant bacteria 
and ARGs within aquaculture environments may 
facilitate the transmission of infections to humans and 
other terrestrial animals, potentially compromising the 
efficacy of antibiotic therapies (Murray et al., 2022). 

Despite the rapid expansion of aquaculture, 
information regarding bacterial diseases and 
antimicrobial resistance in Central Asia remains limited. 
In particular, comprehensive investigations addressing 
the seasonal dynamics of bacterial pathogens and 
variations among aquaculture production systems are 
scarce.  

Therefore, the present study aimed to investigate 
the bacterial pathogens associated with cultured 
rainbow trout reared in different aquaculture 
production systems in the Almaty region and to assess 
their antimicrobial susceptibility profiles alongside the 
distribution of ARGs. To the best of our knowledge, this 
study constitutes the first comprehensive report 
focusing on disease-related challenges in trout 
aquaculture in Kazakhstan. The findings provide 
important insights into the ecological distribution and 
pathogenic potential of bacterial agents, thereby 
establishing a valuable basis for future disease 
management strategies, antimicrobial stewardship, and 
further aquaculture research in the region. 

 

Materials and Methods 
 

Background of the Study Area 
 
Investigation of bacterial infections in rainbow 

trout was conducted in 2024 at 3 major aquaculture 
farms located in the Almaty region of Kazakhstan, 
representing different production systems, including 
flow-through, hatchery, and RAS. The first farm was 
located in Esik (43.3553° N, 77.4523° E) and operated as 
a flow-through system supplied with water from the Esik 
River. Water temperature ranged from 2°C in winter to 
13°C in summer. Fish were reared in cylindrical tanks 
with a volume of 20 m³ at a stocking density of 10–15 
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kg/m³, with complete water exchange provided hourly. 
The second facility was located in Tashkensaz (43.2167° 
N, 77.0833° E) and consisted of a hatchery supplied with 
well water originating from an approximate depth of 
200 m. Water temperature was maintained at 10°C, and 
stocking density ranged between 2 and 5 kg/m³. 
Fertilized eggs of rainbow trout were reared until 
reaching an average body weight of approximately 5 g. 
The third farm was located in Konaev (43.8700° N, 
77.0600° E) and operated as a RAS (Figure 1). Water 
temperature was maintained at 16°C, and stocking 
density reached up to 25 kg/m³. 

At all facilities, fish were fed twice daily with a 
commercial diet (Aller Aqua, Poland). During sampling, 
physicochemical water parameters were also recorded, 
with pH values ranging from 6.8 to 7.8 and dissolved 
oxygen concentrations ranging between 7.0 and 10.5 
mg/L. The number of sampled trout, farm 
characteristics, and water source properties are 
presented in Table 1. 

Sampling, Bacterial Isolation and Identification 
 
All procedures involving fish were conducted in 

accordance with standard aquaculture practices and did 
not involve experimental manipulation beyond routine 
handling and sampling. Every effort was made to 
minimize stress and suffering throughout the study. The 
study protocol was reviewed and approved by the Local 
Bioethics Committee of Al-Farabi Kazakh National 
University (Protocol No. 2; Approval Date: October 7, 
2024). Fish were transported to the laboratory under 
cold-chain conditions and processed on the same day. 
Prior to dissection, the external body surface was 
disinfected with 70% ethanol. Liver, head-kidney, and 
spleen samples were aseptically collected for 
microbiological examination. Tissue samples were 
inoculated onto tryptic soy agar (TSA; Merck, Germany) 
and incubated at 20°C for 72 h. To obtain pure cultures, 
well-defined bacterial colonies were subcultured on the 
same medium. For each sample, 2 to 3 colonies 

 

Figure 1. Location of the studied aquaculture farms in the Almaty region.  

 
Table 1. Background of the study area 

System Season Sample (n) Weight (g) Temperature (℃) 

Flow-through (Esik) 
Summer 20 5-10 13 

Winter 20 5-10 2 

Hatchery (Tashkensaz) 
Summer 20 1-2 10 
Winter 20 1,5-2 10 

RAS (Konaev) 
Summer 20 5-10 16 

Winter 20 5-10 16 
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displaying distinct morphological characteristics were 
selected for further analysis. Identification was initially 
performed using standard microbiological procedures, 
including Gram staining, oxidase and catalase tests, 
motility, indole, citrate utilization, and 
oxidation/fermentation (O/F) analysis, followed by the 
API 20NE system (BioMérieux, France). Definitive 
identification was achieved by molecular 
characterization through partial sequencing of the 16S 
rRNA gene. 

