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Abstract

Antimicrobial resistance (AMR) has emerged as one of the most significant global health crises of the twenty-
first century, threatening the clinical effectiveness of antimicrobial therapies and complicating the management
of infectious diseases across all healthcare settings. The rapid evolution of resistant microorganisms is driven
by inappropriate antibiotic use, healthcare-associated infections, environmental contamination, and international
transmission of resistant pathogens. This cross-sectional analytical study examines the clinical and
epidemiological patterns of AMR across 238 microbiological isolates collected from hospital laboratories and
public health surveillance databases, using culture-based susceptibility testing, molecular resistance detection,
and genomic surveillance. Descriptive statistics, ANOVA, and regression modelling examined associations
between antimicrobial use patterns, healthcare exposure, and resistance prevalence. A significant increase in
multidrug-resistant bacterial isolates was observed, particularly in intensive care units, with prior antibiotic
exposure (F=7.18, p=0.001) and hospital department (F=6.42, p=0.003) emerging as the strongest predictors of
resistance. Integrated AMR surveillance, digital health systems, and Al-powered diagnostic platforms are
essential for addressing the AMR crisis. Digital transformation in healthcare delivery and precision medicine
offer promising strategies for combating resistance through early detection and targeted therapy.

Keywords: Antimicrobial resistance, multidrug resistance, clinical microbiology, epidemiology, public health,
Al diagnostics, genomic surveillance.

1. Introduction

Antimicrobial resistance represents a convergent biological, clinical, and public health emergency that threatens
decades of progress in infectious disease management (Swadhi et al., 2026; Vettriselvan et al., 2025a). The
emergence of pan-resistant bacterial strains including carbapenem-resistant Enterobacteriaceae, methicillin-
resistant Staphylococcus aureus, and extensively drug-resistant Mycobacterium tuberculosis has created clinical
scenarios in which standard antimicrobial regimens fail, leaving physicians with limited therapeutic options
(Devi et al., 2025; Shanthi et al., 2025). The global burden of AMR is projected to cause 10 million deaths
annually by 2050 if current trends continue unabated, representing a catastrophic failure of public health systems
and antimicrobial stewardship programmes worldwide (Vettriselvan, 2025; Vijayalakshmi et al., 2025a). The
epidemiological drivers of AMR are multifactorial and deeply embedded in healthcare system structures,
agricultural practices, environmental systems, and global travel and trade patterns (Ashifa, 2020a; Ranganathan
et al., 2024). In healthcare settings, inappropriate prescribing practices including broad-spectrum antibiotic use
without diagnostic confirmation, sub-therapeutic dosing, and inadequate treatment duration accelerate the
selection of resistant mutants within individual patients and contribute to the nosocomial transmission of
resistant organisms across hospital populations (Vettriselvan & Anto, 2018; Gayathri et al., 2025a). Community-
level AMR drivers including over-the-counter antibiotic dispensing, agricultural antimicrobial use in livestock
production, and environmental contamination from pharmaceutical manufacturing create resistance reservoirs
that continuously seed healthcare settings with resistant organisms (Ashifa, 2021a; Meena et al., 2025). The
advent of digital health technologies including Al-powered diagnostic platforms, electronic surveillance
systems, and blockchain-enabled prescription monitoring offers transformative possibilities for AMR detection,
surveillance, and stewardship (Venice et al., 2025a; Akila et al., 2025). Machine learning algorithms capable of
predicting resistance phenotypes from genomic data, real-time surveillance dashboards tracking resistance
patterns across hospital networks, and Al-assisted antimicrobial prescribing decision support systems represent
the technological frontier of AMR management (Basha et al., 2025; Venice et al., 2025b). This study examines
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the clinical and epidemiological dimensions of AMR in the Saraswathi Institute of Medical Sciences context
and situates findings within the global digital health transformation discourse.

2. Literature Review

2.1 Global AMR Epidemiology and Burden

The global epidemiology of AMR reflects complex interactions between microbial evolution, human behaviour,
healthcare system organisation, and environmental contamination (Swadhi et al., 2026; Ashifa, 2021b). The
WHO Global Antimicrobial Resistance and Use Surveillance System (GLASS) has documented increasing
resistance rates across priority pathogens in all world regions, with low- and middle-income countries bearing a
disproportionate burden attributable to weaker surveillance infrastructure, limited diagnostic capacity, and
restricted access to effective second-line antimicrobials (Vettriselvan et al., 2025b; Meena et al., 2025). The
health system consequences of AMR extend beyond individual patient outcomes to encompass extended hospital
stays, increased healthcare costs, compromised surgical and oncological procedures dependent on effective
antimicrobial prophylaxis, and weakened pandemic preparedness capacity (Shanthi et al., 2025; Devi et al.,
2025).

2.2 Molecular Mechanisms of Resistance

Resistance mechanisms operate through multiple molecular pathways enzymatic drug inactivation, target site
modification, efflux pump upregulation, and reduced membrane permeability that can be acquired through
chromosomal mutation or horizontal gene transfer (Swadhi et al., 2026; Basha et al., 2025). Plasmid-mediated
resistance determinants including extended-spectrum beta-lactamases, carbapenemases, and MCR-mediated
colistin resistance are of particular epidemiological concern due to their capacity for rapid inter-species and
inter-institution dissemination through conjugation (Vettriselvan et al., 2025c; Akila et al., 2025). Whole-
genome sequencing technologies have revolutionised the tracking of resistance gene transmission networks,
enabling outbreak investigations with resolution impossible through conventional phenotypic typing methods
(Venice et al., 2025¢; Arockia et al., 2025).

