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			Abstract | One of the most substantial emerging concerns facing the One Health concept is the growing role of animals in social contact with human as pets in the global increasing of resistance to antibiotics used in human infections therapy as carbapenems which is considered one of the human use last resorts. Extraintestinal Escherichia coli constitute the main etiologic factor implemented in urinary tract infections (UTIs) in humans and animals. The hypothesized risky role of companion animals in the load and dissemination of multidrug resistant uropathogenic E. coli (UPEC) which causes community-acquired UTI in pets and human community has been monitored. The current study aimed to investigate the prevalence of shared uropathogenic E. coli serotypes isolated from companion animals and human as well as assessed their virulence determinants which implemented in pathogenesis and severity of infection via phenotypic and molecular methods. Besides that, the study determined their multidrug resistance patterns, particularly the existence of the gene responsible for carbapenem resistance. A cross-sectional study performed on one hundred and ninety two urine samples owned to urinary infected humans, dogs and cats were obtained from Egyptian laboratories in Great Cairo governorates. The samples were cultured onto the suitable media; the presumptive E. coli colonies were identified phenotypically, biochemically via Vitek2® and serotyping. The virulence of E. coli isolates were characterized phenotypically via hemolysis, Congo red binding, Vero cell cytotoxicity. The antibiotics resistance pattern was assessed by disk diffusion test. Also, the E. coli isolates were molecularly confirmed and screened for presence of 3 virulence genes (fimH, iss and iutA) as well as blaNDM-1gene which responsible for carbapenem resistance. The data were statistically analyzed using Chi-square (χ2) via (SPSS) version 20.0 software. Our results revealed sixty three E. coli isolates were obtained (32.81%); dogs (34), cats (8) and humans (21). The highest prevalent serotypes were O25; 13 (20.63%) followed by O78; 10 (15.87%) with 13 untypable isolates (20.63%). The E. coli isolates showed positivity for hemolysis production (68.25%), Congo red binding (73.01%), Vero cell cytotoxicity (41.27%). The phenotypic antibiotic resistance pattern showed presence of average unusual high imipenem resistance (30.33%), and clindamycin (84.3%). On the other side, gene identification via polymerase chain reaction revealed existence of species specific ‘yaiO’ (100%), virulence; ‘fimH’ (71.43%), ‘iutA’ (26.98 %) and ‘iss’ (20.63%). The harboring of blaNDM-1gene was presented among 15 E. coli isolates as (23.81%); dog (11), human (3) and one in cat. The obtained data of our study asserted the potential role of companion animals in transmission of zoonotic E. coli serotypes especially those of exposing resistance to several antibiotic groups. The significant existence of blaNDM-1gene among E. coli isolates which responsible for resistance against carbapenems as a last antibiotic resort may constitute a public health concern and highlights the need of more regulation and monitoring of antimicrobial use in pet clinics.
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			INTRODUCTION

			Urinary tract infections (UTIs) are considered one of substantial causes of morbidity in dogs and cats. The main illnesses represented by ascending / upper UTI (pyelonephritis), recurrent and cystitis with association of varying conditions and clinical signs (Weese et al., 2019). The most significant one is the recurrent type which could be not only hard to treat but also high cost for pet owners as well as clinicians because of diverse rounds of therapy (Amphaiphan et al., 2021).

			Escherichia coli is assumed as a global threat because of the lowering options for antimicrobial therapy. Companion animals as dog and cat could be a reservoir of multidrug E. coli, and the numbers of pets and households owning pets are considerably increased (Teng et al., 2023). 

			Among the numerous causative agents of UTI; extraintestinal pathogenic E. coli (ExPEC) are the most strains frequent in pets and humans as they are isolated in nearly half of total urine cultures from dogs and cats (Aurich et al., 2022). They constitute pathotypes frequently characterized by the existence of specific virulence determinants such as adhesins, toxins, and lipopolysaccharide that increase pathogenicity outside the intestinal tract (Johnson and Russo, 2002). Furthermore, E. coli is the most prevalent pathogen in other extra-intestinal infections such as pyometra and assumed to be a risk factor for development of resistant urogenital infection in women (Flament-Simon et al., 2020). 

			The elevation in antimicrobial resistance induced by the dissemination of multidrug-resistant (MDR) bacteria, such as cephalosporinase (AmpC), extended-spectrum beta-lactamase (ESBL), and carbapenemase-producing E. coli, is an ongoing global concern responsible for thousands of deaths each year (Ruiz, 2021). These E. coli strains are leading to treatment failure due to their capacity to hydrolyze carbapenems as well as third- and fourth-generation cephalosporins which have been assumed critically substantial antimicrobials to human and veterinary medicine (WHO, 2019). 

			The One Health concept, as purposed by Zinnstag et al. (2012), may aid to fulfill progresses to maintain health globally. This approach would target to initiate an extra value to what human, animal, and environmental health working alone can accomplish. Today, companion animal caretakers address physical, social, and psychological health benefits from incorporating companion animals into their lives. Human-pets bonds are growing as they live together, share same spaces and have a mutual effect on each other’s health as well as the surrounding environment (Kamal et al., 2023). 