 
DNA Extraction, PCR and Sequencing 

 
Genomic DNA from 11 pure bacterial isolates was 

extracted using the QIAamp DNA Mini Kit (Qiagen, 
Germany) according to the manufacturer’s instructions. 
DNA quantity and purity were determined using a 
NanoDrop spectrophotometer (Thermo Fisher 
Scientific, USA), and DNA concentrations were 
standardized to approximately 50-60 ng/μL for each 
isolate. Extracted DNA samples were stored at −20°C 
until further analysis. 

Partial amplification of the bacterial 16S rRNA gene 
was carried out following the protocol described by 
Marchesi et al. (1998) using the universal primers 63f 
(5′-CAG GCC TAA CAC ATG CAA GTC-3′) and 1387r (5′-
GGG CGG WGT GTA CAA GGC-3′). Polymerase chain 
reaction (PCR) assays were performed in a thermal 
cycler (Applied Biosystems, Germany) using AmpliTaq 
Gold 360 Master Mix (Thermo Fisher Scientific, USA). 
Amplified products were analyzed by electrophoresis on 
1.4% agarose gels prepared in 1× TAE buffer 
(AppliChem, USA). A 100 bp DNA ladder (Bioneer, Korea) 
was included as a molecular size marker. 

Purified with alcohol PCR amplicons were 
sequenced using the BigDye Terminator Cycle 
Sequencing Kit v3.1 on an ABI 3500 Genetic Analyzer 
(Applied Biosystems, USA). Raw sequences were aligned 
using BioEdit 7.2.5 (Hall, 1999) with Clustal W 
(Thompson et al., 1994). Each distinct sequence was 
compared with available sequences in the GenBank 
database (NCBI) using BLAST (BasicLocal Alignment 
SearchTool). 16S rRNA gene sequences were deposited 
to the NCBI Gen Bank (PZ101778-PZ106910-PZ106919-
PZ106921-PZ129960-PZ123659-PZ120504-PZ106965). 
Phylogenetic trees were generated in Mega11 using the 
Maximum likelihood method with 1000 randomized 
bootstrap iterations and Kimura 2-parameter model of 
nucleotide subsitutions. 

 
Antimicrobial Susceptibility Testing 

 
The antimicrobial susceptibility of the isolated 

strains was determined using the disk diffusion method 
(Kirby–Bauer) on Mueller–Hinton agar (MHA, Oxoid, UK) 
in accordance with the Clinical and Laboratory 
Standards Institute guidelines (CLSI, 2023). Bacterial 
suspensions were prepared from overnight cultures and 
adjusted to a turbidity equivalent to 0.5 McFarland 

standard (~10⁸ CFU/mL). A volume of 0.1 mL was evenly 
spread onto the surface of agar plates. Commercial 
antibiotic discs (6 mm diameter, Oxoid, UK) were used 
with the following agents (µg/disc): tetracycline (TE, 30), 
amoxicillin (AML, 10), enrofloxacin (ENR, 5), florfenicol 
(FFC, 30), lincomycin (LM, 10), oxytetracycline (OXT, 30), 
ampicillin (AM, 10), erythromycin (ER, 15), penicillin G 
(P, 10 U), and trimethoprim–sulfamethoxazole (SXT, 25). 
Plates were incubated under aerobic conditions for 22 h 
at 25°C for all bacteria. After incubation, inhibition zone 
diameters were measured in millimeters (Ture & Boran, 
2015). Results were interpreted as susceptible (S), 
intermediate (I), or resistant (R) according to CLSI 
criteria. The zone diameters of the bacteria were 
interpreted based on the standard interpretive criteria 
(breakpoints) established for Enterobacteriaceae.  

Additionally, the Multiple Antibiotic Resistance 
Index (MAR) value of bacterial strains was calculated. 

 

MAR= 
A 

B 
 
Where A represents the number of antibiotics to 

which the isolate was resistant, and B represents the 
total number of antibiotics tested. MAR values greater 
than 0.2 were considered indicative of high-risk 
contamination sources associated with intensive 
antibiotic exposure (Capkin et al., 2015). 

