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Abstract
Background:Bovine mastitis remains a primary global challenge for the dairy sector, representing one of the most economically taxing diseases. Bacterial-induced intramammary infections, in particular, result in significant financial deficits driven by diminished milk yields, compromised milk quality, escalating healthcare expenditures, and the involuntary culling of livestock. This study investigated the prevalence, molecular characteristics, and antimicrobial resistance of K.pneumoniae. 
Methodology:The study included 400 milk samples (250 clinical; 150 subclinical) from mastitic cows and buffaloes.Isolates were identified using bacteriological and molecular methods, followed by comprehensive susceptibility testing using Kirby Bauer disc diffusion method to establish resistance profiles.
Results: K.pneumoniae was isolated from 8.75% (35/400) of the total samples. Isolation rates for clinical mastitis were 6.5% (13/200) in cattle and 6% (3/50) in buffaloes, while subclinical mastitis showed higher prevalence at 11.5% (15/130) and 20% (4/20), respectively.Antimicrobial susceptibility testing of 35 K. pneumoniae isolates showed 100% sensitivity Carbapenems (Imipenem/Meropenem), third-generation Cephalosporins (Ceftiofur/Cefotaxime), Aminoglycosides (Kanamycin/Gentamicin), and Marbofloxacin. Conversely, high resistance rates were identified in older-generation drugs, including Nalidixic acid (100%), Norfloxacin (88.5%), Amoxicillin (74.3%), and Ampicillin (60%). Moreover, Erythromycin encountered total resistance (100%) and Tetracycline showed moderate efficacy (60%). The most frequent resistance profile was E, NA, AMP, AMX, NX (Erythromycin, Nalidixic Acid, Ampicillin, Amoxicillin, Norfloxacin), which was observed in 25.7% (9/35) of the isolates. This was closely followed by the profile E, NA, AMX, NX, found in 22.8% (8/35) of the samples.  All isolates (100%) surpassed the MAR index threshold of 0.2, which statistically indicates a "high-risk" source of contamination where antibiotics are frequently used or misused.PCR amplification targeting the gyrA gene successfully confirmed the molecular identity of all 35 K. pneumoniae isolates.
Conclusion:The presence of K. pneumoniae in dairy herds highlights a significant epidemiological threat and a rise in drug-resistant strains. To combat this, it is vital to implement strict surveillance, promote the responsible use of antimicrobials, and develop proactive prevention strategies to protect herd health.
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1. Introduction 
On a global scale, bovine mastitis remains the most significant clinical challenge to dairy productivity, severely undermining the economic stability of milk production. This multi-factorial disease is characterized by the colonization of the mammary gland by a wide array of microbial agents rather than a single pathogen. Upon establishment within the udder, these bacteria trigger an intricate immunological response through the secretion of harmful metabolites, which results in diminished yields, altered milk composition, and the erosion of standard animal health benchmarks (Chon et al., 2025). Beyond the immediate economic losses associated with treatment costs and discarded milk, the condition represents a profound concern for animal welfare, necessitating the development of more effective, proactive management strategies.
Within the category of environmental mastitis-causing agents, Klebsiellapneumoniae has emerged as a pathogen of significant clinical concern, primarily due to its resistance to standard therapies and a high frequency of post-treatment recurrence. This organism is ubiquitous across dairy farm environments, where it facilitates intramammary infections via contaminated milking equipment or prolonged exposure to unsanitary bedding substrates (Munoz et al., 2006; Schukken et al., 2012).The pathogenic impact of K. pneumoniae is well-documented, with numerous reports highlighting its capacity to cause severe inflammatory responses that quickly diminish both the functional health of the udder and overall milk output (Fuenzalida and Ruegg, 2019).
The pathogenicity of K. pneumoniae stems from various virulence markers, including structural components like capsules and lipopolysaccharides, as well as functional traits like adhesion, iron acquisition through siderophores, and biofilm development. Collectively, these specialized mechanisms augment bacterial persistence, enable efficient colonization of the mammary epithelium, and provide a protective barrier against the host's innate immunological defenses (Magesh et al., 2013; Shon et al., 2014; Cheng and Han, 2020).The capsule of K. pneumoniae is vital for immune evasion, as it prevents phagocytosis and modulates inflammatory responses. By shielding the bacteria from host defenses, this structural component significantly contributes to the development of persistent intramammary infections(Paczosa and Mecsas, 2016).
Furthermore, the presence of type 1 and type 3 fimbriae facilitates initial attachment to the mammary epithelium and promotes the development of biofilms. These adhesive appendages create a physical barrier that significantly hinders the efficacy of therapeutic interventions (Schroll et al., 2010).
K. pneumoniae serves as a critical bridge between animal and human health; it is a major opportunistic pathogen linked to severe human illnesses like sepsis and respiratory infections. Its presence in milk and dairy products highlights a pressing One Health concern, emphasizing the risks of zoonotic transfer and foodborne outbreaks originating from contaminated livestock(Hartantyo et al., 2020).
Advanced molecular diagnostics, specifically polymerase chain reaction (PCR), have emerged as indispensable methodologies for the definitive taxonomic identification of bacteria and the characterization of their genetic virulence and resistance profiles. Among these, the gyrA gene responsible for encoding the DNA gyraseA subunit—serves as a robust molecular marker for the differentiation of Klebsiella species. This gene is functionally vital, as it regulates the essential processes of DNA replication and supercoiling within the bacterial cell (Younis et al., 2017). The surveillance of such genomic determinants serves as an indispensable tool for elucidating the transmission dynamics, pathogenic potential, and multidrug-resistance pathways of K. pneumoniae isolates.
The rise of multidrug-resistant (MDR) K. pneumoniae phenotypes has exacerbated existing challenges, as reduced susceptibility to conventional antibiotics severely constrains available treatment regimens. This trend significantly elevates the probability of therapeutic failure, complicating the clinical management of both bovine and human infections (Chen et al., 2018).
Hence, this study aimed to determine the prevalence of K. pneumoniae in clinical and subclinical mastitis among cows and buffaloes, confirm isolates via specific PCR, and evaluate their antimicrobial susceptibility profiles and resistance indices.