			However, the role of pets, especially dogs and cats, is often under respected in One Health communications. In near decades, dogs and cats more often spend their life indoors in contact with their owners. For the human, there may be an increasing risk of the transfer of zoonotic diseases due to habit trends such as sleeping with pets, permitting pets to lick the face or wounds, bite accidents, the importation of rescue dogs, and soil contact (Overgaauw et al., 2020).There are a number of zoonotic infectious illnesses, in addition to resistant bacteria, that may be transferred directly or indirectly from companion animals, raising public-health concerns (Baede et al., 2017). 

			The emerging antimicrobial resistance is prevalent among E. coli isolated from the urine of dogs and cats associated with UTI, which is not only further frustrating therapy but also constitute one health concern; the risky development of zoonotic and community acquired UTI when pet owners are in contact (Damborg et al., 2018). Because of the emerging expansion of extensively drug-resistant (XDR) and pan drug-resistant (PDR) Gram-negative bacteria, which are resistant to last-resort drug groups as carbapenems constitute a grave burden in human medicine (Endimiani et al., 2020). 

			Mobilizable carbapenemase-encoding determinants such as blaNDM (New Dehli metallo-β-lactamase) in E. coli have been recognized and increasingly reported globally among veterinary sources including pets (Alba et al., 2021). Interestingly, pets and people in contact having similar ESBL-producing E. coli strains uphold substantiation of interspecies dissemination of resistant bacteria between humans and animals (Hong et al., 2019).

			The target of the current study was to investigate the prevalence and serotyping of antibiotic-resistant Escherichia coli among UT infected pets and humans. Also, the study aimed to screen the presence of gene responsible for carbapenem resistance in addition to some virulence determinants.

			MATERIALS AND METHODS

			Ethical Approval 

			The study was performed according to National Research Centre Ethics Committee, Egypt guidelines and approved under the ethical number 13050415-1. 

			Study design: The present cross-sectional study was performed during October 2022 to September 2023. The study was designed based on the answer trials of the following questions;

			
					What is the incidence percentage of E. coli isolation from urine samples among the examined species?

					How the obtained E. coli isolates behave versus the tested antibiotics?

					Are the obtained E. coli isolates carry virulence and carbapenem resistance genes?

					Whether multidrug-resistant E. coli in companion animals poses a risk to human health?

			

			Setting:  the study was carried out on laboratory samples collected from different human and pet laboratories in Great Cairo governorates, Egypt. 

			Participants: laboratory urine samples of human, dog, and cat. The case history of cases revealed suffering from different urinary infection signs and not receiving antimicrobial therapy. 

			Variables: prevalence of carbapenems resistant E. coli, existence of 3 virulence genes were considered as the independent variables while multidrug resistance rate was a dependent variable.

			Limitations: the samples were restricted to; 

			
					The geographical area: laboratories located in the 3 governorates constitute Great Cairo region.

					The targeted species; human, dogs, and cats.

					The targeted disease; urinary tract infections.

					The cases have not received antibiotic therapy.

			

			Data source/measurements: The data were obtained by analyzing urine samples belonged to human, dog, and cat. The prevalence of UPE, antimicrobial resistance and existence of carbapenems resistance gene as well as other 3 virulence genes was determined by conducting culture, biochemical, serological identification, antibiotics sensitivity testing and PCR assays on the isolates.

			Sample size: by screening of the cases presented in the laboratories located within the three studied governorates (Cairo, Giza, and Qalyubia) during the study period, the urine samples obtained from urinary tract infected cases were chosen, and their total number was 192 samples, distributed as follows: (dog ≈ 81, cat≈ 38 and human ≈73).

			E. coli Isolation and Identification: The gathered urine samples were cultured onto MacConkey agar, and aerobically incubated overnight at 37°C. The pink lactose-fermenting colonies were picked up and sub-cultured on Eosin methylene Blue (EMB) agar to gain pure green metallic sheen colored colonies. Relied on the morpho- biochemical features, the selected pure colonies were initially identified (Quinn et al., 2002). The complete identification was achieved via Vitek2® compact system (Biomérieux, Marcy l’Etoile, France).

			Serotyping identification: The determination of O and K antigens was performed using the method formerly described by (Guinée et al., 1981) with available O and K antisera (Polyspecific test reagents Anti-Coli, Sifin diagnostics gmbh, Germany). E. coli isolates that did not react with any antisera were categorized as non-typeable. 

			Virulence Assays

			Hemolysis assay: E. coli isolates were propagated on blood agar base supplemented with 5% washed sheep erythrocytes. The plates were incubated at 37°C for 24 hours and hemolytic activity of the isolates was recorded.

			Congo red (CR) binding test: E. coli isolates were tested for their growth status on Congo red medium. The reaction was best seen after 18, 24, 48 and 72 hours of incubation at 37°C and then left at room temperature for an additional 2 days (not to exceed 4 days). Orange colonies were considered positive and different intensities in the dye uptake were expressed as +, ++ and +++ (Berkhoff and Vinal, 1986).

			Vero cell cytotoxicity activity: The test was carried out in 96 well tissue culture plates comprising 24 hours monolayer sheet of Vero cells. Fifty microliters of each E. coli culture extracts were added to duplicate wells, sealed with plastic film, and incubated at 37°C in 5% CO2 incubator. After 24 hours, the plates were examined under inverted microscope after fixation with 10% formalin and crystal violet stained (Giugliano et al., 1982).

			Table 1: Primers sequences, temperatures and cycling conditions used for amplification of the tested genes.