 
Detection of Antibiotic Resistance Genes  

 
All isolates were screened for the presence of ARGs 

using PCR. The target genes included blaTEM and ampC 
encoding resistance to β-lactam, tetB for tetracycline, 
sulI and sulII for sulfonamide, and dhfrA1 for 
trimethoprim resistance, representing major antibiotic 
classes. Primer sequences and expected amplicon sizes 
are presented in Table 2. Primers used for ARGs 
amplification were selected based on previously 
published studies (Ng et al., 2001; Schmidt et al., 2001; 
Pei et al., 2006; Capkin et al., 2015). The PCR enzyme, 
PCR conditions, and product visualization procedures 
were as described above. 

 

Result 
 

Bacterial Isolation and Prevalence 
 
A total of 120 rainbow trout samples collected 

during the summer and winter seasons of 2024 were 
analyzed. Bacterial growth was detected in 116 samples, 
indicating a high prevalence of bacterial microbiota 
among the examined fish. The overall bacterial 
prevalence was determined to be 96.66%. In general, 
diseased fish collected from the farms exhibited 
abnormal swimming behavior, lethargy, anorexia, 
aggregation near the water inflow, hyperemia at the fin 
bases, and darkening of the dorsal area. Necropsy 
findings revealed hemorrhagic lesions in the liver, 
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spleen, and pyloric caeca. Mortality rates across farms 
ranged from 10% to 30% without treatment. 

Following preliminary identification based on 
morphological and biochemical characteristics, 11 
representative bacterial isolates exhibiting similar 
phenotypic features were selected for molecular 
characterization.  

Seasonal evaluation revealed that all isolates were 
recovered during the summer period. PCR amplification 
of the 16S rRNA gene from the bacterial isolates 
produced amplicons of approximately 1300 bp in length. 
Sequence analysis showed nearly 99.0% similarity with 
corresponding 16S rRNA gene sequences of related 
bacterial genera or species available in the GenBank 
database. The distribution of the isolates according to 
genus and/or species level, aquaculture production 
systems, and seasonal variation is presented in Table 3. 

The obtained 16S rRNA gene sequences were 
subsequently deposited in GenBank under the accession 
numbers presented in Figure 2. Furthermore, 
phylogenetic analysis based on 16S rRNA gene 
sequences confirmed that the isolates clustered with 
members of the genera Aeromonas and Pseudomonas, 
as well as with the species Aeromonas hydrophila, 
Yersinia ruckeri, and Acinetobacter lwoffii. Overall, 
sequence analysis identified 11 representative bacterial 
isolates representing 4 distinct bacterial species 
(Figure 2). 
 
Biochemical Characterization of Isolates 

 
The biochemical characterization results of the 

bacterial isolates are summarized in Table 4. All 
recovered isolates were identified as Gram-negative 
bacteria. Isolates belonging to the genus Aeromonas 

exhibited positive oxidase and catalase activities and 
demonstrated the ability to ferment glucose, in 
agreement with the established biochemical profile of 
this genus. In contrast, Y. ruckeri and A. lwoffii isolates 
were characterized by oxidase-negative and catalase-
positive reactions, representing a distinctive phenotypic 
feature commonly used for the identification of this 
species. However, the API 20 NE test used to identify 
bacteria could only identify bacteria of the Aeromonas 
genus. 

 
Antimicrobial Susceptibility and Presence of ARGs 

 
Antimicrobial susceptibility testing demonstrated 

that the examined bacterial isolates exhibited diverse 
resistance profiles (Figure 3). All isolates were resistant 
to lincomycin, trimethoprim/sulfamethoxazole, and 
enrofloxacin. High levels of resistance were also 
observed against tetracycline and penicillin, whereas 
moderate resistance rates were detected for amoxicillin 
and erythromycin. In contrast, all examined isolates 
remained susceptible to florfenicol. 

PCR analysis revealed the presence of ARGs in the 
majority of the examined isolates. The β-lactam and 
sulfonamide encoded resistance genes, blaTEM (58.3), 
ampC (66.7), and sulI (50.0), were the most frequently 
detected determinants. In addition, the tetB and dhfrA1 
genes, associated with resistance to tetracyclines and 
trimethoprim, respectively, were identified in several 
isolates. 