2. MATERIAL ANDMETHODS
2.1.Sample collection
To ensure the integrity of the bacteriological findings, strict aseptic protocols were maintained during the collection of 400 milk samples from mastitic cows and buffaloes. Teat orifices were thoroughly disinfected using cotton swabs soaked in alcohol-based antiseptic. By discarding the initial milk strips, the risk of including environmental flora was minimized, focusing instead on the intramammary pathogens. The 20 mL aliquots were gathered in sterile, leak-proof containers and maintained in a cooler at 4°C during transmission. At the Same-day laboratory processing was performed to ensure the viability of sensitive organisms like Klebsiella species.
Clinical mastitis was identified by monitoring for overt udder inflammation and the secretion of abnormal milk (clots, flakes, or blood), occasionally accompanied by systemic distress. Subclinical cases were screened using the CMT, with positive status assigned to samples demonstrating varying intensities of gel formation and viscosity, as per the established criteria of Elsayed et al. (2026). This approach allowed for the detection of intramammary infections in the absence of visible pathology.
2.2.Bacteriological examination
To isolate K. pneumoniae, a 1-mL aliquot of each milk sample was enriched in 10 mL of nutrient broth and incubated at 37°C for 24 hours under aerobic conditions. Subsequently, a 10-µL loopful of the broth was subcultured onto MacConkey and Eosin Methylene Blue (EMB) agar plates, followed by a 24–48 hour incubation period at 37°C. On both selective media, K. pneumoniae is distinguished by its large, mucoid, and domed colonies. On MacConkey agar, these colonies appear bright pink due to lactose fermentation, while on EMB agar, they are pinkish-brown and lack the metallic green sheen seen in E. coli. Their high polysaccharide production gives them a characteristic glistening, sticky consistency that often results in a "fish-eye" appearance on EMB. Presumptive colonies were then transferred to nutrient agar slants and stored at 4°C for further identification(Ali et al., 2021).
2.3.Biochemical identification
To confirm presumptive Klebsiella isolates, a comprehensive battery of biochemical assays was performed. This included the IMViC series (Indole, Methyl Red, Voges–Proskauer, and Citrate utilization) alongside Triple Sugar Iron (TSI) agar tests to monitor carbohydrate fermentation and gas production. Additionally, the isolates were evaluated for urease, oxidase, and catalase activity, following standardized microbiological diagnostic protocols (Quinn et al., 2011).
2.4.Antimicrobial susceptibility testing

