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Abstract
[bookmark: _GoBack]Enteric colibacillosis caused by pathogenic Escherichia coli strains remains a significant health and economic concern in neonatal ruminants, while the concurrent emergence of antimicrobial resistance poses serious public health threats. This study evaluated the prevalence of virulence genes and antibiotic resistance patterns in E. coli isolates from diarrheic lambs, kids, and buffalo calves from Jammu region. Of 150 fecal samples collected, 123 (82%) were confirmed as E. coli. Species-wise prevalence: buffalo calves 96% (48/50), lambs 76% (38/50), kids 74% (37/50). Multiplex PCR screening revealed virulence gene distribution: hlyA 28.45% (35/123), eaeA 17.88% (22/123), stx1 15.44% (19/123), stx2 8.94% (11/123). Overall, 34.14% (42/123) of isolates harbored one or more virulence genes, with the stx1/eaeA/hlyA combination being most prevalent at 13.00%. Antibiotic susceptibility testing of 42 virulent isolates demonstrated alarming multidrug resistance: 100% resistance to Enrofloxacin, Cefoxitin, and Ampicillin; 90.24% to Cefpodoxime and Erythromycin; while Imipenem and Aztreonam retained complete sensitivity (100%). Multidrug-resistant phenotype (≥3 drug classes) was observed in 71.43% (30/42) of virulent isolates. These findings underscore the urgency of antimicrobial stewardship, enhanced surveillance, and One Health strategies to mitigate zoonotic transmission and therapeutic failures in treating colibacillosis in neonatal ruminants.	Comment by Maher:  This sentence needs to be rephrased
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[bookmark: bm_1_introduction]1. Introduction
Escherichia coli represents a diverse group of Gram-negative, facultative anaerobic bacteria belonging to the Enterobacteriaceaefamily[1]. While many commensal strains inhabit the intestinal microbiota of humans and animals, pathogenic variants have acquired sophisticated virulence mechanisms enabling colonization, epithelial invasion, and systemic disease[2]. Among ruminants, pathogenic E. coli strains constitute major causative agents of neonatal enteric disease, particularly in immunologically naive calves, lambs, and kids where mortality and morbidity rates remain substantial[3].
[bookmark: bm_1_1_virulence_mechanisms_and_p_8264cf]1.1 Virulence Mechanisms and Pathogenic Significance
Six principal pathotypes of diarrheagenic E. coli are recognized based on pathogenic mechanisms: Shiga toxigenic E. coli (STEC), enterotoxigenic E. coli (ETEC), enteropathogenic E. coli (EPEC), enteroinvasiveE. coli (EIEC), diffusely adherent E. coli (DAEC), and enteroaggregative E. coli (EAggEC)[4]. Critical virulence genes include: (1) stx1/stx2 encoding Shiga toxins that inhibit eukaryotic protein synthesis and cause hemorrhagic colitis; (2) eaeA (attaching and effacing gene) encoding intimin for intimate epithelial adherence; and (3) hlyA encoding enterohemolysin facilitating bacterial translocation and systemic invasion[5][6].
[bookmark: bm_1_2_zoonotic_implications_and_559662]1.2 Zoonotic Implications and Public Health Concern
STEC strains possess particular zoonotic significance, with cattle, sheep, goats, and buffaloes serving as natural asymptomatic reservoirs in traditional pastoral and dairy systems[7]. Human STEC infections range from asymptomatic carriage to hemorrhagic colitis and life-threatening sequelae including hemolytic uremic syndrome (HUS) and thrombotic thrombocytopenic purpura (TTP)[8]. The epidemiological association of stx2 with more severe human disease emphasizes the critical importance of surveillance in animal populations.	Comment by Maher: Replace this word with   importance

