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 Abstract 

Antimicrobial resistance AMR is an increasing challenge in clinical medicine, 
reducing the effectiveness of commonly used antibiotics and making the 
management of bacterial infections more difficult. This multidisciplinary study 
examines AMR across clinical specialties by bringing together patterns of 
antibiotic use, microbiological resistance profiles, treatment outcomes, and 
infection prevention practices. Particular attention is given to inappropriate 
antibiotic prescribing unnecessary use of broad-spectrum agents, repeated 
antimicrobial exposure delayed or inadequate treatment  and the transmission 
of resistant organisms within healthcare settings. The study considers clinically 
important outcomes such as treatment failure, recurrent infection, 
complications, prolonged hospitalization, and mortality alongside 
antimicrobial susceptibility findings to better understand the clinical impact of 
resistance. It also assesses the role of antimicrobial stewardship, culture and 
susceptibility guided treatment, timely diagnostic testing, resistance 
surveillance, hand hygiene, appropriate isolation, environmental infection 
control, and collaboration among clinicians, microbiologists, pharmacists, and 
infection control teams. Linking antibiotic prescribing with laboratory findings 
and patient outcomes provides a clearer picture of how antimicrobial use 
contributes to resistance and how clinical practice can be improved. 
Strengthening stewardship programs, selecting antibiotics according to clinical 
and microbiological evidence, improving diagnostic capacity, and maintaining 
effective infection prevention measures are important for reducing 
inappropriate antimicrobial exposure and improving patient care. A 
coordinated multidisciplinary approach is essential to slow the spread of 
resistant organisms, preserve the effectiveness of available antibiotics, and 
support safer and more effective treatment of bacterial infections. 
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1. Introduction 
Antimicrobial resistance (AMR) has become one 
of the defining threats to contemporary clinical 
medicine. Effective antibacterial therapy is 
fundamental not only to the treatment of 
infection but also to surgery, intensive care, 
transplantation, cancer chemotherapy, neonatal 
care, and other interventions in which infection 

prevention and treatment are essential. The 
erosion of antibiotic effectiveness therefore 
threatens multiple specialties simultaneously 
rather than infectious diseases alone.1,2 
The global burden is substantial. A 
comprehensive 2019 analysis estimated 1.27 
million deaths directly attributable to bacterial 
AMR and 4.95 million deaths associated with 

mailto:timtiazksa@gmail.com
https://doi.org/10.5281/zenodo.22205608


 
Volume 4, Issue 3, 2026 
                                                                                             ISSN: (e) 3007-1607 (p) 3007-1593 

https://fmhr.net                                           | Imtiaz, 2026 | Page 3217 

bacterial AMR. More recent estimates 
examining 1990-2021 trends and forecasts to 
2050 confirm that AMR remains a major cause 
of premature mortality and that the age 
distribution and pathogen-specific burden are 
changing over time.1,2 
The 2024 World Health Organization (WHO) 
Bacterial Priority Pathogens List identifies 
critical and high-priority resistant organisms 
including carbapenem-resistant Acinetobacter 
baumannii, carbapenem-resistant 
Enterobacterales, rifampicin-resistant 
Mycobacterium tuberculosis, resistant 
Pseudomonas aeruginosa, Staphylococcus 
aureus, Enterococcus faecium, Salmonella and 
Shigella species. These organisms pose different 
challenges across intensive care, surgery, internal 
medicine, oncology, pediatrics, urology, 
nephrology, and respiratory medicine.3 
AMR reflects the interaction of microbial 
evolution with antimicrobial exposure, host 
vulnerability, healthcare transmission, 
diagnostic uncertainty, and health-system 
capacity. Unnecessary antibiotic initiation, 
excessive reliance on broad-spectrum therapy, 
incorrect dose or duration, failure to review 
empirical therapy, and repeated antimicrobial 
courses create selective pressure that can favor 
resistant organisms.4,5,6 
Stewardship must nevertheless avoid the 
opposite error of restricting necessary treatment. 
Patients with severe bacterial infection require 
timely effective therapy. The central clinical task 
is therefore to achieve appropriate access 
without excess: prompt treatment when 
antibiotics are indicated, followed by 
refinement, de-escalation, or discontinuation as 
diagnostic information becomes available.7,8 
This narrative review integrates evidence on 
antibiotic utilization, microbiological resistance, 
specialty-specific clinical practice, patient 
outcomes, antimicrobial stewardship, 
diagnostics, surveillance, and infection 
prevention. The aim is to provide a clinically 
coherent framework that can support 
multidisciplinary decision-making without 
presenting fabricated patient-level findings. 
 