			
				
					
					
					
					
					
				
				
					
							
							Gene

						
							
							Sequence (5´-3´)

						
							
							Denaturation

						
							
							Annealing

						
							
							Extension

						
					

					
							
							yaiO

						
							
							TGATTTCCGTGCGTCTGAATG

							ATGCTGCCGTAGCGTGTTTC

						
							
							95°C 30sec

						
							
							58°C 30sec

						
							
							72°C 60sec

						
					

					
							
							fimH

						
							
							GTGCCAATTCCTCTTACCGTT TGGAATAATCGTACCGTTGCG

						
							
							96°C 30sec

						
							
							64°C 1min

						
							
							72°C 60sec

						
					

					
							
							iss

						
							
							ATG TTA TTT TCT GCC GCT CTG

							CTA TTG TGA GCA ATA TAC CC

						
							
							94°C 30sec

						
							
							63°C 30sec

						
							
							72°C 30sec

						
					

					
							
							iutA

						
							
							GGCTGGACATGGGAACTGG

							CGTCGGGAACGGGTAGAATCG

						
							
							94°C 30sec

						
							
							53°C 30sec

						
							
							72°C 30sec

						
					

					
							
							blaNDM-1

						
							
							GGTTTGGCGATCTGGTTTTC

							CGGAATGGCTCATCACGATC

						
							
							94°C 20sec

						
							
							52°C 30sec

						
							
							72°C 45sec

						
					

				
			

			Antimicrobial Susceptibility Test: E. coli isolates were tested for their antibiotic susceptibility using disk diffusion technique onto Muller–Hinton agar and incubated aerobically overnight at 37 °C. Nineteen antibiotics supplied by (TM Media, Titan Biotech Ltd, India); Amikacin (AK;30µg), Amoxicillin/Clavulanic acid (AMC; 30µg), Ampicillin/Sulbactam (SAM;20µg), Aztreonam (AZM;15µg), Cefixime (CFM;5µg), Cefotaxime (CTX;30µg), Cefoxitin (FOX;30µg), Ceftazidime (CAZ;30µg), Ceftriaxone (CRO;30µg), Cefuroxime (CXM30µg) 25 µg), Ciprofloxacin (CIP; 5µg), Clindamycin (DA;2µg), Erythromycin (E;15µg), Fosfomycin (FF; 30µg), Imipenem (IPM;10µg), Levofloxacin (LEV;5µg), and Norfloxacin (NOR;10µg), Ofloxacin (OFX;5µg). The diameter of the inhibition zone around antibiotic disks was measured according to (CLSI, 2020).

			E. coli DNA Extraction: Bacterial DNA was extracted from the E. coli isolates using GF-1 DNA Extraction Kit (Vivantis Technologies, Malaysia), persuading the manufacturer’s guidelines.

			Primers and Testing Conditions of Polymerase Chain Reaction (PCR)

			Monoplex PCR assays were applied for the amplification of species specific yaiO gene (115bp) (Molina et al., 2015), carbapenemase gene (blaNDM-1) (621bp) (Poirel et al., 2011). Also, some virulence genes; (adherence) fimH (164bp) (Hojati et al., 2015), (serum resistance) iss gene (266bp) (Yaguchi et al., 2007) and (iron acquisition) iutA (300bp) (Ananias and Yano, 2008). 

			PCR reaction was carried out using SimpliAmp™ Thermal Cycler (USA) in a final volume of 25 μl reaction involving 12.5 μl of 2x Red Mix Master Mix (Meridian Bioscience, UK), one μl (10 μM) of each primer and one μl of target DNA and 9.5 μl of doubled distilled water. The PCR products were analyzed by InGenius3 gel documentation system (Syngene, UK). The used primers and cycling conditions were mentioned in Table 1.

			Statistical Analysis

			Statistical analysis was conducted using (SPSS) version 20.0 software (SPSS Inc., Chicago, IL). Chi-square (χ2) was used to compare the frequencies variations obtained. 

			P values < 0.05 were deemed statistically significant.

			To do the statistical evaluation we used the following model

			Yij = µ + Si + eij

			Where:

			Yij: the value of the trait (observation); µ: general mean; Si: the fixed appearance of the E. coli isolate on studied trait; eij: experimental error. 

			Quality control: To ensure validity and reliability of the results, quality control measures were taken by using validated laboratory protocol for sample analysis. All laboratory procedures were done in accordance with standard operating procedures and CLSI guidelines. The reference strain of E. coli (ATCC 26122) was used in quality control for culture and susceptibility tests as well as for the detection of ESBL.

			RESULTS AND DISCUSSION

			E. coli Isolation and Identification 

			Relied on morphological culture appearance, Gram-staining, classical biochemical testing, and Vitek-2; a total of 63 E. coli isolates were obtained (32.81%). In detailed; 34 out of 81(41.97%) and 8 out of 38 (21.05%) isolates were recovered from dog and cat samples respectively. On the other hand, the human samples revealed 21 isolates (31.82%). The growth of lactose fermenter pink colonies and metallic green ones on MacConckey and EMB agar plates respectively assumed a successful culture of E. coli. The development of positive indole, methyl red with negative Voges–Proskauer and citrate tests as well as via Vitek-2 compact system gave further identification and confirmation. 

			E. coli Serotyping

			Out of total 63 isolates of E. coli in the current study, 50 could be serotyped to 11 different serotypes and 13 were found non-typeable (Table 2). There were non-significant impacts of distribution of E. coli among dog, cat and human at P≥0.05 (0.669, 0.317 and 0.663 respectively). The majority was belonged to serotypes O25 (13; 26%), and O78 (10; 20%). Serotypes O26 K60, O78 K80 and O126 K71 were isolated from the three species.