[bookmark: bm_1_3_antimicrobial_resistance_crisis]1.3 Antimicrobial Resistance Crisis
Concurrent with virulence gene prevalence is the alarming emergence of multidrug-resistant (MDR) phenotypes. Resistance genes (bla, tet(A/B), mcr-1) frequently colocalize with virulence determinants on mobile genetic elements, facilitating horizontal gene transfer and creation of "superbugs" resistant to multiple antimicrobial classes[9]. The indiscriminate use of antimicrobials in veterinary practice intensifies selective pressure, compromising treatment efficacy and posing irreversible challenges to clinical management.
[bookmark: bm_2_materials_and_methods]2. Materials and Methods
[bookmark: bm_2_1_sample_collection_and_bact_93e8f4]2.1 Sample Collection and Bacterial Isolation
A total of 150 fecal samples were collected from diarrheic neonatal ruminants: 50 lambs (1-12 months), 50 kids (1-6 months), and 50 buffalo calves (1-12 months) from government farms (n=38), SKUAST-Jammu institutional facilities (n=12), Veterinary Clinical Complex (n=52), and private holdings (n=48) during 2023-2024. Rectal swabs were collected using sterile swabs moistened with normal saline, transported on ice, and processed within 4 hours.
Enrichment culture in Nutrient Broth (37°C/24h) was followed by streaking onto MacConkey's Lactose Agar and Eosin Methylene Blue agar. Presumptive E. coli colonies were subjected to Gram staining, catalase, oxidase, and IMViC (Indole, Methyl Red, Voges-Proskauer, Citrate) tests for confirmatory identification[10].
[bookmark: bm_2_2_molecular_confirmation_and_51e1da]2.2 Molecular Confirmation and Virulence Gene Screening
Genomic DNA was extracted using hot-cold lysis method. All biochemically positive isolates were confirmed via PCR targeting uidA gene (603 bp amplicon). Multiplex PCR targeting stx1 (180 bp), stx2 (255 bp), eaeA (384 bp), and hlyA (534 bp) genes was performed per Paton and Paton (1998) protocol with modifications [11]. Thermal cycling: 95°C/2 min initial denaturation; 35 cycles of 95°C/1 min, 65°C/2 min, 72°C/1.5 min; 72°C/5 min final extension. Amplicons were resolved on 2% agarose gel and visualized under UV transilluminator.
[bookmark: bm_2_3_antimicrobial_susceptibili_dab760]2.3 Antimicrobial Susceptibility Testing
Kirby-Bauer disc diffusion method was employed using Mueller-Hinton agar and 15 antibiotic discs (Enrofloxacin 5µg, Gentamicin 30µg, Imipenem 10µg, Cefoxitin 30µg, Tetracycline 30µg, Chloramphenicol 30µg, Aztreonam 30µg, Streptomycin 10µg, Ampicillin 10µg, Amoxyclav 30µg, Amikacin 30µg, Cefotaxime 30µg, Nalidixic Acid 30µg, Cefpodoxime 10µg, Erythromycin 15µg). Inocula standardized to 0.5 McFarland. Zone diameters were measured after 24-hour incubation (37°C) and interpreted per CLSI (2024) guidelines[12].	Comment by Maher: This sentence needs to be rephrased
[bookmark: bm_3_results]3. Results
[bookmark: bm_3_1_isolation_and_prevalence_o_d46000]3.1 Isolation and Prevalence of E. coli
Out of the 150 diarrheic fecal samples examined, 123 isolates (82%) were confirmed as Escherichia coli through biochemical and molecular identification. Marked variation in prevalence was observed among species. Buffalo calves recorded the highest prevalence at 96% (48/50), followed by lambs (76%, 38/50) and kids (74%, 37/50).	Comment by Maher: Molecular identification for bacteria Not mentioned in methods , must be Raised this sentence
Source-wise analysis revealed that samples collected from the Veterinary Clinical Complex (VCC) showed the highest positivity rate of 96.15% (50/52). This was followed by samples from private farms (79.16%, 38/48), the dairy facility (83.33%, 10/12), and government farms (65.78%, 25/38). The markedly higher recovery rate from VCC likely reflects higher clinical case load and more severe diarrheic conditions.
Age-wise, E. coli isolation was more frequent in the youngest age groups across all species. Lambs aged 1–4 months showed a prevalence of 90%, kids aged 1–2 months 87.5%, and buffalo calves aged 1–4 months 95%. A consistent decline in prevalence was observed with increasing age, underscoring the enhanced susceptibility of neonates and young animals to E. coli-associated enteric infections.
Table 1: Isolation and Prevalence of E. coli by Species and Source
	Species
	Samples (n)
	Positive (n)
	Prevalence (%)
	Age Group
	Group Prevalence (%)