2. Methodological Approach 
This manuscript is a multidisciplinary narrative 
review and evidence synthesis. It is not an 
original observational study, systematic review, 

or meta-analysis. This design was selected 
because no primary patient-level dataset was 
available and because the objective was to 
synthesize clinically relevant evidence across 
several specialties rather than estimate 
institution-specific prevalence or treatment 
effects. 
Evidence was drawn from recent peer-reviewed 
literature and authoritative international 
guidance on bacterial AMR, stewardship, 
resistance surveillance, antimicrobial 
susceptibility testing, diagnostic practice, and 
infection prevention and control. Priority was 
given to recent global burden analyses, the 2024 
Lancet AMR Series, current WHO publications, 
contemporary stewardship guidance, and 
specialty-relevant clinical guidance. Older 
landmark sources were retained when they 
remain foundational to stewardship or 
antimicrobial-use concepts.1,2,3,4,7,9,10 
The synthesis was organized around five 
domains: (1) antibiotic utilization and 
modifiable prescribing behavior; (2) clinically 
important resistance phenotypes; (3) specialty-
specific manifestations of AMR; (4) clinical 
outcomes and consequences of delayed or 
ineffective therapy; and (5) interventions 
involving stewardship, diagnostics, surveillance, 
and infection prevention. No primary sample 
size, antibiogram, odds ratio, confidence 
interval, mortality rate, or other institution-
specific result has been invented. 
 
3. Antibiotic Utilization and Selection Pressure 
Antibiotic exposure is a major modifiable driver 
of resistance. Antimicrobials suppress 
susceptible organisms while allowing organisms 
with resistance determinants to persist and 
expand. At population level, increasing 
antibiotic consumption has been associated with 
major geographical shifts in use and has 
intensified concerns regarding sustainability of 
existing agents.11,12 
In hospital practice, empirical broad-spectrum 
therapy may be appropriate for severe infection 
when the causative organism is not yet known. 
Stewardship problems arise when unnecessarily 
broad therapy is initiated without adequate 
indication or is continued after microbiological 
and clinical information supports narrowing, 
changing, or stopping treatment.4,5 
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Repeated exposure is especially relevant among 
patients with recurrent hospitalization, invasive 
devices, chronic wounds, recurrent urinary 
infection, malignancy, organ transplantation, 
prolonged intensive-care treatment, or previous 
colonization with multidrug-resistant organisms. 
These patients may experience repeated 
microbiome disruption and increasing selection 
pressure. 

A clinically useful prescribing pathway is: 
suspected infection → appropriate diagnostic 
sampling → evidence-based empirical therapy 
when indicated → organism identification and 
susceptibility testing → structured reassessment 
→ targeted therapy or de-escalation → shortest 
effective duration → outcome monitoring.4,5,13 

 
  Table 1. Prescribing patterns associated with increased AMR risk 

Prescribing pattern Potential consequence Preferred response 

Antibiotics without adequate 
evidence of bacterial infection 

Unnecessary selective pressure 
and avoidable adverse effects 

Reassess indication; use 
syndrome-based diagnostic 
criteria 

Excessive broad-spectrum 
empirical therapy 

Selection of resistant flora and 
ecological harm 

Use severity, prior cultures, local 
antibiogram and risk factors 

Failure to obtain appropriate 
cultures 

Reduced opportunity for 
targeted therapy 

Obtain suitable specimens 
before antibiotics when 
clinically safe 

Failure to review or de-escalate 
therapy 

Prolonged broad-spectrum 
exposure 

Perform structured review when 
microbiology becomes available 

Excessive treatment duration 
Greater cumulative 
antimicrobial exposure 

Use evidence-supported 
duration and stop dates 

Repeated antimicrobial courses 
Selection and persistence of 
resistant organisms 