			Table 2: Distribution of obtained E. coli serotypes among examined urine samples belonged to the three species.

			
				
					
					
					
					
					
				
				
					
							
							Serotype 

						
							
							Dog

						
							
							Cat

						
							
							Human

						
							
							Total

						
					

					
							
							O6 K-

						
							
							1

						
							
							-

						
							
							3

						
							
							4

						
					

					
							
							O8 K-

						
							
							-

						
							
							-

						
							
							2

						
							
							2

						
					

					
							
							O25 K11

						
							
							9

						
							
							-

						
							
							4

						
							
							13

						
					

					
							
							O26 K60

						
							
							2

						
							
							1

						
							
							1

						
							
							4

						
					

					
							
							O44 K74

						
							
							4

						
							
							-

						
							
							-

						
							
							4

						
					

					
							
							O78 K80

						
							
							5

						
							
							3

						
							
							2

						
							
							10

						
					

					
							
							O118 K-

						
							
							2

						
							
							-

						
							
							-

						
							
							2

						
					

					
							
							O119 K69

						
							
							3

						
							
							-

						
							
							-

						
							
							3

						
					

					
							
							O126 K71

						
							
							2

						
							
							1

						
							
							1

						
							
							4

						
					

					
							
							O142 K86

						
							
							1

						
							
							1

						
							
							-

						
							
							2

						
					

					
							
							O145 K-

						
							
							1

						
							
							-

						
							
							1

						
							
							2

						
					

					
							
							
							30

						
							
							6

						
							
							14

						
							
							50

						
					

					
							
							Untypable

						
							
							4

						
							
							2

						
							
							7

						
							
							13

						
					

					
							
							Total 

						
							
							34

						
							
							8

						
							
							21

						
							
							63
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			Figure 1: Colonial appearance of E. coli isolates on Congo red medium.

			Hemolytic Activity of E. coli Isolates

			The sixty-three E. coli strains were tested for their hemolytic activities, 28 serotypes exposed clear zone of α- hemolysis with a percentage 44.44%, while 15 strains displayed incomplete greenish zone of β-hemolysis (23.81%). On the other side, the rest 20 strains showed no hemolysis with an incidence 31.75%.

			Congo Red Binding Activity of E. coli Isolates 

			Congo red uptake assay was used to distinguish between the potential invasive and non–invasive E. coli. Forty-six isolates (73.01%) were positive in variable degrees indicated by the growth of orange red colonies (Figure 1). 

			Vero Cell Cytotoxicity 

			Only 26 out of tested 63 E. coli isolates (41.27%) were able to produce cytopathic effect on the Vero cells. Among examined species; 12 human isolates (19.05%), 11 canine (17.46%) then 3 feline isolates (4.76%). The higher one was O78 (5 strains) followed by serotype O25 (4 strains). The overall results of phenotypic virulence characteristics among the three species and isolated E. coli serotypes were shown in Figure (2) and Table (3). The results revealed that there were non-significant impacts of phenotypic virulence characteristics among the obtained E. coli serotypes.

			Table 3: Display of tested phenotypic virulence characteristics among the obtained E. coli serotypes.

			
				
					
					
					
					
					
					
				
				
					
							
							
							α- hemolysis

						
							
							β- hemolysis

						
							
							no hemolysis (γ)

						
							
							Congo red binding activity

						
							
							Vero cell cytotoxicity

						
					

					
							
							O6

						
							
							2

						
							
							1

						
							
							-

						
							
							3

						
							
							2

						
					

					
							
							O8

						
							
							1

						
							
							-

						
							
							1

						
							
							1

						
							
							2

						
					

					
							
							O25

						
							
							7

						
							
							2

						
							
							4

						
							
							10

						
							
							4

						
					

					
							
							O26

						
							
							2

						
							
							-

						
							
							2

						
							
							2

						
							
							1

						
					

					
							
							O44

						
							
							3

						
							
							1

						
							
							-

						
							
							4

						
							
							3

						
					

					
							
							O78

						
							
							6

						
							
							1

						
							
							3

						
							
							8

						
							
							5

						
					

					
							
							O118

						
							
							-

						
							
							-

						
							
							2

						
							
							1

						
							
							-

						
					

					
							
							O119

						
							
							3

						
							
							-

						
							
							-

						
							
							2

						
							
							1

						
					

					
							
							O126

						
							
							-

						
							
							1

						
							
							3

						
							
							2

						
							
							1

						
					

					
							
							O142

						
							
							1

						
							
							2

						
							
							-

						
							
							2

						
							
							-

						
					

					
							
							O145

						
							
							-

						
							
							-

						
							
							2

						
							
							-

						
							
							-

						
					

					
							
							Untypable

						
							
							3

						
							
							7

						
							
							3

						
							
							11

						
							
							7

						
					

					
							
							Total

						
							
							28

						
							
							15

						
							
							20

						
							
							46

						
							
							26

						
					

				
			

			Antimicrobial Susceptibility

			Results of antimicrobial sensitivity assessment of E. coli isolates from samples recovered from human, dogs, and cats are presented in Figure 3. The canine strains exhibited higher resistance to most examined antibiotics as, clindamycin, norfloxacin, ofloxacin (100%), levofloxacin and cefuroxime (91.2%) as well as notable unusual resistance against imipenem (52.94%). The canine isolates were susceptible to amikacin (82.4%), erythromycin (79.4%) and aztreonam (76.5%). Among feline isolates, the high resistance was exposed to clindamycin (87.5%), amoxicillin/ clavulanic acid and aztreonam (62.5%) while sensitive to most cephalosporins. Contrarily, the isolates derived from human origin revealed high resistance to cephalosporins but high sensitivity to imipenem (81%).