	Lambs
	50
	38
	76.00
	1-4 months
	90.00 (18/20)

	
	
	
	
	4-8 months
	78.57 (11/14)

	
	
	
	
	8-12 months
	56.25 (9/16)

	Kids
	50
	37
	74.00
	1-2 months
	87.50 (21/24)

	
	
	
	
	2-4 months
	85.71 (12/14)

	
	
	
	
	4-6 months
	58.33 (7/12)

	Buffalo Calves
	50
	48
	96.00
	1-4 months
	95.00 (19/20)

	
	
	
	
	4-8 months
	100.00 (18/18)

	
	
	
	
	8-12 months
	91.67 (11/12)

	Total
	150
	123
	82.00
	
	



[bookmark: bm_3_2_virulence_gene_distribution]3.2 Virulence Gene Distribution
PCR screening of 123 confirmed E. coli isolates revealed the presence of four major virulence genes (stx1, stx2, eaeA, and hlyA) with varying frequencies. The most prevalent gene was hlyA (28.45%), followed by eaeA (17.88%), stx1 (15.44%), and stx2 (8.94%).
Species-specific differences were notable. In lamb isolates, hlyA (31.57%) and stx1 (21.05%) predominated, whereas kids showed a higher occurrence of stx2 (16.21%) relative to other species. Buffalo calves exhibited comparatively higher frequencies of eaeA (20.83%) and hlyA (29.16%). These variations suggest differential circulation of Shiga-toxigenic and hemolytic phenotypes among small ruminants and calves
Table 2: Distribution of Virulence Genes by Species
	Gene
	Lambs (n=38)
	Kids (n=37)
	Buffalo Calves (n=48)
	Total (n=123)

	stx1
	21.05% (8)
	10.81% (4)
	14.58% (7)
	15.44% (19)

	stx2
	7.89% (3)
	16.21% (6)
	4.16% (2)
	8.94% (11)

	eaeA
	18.42% (7)
	13.51% (5)
	20.83% (10)
	17.88% (22)

	hlyA
	31.57% (12)
	24.32% (9)
	29.16% (14)
	28.45% (35)



[bookmark: bm_3_3_gene_combination_profiles]3.3 Gene Combination Profiles
Evaluation of gene combinations demonstrated the presence of multiple E. coli pathotypes. The most frequently identified pattern was the stx1/eaeA/hlyA triple combination, characteristic of enterohemorrhagic E. coli (EHEC), detected in 13.00% (16/123) of isolates. This combination appeared across all species at comparable proportions—lambs (13.15%), kids (10.81%), and buffalo calves (14.58%)—indicating widespread dissemination of highly pathogenic strains.
Other notable combinations included eaeA/hlyA (4.87%), stx2/hlyA (3.25%), and stx1/hlyA (2.43%). Importantly, a substantial proportion of isolates (65.85%, 81/123) lacked the targeted virulence genes. These isolates are likely to belong to enterotoxigenic (ETEC) or other non-STEC diarrheagenic groups, emphasizing the diversity of diarrheagenic E. coli in livestock.
Overall, 34.14% (42/123) of all isolates were classified as virulent based on gene carriage. Species-wise virulence proportions were comparable across lambs (36.84%), kids (32.43%), and buffalo calves (33.33%).	Comment by Maher: Where results picture for virulence genes of  PCR???
Table 3: Virulence Gene Combination Profiles
	Gene Profile
	Lambs (n=38)
	Kids (n=37)
	Buffalo Calves (n=48)
	Total (n=123)

	stx1+/eaeA+/hlyA+
	13.15% (5)
	10.81% (4)
	14.58% (7)
	13.00% (16)

	eaeA+/hlyA+
	5.26% (2)
	2.70% (1)
	6.25% (3)
	4.87% (6)

	stx1+/hlyA+
	7.89% (3)
	0.00% (0)
	0.00% (0)
	2.43% (3)

	stx2+/hlyA+
	2.63% (1)
	8.10% (3)
	0.00% (0)
	3.25% (4)

	hlyA+ only
	2.63% (1)
	2.70% (1)
	8.33% (4)
	4.87% (6)

	stx2+ only
	5.26% (2)
	8.10% (3)
	4.16% (2)
	5.69% (7)