 
Multiple Antibiotic Resistance Index 

 
The MAR index values ranged from 0.37 to 0.87 

depending on the bacterial species (Figure 4). The 

Table 2. Primers used for PCR detection of antibiotic resistance genes 

Gene Primer Sequence (5′–3′) Amplicon size (bp) 

blaTEM 
F ATGAGTATTCAACATTTCCG 

859 
R CCAATGCTTAATCAGTGAGC 

ampC 
F TTTCTATCAAMACTGGCARCC 

550 
R CCTTTCATCCAYTCGAAGYA 

tetB 
F TTGGTTAGGGGCAAGTTTTG 

659 
R GTAATGGGCCAATAAACACC 

sulI 
F CGGCGTGGGCTACCTGAACG 

433 
R GCCGATCCCGGAATTTCCG 

sulII 
F GCCGCTCAAGGCAGATGGCATT 

293 
R GCGTTTGATACCGGCACCCGT 

dhfrA1 
F CGTATATTCATGAGGCGCAG 

433 
R CGTTGCGCCACTTGTTAAAC 

 
 
 

Table 3. Distribution of representative bacterial isolates across aquaculture systems and seasons ( = 11) 

Bacterial species Esik Tashkensaz Konaev Summer Winter Proportion (%) 
Aeromonas hydrophila 2 1 1 4 0 36,36 
Aeromonas sp. 1 1 1 3 0 27.27 
Yersinia ruckeri 1 1 0 2 0 18.18 
Pseudomonas sp. 1 0 0 1 0 9.09 
Acinetobacter ıwoffii 1 0 0 1 0 9.09 
Total (n) 6 3 2 11 0 100 

All isolates were recovered from liver, kidney, and spleen tissues. 
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highest MAR value was observed in Aeromonas sp. 
(0.87), followed by A. hydrophila (0.75). Moderate MAR 
values were detected in Pseudomonas sp. (0.62) and Y. 
ruckeri (0.5), whereas A. lwoffii exhibited the lowest 
MAR value (0.37). The mean MAR value was 0.62 and all 

examined isolates exceeded the critical threshold of 0.2. 
These findings suggest potential exposure of the 
bacterial isolates to environments with high levels of 
antibiotic contamination. 

 

 

Figure 2: The phylogenetic tree is based on the 16S rRNA gene sequence of representative bacteria isolated from trout, and related 
microorganisms generated by neighbor-joining method. 

 
Table 4. The major biochemical characteristics of bacterial isolates 
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Aeromonas hydrophila – + + + + + – + 
Yersinia ruckeri – – + + + + – + 
Pseudomonas sp.  – + + + – + – – 
Acinetobacter lwoffii – – + - – + – – 
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Discussion 
 

This study investigated the bacterial pathogens 
isolated from rainbow trout cultured in three different 
aquaculture facilities employing distinct production 
systems in the Almaty Region. The findings 
demonstrated that the occurrence and distribution of 
bacterial infections were strongly influenced by both 
seasonal variations and culture-related technological 
factors. The diversity of the identified pathogens, 
including Aeromonas sp., A. hydrophila, Y. ruckeri, 
Pseudomonas sp., and A. lwoffii, is consistent with 
previous global reports describing these 
microorganisms as major bacterial agents associated 
with disease outbreaks in farmed rainbow trout and 
other salmonid aquaculture systems (Ozturk & Altinok, 
2014; Reverter et al., 2020; Rigos et al., 2021). To the 
best of our knowledge, this study represents the first 
comprehensive investigation aimed at identifying 
bacterial disease agents in rainbow trout cultured under 

different production conditions in the Almaty Region of 
Kazakhstan.  

In the present study, bacterial strains isolated from 
fish were initially screened using standard biochemical 
protocols, followed by the API 20NE testing of 11 
representative isolates. Despite these efforts, 
phenotypic characterization via the API system 
remained inconclusive at the species level, necessitating 
molecular identification via partial 16S rRNA gene 
sequencing to achieve definitive taxonomic resolution. 
Compared to conventional phenotypes, molecular 
methods such as DNA fingerprinting possess superior 
resolution and discriminatory capacity (Türe et al. 2022). 
Our observations clearly demonstrate the constraints of 
depending solely on traditional phenotypic systems for 
aquatic microbiology and reinforce the critical role of 
molecular diagnostics in ensuring precise pathogen 
identification within aquaculture research. 

In this study, the isolated bacterial genera, 
including Aeromonas, Acinetobacter, and Pseudomonas, 

 

Figure 3. Heatmap of antimicrobial susceptibility profiles and distribution of ARGs among bacterial isolates.  

