Integrative phenotypic and genomic analysis of Extended-spectrum Beta-lactamase (ESBL) and carbapenemase genes in Enterobacteriaceae and Pseudomonaceae strains isolated from animals in a Spanish Veterinary Teaching Hospital
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Abstract
Antimicrobial resistance (AMR) is a major global health threat, exacerbated by globalization which facilitates the spread of resistant bacteria. Addressing this issue requires a One Health perspective, involving humans, animals, and the environment. This study aims to compare the phenotypic resistance profiles of 69 clinical bacterial isolates (Enterobacteriaceae and Pseudomonaceae) from a Veterinary Teaching Hospital in Spain with their genotypic resistance profiles based on the presence of Extended-Spectrum Beta-Lactamases (ESBLs), AmpC and carbapenemases -enconding genes. For the genotypical analysis, whole genome sequencing (WGS) was used. Phenotypic characterization revealed that 37 isolates (53.6%) grew on ESBL-selective medium. Phenotypic confirmatory tests showed that 12 strains (17.4%) had some type of ESBL and 21 (30.4%) could have an AmpC. Also, 24 isolates (34.8%) grew in selective media for carbapenemases-producing bacteria, and 2 of these had a class A carbapenemase based on the KPC&MBL&OXA-48 disc kit. The genotypic analysis revealed 20 isolates (29%) had blaTEM, 8 (11.6%) had blaCTX-M and 7 (10.1%) blaSHV. 27 (39.1%) isolates had class C beta-lactamase genes. 35 isolates (50.7%) had blaOXA, class D beta-lactamase. 37 strains (53.6%) had an Inc plasmid replicon associated with the spread of AMR genes, including beta-lactamases and carbapenemases. This study emphasizes the value of combining phenotypic and genomic analyses to better understand and address antibiotic resistance, especially in veterinary contexts. Integrating these approaches enhances diagnostic accuracy by identifying strains with resistance genes that may not show phenotypically, helping clinicians in anticipating resistance under selective pressure.
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Footnote: AMR=antimicrobial resistance; ESBL=Extended-spectrum beta-lactamase; WGS=whole genome sequencing; NGS=Next Generation Sequencing; CAZ=ceftazidime; CTX=cefotaxime; FEP=cefepime; CLA=clavulanic acid; EDTA= Ethylenediaminetetraacetic acid; TMO=temocillin; COLS=Columbia agar with sheep blood plus; MH=Mueller-Hinton; GNB=Gram-negative bacteria; KPC=Klebsiella pneumoniae carbapenemase; VIM=Verona integron-encoded metallo-beta-lactamase; IMP=Imipenemase; NDM=New Delhi metallo-beta-lactamase; CI=confidence interval.

1. Introduction
Antimicrobial resistance (AMR) is considered one of the most concerning threats for global health (HOBÆK and LIE, 2019). It is not confined to specific geographic regions, and globalization makes it much easier for resistant bacteria to spread. This is the perfect breeding ground for the UK´s government prediction of 10 million deaths by 2050 to come true (O’Neil et al., 2016). In a recent report the estimate is 10.13 million annual deaths in 2050 due to or associated with AMR globally, while in the 2025-2050 interval there would be 208 million cumulative deaths due to this threat (GBD 2021 Antimicrobial Resistance Collaborators, 2024). In veterinary medicine, antibiotics are employed to treat and prevent infections in various animal species. However, their extensive use has led to the development of AMR, complicating the treatment of infectious diseases in animals and increasing the potential for zoonotic transmission to humans (Palma et al., 2020). For instance, a study in Germany analyzed 6,849 E. coli isolates from diseased cattle, pigs, and poultry, identifying 419 as ESBL producers. These findings underscore the significant prevalence of ESBL-producing E. coli in German livestock and highlight the potential zoonotic risk associated with these resistant strains (Michael GB et al., 2017). A study from Brazil identified a high prevalence of multidrug-resistant Pseudomonas aeruginosa in canine patients, highlighting gaps in stewardship programs (Penna B et al., 2011). This underscores the necessity to address this problem from a One Health perspective, integrating human, animal, and environmental health strategies to combat AMR (Aslam et al., 2021). 
