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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 (HAISs) 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, Al-supported surveillance, policy-driven antibiotic
stewardship, and genomics-based risk monitoring to mitigate AMR escalation in

hospital environments.
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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.

40



(¥)

Medical International Journal of Health and

Medical Research

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

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 | Carbapene | Cephalospo | Fluoroquinol | Aminoglycos | Colist
n ms rins ones ides in
K. 78% 85% 72% 61% 9%
pneumon
iae
P. 65% 72% 69% 58% 4%
aeruginos

a

A. 82% 88% 75% 64% 15%
baumann

i

MRSA — 56% 48% 40% —
VRE — — 33% — —
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Questionnaire (For Hospital Staff, Microbiologists & Clinicians)

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

Which infection control practices are most challenging to maintain?

Do you believe current antibiotic stewardship programs are effective?

What diagnostic tools are used for rapid detection of resistance?

How often is genomic sequencing used for pathogen tracking?

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

How adequate are the available guidelines for AMR containment?

© N o g~ w N

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, Al-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.

42



Medical International Journal of Health and

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

References

1. World Health Organization. Global Action Plan on Antimicrobial
Resistance.

CDC. Antibiotic Resistance Threats Report.

Laxminarayan, R. et al. “Global Antibiotic Use and Resistance Trends.”
Spellberg, B. “The Future of Antibiotics and Resistance.”

Davies, J., Davies, D. “Origins and Evolution of Antibiotic Resistance.”
Ventola, C. “The Antibiotic Resistance Crisis.”

Kumarasamy, K. et al. “Emergence of NDM-1 Resistance.”

Livermore, D. “Carbapenem Resistance Mechanisms.”

© 0o N o g~ w N

CLSI Guidelines for Antimicrobial Susceptibility Testing.

10.Paterson, D.L. “Gram-Negative Resistance Challenges.”

11.Torok, E. “Hospital-Acquired Infection Dynamics.”

12.Shrestha, P. “AMR in Intensive Care Units.”

13.Falagas, M. “Multi-Drug Resistant Acinetobacter.”

14 Peleg, A. “Pseudomonas aeruginosa Resistance.”

15.Tacconelli, E. “Priority Pathogens for Research and Development.”

16.Mahra, Mr Anil Kumar. "FINANCIAL LITERACY AND PATTERN OF
SAVINGS, INVESTMENT BEHAVIOR OF WOMEN TEACHING
FACULTIES IN SAGAR REGION. AN EMPIRICAL ASSESSMENT."

17.Mahra, Anil Kumar. "A Strategic Approach to Information Technology
Management." (2019).

18.Mahra, Anil Kumar. "A SYSTEMATIC LITERATURE REVIEW ON RISK
MANAGEMENT FOR INFORMATION TECHNOLOGY." (2019).

19.Mahra, Anil Kumar. "THE ROLE OF GENDER IN ONLINE SHOPPING-
A"

20.Dwivedi, Shyam Mohan, and Anil Kumar Mahra. "Development of quality

model for management education in Madhya Pradesh with special reference

43



@ Medical International Journal of Health and

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

to Jabalpur district.” Asian Journal of Multidisciplinary Studies 1.4 (2013):
204-208.

21.Mahra, Anil Kumar. "Management Information Technology: Managing the
Organisation in Digital Era.” International Journal of Advanced Science and
Technology 4238.29 (2005): 6.

22.Kumar, Anil, et al. "Integrated Nutrient Management Practices for
Sustainable Chickpea: A Review." Journal of Advances in Biology &
Biotechnology 28.1 (2025): 82-97.

23.Kumar, Anil, et al. "Investigating the role of social media in polio prevention
in India: A Delphi-DEMATEL approach.” Kybernetes 47.5 (2018): 1053-
1072.

24.Sankpal, Jitendra, et al. "Oh, My Gauze!!!-A rare case reprt of laparoscopic
removal of an incidentally discovered gossypiboma during laparoscopic
cholecystectomy." International Journal of Surgery Case Reports 72 (2020):
643-646.

25.Salunke, Vasudev S., et al. "Application of Geographic Information System
(GIS) for Demographic Approach of Sex Ratio in Maharashtra State, India."”
International Journal for Research in Applied Science & Engineering
Technology (IJRASET) 8 (2020).

26.Sudha, L. R., and M. Navaneetha Krishnan. "Water cycle tunicate swarm
algorithm based deep residual network for virus detection with gene
expression data." Computer Methods in Biomechanics & Biomedical
Engineering: Imaging & Visualisation 11.5 (2023).

27.Sudha, K., and V. Thulasi Bai. "An adaptive approach for the fault tolerant
control of a nonlinear system." International Journal of Automation and
Control 11.2 (2017): 105-123.

44



@ Medical International Journal of Health and

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

28.Patel, Ankit B., and Ashish Verma. "COVID-19 and angiotensin-converting
enzyme inhibitors and angiotensin receptor blockers: what is the evidence?."
Jama 323.18 (2020): 1769-1770.

29.Rahul, T. M., and Ashish Verma. "A study of acceptable trip distances using
walking and cycling in Bangalore." Journal of Transport Geography 38
(2014): 106-113.

30.Kabat, Subash Ranjan, Sunita Pahadsingh, and Kasinath Jena. "Improvement
of LVRT Capability Using PSS for Grid Connected DFIG Based Wind
Energy Conversion System." 2022 1st IEEE International Conference on
Industrial Electronics: Developments & Applications (ICIDeA). IEEE, 2022.

31.Kabat, Subash Ranjan. "Cutting-Edge Developments in Engineering and
Technology: A Global Perspective.” International Journal of Engineering &
Tech Development 1.01 (2025): 9-16.

32.Das, Kedar Nath, et al., eds. Proceedings of the International Conference on
Computational Intelligence and Sustainable Technologies: 1ICoCIST 2021.
Springer Nature, 2022.

33.Hazra, Madhu Sudan, and Sudarsan Biswas. "A study on mental skill ability
of different age level cricket players.” International Journal of Physiology,
Nutrition and Physical Education 3.1 (2018): 1177-1180.

34.Deka, Brajen Kumar. "Deep Learning-Based Language." International
Conference on Innovative Computing and Communications: Proceedings of
ICICC 2023, Volume 2. Vol. 731. Springer Nature, 2023.

35.Deka, Brajen Kumar, and Pooja Kumari. "Deep Learning-Based Speech
Emotion Recognition with Reference to Gender Separation.” International
Conference On Innovative Computing And Communication. Singapore:
Springer Nature Singapore, 2025.

36.0baiah, G. O., J. Gireesha, and M. Mylarappa. "Comparative study of TiO2
and palladium doped TiO2 nano catalysts for water purification under solar

45



(%) Medical International Journal of Health and
Medical Research

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

and ultraviolet irradiation." Chemistry of Inorganic Materials 1 (2023):
100002,

37.0baiah, G. O., K. H. Shivaprasad, and M. Mylarappa. "A potential use y-
AlI203 coated cordierite honeycomb reinforced Ti0. 97Pd0. 0302— § catalyst
for selective high rates in coupling reactions." Materials Today: Proceedings
5.10 (2018): 22466-22472.

38.Abbasi, Naiyla Mobin. "Organic Farming and Soil Health: Strategies for
Long Term Agricultural Sustainability." Agricultural Innovation and Sustain
Ability Journal E-ISSN 3051-0325 1.01 (2025): 25-32.

39.MURAD, MUHAMMAD. Result of MSPH Program Spring Session 2025.
Diss. Jinnah Sindh Medical University, 2025

46