			[image: ]

			Figure 2: Display of tested phenotypic virulence characteristics among the sampled species E. coli isolates.
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			Figure 3: Resistance of Escherichia coli isolates to the antibacterial agents.

			Molecular Identification and Characterization of E. coli Isolates

			All E. coli isolates amplified the species specific yaiO gene at 115 bp using PCR method. After that, all 63 E. coli isolates were characterized with regard to presence of the carbapeneme resistance gene as well as three virulence genes. The present study revealed that a number of 15 E. coli isolates harbored blaNDM-1gene (23.81%) Figure 4.

			On the other hand, 52 (82.54%) of the E. coli isolates were positive for at least one of the examined 3 virulence genes. The highest prevalence was shown in feline isolates 7/8 (87.5%), followed by human isolates 18/21 (85.71%) then canine isolates as 27/34 (79.41%). The detailed molecular profile was shown in Table 4. The results exposed significant impacts of E. coli isolates’ molecular profile and distribution of tested genes among examined species; (0.012, 0.033, 0.018) for iut A, fimH and bla-NDM respectively), but non-significant for iss gene (P = 0.097).

			 

			[image: ]

			Figure 4: PCR amplification of carbapeneme resistance gene (blaNDM-1) gene in E. coli isolates. Lane 1: control positive. Lanes 2–6: positive amplification of PCR product (621bp). Lane 7: 100 bp DNA (1500) ladder. 

			Drug-resistant bacteria can constitute an important One Health concern which can be transmitted via either close contact between humans and pets or via the home environment (Bhat, 2021).

			Escherichia coli are not only a commensal organism in humans and animals, but also a causative agent of extraintestinal illnesses as urinary tract infections (Aurich et al., 2022). 

			In our study, the cultural and phenotypic as well as biochemical identification results exposed that out of 192 examined urine samples, a total of 63 E. coli isolates were obtained (32.81%). In detailed; 34 out of 81(41.97%) and 8 out of 38 (21.05%) isolates were recovered from dog and cat samples respectively. On the other hand, the human samples revealed 21 isolates (31.82%). 

			Our results were greatly agreed with Iranian study in which E. coli was found in 44.4% of examined canine urine samples (Yousefi and Torkan, 2017). Also, our results coincided with a Spanish survey that revealed a parallel incidence of (44.6%) among analyzed 3270 dogs and 1673 cats of suspected UTI (Darwich et al., 2021). While, very high incidence of E. coli (86.64%) was obtained in a Chinese study (Zhou et al., 2022). Contrarily, low prevalence was determined in urine samples examined in Korean study; (9.20%) dogs and (2.84%) cats (Choi et al., 2023). 

			Table 4: detailed molecular profile of E. coli isolates and distribution of tested genes among examined species.

			
				
					
					
					
					
					
					
					
				
				
					
							
							
							Species 

						
							
							Number

						
							
							iss

						
							
							iut A

						
							
							fimH

						
							
							Bla- NDM

						
					

					
							
							E coli O6 K-

						
							
							Dog

						
							
							1

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
					

					
							
							Human 

						
							
							3

						
							
							-

						
							
							2

						
							
							2

						
							
							1

						
					

					
							
							E coli O8 K -

						
							
							Human

						
							
							2

						
							
							-

						
							
							-

						
							
							1

						
							
							-

						
					

					
							
							E coli O25 K 11

						
							
							Dog

						
							
							9

						
							
							3

						
							
							2

						
							
							7

						
							
							3

						
					

					
							
							Human 

						
							
							4

						
							
							1

						
							
							1

						
							
							3

						
							
							1

						
					

					
							
							E coli O26 K 60

						
							
							Dog

						
							
							2

						
							
							1

						
							
							1

						
							
							2

						
							
							2

						
					

					
							
							Cat 

						
							
							1

						
							
							-

						
							
							-

						
							
							1

						
							
							-

						
					

					
							
							Human

						
							
							1

						
							
							-

						
							
							-

						
							
							1

						
							
							-

						
					

					
							
							E coli O44 K 74

						
							
							Dog

						
							
							4

						
							
							2

						
							
							1

						
							
							3

						
							
							1

						
					

					
							
							E coli O78 K 80

						
							
							Dog

						
							
							5

						
							
							2

						
							
							1

						
							
							4

						
							
							2

						
					

					
							
							Cat 

						
							
							3

						
							
							-

						
							
							1

						
							
							2

						
							
							-

						
					

					
							
							Human

						
							
							2

						
							
							-

						
							
							1

						
							
							2

						
							
							-

						
					

					
							
							E coli O118 K -

						
							
							Dog

						
							
							2

						
							
							1

						
							
							1

						
							
							1

						
							
							1

						
					

					
							
							E coli O119 K 69

						
							
							Dog

						
							
							3

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
					

					
							
							E coli O126 K 71

						
							
							Dog

						
							
							2

						
							
							-

						
							