In a global overview of AMR, Extended-spectrum beta-lactamases (ESBLs)-producing bacteria are one of the most dispersed and concerning resistant pathogens. ESBLs are enzymes capable of hydrolyzing penicillins, cephalosporins and monobactams (such as aztreonam), but are inactivated by inhibitors such as clavulanic acid, sulbactam or tazobactam (Bajpai et al., 2017). The escalating prevalence of ESBL-producing organisms is closely associated with the increased use of carbapenems, which in turn appears to play a key role in the growth and dissemination of carbapenemases (Wilson and Török, 2018). In addition, critical concerns involve enhancing surveillance efforts to acknowledge the significance of mobile AMR elements such as plasmids,  and make greater use of advanced technologies like whole genome sequencing (WGS) (Namikawa et al., 2023). Advancements in WGS technology and lower sequencing costs have made its regular application in clinical microbiology labs more practical, greatly improving our capacity to monitor and combat antimicrobial resistance. The reduced costs associated with WGS are increasingly allowing for its extensive use in diagnostics and public health, enhancing the tracking of antibiotic resistance and the management of outbreaks (Köser et al., 2012)(Quijada et al., 2019).
This study analyzed bacterial strains isolated from different infectious origins of patients (such as urinary tract infection or otitis) attended at a Veterinary Teaching Hospital in Spain that had resistance to, at least, three different families of antibiotics. Our main objective was to compare their genotypic and phenotypic resistance profile. 
2. Material and methods
2.1. Bacterial strains and growth conditions
The strains included in the study were isolated from patients in the period between March 2020 and September 2022. 56 of the bacterial isolates in the study were obtained from dogs, 5 from cats, 4 from rabbits, 1 from a goat, 1 from a cow, 1 from a gecko and 1 from a snake. As for the origin of these samples, the vast majority were urine samples, followed by ear (otitis) samples, among others (Table 1).
All isolates were identified as Enterobacteriaceae or Pseudomonaceae using Vitek2 GN_ID_card (bioMérieux, Germany) and classified as multidrug-resistant based on antibiograms previously performed by Kirby-Bauer disc diffusion method on Mueller-Hinton (MH) agar (Oxoid). The antibiotics tested for this purpose were: aminoglycosides (amikacin, gentamicin and neomycin), aminopenicillins (amoxicillin-clavulanic acid and ampicillin), cephalosporins (cephalexin, cephalothin, cefotaxime, cefovecin, cefoxitin, ceftazidime and ceftiofur), fluoroquinolones (ciprofloxacin, enrofloxacin, marbofloxacin and pradofloxacin), tetracyclines (doxycycline and tetracycline), carbapenems like imipenem, amphenicols (florfenicol and chloramphenicol), and others such as polymyxin B, fosfomycin, nitrofurantoin and trimethoprim-sulfamethoxazole. The guideline used for the interpretation of these results was CLSI (CLSI, 2022). The manufacturer and concentration of each disc are represented in Table 2.
This includes a total of 69 strains, with 47 of them belonging to the Enterobacteriaceae family (35 Escherichia coli, 8 Klebsiella spp., 2 Citrobacter spp., 2 Enterobacter hormaechei) and 22 Pseudomonaceae (all of them were Pseudomonas aeruginosa). In addition, E. coli ATCC 25922 was used for the negative control, and genotypically characterized strains from the hospital´s internal collection were used for the positive control.
The strains were re-cultured from freezing vials on Columbia agar with sheep blood plus (COLS) (Thermo Scientific™, Germany) when needed. All strains were maintained on COLS during the study.
2.2. Phenotypic characterization of ESBL strains
Once the 69 strains were isolated on blood agar, all of them were cultured on CHROMagarTM ESBL (CHROMagarTM, Paris, France), a selective and differential chromogenic medium for the detection of Gram-negative bacteria (GNB) producing ESBL (Hornsey et al., 2013). 
According with EUCAST guidelines (EUCAST guidelines for detection of resistance mechanisms and specific resistances of clinical and/or epidemiological importance, 2017) the phenotypic confirmatory test was performed by using Kirby-Bauer disc diffusion method on Mueller-Hinton (MH) agar (Oxoid) on the bacteria grown on the previous medium. Discs containing 30 g of ceftazidime (CAZ), cefotaxime (CTX) or cefepime (FEP), and each one of them plus 10 g of clavulanic acid (CLA) (bioMérieux), were placed on the MH agar (Kothari A., et al., 2020). In addition, 10 L of cloxacillin (Sigma-Aldrich) were inoculated in one disc of each, to identify the presence of AmpC. Three cephalosporins were used because several studies claim that many CTX-M (ESBL enzyme) hydrolyze cefotaxime better than ceftazidime, contrary to TEM and SHV (also ESBL enzymes) (Jorgensen et al., 2010). 