Review cumulative exposure 
and previous susceptibility 
results 

Inappropriate perioperative 
prophylaxis 

Exposure without additional 
preventive benefit 

Follow procedure-specific 
timing and duration 
recommendations 

Suboptimal dose or route 
Possible treatment failure or 
unnecessary exposure 

Optimize pharmacokinetics, 
renal/hepatic adjustment and 
IV-to-oral switch 

 
4. Microbiological Resistance Patterns of 
Clinical Importance 
Contemporary AMR involves both Gram-
negative and Gram-positive pathogens. 
Resistance among Enterobacterales, 
Acinetobacter baumannii and Pseudomonas 
aeruginosa is particularly important because it 
can compromise multiple beta-lactam classes and 
leave fewer reliable treatment options. The 
WHO priority list emphasizes carbapenem-
resistant Gram-negative bacteria because of their 
disease burden, limited treatment options, and 
capacity to acquire or transmit resistance 
determinants.3 
Among Gram-positive organisms, methicillin-
resistant Staphylococcus aureus remains 

important in bloodstream, respiratory, skin, 
device-related, and surgical-site infection. 
Resistant Enterococcus faecium is particularly 
relevant in highly exposed or 
immunocompromised hospitalized 
populations.1,3 
The clinical meaning of an antimicrobial 
susceptibility result cannot be separated from 
infection site, organism, source control, drug 
exposure at the site of infection, host status, and 
quality of laboratory testing. Contemporary 
guidance for difficult-to-treat Gram-negative 
infections emphasizes pathogen-specific 
susceptibility information and individualized 
therapeutic decisions.13 
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Table 2. Selected resistant pathogens and major clinical contexts 
Resistant organism/group Common clinical relevance Major concern 
Carbapenem-resistant A. 
baumannii 

ICU infection, ventilator-
associated pneumonia, 
bloodstream infection 

Limited options and healthcare 
transmission 

Carbapenem-resistant 
Enterobacterales 

UTI, sepsis, intra-abdominal 
infection, healthcare-associated 
infection 

Resistance to key broad-
spectrum beta-lactams 

ESBL-producing 
Enterobacterales 

UTI, bacteremia, intra-
abdominal infection 

Reduced activity of many 
penicillins and cephalosporins 

Difficult-to-treat resistant P. 
aeruginosa 

Respiratory, wound, device-
related and ICU infection 

Multiple intrinsic and acquired 
mechanisms 

MRSA Bloodstream, skin, surgical-site 
and respiratory infection 

Community and healthcare 
transmission 

Resistant E. faecium Bloodstream, intra-abdominal 
and device-related infection 

Restricted therapeutic options 
in vulnerable patients 

Drug-resistant 
Salmonella/Shigella 

Enteric and invasive infection Rising resistance and substantial 
burden in many LMICs 

 
5. Antimicrobial Resistance Across Clinical 
Specialties 
5.1 Intensive Care Medicine 
Intensive-care units represent a high-risk 
interface between severe infection, broad-
spectrum antimicrobial exposure, invasive 
devices, prolonged hospitalization, and 
transmission of resistant organisms. Early active 
therapy can be lifesaving in sepsis and septic 
shock, yet the same clinical urgency can 
encourage prolonged broad-spectrum treatment 
when reassessment is not embedded into care 
pathways.14 
ICU stewardship should therefore combine 
prompt empirical treatment for genuinely severe 
infection with early culture acquisition, use of 
local epidemiology, daily reassessment, source 
control, and de-escalation when susceptibility 
results and clinical trajectory permit.4,14 

 
5.2 Surgery 
Surgical care depends on effective prophylaxis 
and treatment of surgical-site, intra-abdominal, 
bloodstream and device-associated infections. 
Unnecessarily prolonged prophylaxis creates 
avoidable antibiotic exposure. When established 
infection is present, source control through 
drainage, debridement, removal of infected 
material, or correction of an anatomical source 
can be as important as antimicrobial choice. 
A stewardship-oriented surgical pathway 
separates prophylaxis from treatment, limits 

prophylaxis to evidence-based indications and 
duration, obtains microbiological specimens 
from clinically meaningful sites, and avoids 
relying on antibiotics as a substitute for source 
control.4,5 