							1

						
							
							2

						
							
							1

						
					

					
							
							Cat 

						
							
							1

						
							
							1

						
							
							1

						
							
							1

						
							
							1

						
					

					
							
							Human

						
							
							1

						
							
							-

						
							
							-

						
							
							1

						
							
							1

						
					

					
							
							E coli O142 K 86

						
							
							Dog

						
							
							1

						
							
							-

						
							
							-

						
							
							1

						
							
							-

						
					

					
							
							Cat 

						
							
							1

						
							
							-

						
							
							-

						
							
							1

						
							
							-

						
					

					
							
							E coli O145 K -

						
							
							Dog

						
							
							1

						
							
							-

						
							
							-

						
							
							-

						
							
							1

						
					

					
							
							Human

						
							
							1

						
							
							-

						
							
							1

						
							
							-
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			Our E. coli incidence result regarded human samples was harmonized with another Egyptian study in Kafr Elsheikh University Hospital; (36.4%) among 100 UTI neonates (Baz et al., 2021). While, in El-Minia governorate; 134 E. coli strains were isolated from 583 collected urine samples of outpatients with community-acquired–UTIs (22.98%), (Farahat et al., 2021). Higher prevalence of E. coli (64%) in UTI human samples was reported in Dhaka, Bangladesh, (Islam et al., 2022).

				

			Our results revealed that 43 out of 63 E. coli strains showed hemolytic activity (68.25%). Nearly parallel result was achieved by demonstration of hemolytic activity in 17 out of 24 E. coli strains (70.83%) (Prada et al., 1991).	 

			Congo red uptake assay was used to distinguish between the invasive and non–invasive E. coli (Sharma et al., 2006). Our result of Congo red uptake assay revealed positivity of 73.01% of E. coli isolates. Algammal et al. (2022) found that 16/19 of the tested isolates (84.2%) were positive for Congo-red uptake from which 3 isolates belonged to O26. 

			The result of Vero cell cytotoxicity revealed 26 out of 63 E. coli isolates (41.27%) were able to produce CPE on the Vero cells. The result was agreed with a study of Maldonado et al. (2005) who mentioned that 42% of 93 isolates exposed positive cytotoxicity. At the point of view, Starcic et al. (2002) proposed that uropathogenic E. coli strains frequently have hemolytic and cyto-necrotic activities as the production of hemolysin was usually linked with the output of cytotoxic necrotizing factor.

			Generally, transmission of ExPEC between pets and humans was recorded and noticed to be highly genetic related but differed in their adhesins which define host specificity (Beutin, 1991). Our results of typable E. coli isolates serotyping exposed a total of 11 serotypes (Table 2); (dogs≈10), (cats≈4) (human≈7). It was proposed that the high similarity in the genomic backbone between certain human- and animal-origin E. coli strains within serogroup O6 asserts the hypothesis of zoonotic potential (Johnson et al., 2008). Yuri et al. (1999) addressed O4, O6, O25 and many untypable E. coli serotypes obtained from 80 dogs and 35 cats with UTI. Tanabe et al. (2022) determined O6:H1 and O25:H4 then O8 and O126 as the most prevalent in UTI outpatient’s urine samples in Brazil. The zoonotic importance of serotype O78:H10 was reported in outbreak documented in Copenhagen in 1991(Olesen et al., 1994). Furthermore, O126:K71 was detected in 44/110 (40%) of E. coli strains analyzed from the human urine in an Egyptian study (Osman et al., 2012). 

			The growing emergence of MDR bacteria, inducing UTI in dogs and cats, which can be transmitted via either close contact between humans and pets or via the home environment constitutes an important One Health concern and represents a prominent therapeutic challenge (Endimiani et al., 2020). Results of antimicrobial sensitivity assessment of E. coli isolates from samples recovered from human, dogs, and cats are presented in Figure 3, in which the high resistances to many antibiotics were observed. The canine strains exhibited higher resistance to most examined antibiotics; clindamycin, norfloxacin, ofloxacin (100%), levofloxacin and cefuroxime (91.2%) as well as notable unusual resistance against imipenem (52.94%). The canine isolates were susceptible to amikacin (82.4%), and erythromycin (79.4%). Among feline isolates, the high resistance was exposed to clindamycin (87.5%) while sensitive to most cephalosporins. Contrarily, the isolates derived from human origin revealed high resistance to cephalosporins but highly sensitive to imipenem (81%). The antibiogram pattern of uropathogenic E. coli was determined in different previous reports. E. coli noted to be resistant to most of cephalosporins and quinolones (Islam et al., 2022). The higher incidence of antibiotic resistance of E. coli strains isolated from dogs suffered from UTIs was reported in study performed by Yousefi and Torkan (2017). In a Swiss study, all E. coli strains that obtained from UI dogs and cats’ cases were found to be resistant to cephalosporins and fluoroquinolones but sensitive for amikacin (Huber et al., 2013). On the other direction, in a Chinese study, it was noteworthy that 25% of isolates were resistance to imipenem and meropenem (Liu et al., 2016). An Egyptian study addressed 93 UPEC isolates obtained from premenopausal and postmenopausal women suffering from uncomplicated UTI. The identified isolates exposed resistance to cefotaxime and ceftazidime (Ali and Yakout, 2021). Another very recent study conducted on 128 hospital acquired uropathogenic E. coli isolates in Zagazig, Egypt that revealed the highest resistance to cefoxitin (93%), cefepime (92%) (El Maghraby et al., 2024). The extended use of quinolones, particularly ciprofloxacin, in the outpatients is the reason of elevation in resistance to these drugs; remarkably higher in developing countries (55.5–85.5%) (Kot, 2019). Cek et al. (2014) pointed to the correlation between the growing prophylactic use of broad-spectrum antibiotics in the urological conditions and elevated antimicrobial multi-resistance of bacteria; 85% in Africa and makes therapy more difficult. Carbapenems as imipenem constitute the best choice for UTI therapy caused by ESBL-producing strains (Idil et al., 2016). Carbapenem resistance (CR) is deemed a marker for XDR and PDR Gram-ve bacteria because it is accompanied with a broad scope of co-resistance to other antimicrobial agents (Tacconelli et al., 2018). A high existence of carbapenemase enzymes has been recorded in companion animals, assuming their role in the cross-species transfer of carbapenem-resistant determinants (Ramírez-Castillo et al., 2023). 