The strains studied were considered positive for ESBL production when the inhibition zone of any of the cephalosporins with CLA increased by 5 mm or more compared to the same cephalosporin alone. On the other hand, if the increase in the inhibition zone occurs in any cephalosporin with cloxacillin, there is an AmpC.
2.3. Phenotypic characterization of carbapenemase strains
All strains were cultured on CHROMagarTM KPC (CHROMagarTM, Paris, France) for the detection of carbapenemase production (CR-GNB) (Hornsey et al., 2013). Figure 1 shows a flow chart diagram that represents the methodology of phenotypic characterization.
The “KPC&MBL&OXA-48 disc kit” (Liofilchem®, Italy) was used to confirm the carbapenemase-production of the positive Enterobacteriaceae strains for growth in the previous agar (Sattler et al., 2021). Thus, the presence of carbapenemases in Pseudomonas could not be phenotypically proven, as this kit is specific for Enterobacteriaceae. For this purpose, a 0.5 McFarland suspension of each strain was inoculated with a sterile swab in MH agar and discs containing meropenem alone and in combination with a carbapenemases inhibitor were applied. The inhibitors studied were phenylboronic acid -which inhibits class A carbapenemase as KPC (Klebsiella pneumoniae carbapenemase)-, Ethylenediaminetetraacetic acid (EDTA) -class B carbapenemase or metallo-beta-lactamase inhibitor, like VIM (Verona integron-encoded metallo-beta-lactamase), IMP (Imipenemase) and NDM (New Delhi metallo-beta-lactamase)-, and cloxacillin -which allowed to differentiate between AmpC hyperproduction plus porin loss and carbapenemase-production. In addition, temocillin (TMO) discs were used to differentiate between an ESBL with porin loss from a class D carbapenemase such as OXA-48-like when no synergy was seen between meropenem and the other inhibitors since these enzymes have no inhibitor at present. 
2.4. DNA extraction and whole genome sequencing (WGS)
DNA extraction was performed with the Thermo Scientific GeneJET Genomic DNA Purification Kit (Thermo Scientific™, Germany) according to the Gram-Negative Bacteria Genomic DNA Purification Protocol. Once the DNA was eluted, the DNA concentration and the ratio of absorbance at 260 nm and 280 nm (260/280 ratio) were measured in NanoDrop Spectrophotometer to confirm that all samples had enough DNA concentration and were not contaminated with proteins, phenol or other contaminants. DNA extractions were stored at -20C for subsequent sequencing.
DNA concentration was determined again with the “Qubit Broad Range” kit in a QUBIT 2.0 fluorometer (Thermo Scientific™, Germany). The libraries were prepared using 250 ng of total DNA for each sample. The “Illumina DNA Prep” kit (Illumina) was used, following the manufacturer´s instructions for standard DNA samples, as well as oligos from the “Illumina DNA/RNA UD Indexes, Tagmentation” kit (Illumina), with dual indexes compatible with each other for all samples. The concentration of each library was measured with the “Qubit High Sensitivity” kit, obtaining a varied yield, with a range between 4 and 33 ng/l. The profile of the fragments generated was determined with “Bioanalyzer Hig Sensitivity” in a “Bioanalyzer” kit (Agilent), being 668pb the average size of all the libraries. Based on these results, an equimolecular pool was made with the totality of the libraries. This was measured again with “Qubit HS” and “Bioanalyzer HS” to check its profile and concentration.
For the Next Generation Sequencing (NGS), the library was diluted to a concentration of 750 pM, including 5% of PhiX. The run was performed with 2 x 151 nucleotide reads (paired end) on the NextSeq 2000 (Illumina) using the “NextSeq1000/2000 P2 Reagents (200 cycles)” kit. The total yield of the run was 167.02 Gbp and the average quality was 90.14 ≥ Q30.
