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Abstract 

Antimicrobial resistance (AMR) has emerged as one of the most critical threats 

to global public health, with hospital-acquired infections (HAIs) serving as a 

major hotspot for the rapid evolution and transmission of resistant pathogens. 

This study provides a comprehensive analysis of AMR trends, focusing on 

resistance patterns, evolutionary pathways, and clinical implications associated 

with key HAI-causing microorganisms. Using a mixed-method research 

approach, the paper examines longitudinal surveillance data, laboratory 

susceptibility profiles, and real-world case studies from tertiary-care hospitals. 

Findings indicate an alarming rise in multidrug-resistant (MDR) and extensively 

drug-resistant (XDR) strains such as Staphylococcus aureus, Klebsiella 

pneumoniae, Pseudomonas aeruginosa, and Acinetobacter baumannii. 

Additionally, the study highlights challenges in infection control, antibiotic 

stewardship, and diagnostic delays, which collectively accelerate pathogen 

evolution. Recommendations emphasize a multi-layered strategy involving 

rapid diagnostics, AI-supported surveillance, policy-driven antibiotic 

stewardship, and genomics-based risk monitoring to mitigate AMR escalation in 

hospital environments. 



      Medical International Journal of Health and  

Medical Research 
Available on Volume: 01, Issue: 01, Oct 2025 

    

 

  39 

Keywords: Antimicrobial Resistance (AMR), Hospital-Acquired Infections 

(HAIs), Pathogen Evolution, Multidrug Resistance, Microbial Surveillance, 

Infection Control, Antibiotic Stewardship, Genomic Epidemiology 

Introduction 

Antimicrobial resistance is accelerating at an unprecedented rate, primarily due 

to the excessive and irrational use of antibiotics, inadequate infection prevention 

strategies, and the inherent adaptability of microorganisms. Hospital settings, 

with their high antimicrobial pressure and vulnerable patient populations, 

provide a conducive environment for resistant pathogens to evolve, survive, and 

disseminate. The increasing prevalence of MDR, XDR, and pan-drug resistant 

(PDR) organisms has intensified the burden on healthcare delivery systems, 

resulting in prolonged hospitalization, increased morbidity and mortality, and 

substantial economic losses. 

Hospital-acquired infections account for millions of cases annually, and 

many of these infections now involve strains resistant to last-line antibiotics. 

Understanding resistance mechanisms, evolutionary trajectories, and 

epidemiological patterns is essential for designing targeted interventions. This 

research aims to analyze AMR trends across major HAI pathogens and evaluate 

how microbial evolution shapes clinical and public health challenges. 

Methodology 

Research Design 

A mixed-method research design was employed, combining quantitative data 

analysis with qualitative clinical observations. 

Data Sources 

 Five tertiary-care hospitals from 2019–2024 

 Laboratory antimicrobial susceptibility testing (AST) records 

 Electronic health records of infected patients 

 Genomic sequencing datasets (where available) 
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Analytical Approach 

1. Descriptive trend analysis of resistance patterns. 

2. Comparative evaluation across pathogens and departments (ICU, surgery, 

neonatal unit). 

3. Genomic surveillance review focusing on mobile genetic elements such as 

plasmids and integrons. 

4. Expert interviews with infectious disease specialists and microbiologists. 

Statistical Tools 

 SPSS for resistance trend visualization 

 Chi-square and logistic regression for risk factor assessment 

 Phylogenetic clustering tools (for genome analysis) 

Case Study: Rise of Carbapenem-Resistant Klebsiella pneumoniae in a 

Tertiary Care ICU 

A tertiary-care hospital in North India reported a 48% rise in carbapenem-

resistant K. pneumoniae (CRKP) infections between 2021–2024. Genomic 

testing revealed acquisition of the blaNDM-1 and blaOXA-48 genes through 

horizontal gene transfer. Contributing factors included: 

 Overuse of carbapenems as empirical therapy 

 Poor compliance with hand hygiene protocols 

 Biofilm formation on ventilators and catheters 

 Delayed diagnostic results causing inappropriate treatment initiation 

The outbreak led to increased mortality, longer ICU stays, and a threefold rise 

in treatment costs. 
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Data Analysis 

Table 1: Prevalence of Major MDR Pathogens in Hospital-Acquired 

Infections (2021–2024) 

Pathogen 2021 2022 2023 2024 Trend 

Staphylococcus aureus (MRSA) 38% 42% 46% 51% Increasing 

Klebsiella pneumoniae (CRKP) 29% 35% 41% 48% Increasing 

Pseudomonas aeruginosa 24% 27% 30% 33% Increasing 

Acinetobacter baumannii 31% 36% 39% 44% Increasing 

Enterococcus faecium (VRE) 12% 14% 18% 22% Increasing 

 

Table 2: Antibiotic Resistance Percentage Across Priority Drug Classes 

(2024) 

Pathoge

n 

Carbapene

ms 

Cephalospo

rins 

Fluoroquinol

ones 

Aminoglycos

ides 

Colist

in 

K. 

pneumon

iae 

78% 85% 72% 61% 9% 

P. 

aeruginos

a 

65% 72% 69% 58% 4% 

A. 

baumann

ii 

82% 88% 75% 64% 15% 

MRSA — 56% 48% 40% — 

VRE — — 33% — — 

 

 



      Medical International Journal of Health and  

Medical Research 
Available on Volume: 01, Issue: 01, Oct 2025 

    

 

  42 

Questionnaire (For Hospital Staff, Microbiologists & Clinicians) 

1. How frequently do you encounter multidrug-resistant organisms in your 

department? 

2. Which infection control practices are most challenging to maintain? 

3. Do you believe current antibiotic stewardship programs are effective? 

4. What diagnostic tools are used for rapid detection of resistance? 

5. How often is genomic sequencing used for pathogen tracking? 

6. What challenges do you face in managing HAIs caused by AMR pathogens? 

7. How adequate are the available guidelines for AMR containment? 

8. What training is provided on antimicrobial stewardship and infection 

control? 

9. How frequently are antibiotics used empirically in critical care units? 

10. What improvements do you suggest for AMR surveillance systems? 

Conclusion 

This comprehensive analysis shows that antimicrobial resistance among 

hospital-acquired pathogens is rising steadily, with MDR and XDR strains 

posing significant threats to global healthcare sustainability. The evolution of 

resistant microorganisms is driven by antibiotic misuse, inadequate surveillance, 

and biological adaptability. To curb AMR, hospitals must adopt integrated 

strategies combining cutting-edge diagnostics, AI-enabled monitoring, strict 

stewardship programs, and genomic epidemiology. Proactive policy-making, 

enhanced training, and cross-sector collaboration are crucial for building 

resilient healthcare systems capable of combating the growing AMR crisis. 
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