 
5.3 Internal Medicine 
General medical wards manage pneumonia, 
urinary tract infection, skin and soft-tissue 
infection, bloodstream infection, and many non-
infectious conditions that can mimic infection. 
Diagnostic uncertainty can lead to antibiotic 
initiation despite a low probability of bacterial 
disease. 
Structured reassessment at approximately 48-72 
hours, guided by clinical response, imaging, 
laboratory data and microbiology, is a high-value 
intervention. This review should explicitly 
consider whether antibiotics remain necessary, 
whether spectrum can be narrowed, whether 
intravenous treatment can be converted to oral 
therapy, and whether a defined stop date can be 
established.4,5 

 
5.4 Oncology and Hematology 
Patients receiving cancer therapy may be 
vulnerable to resistant infection because of 
neutropenia, mucosal injury, central venous 
access, recurrent hospitalization, repeated 
antimicrobial exposure and prior colonization. 
High-risk febrile neutropenia requires rapid 
empirical treatment, but local resistance 
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epidemiology and previous microbiology should 
influence initial choice. 
This population illustrates the distinction 
between stewardship and simple antibiotic 
restriction: optimal stewardship seeks the right 
drug at the right time while reducing avoidable 
exposure after clinical and microbiological 
reassessment.7 

5.5 Pediatrics and Neonatology 
Neonates and children can experience severe 
resistant bloodstream and healthcare-associated 
infections, particularly in high-dependency 
settings. At the same time, early-life 
antimicrobial exposure should be used 
judiciously because unnecessary treatment can 
create ecological consequences and may 
complicate future selection pressure. 
Global trends also show that prevention matters. 
Improvements in vaccination, sanitation, 
infection prevention, and access to effective care 
have contributed to major reductions in 
infection-related mortality among younger 
populations, illustrating that AMR control is 
inseparable from basic infection prevention and 
health-system strengthening.2,9 

 
5.6 Urology and Nephrology 
Urinary tract infection is one of the most 
frequent reasons for antimicrobial prescribing. 
Resistance among Escherichia coli, Klebsiella 
species and other Enterobacterales can 
undermine empirical therapy, particularly after 
recurrent infection, catheterization, urinary 
instrumentation or repeated antibiotic exposure. 
An important stewardship principle is to 
distinguish symptomatic urinary infection from 
asymptomatic bacteriuria in clinical groups for 
whom treatment is not indicated. Treating 
colonization rather than infection generates 
antimicrobial exposure without corresponding 
therapeutic benefit. 

 
5.7 Respiratory and Pulmonary Medicine 
Respiratory presentations are another major 
source of antibiotic exposure because bacterial 
pneumonia can be difficult to distinguish from 
viral or non-infectious disease at first assessment. 
Clinical severity, imaging, appropriate 
microbiology, prior antimicrobial exposure and 
local resistance patterns should inform therapy. 
Hospital-acquired and ventilator-associated 
pneumonia deserve particular attention because 
resistant Gram-negative organisms and MRSA 
may be relevant in patients with prolonged 
hospitalization, prior antibiotics or other 
resistance risk factors. 
 
6. Clinical Outcomes Associated With 
Resistant Infection 
The clinical importance of resistance becomes 
clearest when microbiological findings are linked 
with patient outcomes. Resistant infection can 
increase the probability that initial empirical 
treatment is inactive, delaying effective therapy 
and potentially allowing severe infection to 
progress. Consequences may include treatment 
failure, recurrent infection, additional 
procedures, exposure to more toxic or costly 
agents, prolonged hospitalization, intensive-care 
admission and mortality.1,2 
However, poor outcomes cannot automatically 
be attributed to resistance alone. Patients with 
resistant infections often differ systematically 
from those with susceptible infections: they may 
have more comorbidity, greater illness severity, 
longer healthcare exposure, invasive devices, 
prior antibiotic courses, or delayed source 
control. Future empirical work should therefore 
use appropriate adjustment for confounding 
rather than interpreting crude outcome 
differences as causal effects. 
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Figure 1. Conceptual pathway linking antimicrobial exposure, resistance, healthcare transmission, 

and adverse clinical outcomes. 
 