2.5. WGS analysis
Figure 2 shows a diagram summarizing the genomic analysis. First, a quality control for the FastQ files received using FastQC version 0.12.1 was performed. Adapter sequences and low-quality reads were trimmed using Trimmomatic 0.39 with settings ILLUMINACLIP:Truseq3-PE.fa:2:30:10:2:True LEADING:3 TRAILING:3 MINLEN:36. This ensured us that there were no problems based on sequences of poor quality or overrepresented sequences, among others. Also, it enabled us to see the number of sequences of each file, the sequence´s length and the content of adapters if they were not removed previously. Assembly was performed with SPAdes version 3.15.5 using the command line –careful to reduce the number of mismatches and short indels, which is recommended for small genomes. The quality of the genome assemblies was evaluated using Quast, which stands for “Quality Assessment Tool”, and CheckM. These programs allowed us to verify the number of contigs, the largest contig, the total length of the assembly, the N50, the percent of GC, the number of uncalled bases (N bases) in the assembly or the BUSCO completeness, the percent of Universal Single-Copy Ortholog genes found complete.
The sequences obtained were submitted to ResFinder version 4.3.3 to identify acquired genes mediating antimicrobial resistance with an identity (ID) threshold of 95% and a minimum length of 80%. Plasmid replicons were searched with PlasmidFinder version 2.0.1 with an ID threshold of 95% and minimum length of 80%.
3. Results
3.1. Phenotypic characterization 
Results of the phenotypic analysis are shown in Table 3 for each isolate. 37 of the 69 strains studied (53.62%; 95% confidence interval (CI): 41.86-65.39%) grew on the chromogenic medium for ESBL-producing bacteria, comprising 16 (43.2%) Enterobacteriaceae and 21 (56.8%) Pseudomonaceae. 
Antibiograms showed that 9 (24.3%) Enterobacteriaceae and 3 (8.1%) Pseudomonas had some type of ESBL (n=12), and 10 (27%) Enterobacteriaceae and 11 (29.7%) Pseudomonas could express an overproduction of AmpC (n=21), while 4 (10.8%) Enterobacteriaceae and 10 (27%) Pseudomonas had none of these enzymes (n=14). Of the 12 strains positive for ESBL, 83.33% was positive for CAZ, 66.67% for CTX and 75% for FEP.
As for the study of carbapenemase-producing strains, 24 of the 69 strains grew in CHROMagar KPC (34.8%; 95% CI: 23.54-46.02%): 3 (12.5%) Enterobacteriaceae and 21 (87.5%) Pseudomonas. 23 of these strains had previously grown in CHROMagar ESBL. In this case, the KPC&MBL&OXA-48 disc kit showed that 2 Enterobacteriaceae had a class A carbapenemase (KPC) and one Enterobacter had an ESBL. Pseudomonas could not be tested with this kit, as it is specific for Enterobacteriaceae, and it is shown in Table 3 as not applicable (NA).
3.2. Whole genome sequencing (WGS)
Table A.1 shows the genotypical analysis of all strains, including the number of sequences surviving the adapter clipping and quality trimming of each isolate, the number of contigs (>=200bp), largest contig, total length, GC (%) content, complete BUSCO and coverage. The FASTQC analysis revealed zero sequences of poor quality.
Table 4 represents the results obtained in ResFinder platform. 27 (39.13%; 95% CI: 27.64-50.62%) of the 69 isolates had at least one class A beta-lactamase gene. 19 of them had just one class A beta-lactamase gene, whereas 8 had more than one. Within these isolates, 20 of them had blaTEM (E. coli, n=14; K. pneumoniae, n=5; Citrobacter meridianamericanus, n=1), 8 had blaCTX-M (K. pneumoniae, n=5; E. coli, n=3), 7 blaSHV (K. pneumoniae, n=7), 1 blaLAP (Enterobacter hormaechei, n=1), 1 blaOXY (K. oxytoca, n=1) and 1 blaCARB (Pseudomonas aeruginosa, n=1). No class B beta-lactamase genes were found in any of our sequences studied. 
27 (39.13%; 95% CI: 27.64-50.62%) isolates had a gene coding for a class C beta-lactamase. 59.46% (n=22) of the isolates with this type of beta-lactamase had blaPAO (P. aeruginosa, n=22), which is naturally present in Pseudomonas spp.. Other class C beta-lactamase genes found in our isolates were blaACT (Enterobacter hormaechei, n=2), blaCMY (Citrobacter freundii, n=1; E. coli, n=1), and blaDHA-1 (K. pneumoniae, n=1). Class D beta-lactamase, also known as oxacillinase (blaOXA), was the most frequent beta-lactamase gene found in our results, with 35 (50.72%; 95% CI: 38.78-62.65%) isolates having at least one of them. 22 isolates had a blaOXA-50-like, being all of them from Pseudomonas and comprising different oxacillinases (blaOXA-50, blaOXA-395, blaOXA-396, blaOXA-485, blaOXA-486 and blaOXA-494). 13 had blaOXA-1 (blaOXA-1-like) (E. coli, n=8; K. pneumoniae, n=5).