			Molecularly, all 63 E coli isolates were confirmed via amplification of highly species specific yaiO gene which is unique to E. coli and encodes a protein found to be expressed and existed in the outer membrane (Molina et al., 2015). 

			Concerning the emergent carbapenem resistance gene which was achieved in fifteen isolates (23.81%); the canine isolates exposed considerable high existence 11/34 (32.35%), then human isolates 3/21(14.28%) while only one feline isolate harbored the gene (12.5%). In Egypt, Ramadan et al. (2020) described 2 different NDM alleles; blaNDM-5 obtained from healthy person’s urine and seven environmental dogs’ samples as well as blaNDM-1 obtained from infected patient’s urine. Cui et al. (2018) isolated an E. coli ST167 strain from companion dog as a first case for blaNDM-1 gene positivity in Beijing, China. A very recent study identified the first case of carbapenem resistance gene; blaNDM in E. coli strain isolated from female dog suffered from pyometra in Japan (Harada et al., 2024). Five E. coli strains isolated from 129 healthy or ill dogs and cats (3.88%) in veterinary clinics located in 6 Chinese cities were found to carry blaNDM (Kuang et al., 2022). In Italy, an E. coli ST167 recovered from a hospitalized dog and found to harbor carbapenem-resistance gene blaNDM, the novel molecular approach demonstrated that the strain was related to other strains isolated from a Swiss dog and Italian human clinical cases (Alba et al., 2021). Hong et al. (2019) identified two E. coli isolates that carried blaNDM gene one from cat and the other one was from a dog in South Korea. A study from Saudi Arabia concerned the existence of carbapenem-resistant UPEC clones in CA-UTIs reported the presence of carbapenemases genes; NDM-1 and 5 in examined E. coli strains (Abd El Ghany et al., 2018).

			In addition to the link with diverse antimicrobial resistance determinants, the categorization as an international MDR high-risk strain is also associated with the bacterial pathogenicity, capacity to colonize and survive in the hosts for more than 6 months, ability for transmission between hosts, global distribution and the ability to induce recurrent infections (Mathers et al., 2018).

			On the other side, UPEC strains have a definitive genetic diversity comprising significant adhesins as different types of fimbriae and iron acquisition systems. Adhesions permit bacteria to evade expulsion via urination, so give the chance to bacterial proliferation within the uroepithelium followed by infection of nearby cells, and finally persist in urinary tract (Sharma et al., 2021). 

			Forty-five isolates succeed to amplify the fimbrial gene ‘fimH’ at 164 bp (71.43%). fimH is a prime determinant, responsible for synthesis of the adhesive portion of type 1 fimbriae which has high binding affinity to urinary receptors that permit bacteria to adhere, proliferate, infect uroepithelial cells, and finally persist in urinary tract (Sharma et al., 2021; Sokurenko et al., 2004). Mahmoud et al. (2022) detected fimH gene in 87.5% of E. coli isolates obtained from Tomcats suffering from urine retention in Ismailia, Egypt. Another Egyptian study addressed 22 E. coli isolated from 80 urine samples of UTI patients in Minia university hospital and exposed fimH gene in 20 (90.9%), (Abd El-Baky et al. 2020). Decano et al. (2021) detected fimH gene in all E. coli ≈55 (100%) obtained from clinically UTI in- and out-patients in East Africa and serotype O25 was the most one identified. In North Carolina University, a study detected fimH gene in 91% of 69 UPEC isolates obtained from dog urine suffered from UTIs (Gilbertie et al. 2020). A descriptive study performed in Lima, Peru on 75 uropathogenic E. coli isolates with detection of fimH in 74 isolates (98.7%), (Matta-Chuquisapon et al. 2020). 

			Regarding the other two tested virulence genes; our results demonstrated the existence of iutA and iss genes in 17 (26.98%) and 13 (20.63%) in E. coli isolates respectively. The iutA gene is responsible for encoding aerobactin which considered one of the ferric protein siderophore that aids iron acquisition after making free iron availability (Robinson et al. 2018). It is assumed that the iutA expression in extraintestinal pathogenic E. coli isolates give a mirror to their virulence (Chouikha et al. 2008). While, iss gene is a substantial factor for increasing serum survival via complement resistance resulted in ongoing of septicemia and lethality (Biran et al., 2021). The detailed prevalence of the iutA and iss genes was demonstrated in Table 4.