The antimicrobial susceptibility profiles of the isolates were determined using the Kirby-Bauer disk diffusion method on Mueller-Hinton agar (Ali et al., 2021). A panel of 16 antibiotics was evaluated, including the amoxicillin (AXM, 25 µg), ampicillin (AMP, 10 µg), azithromycin (AZM, 15 µg), cefotaxime (CTX, 30 µg), ceftiofur (EFT, 30 µg), chloramphenicol (C, 30 µg), erythromycin (E, 15 µg), gentamicin (GEN, 10 µg), imipenem (IPM, 10 µg), kanamycin (KAN, 30 µg), marbofloxacin (MAR, 5 µg), meropenem (MRP, 10 µg), nalidixic acid (NA, 30 µg), norfloxacin (NX, 10 µg), streptomycin (S, 10 µg), and tetracycline (TE, 30 µg).
2.5. Molecular confirmation of K. pneumoniae isolates
2.5.1. DNA extraction
Genomic DNA extraction from verified K. pneumoniae samples was performed using the QIAamp DNA Mini Kit (Qiagen, Germany), following the manufacturer's standard operating procedures.  The molecular confirmation was performed using primers targeting the species specific gyrA gene (Table 1).



Table (1): Primer sequencing of gyrA gene
	Target agent
	Gene
	                             Sequence
	Amplified product
	Reference

	Klebsiellapneumoniae
	gyrA
	Forward: 5'– CGCGTCTTATACGCCATGAACGTA–3'
	441 bp
	Brisse and Verhoef, 2001

	
	
	Reverse: 5'– ACCGTTGATCACTTCGGTCAGG–3'
	
	


2.5.2. Amplification of DNA and cycling conditions

Polymerase chain reaction (PCR) was conducted in a 25 µL total volume using the EmeraldAmp GT PCR Master Mix (Takara, Code No. RR310A). Each reaction mixture consisted of 12.5 µL of master mix, 1 µL of each primer (forward and reverse), 3.5 µL of nuclease-free water, and 3 µL of template DNA. The field K.pneumonia isolate was included as positive control while sterile double distilled water was used as negative control.
PCR amplification was performed in a thermal cycler using the following parameters: an initial denaturation at 94°C for 5 minutes, followed by 35 cycles of denaturation (94°C for 30 seconds), annealing (55°C for 40 seconds), and extension (72°C for 45 seconds). A final extension step was carried out at 72°C for 10 minutes.
To visualize the PCR products, electrophoresis was conducted using a 1% agarose gel in TBE buffer containing ethidium bromide. A 100 bp DNA ladder was included as a size reference. Following the run at constant voltage, the gel was imaged under UV light using a digital documentation system, allowing for the interpretation of fragment sizes. 

2. RESULTS

3.1. Prevalence of K. pneumoniae in mastitis milk samples

As shown in Table 2, the overall prevalence of K. pneumoniae in the studied milk samples was 8.75% (35/400). Interestingly, subclinical mastitis samples yielded a significantly higher isolation rate (12.6%) compared to clinical mastitis samples (6.4%) (p< 0.05$). Among the host species, buffaloes exhibited a higher frequency of subclinical Klebsiella (20%) than cows (11.5%), although the overall difference between the two species was not statistically significant. Notably, all 35 presumptive isolates were 100% confirmed through biochemical identification.The bacteriological examination revealed mucoid pink to purple colonies without metallic sheen on EMB as in fig (1).

Table (2): Prevalence of k. pneumonia in clinically and subclinically mastitis milk samples


	Host 
	Type of sample 
	Isolation
	Biochemical 
identification
of k. pneumonia

	
	
	
	

	Cows (330)
	Clinical mastitis samples (200)
	13/200
(6.5%)
	13/13(100%) 

	
	Subclinical mastitis samples (130)*
	15/130 
(11.5%)

	15/15(100%)

	Buffaloes
(70) 
	Clinical mastitis (50)
	3/50
(6%)

	3/3(100%)

	
	Subclinical  mastitis (20)**
	4/20 
(20%)

	4/4(100%)

	Total animal samples
	400
	35/400
(8.75%)

	35/35(100%)



*, **: All the subclinical mastitis cases were confirmed with CMT and were grade +++
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Fig (1): K. pneumonia on EMB, showed mucoid pink to purple colonies.

3.2. Biochemical characterization

Biochemical screening of the mastitis-derived isolates (n=35) confirmed their identity as Klebsiella spp. (Table 3). The isolates demonstrated a classic IMViC signature (--++) and were characterized as catalase-positive and oxidase-negative. Furthermore, the ability to utilize citrate and produce urease, alongside an A/A reaction on TSI agar, aligns with the established phenotypic profile for K. pneumoniae.