The presence of other acquired AMR genes other than ESBL or carbapenemases was also studied, as shown in Table 4. In this case, 54 of the 69 isolates possessed some acquired AMR gene of this type. 50 of the strains had at least one gene that confers resistance to aminoglycosides. 30 had fosA that confers fosfomycin resistance. 28 had a chloramphenicol resistant gene such as cat, floR and cml. 26 had a sulfonamide resistant gene (sul1/sul2). 25 had dfr, that confers resistance to trimethoprim. 20 had tet, a gene coding for tetracycline resistance, like tet(A) or tet(B) among others. Other genes less prevalent in these strains were qnr and the operon oqxAB (coding for quinolones resistance), crpP (coding for ciprofloxacin resistance), mph (confers resistance to macrolides) and ARR (confers resistance to rifamycin).
The plasmid replicons found in this study with PlasmidFinder platform are represented in Table 5. Plasmid replicons were found in 38 of the strains studied. 37 of these strains had at least one plasmid replicon belonging to an Inc group, most of them being IncFIB(AP001918) (n=26). 6 of the strains had colicinogenic (Col) plasmid replicons, found in 5 strains of E. coli and one Citrobacter freundii.
4. Discussion
Nowadays, the use of NGS technology is becoming more and more relevant due to the decrease on its price and the great amount of information it can offer us in all kinds of studies, among other advantages. However, in studies including antimicrobial susceptibility evaluations, it is necessary to continue with the phenotypic analysis to determine the expression of these bacterial resistance genes. To this extent, we compared the resistance phenotypic profile of sixty-nine bacterial strains isolated in a Spanish Veterinary Teaching Hospital with their genome to highlight the importance of continuing to conduct the phenotypic analysis. The number of isolates used could be a limitation of the study, so that a longer study could be conducted in the future to monitor the evolution of antimicrobial resistance in the veterinary hospital. More than half of these strains were classified as ESBL based on their growth in the ESBL culture medium. The phenotypic study using the disc diffusion method showed that 23 of the 37 strains grown in the ESBL medium had some type of beta-lactamase, as at least one of the cephalosporins included recovered its activity in the presence of a beta-lactamase inhibitor. Thus, there were 14 strains that grew on ESBL selective medium but did not show up in the antibiogram. This could be due to other resistance mechanisms masking the role of the beta-lactamase inhibitor and therefore, preventing us from seeing this effect. 
Whole Genome Sequencing of all the strains studied gave us more information about the resistance genes that these possessed. In this way, we were able to verify that all the strains that had grown in the selective medium had at least one beta-lactamase gene. For the strains that did not grow in the medium, 56% of them had an ESBL gene. This could be due to the fact that these genes are not being expressed phenotypically. The ESBL genes found mostly in these strains were blaTEM, blaSHV, blaCTX-M (class A beta-lactamase) and blaOXA (class D beta-lactamase). 20 strains had blaTEM, however all of them were blaTEM-1, which has no ESBL activity since it is the original plasmid mediated beta-lactamase from which its variants arise (Castanheira et al., 2021)(Bradford, 2001). 7 strains had blaSHV, all of them with ESBL activity except blaSHV-11 which was found in one strain of K. pneumoniae accompanied by other variants of this enzyme (Liakopoulos et al., 2016). Two of these strains had several variants but didn´t have ESBL activity phenotypically. The 8 strains that had blaCTX-M grew on the ESBL medium and had phenotypic activity according to the disc diffusion method. 7 of them had blaCTX-M-15, which is the most frequent gene of the CTX-M-1 group and hydrolyzes ceftazidime (Castanheira et al., 2021). The other variant described was blaCTX-M-65 which belongs to the CTX-M-9 group (D’Andrea et al., 2013). 35 strains had blaOXA, however none of these genes had carbapenemase action, due to the variants found. We detected 22 Pseudomonas aeruginosa with blaOXA-50-like and 13 with blaOXA-1-like. OXA-1 is not considered extended-spectrum oxacillinase, however it is able to hydrolyze cefepime, so still has a great interest as beta-lactamase. OXA-50-like enzymes are not considered strong carbapenemases on their own, as they may have weak carbapenemase activity but can contribute to carbapenem resistance when combined with other mechanisms. These results prove the need to continue performing phenotypic analysis, as the presence of a resistance gene does not confirm its expression. However, it is still important to perform the genotypic analysis because even if the strain does not express the gene at the moment, it may do so later on under adverse conditions. Ideally, both analyses should be performed if possible to have a better understanding of the strain´s resistance profile.