7. Antimicrobial Stewardship 
Antimicrobial stewardship is a coordinated 
approach to improving how antimicrobial agents 
are selected, prescribed, administered and 
reviewed. Its objective is to maximize clinical 
benefit while minimizing avoidable toxicity, 
ecological harm and resistance selection.4,5 
Hospital programs are strongest when 
stewardship is embedded within routine clinical 
governance. Core components include 
leadership support, clear accountability, 
physician-pharmacist collaboration, facility-
specific treatment recommendations, 
prospective audit and feedback or 
preauthorization, surveillance of antimicrobial 
use, regular reporting and education.4,5 

The WHO Access, Watch, Reserve (AWaRe) 
framework provides a complementary 
population-level and prescribing framework. 
Access antibiotics are generally preferred for 
common indications when appropriate; Watch 
agents require closer stewardship because of 
higher resistance potential; Reserve agents 
should be protected for selected resistant 
infections.6 
In low-resource settings, stewardship must be 
adapted to available laboratory, pharmacy, 
infectious-disease and information-system 
capacity. Sustainable access models emphasize 
that stewardship should simultaneously protect 
effective antibiotics and ensure that patients are 
not denied needed treatment.7 

 
 
 



 
Volume 4, Issue 3, 2026 
                                                                                             ISSN: (e) 3007-1607 (p) 3007-1593 

https://fmhr.net                                           | Imtiaz, 2026 | Page 3222 

Table 3. Core components of a multidisciplinary stewardship program 
Component Primary contributors Clinical purpose 
Leadership commitment Hospital administration Provide protected time, staffing, 

IT and authority 
Clinical accountability Physician and stewardship 

leadership 
Define standards and own 
program outcomes 

Pharmacy expertise Clinical pharmacists Optimize selection, dose, 
interactions, route and duration 

Microbiology support Laboratory specialists Provide identification, 
susceptibility data and resistance 
alerts 

Prospective audit / 
preauthorization 

Stewardship team Improve appropriateness of 
high-impact antimicrobial 
decisions 

Facility-specific guidance Stewardship + clinical specialties Align empirical therapy with 
local epidemiology 

Tracking and reporting Stewardship/data teams Monitor use, resistance, quality 
indicators and outcomes 

Education Multidisciplinary team Improve prescribing behavior 
and interpretation of diagnostic 
data 

 
8. Culture- and Susceptibility-Guided 
Treatment 
Microbiological diagnosis is central to rational 
antimicrobial therapy. When clinically feasible, 
appropriate cultures should be collected before 
antibiotic initiation, provided that diagnostic 
sampling does not create harmful delay in 
treatment of severe infection.14 
The laboratory contributes organism 
identification, antimicrobial susceptibility 
testing, detection of selected resistance 
mechanisms, cumulative antibiograms and 
epidemiological alerts. These outputs enable 
clinicians to replace probability-based empirical 
therapy with more targeted treatment and help 
institutions identify changing resistance 
patterns.10,13 
Laboratory results must nonetheless be 
interpreted in context. A positive culture may 
reflect contamination or colonization rather 
than infection, whereas a negative result does 
not always exclude bacterial disease, especially 
after antimicrobial exposure. Diagnostic 
stewardship therefore includes both appropriate 
test ordering and appropriate interpretation of 
test results. 
 

9. Infection Prevention and Control 
Stewardship reduces selective pressure; infection 
prevention and control reduces opportunities 
for resistant organisms to spread. The two 
functions are complementary. Core IPC 
practices include hand hygiene, environmental 
cleaning, appropriate personal protective 
equipment, transmission-based precautions, safe 
device care, sterilization and disinfection, 
surveillance, and healthcare-worker 
education.9,15 
The preventive potential is substantial. 
Modelling from the 2024 Lancet AMR Series 
estimated that stronger healthcare IPC in low- 
and middle-income countries could avert at least 
337,000 AMR-associated deaths annually, while 
improved water, sanitation and hygiene and 
increased vaccine coverage could prevent 
additional deaths and reduce antibiotic 
demand.9 
IPC is especially important because antibiotic 
stewardship alone cannot prevent patient-to-
patient transmission of resistant organisms. 
Resistant organisms can move between acute-
care hospitals, long-term care, dialysis units, 
rehabilitation settings and the community, 
making continuity of infection-prevention 
practice essential.15 
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10. Surveillance, Antibiograms, and Data 
Integration 
AMR surveillance converts individual laboratory 
findings into actionable population-level 
information. The WHO Global Antimicrobial 
Resistance and Use Surveillance System 
(GLASS) provides a framework for national 
AMR and antimicrobial-use surveillance, while 
local cumulative antibiograms support empirical 
treatment choices before patient-specific 
susceptibility data are available.10 
The greatest clinical value arises when resistance 
data are integrated with antimicrobial 
consumption, infection syndrome, clinical 
location and outcomes. Pharmacy data alone 
cannot show whether prescribing is effective; 
laboratory data alone cannot establish patient 
impact; clinical outcome data alone cannot 
explain whether resistance or treatment choice 
contributed to deterioration. 
A mature AMR program should therefore 
connect pharmacy, microbiology, electronic 