	Total Virulent
	36.84% (14)
	32.43% (12)
	33.33% (16)
	34.14% (42)

	Non-Virulent
	63.15% (24)
	67.56% (25)
	66.66% (32)
	65.85% (81)



[bookmark: bm_3_4_antimicrobial_resistance_profile]3.4 Antimicrobial Resistance Profile
The antimicrobial susceptibility patterns of the 42 virulence-positive isolates revealed extensive resistance against multiple classes of antibiotics. Complete resistance (100%) was observed for Enrofloxacin, Cefoxitin, and Ampicillin, indicating critical loss of efficacy of commonly used therapeutic agents. High levels of resistance were also detected toward Cefpodoxime (90.24%), Erythromycin (90.24%), Nalidixic Acid (70.73%), and Tetracycline (70.73%).
In contrast, Imipenem and Aztreonam exhibited 100% sensitivity, indicating their retained effectiveness against virulent isolates. Amoxyclav (85.71% sensitivity), Chloramphenicol (80.95% sensitivity), and Amikacin (63.41% sensitivity) also demonstrated relatively good activity, whereas Gentamicin and Cefotaxime showed high intermediate response levels, suggesting emerging resistance.
Multidrug resistance (MDR), defined as resistance to at least three antimicrobial classes, was identified in 71.43% (30/42) of virulent isolates. This high MDR rate highlights a significant therapeutic challenge and signals potential misuse or overuse of antimicrobials in the studied populations
Table 4: Antimicrobial Susceptibility Profile of 42 Virulent E. coli Isolates
	Antibiotic
	Sensitive (n/%)
	Intermediate (n/%)
	Resistant (n/%)

	Imipenem
	42/100.00%
	0/0.00%
	0/0.00%

	Aztreonam
	42/100.00%
	0/0.00%
	0/0.00%

	Amoxyclav
	36/85.71%
	1/2.38%
	5/11.90%

	Chloramphenicol
	34/80.95%
	1/2.38%
	7/16.67%

	Gentamicin
	22/52.38%
	11/26.19%
	9/21.43%

	Streptomycin
	23/54.76%
	5/11.90%
	14/33.33%

	Amikacin
	27/63.41%
	14/34.15%
	1/2.44%

	Cefotaxime
	10/24.39%
	20/48.78%
	12/26.83%

	Tetracycline
	7/17.07%
	5/12.20%
	30/70.73%

	Nalidixic Acid
	0/0.00%
	12/29.27%
	30/70.73%

	Cefpodoxime
	0/0.00%
	4/9.76%
	38/90.24%

	Erythromycin
	0/0.00%
	4/9.76%
	38/90.24%

	Enrofloxacin
	0/0.00%
	0/0.00%
	42/100.00%

	Cefoxitin
	0/0.00%
	0/0.00%
	42/100.00%

	Ampicillin
	0/0.00%
	0/0.00%
	42/100.00%



[bookmark: bm_4_discussion]4. Discussion
[bookmark: bm_4_1_prevalence_and_epidemiolog_d54131]4.1 Prevalence and Epidemiological Context
The 82% overall E. coli isolation rate from diarrheic samples aligns with regional reports (Janjua et al., 2018: 96% in buffalo calves; Mishra et al., 2016: 68.33% in goats)[13][14]. The exceptional 96% prevalence in buffalo calves reflects species-specific susceptibility factors, extended fecal shedding, and immature immune responses in neonates. The age-dependent pattern, with highest isolation in Group I animals, underscores vulnerability of colostrum-deprived neonates post-weaning[15].
The predominance of isolates from VCC (40.65%) versus farm sources likely reflects sampling bias toward clinically severe cases requiring veterinary intervention, whereas subclinical carriers on farms remain undetected. This bias, while limiting epidemiological extrapolation, emphasizes disease severity at institutional settings.	Comment by Maher: Rearrange the sentence