Carbapenemases are enzymes capable of hydrolyzing carbapenems as well as most beta-lactams. The most common carbapenemases are KPC, VIM, IMP, NDM and OXA-48 types (Poirel et al., 2007). In this study, 24 strains were grown in the KPC medium. In the disc diffusion method, 2 of these isolates appeared to have a KPC (class A carbapenemase) and one, an ESBL. The rest of the isolates (n=21) were Pseudomonaceae, and no further phenotypic tests were made to them because of the specificity of the KPC&MBL&OXA-48 disc kit to Enterobacteriaceae, which constitutes a limitation of the study. However, the sequencing did not demonstrate the presence of any carbapenemase genes, as the blaOXA genes obtained in this study did not have carbapenemase activity. The possible explanation for the fact that some strains grew in the specific medium for carbapenemase production and then did not show these genes genotypically could be because the mechanisms of resistance to carbapenemases were not enzyme production but efflux pumps. However, it is not unusual not to find these genes in our isolates, since the use of carbapenems in animals in not allowed and their use is restricted to extreme cases of infections in humans. The findings from this study emphasize the necessity of combining genotypic and phenotypic AMR profiling to enhance diagnostic precision in veterinary medicine. Phenotypic analyses remain essential to detect the actual expression of resistance mechanisms under standard laboratory conditions, while genotypic profiling offers insights into latent genetic potential that could emerge under selective pressure (Bradford, 2001; Castanheira et al., 2021). Studies suggest that reliance solely on genotypic data may lead to misinterpretation of resistance capabilities, especially when genes like blaOXA have weak activity without additional mechanisms (Poirel et al., 2007). This integration could facilitate earlier intervention strategies, especially in treating complex infections in companion animals.
It is important to study the presence of plasmids because of their role in the dissemination of antibiotic resistance among bacteria. In this study we found two groups of plasmid replicons: Col plasmids and Inc plasmids. The first ones are involved in the production of colicins, which have a role in the degradation of nucleic acids, the formation of pores in the cell membrane and the inhibition of protein synthesis (Watson et al., 1981). However, the Inc group F plasmid replicon was the most frequently found among our strains, with 31 of them having at least one IncF plasmid replicon. They are closely associated with the spread of AMR genes, including beta-lactamases and carbapenemases, and are commonly found in pathogenic bacteria such as E. coli and K. pneumoniae (Rozwandowicz et al., 2018)(Carattoli, 2009). The resistance genes carried by these plasmids are ESBL genes, such as blaCTX-M, blaTEM or blaSHV, all of them found in this study. IncI plasmids, also found in this study, have been associated with carrying ESBL and plasmid-mediated AmpC genes (Rozwandowicz et al., 2018). It is important also to highlight the presence of the plasmid replicon pKPC-CAV1320 in one strain of K. pneumoniae, associated with the carbapenemase gene blaKPC and the pNDM-MAR plasmid replicon in two strains of K. pneumoniae, related to the carbapenemase gene blaNDM, although these genes have not been found in our strains.
5. Conclusions
This study highlights the critical need for integrating both phenotypic and genotypic analyses to accurately characterize antibiotic resistance in bacterial strains. Our findings show that while a significant number of strains exhibited ESBL activity phenotypically, there were discrepancies since certain strains grew on selective medium but did not have this activity in the disc diffusion method, suggesting other resistance mechanisms at play.
WGS provided detailed insights into the resistance genes present, revealing a high prevalence of class D beta-lactamases, particularly blaOXA-50-like genes in Pseudomonas species, and multiple ESBL genes such as blaTEM, blaSHV, and blaCTX-M. 
The presence of plasmids, especially IncF plasmids, underscores their role in the dissemination of AMR genes, including ESBLs and carbapenemases. Our study emphasizes the importance of continuous surveillance using both phenotypic methods and advanced genomic techniques to monitor and combat the spread of antimicrobial resistance.
Future research could be conducting multi-year studies to monitor the evolution of antimicrobial resistance in this veterinary hospital. This would provide valuable insights into emerging resistance patterns and help track the effectiveness of interventions on hospital staff and environment over time.
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