Table (3): Biochemical identification of K. pneumonia isolated from mastitis samples

	Biochemical test
	Result

	Indol
	 -ve

	Methyl red
	-ve

	Vogusproskuar
	+ve

	Citrate utilization
	+ve

	TSI
	+ve (A/A)

	Oxidase
	-ve

	Urease
	+ve

	Catalase
	+ve











3.3.Molecular identification
The molecular verification process yielded definitive results for all tested specimens. Utilizing PCR primers specific to the gyrA locus, genomic DNA from the isolates was successfully amplified. Electrophoretic analysis revealed that 100% (n=35) of the K. pneumoniae isolates exhibited a robust amplification signal at the 441 bp mark, aligning perfectly with the predicted molecular weight. As shown in Figure (2), the absence of non-specific banding suggests high primer specificity and confirms the purity and identity of the isolates.
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Fig (2): Agarose gel electrophoresis showed the gyr A gene of K. pneumonia at (441) bp.Lane L: 100bp marker, Lane P: Positive control,Lane N: Negative control, Lanes 1-5: positive field isolates.
3.4.Antimicrobial susceptibility patterns
The antimicrobial susceptibility testing of the 35 Klebsiella pneumoniae isolates revealed a diverse resistance landscape, characterized by both complete susceptibility to advanced generations of antimicrobials and significant resistance to common older-generation drugs. Most notably, the isolates exhibited 100% sensitivity to several critical classes, including carbapenems (Imipenem and Meropenem), Third-generation cephalosporins (ceftiofur and cefotaxime), and most aminoglycosides (kanamycin and gentamicin). This suggests that these classes remains highly effective for therapeutic intervention in both bovine and bubaline mastitis in the study area. Furthermore, the veterinary fluoroquinolone marbofloxacin showed 100% efficacy, contrasting sharply with the related quinolones; nalidixic acid suffered from 100% resistance, and norfloxacin showed a staggering 88.5% resistance rate. This discrepancy likely reflects the evolution of specific resistance mechanisms or differing selective pressures from antibiotic use in the dairy environment.
Resistance was also prominently observed among the beta-lactams, with 74.3% of isolates resistant to amoxicillin and 60% to ampicillin. Additionally, the isolates showed 100% resistance to Erythromycin, a common trait in Klebsiella species due to inherent permeability barriers or efflux pumps. While tetracycline and chloramphenicol showed moderate effectiveness (60% and 80%sensitivity, respectively), (Table 4 and Figure 3). The most frequent resistance profile was E, NA, AMP, AMX, NX (Erythromycin, Nalidixic Acid, Ampicillin, Amoxicillin, Norfloxacin), which was observed in 25.7% (9/35) of the isolates. This was closely followed by the profile E, NA, AMX, NX, found in 22.8% (8/35) of the samples. For MAR index distribution, the MAR 0.25 estimated 48.6% (17/35) of isolates had a MAR index of 0.25, typically indicating resistance to four antimicrobial agents. Moreover, MAR 0.31 represented more than half of the isolates (51.4%, 18/35) exhibited a higher MAR index of 0.31, representing resistance to five distinct antibiotics. Erythromycin (E) and Nalidixic Acid (NA) were present in 100% of the identified profiles, confirming their total lack of efficacy against these isolates (Table 5 and Figure 4).
Table 4: Antimicrobial susceptibility patterns of K.pneumoniae isolates.
	Antimicrobial class
	Antimicrobial (Name and code)
	Sensitive (S)
No. (%)
	Intermediate (I)
No. (%)
	Resistant (R)
No. (%)

	Carbapenems
	Imipenem (IPM)
	35 (100%)
	0 (0%)
	0 (0%)

	
	Meropenem (MRP)
	35 (100%)
	0 (0%)
	0 (0%)

	beta-lactams
	Ampicillin (AMP)
	14 (40%)
	0 (0%)
	21 (60%)

	
	Amoxicillin (AXM)
	3 (8.5%)
	6 (17.2%)
	26 (74.3%)

	Cephalosporins
(3rd Generation)
	Ceftiofur (EFT)
	35 (100%)
	0 (0%)
	0 (0%)

	
	Cefotaxime (CTX)
	35 (100%)
	0 (0%)
	0 (0%)

	Aminoglycosides
	Kanamycin (KAN)
	35 (100%)
	0 (0%)
	0 (0%)

	
	Gentamicin (GEN)
	35 (100%)
	0 (0%)
	0 (0%)