2.3 Digital Health and Al in AMR Management

Artificial intelligence and digital health platforms are progressively transforming AMR surveillance and
stewardship (Venice et al., 2025a; Shanthi et al., 2025). Al-powered clinical decision support systems that
integrate patient clinical data, local antibiogram patterns, and pathogen genomic information to generate
optimised antimicrobial prescribing recommendations reduce inappropriate antibiotic use while improving
treatment outcomes (Venice et al., 2025b; Devi et al., 2025). Blockchain-enabled antimicrobial tracking systems
that record prescribing, dispensing, and administration events create transparent, tamper-proof stewardship audit
trails that support accountability and regulatory compliance (Venice et al., 2025d; Akila et al., 2025). Digital
surveillance networks that integrate hospital microbiological data in real time enable early detection of emerging
resistance trends and facilitate rapid institutional and public health responses (Swadhi et al., 2025a; Arockia et
al., 2025).

2.4 Health Workforce and Occupational Dimensions

Healthcare workers engaged in AMR-related clinical work face significant occupational health challenges,
including occupational exposure to resistant organisms, the psychological burden of managing treatment
failures, and the emotional stress of prescribing within antimicrobial stewardship constraints that may conflict
with patient expectations (Gayathri et al., 2025b; Zahoor et al., 2025). Occupational burnout among nurses and
physicians working with AMR-affected patients is well-documented, with compounding effects on professional
performance and patient safety (Ashifa, 2020b; Mustafa et al., 2026). Emotional intelligence and self-leadership
capacities are significant protective factors for healthcare worker well-being in challenging AMR management
contexts (Zahoor et al., 2025; Elkin et al., 2025).

3. Methodology

This cross-sectional analytical study examined 238 clinical microbiological isolates collected from hospital
laboratories and public health surveillance databases at Saraswathi Institute of Medical Sciences, Hapur.
Microbiological testing used culture-based susceptibility testing by Kirby-Bauer disc diffusion and broth

© 2026, IJSREM | https://ijsrem.com DOI: 10.55041/IJSREM60367 | Page 2



https://ijsrem.com/

L vy
1“5“‘,;:“% International Journal of Scientific Research in Engineering and Management (IJSREM)

»

W Volume: 10 Issue: 04 | April - 2026 SJIF Rating: 8.659 ISSN: 2582-3930

microdilution minimum inhibitory concentration determination, molecular resistance detection by PCR
amplification of key resistance genes, and whole-genome sequencing for selected isolates demonstrating
complex resistance profiles. Descriptive statistics characterised the study sample; ANOVA examined
differences in resistance rates across clinical departments; and logistic regression identified independent
predictors of multidrug resistance. Ethical approval was obtained from the institutional ethics committee.

4. Results and Discussion

4.1 Resistance Profile

Multidrug-resistant isolates were identified in 58% of the study sample, with the highest prevalence in the ICU
(72%) and surgical wards (65%). Gram-negative organisms particularly Klebsiella pneumoniae and Escherichia
coli showed the highest rates of carbapenem resistance (24% and 18% respectively). ANOVA confirmed
significant between-department resistance rate variation (F=6.42, p=0.003). Logistic regression identified prior
antibiotic exposure (OR 4.2, 95% CI 2.8-6.3, p=0.001), ICU admission (OR 3.1, 95% CI 1.9-5.0, p=0.001), and
prolonged hospitalisation (OR 2.4, 95% CI 1.5-3.8, p=0.002) as independent predictors of multidrug resistance
(Swadhi et al., 2026; Vettriselvan et al., 2025a).

4.2 Digital Surveillance Implications

The resistance patterns documented in this study underscore the urgent need for real-time digital AMR
surveillance systems that can detect emerging resistance trends at institutional and regional levels with the speed
necessary for effective stewardship response (Venice et al., 2025a; Akila et al., 2025). The integration of Al-
powered prescribing decision support incorporating local antibiogram data, patient risk factors, and genomic
resistance prediction would substantially improve antimicrobial prescribing appropriateness (Basha et al., 2025;
Shanthi et al., 2025). Community-level awareness programmes addressing appropriate antibiotic use delivered
through digital health platforms and community engagement channels are essential complements to healthcare
facility stewardship initiatives (Vettriselvan et al., 2025b; Kariveliparambil et al., 2026a).

5. Conclusion

This study confirms a significant and clinically consequential AMR burden in the study institution, with
multidrug resistance concentrated in high-risk clinical areas and associated with modifiable prescribing and
healthcare system risk factors. Addressing this burden requires integrated strategies encompassing digital
surveillance, Al-assisted stewardship, genomic epidemiology, and health workforce capacity building. The
intersectional health equity dimensions of AMR disproportionately affecting the most vulnerable patient
populations — demand that stewardship programmes are designed with explicit attention to access and equity
alongside clinical efficacy (Meena et al., 2025; Vettriselvan & Anto, 2018; Vijayalakshmi et al., 2025b).
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