[bookmark: bm_4_2_virulence_gene_epidemiology]4.2 Virulence Gene Epidemiology
The predominance of hlyA (28.45%) across all species represents a notable epidemiological finding suggesting widespread dissemination of hemolysin-producing strains. hlyA encodes α-hemolysin, facilitating bacterial adhesion and systemic invasion through epithelial disruption[16]. This prevalence is higher than stx genes, which contradicts many international reports emphasizing stx genes; however, regional strain characteristics or selective pressures may explain this variation.
The species-specific variation in stx2 detection (highest in kids at 16.21% vs. lowest in buffalo calves at 4.16%) carries epidemiological significance. Since stx2 epidemiologically associates with severe human disease (Friedrich et al., 2002), the relatively lower prevalence in buffalo calves suggests potentially reduced zoonotic risk from this reservoir, though confirmation via whole-genome sequencing is warranted[17].
The stx1/eaeA/hlyA combination (13.00%) represents a high-risk EHEC phenotype capable of both cytotoxic and attaching-effacing pathology, warranting heightened epidemiological surveillance given zoonotic potential.
[bookmark: bm_4_3_virulence_diarrheal_pathop_7f053a]4.3 Virulence-Diarrheal Pathophysiology Linkage
The isolation of 34.14% virulent strains in diarrheic animals versus lower proportions in asymptomatic cohorts supports pathogenic roles of screened virulence genes. stx genes mediate cytotoxicity through eukaryotic protein synthesis inhibition, resulting in hemorrhagic colitis and extraintestinal complications[18]. eaeA facilitates intimate bacterial-epithelial adherence via intimin, triggering cell membrane effacement and excessive fluid secretion. hlyA product disrupts intestinal barrier integrity, facilitating bacterial translocation.
The 65.85% non-virulent isolates likely represent ETEC or other pathotypes producing heat-labile/heat-stable enterotoxins distinct from toxin-independent mechanisms of STEC/EHEC[19].
[bookmark: bm_4_4_antimicrobial_resistance_c_b6c9bf]4.4 Antimicrobial Resistance Crisis and Clinical Implications
The 100% resistance to Enrofloxacin, Cefoxitin, and Ampicillin reflects decades of indiscriminate antimicrobial use in veterinary practice, rendering these traditionally first-line agents therapeutically obsolete against local virulent E. coli[20]. The 90.24% resistance to Cefpodoxime and Erythromycin suggests widespread dissemination of extended-spectrum β-lactamase (ESBL) genes (blaCTX-M-9 and blaCTX-M-25)and tetracycline resistance determinants (tet(A/B)), likely colocalized on mobile genetic elements[21].
The retained efficacy of Imipenem and Aztreonam (100% sensitivity) is encouraging; however, carbapenems remain last-resort agents warranting judicious deployment to prevent emergent resistance[22]. The unexpected 85.71% Amoxyclav susceptibility despite 100% Ampicillin resistance suggests clavulanic acid-susceptible ESBL producers or plasmid-mediated mechanisms, meriting molecular characterization[23].
[bookmark: bm_4_5_multidrug_resistance_a_one_fa9004]4.5 Multidrug Resistance: A One Health Threat
The 71.43% MDR prevalence (≥3 drug classes) reflects alarming public health implications. In pastoral and smallholder systems prevalent in South Asia, boundary delineation between veterinary and human health remains obscure. Close human-animal contact, shared water sources, inadequate sanitation, and unpasteurized dairy consumption facilitate STEC transmission[24]. Virulent, MDR E. coli strains identified in food-producing animals pose irreversible threats to clinical management in both veterinary and human medicine, necessitating integrated One Health surveillance encompassing animal husbandry, environmental monitoring, and clinical human surveillance[25][26].	Comment by Maher: Ethical approval where ????
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