	
	Streptomycin (S)
	29 (82.8%)
	6 (17.2%)
	0 (0%)

	Fluoroquinolones
	Marbofloxacin (MAR)
	35 (100%)
	0 (0%)
	0 (0%)

	
	Norfloxacin (NX)
	4 (11.5%)
	0 (0%)
	31 (88.5%)

	Quinolones
	Nalidixic acid (NA)
	0 (0%)
	0 (0%)
	35 (100%)

	Tetracyclines
	Tetracycline (TE)
	21 (60%)
	4 (11.5%)
	10 (28.5%)

	Phenicols
	Chloramphenicol (C)
	28 (80%)
	7 (20%)
	0 (0%)

	Macrolides
	Azithromycin (AZM)
	31 (88.5%)
	4 (11.5%)
	0 (0%)

	
	Erythromycin (E)
	0 (0%)
	0 (0%)
	35 (100%)



 (
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Fig(3):Antimicrobial susceptibilityresults
S: Sensitive.
I: Intermediate.
R: Resistant.










Table(5): Antibiotic resistance profile

	Multiple antimicrobial resistance index (MAR)
	 Resistance profile
	Number 
of isolates 


	0.25
	E, NA,  AMP,  AMX

	2

	0.31
	E, NA, AMP, AMX, NX

	9

	0.31
	E, NA, AMP, NX, TE
	2


	0.31
	E, NA, AMP, AMX, TE
	2


	0.25
	E, NA , AMP,  NX
	6

	0.25
	E, NA, AMX, NX

	8

	0.25
	E, NA,TE, NX

	1

	0.31
	E, NA, AMX,TE, NX

	5













Fig(4):Antimicrobial resistance  profiles



3. DISCUSSION
The economic impact of mastitis on dairy farming is profound, with annual losses estimated at $159 per cow (16). These costs stem from diminished milk marketability, treatment expenses, and herd attrition (17). Despite ongoing management efforts, bacterial infections remain the leading cause of the disease, impacting the global supply of high-quality milk (18, 16). Furthermore, the presence of bacteria and their associated toxins in milk represents a significant zoonotic threat to human consumers (Abebe et al., 2016).
In Egypt, K. pneumoniae has emerged as one of the most significant and economically damaging bacterial pathogens causing both clinical and subclinical mastitis in cattle and buffaloes (Sayed et al., 2022). 
In the current study, K. pneumonia isolates were detected in 8.75% (35/400) from total collected milk samples.Several studies regarding molecular epidemiology of K. pneumoniae reported the similar results of isolation rate.  This result was higher than Ammar et al., (2021), who isolated K.pneumoniae with arat of 4% from bovine mastitis at Egypt. Moreover, this result was nearly similar to Song et al., (2021), who isolated K. pneumoniae from mastitis samples with arate of (9.78%),Also similar result toMousa et al.,(2023),who isolated k.pneumoniae with a rate of 8.7% from clinical mastitis samples .
The prevalence of K. pneumoniae in mastitic milk varies significantly across different regions. While studies in Pakistan (Javed et al., 2022; Saddam et al., 2023) and India (Singh et al., 2018) reported rates between 20% and 26%, prior Egyptian research found it in 28.6% of clinical cases (El-Khodery and Osman, 2008). In contrast, substantially higher isolation rates have been documented in China (36.3%; Cheng et al., 2021), Japan (38.8%; Sugiyama et al., 2022), and Sudan, where prevalence reached as high as 51.42% to 66.82% (Badri et al., 2017; Al-Emon et al., 2024).

The distribution of mastitis pathogens varies significantly by region, host species, and management practices, such as bedding choice and hygiene protocols (Gao et al., 2017; Amer et al., 2018). As an environmental pathogen, Klebsiella typically infects the mammary gland via the lactiferous duct during milking or through contact with contaminated surroundings (Massé et al., 2020; Langoni et al., 2015). Its ability to thrive in the udder is enhanced by specific genetic operons, that allow it to efficiently metabolize milk lactose and iron (Koovapra et al., 2016). Consequently, the high prevalence observed in this study likely stems from suboptimal sanitation, posing risks to both milk quality and public health through the potential transmission of antibiotic-resistant strains (Langoni et al., 2015).