 

 

Figure 4. MAR index values of bacterial isolates.  
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are generally regarded as opportunistic fish pathogens 
that primarily cause disease under stressful 
environmental or aquaculture conditions. In contrast, 
Yersinia ruckeri is recognized as a primary fish pathogen 
and the etiological agent of enteric redmouth disease 
(ERM) (Ozturk & Altinok, 2014). Members of the genus 
Aeromonas were the most frequently isolated bacteria 
in the present study, accounting for 63.63% of all 
isolates. The marked predominance of this genus, 
particularly during the summer season, is in agreement 
with previous studies demonstrating that Aeromonas 
species actively proliferate under elevated water 
temperatures and increased organic loads, and exhibit a 
high level of adaptation to stress conditions associated 
with aquaculture environments (Janda & Abbott, 2010; 
Pessoa et al., 2019; Semwal et al., 2023). Furthermore, 
Aeromonas spp. are widely distributed in freshwater 
ecosystems and are recognized as part of the normal 
microbiota of aquatic organisms (Ture et al. 2025). 
These findings further support the critical role of 
environmental factors including temperature and 
organic load in shaping the structure and dynamics of 
bacterial communities in aquaculture systems. 

The increase in microbial load along with 
increasing water temperature in summer affects water 
quality parameters and facilitates occurrence of disease. 
In flow-through systems, the primary source of infection 
is likely related to the entry of the microbiota into the 
system via the incoming water; in contrast, in RAS, 
organic matter accumulation and high stocking densities 
appear to be factors that contribute to disease 
development (Lorgen-Ritchie et al., 2023; Lin et al., 
2023). Most fish pathogens were recovered from fish 
cultured in flow-through systems, with hatcheries and 
recirculating aquaculture systems (RAS) representing 
the second and third most common sources of isolation, 
respectively. Therefore, differences between 
aquaculture systems can directly influence the health 
status of the farmed fish populations. Similar seasonal 
patterns reported in previous studies further highlight 
that water temperature is one of the most significant 
determinants shaping bacterial dynamics in aquaculture 
environments. 

According to the antimicrobial susceptibility test 
results, the bacterial strains exhibited high levels of 
resistance to lincomycin, amoxicillin, and penicillin. In 
addition, resistance genes encoding β-lactam antibiotics 
were detected in the majority of the isolates. This 
phenomenon may be associated with the prolonged and 
often uncontrolled use of these antimicrobial agents in 
aquaculture practices. The present findings are 
consistent with recent studies reporting the widespread 
occurrence of resistance to β-lactam antibiotics in 
aquaculture environments (Schar et al., 2021; Shen et 
al., 2020). Similarly, Ture et al. (2018) reported that 
pathogens isolated from fish and sediment samples 
exhibited resistance to β-lactam antibiotics and 
harbored β-lactam resistance genes at a high 
prevalence. In contrast, the preserved susceptibility to 

florfenicol may reflect its relatively limited use in the 
studied systems. Nevertheless, it has been expressed 
even newly introduced antibiotics can rapidly lose their 
effectiveness under intensive usage conditions due to 
the emergence and dissemination of resistant strains 
(Watts et al., 2017). Overall, a strong correlation 
between phenotypic and genotypic resistance patterns 
were observed. In particular, isolates exhibiting 
resistance to β-lactam antibiotics predominantly 
harbored the blaTEM and ampC resistance genes. 

MAR index values ranging from 0.37 to 0.87 
(average 0.62) indicate that the critical threshold was 
exceeded in all isolates, indicating significant 
anthropogenic pressure. Similar MAR values have also 
been reported in aquaculture activity areas in 
environments with high levels of antibiotic 
contamination (Shah et al. 2012; Ture et al. 2018). The 
occurrence of antibiotic-resistant bacteria and the 
associated high MAR indices may diminish the long-term 
effectiveness of antimicrobial treatments. The higher 
MAR values observed in RAS systems support the 
hypothesis that intensive aquaculture systems favor the 
accumulation and selection of resistant strains. 

 

Conclusion 
 

A detailed examination of flower trout reared in 
different culture media in the Almaty region of 
Kazakhstan isolated bacteria, predominantly 
Aeromonas species, but also Pseudomonas sp., Y. 
ruckeri, and A. lwoffi. A strong correlation was observed 
between the separation of bacteria and seasonal water 
characteristics; all strains were isolated during the 
summer months. The findings show that the structure of 
bacterial proliferation, particularly the abundance of 
water temperature and technological conditions, is 
determined in detail. To our knowledge, this is the first 
comprehensive study conducted in the region. From a 
practical point of view, these results highlight the need 
for integrated management technology, such as stock 
density indicators in products, aquaculture quality 
control, improved biosecurity measures, and the 
intelligent use of antimicrobial agents.   
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