			 

			Aurich et al. (2023) detected iutA gene among uropathogenic E. coli ST372 isolated from dogs (14.1%) as well as human-related ST73 (17.1%) in infected cats by a total of (15.2%). While, Valat et al. (2020) found iutA and iss genes by (16.8%) and (15.5%) respectively among UPEC canine isolates in the Parisian suburbs laboratories. Among 59 E. coli strains isolated from urinary samples of dogs presented to Zurich hospital, Switzerland, iss gene was detected in 4 strains of ST533 (7.55%), (Huber et al., 2013). Momtaz et al. (2013) surveyed 123 E. coli isolates obtained from symptomatic UTIs patients in Tehran, Iran and detected 10 isolates harbored iss gene (8.13%). 

			Among surveyed 165 E. coli strains obtained from UTI dogs in Shaanxi, China; 16 (9.7%) isolates were positive for iutA gene (Liu et al., 2016). Another survey was conducted on 2443 E. coli isolates recovered from infected dogs and cats in 6 regions of USA. The results revealed the existence of iutA gene in non-ESBL producers (72.2%), ESBL producers (38.2%), CTX-M producers (44%), and finally in non-CTX-M producers (22.2%), (Liu et al., 2016). In an Australian study among 26 isolates belonged to O75 (24 from human, and 2 from dogs); iutA gene was detected in all isolates (100%), (Platell et al., 2012). 

			CONCLUSIONS And RECOMMENDATIONS

			Escherichia coli are implemented in a high proportion of UTIs associated with both humans and companion animals. The ExPEC have considerable virulence genes that promote the adherence, biofilm formation, iron utilization and resistance to host immune response. Furthermore, this study highlights the emergence seriousness of resistance versus last-resort antibiotics as carbapeneme in pets which increase the treatment challenges. Provide spotlighting on MDR bacteria that may be bi-directionally transferred between humans and companion animals. Further molecular epidemiological studies are needed to understand the transmission dynamics of multidrug especially carbapeneme resistant bacteria which constitute a potential threat to public health. Antibiotic misuse has implemented in the elevating emergence of multidrug-resistant and pan-resistant strains in humans, companion animals, rather than water and food animals. Our data also assume that the existence of carbapeneme resistant E. coli among companion animals requires further continued surveillance.

			The need for a global action plan to address the antimicrobial resistance crises requires a One Health approach supported by scientific data that can be used to raise awareness of decision-makers and the general population. Therefore, it is necessary to establish national standards for the rational use of antibiotics in companion animals.
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Abstract | One of the most substantial emerging concerns facing the One Health concept is the growing role of ani-
mals in social contact with human as pets in the global increasing of resistance to antibiotics used in human infections
therapy as carbapenems which is considered one of the human use last resorts. Extraintestinal Escherichia coli constitute
the main etiologic factor implemented in urinary tract infections (UTTs) in humans and animals. The hypothesized
risky role of companion animals in the load and dissemination of multidrug resistant uropathogenic E. coli (UPEC)
which causes community-acquired UTT in pets and human community has been monitored. The current study aimed
to investigate the prevalence of shared uropathogenic E. co/i serotypes isolated from companion animals and human as
well as assessed their virulence determinants which implemented in pathogenesis and severity of infection via pheno-
typic and molecular methods. Besides that, the study determined their multidrug resistance patterns, particularly the
existence of the gene responsible for carbapenem resistance. A cross-sectional study performed on one hundred and
ninety two urine samples owned to urinary infected humans, dogs and cats were obtained from Egyptian laboratories
in Great Cairo governorates. The samples were cultured onto the suitable media; the presumptive E. co/i colonies were
identified phenotypically, biochemically via Vitek2® and serotyping. The virulence of E. co/i isolates were characterized
phenotypically via hemolysis, Congo red binding, Vero cell cytotoxicity. The antibiotics resistance pattern was assessed
by disk diffusion test. Also, the E. co/i isolates were molecularly confirmed and screened for presence of 3 virulence genes
(fimH, iss and iutA) as well as 5laNDM-1gene which responsible for carbapenem resistance. The data were statistically
analyzed using Chi-square (%2) via (SPSS) version 20.0 software. Our results revealed sixty three E. co/i isolates were ob-
tained (32.81%); dogs (34), cats (8) and humans (21). The highest prevalent serotypes were O25; 13 (20.63%) followed
by O78; 10 (15.87%) with 13 untypable isolates (20.63%). The E. co/i isolates showed positivity for hemolysis production
(68.25%), Congo red binding (73.01%), Vero cell cytotoxicity (41.27%). The phenotypic antibiotic resistance pattern
showed presence of average unusual high imipenem resistance (30.33%), and clindamycin (84.3%). On the other side,
gene identification via polymerase chain reaction revealed existence of species specific ‘ya7O’ (100%), virulence; ‘/imH’
(71.43%), ‘iut A’ (26.98 %) and ‘iss’ (20.63%). The harboring of 5zNDM-1gene was presented among 15 E. co/i isolates
as (23.81%); dog (11), human (3) and one in cat. The obtained data of our study asserted the potential role of companion
animals in transmission of zoonotic E. co/i serotypes especially those of exposing resistance to several antibiotic groups.
The significant existence of 5aNDM-1gene among E. co/i isolates which responsible for resistance against carbapenems
as a last antibiotic resort may constitute a public health concern and highlights the need of more regulation and moni-
toring of antimicrobial use in pet clinics.
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