The antimicrobial susceptibility profile observed in this study aligns with several recent reports from Egypt, yet highlights critical shifts in resistance patterns. The 100% sensitivity to carbapenems (Imipenem and Meropenem) and third-generation cephalosporins (Ceftiofur and Cefotaxime) is consistent with findings by Sayed et al. (2022), who reported these classes as the most effective "last-resort" treatments for K. pneumoniae in Egyptian dairy herds. Similarly, the high efficacy of Aminoglycosides and Marbofloxacin observed here mirrors the results of El-Shatter et al. (2023), confirming their continued therapeutic value in the region. However, the staggering resistance to Norfloxacin (88.5%) and Nalidixic acid (100%) represents a significant escalation compared to earlier Egyptian studies, such as Ammar et al. (2021), who noted lower quinolone resistance. This discrepancy likely reflects the intensifying selective pressure from the frequent use of these agents in local veterinary practice. Furthermore, the high resistance to Amoxicillin (74.3%) and Ampicillin (60%), alongside universal resistance to Erythromycin, corroborates the well-documented intrinsic and acquired beta-lactamase activity common in Egyptian Klebsiella isolates (Sayed et al., 2022; Ammar et al., 2021 b). While Tetracycline and Chloramphenicol maintained moderate effectiveness, the overall trend suggests an evolving resistance landscape that necessitates strict antimicrobial stewardship in Egyptian dairy farms.

The presence of intermediate and resistant populations suggests a gradual shift toward reduced susceptibility. Overall, while the isolates remain vulnerable to advanced veterinary and human-grade antibiotics, the high resistance to primary quinolones and penicillins underscores the need for culture-based treatment protocols to manage mastitis effectively. High resistance rates to older quinolones (88.5–100%) and beta-lactams (60–74.3%) were observed, likely due to intrinsic genomic factors and local selective pressures. All the resistant isolates (100%) surpassed the MAR index threshold of 0.2, a result that statistically characterizes the study area as a "high-risk" source of contamination where antibiotics are frequently used or misused. This high-risk status was further evidenced by the identification of eight distinct resistance combinations, suggesting a diverse yet overlapping array of resistance mechanisms circulating within the dairy herd population.
The emergence of MDR K. pneumoniae poses a significant risk for outbreaks, threatening both human and animal health (Arteaga-Livias et al., 2022; Abd El-Tawab et al., 2020). Surveillance of antibiotic sensitivity is therefore critical; it not only guides therapeutic decisions but also uncovers resistance trends that can compromise the efficacy of antimicrobial interventions (Yimana and Bekele, 2022).

DNA gyrase, an essential enzyme for maintaining the negative supercoiling of the bacterial genome, is composed of two subunits encoded by the gyrA and gyrB genes. In Klebsiella, the gyrA gene is not only the primary target for fluoroquinolone inhibition but also serves as a reliable marker for genus-level identification. Molecular analysis in this study confirmed the presence of the gyrA gene in 100% of the isolates, a finding that exceeds the 51% prevalence reported by Arabzadeh et al. (2022) in resistant strains. Furthermore, our results align with Ahmadi et al. (2022), who successfully amplified gyrA in all isolates showing resistance to nalidixic acid and ciprofloxacin. Notably, previous RFLP analysis has demonstrated that nearly half of such resistant isolates harbor specific point mutations within this gene, confirming its central role in quinolone resistance.

The significant resistance to nalidixic acid and norfloxacin likely stems from mutations in the Quinolone Resistance-Determining Region (QRDR) of the gyrA gene. This gene encodes the A subunit of DNA gyrase, the primary target for quinolones; mutations here alter the drug’s binding site, rendering common fluoroquinolones ineffective. The continued 100% efficacy of marbofloxacin suggests that its specific chemical structure allows it to bypass these established mutational barriers in the local K. pneumoniae population (Sayed et al., 2022).


Conclusion
This study confirms that Klebsiellapneumoniae is a significant contributor to both clinical and subclinical mastitis in Egyptian dairy herds, with a notably higher prevalence in buffaloes (20%) during subclinical stages. The universal presence of the gyrA gene across all isolates, coupled with MAR index exceeding 0.2 in the resistant isolates, underscores a high-risk environment characterized by significant antibiotic selection pressure. While the isolates exhibited alarming resistance to first-generation quinolones and traditional beta-lactams, the total sensitivity to carbapenems and marbofloxacin provides a clear therapeutic pathway for managing these infections. Ultimately, these findings highlight the urgent need for enhanced udder hygiene and rigorous antimicrobial stewardship to mitigate the zoonotic risks and economic losses associated with multidrug-resistant Klebsiella in the Egyptian dairy sector.
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