health records, IPC surveillance and stewardship 
review. Rising resistance to a commonly used 
empirical agent should trigger evaluation of 
prescribing guidance, transmission, diagnostic 
performance and the local formulary rather than 
being treated as a passive surveillance finding. 
 
11. Multidisciplinary Integration 
Effective AMR management depends on 
coordinated roles. Clinicians determine the 
probability and severity of infection and initiate 
treatment. Microbiologists identify pathogens 
and resistance phenotypes. Pharmacists optimize 
agent selection, dosing, interactions, route and 
duration. Nurses contribute to timely 
medication administration, specimen collection, 
device care and infection prevention. IPC teams 
address transmission. Hospital leaders provide 
resources, accountability, laboratory capacity 
and information systems.4,5,15 

 
Figure 2. Multidisciplinary clinical model for antimicrobial-resistance prevention, diagnosis, 

treatment, and surveillance 
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12. Challenges in Low- and Middle-Income 
Countries 
AMR is intensified where diagnostic capacity, 
microbiology services, IPC infrastructure, 
trained staff, reliable antimicrobial supply and 
surveillance systems are limited. These 
constraints can produce the paradox of both 
antibiotic overuse and inadequate access to 
effective treatment.7,9,10 
Resource-adapted stewardship may require 
syndrome-based protocols, essential 
microbiology capacity, regional laboratory 
networks, pharmacist-supported prescribing, 
tele-stewardship, hub-and-spoke specialist 
support and targeted surveillance of priority 
pathogens. The goal should be sustainable access 
rather than simple restriction.7 
This is clinically important because withholding 
or delaying an indicated antibiotic can be as 
harmful as unnecessary use. Global AMR 
strategies should therefore combine access, 
stewardship, diagnostics, IPC, vaccination and 
surveillance rather than pursuing antibiotic 
reduction as an isolated target.7,16 
13. Emerging Priorities 
The future AMR response requires continued 
development of new antibacterial agents, but the 
pipeline remains insufficient for the diversity 
and severity of priority resistant pathogens. New 
therapeutics must be introduced alongside 
stewardship and equitable access mechanisms if 
their effectiveness is to be preserved.17 
Diagnostics are also central. Faster pathogen 
identification and resistance characterization 
can shorten the period of diagnostic uncertainty, 
but diagnostic technologies produce clinical 
benefit only when results are affordable, timely, 
interpretable and connected to treatment 
decisions.16 
Vaccination and infection prevention should be 
viewed as AMR interventions because 
preventing infection reduces the number of 
antibiotic courses required and reduces 
opportunities for resistant strains to spread. 
International target-based proposals have 
accordingly combined mortality reduction, 
appropriate antibiotic use and universal access to 
effective therapy.9,16,18 

 

14. Proposed Clinical Framework 
1. Diagnose accurately. Differentiate infection 
from colonization, contamination and non-
infectious disease whenever possible. 
2. Sample appropriately. Collect high-quality 
microbiological specimens before antimicrobial 
administration when clinically safe. 
3. Treat promptly when required. Do not delay 
effective treatment in severe bacterial infection. 
4. Choose empiric therapy rationally. Integrate 
syndrome, severity, prior cultures, recent 
antimicrobial exposure, local resistance patterns 
and patient-specific factors. 
5. Review systematically. Reassess antimicrobial 
therapy when microbiological and clinical 
information becomes available. 
6. Narrow or discontinue. De-escalate broad 
therapy and stop antibiotics when bacterial 
infection becomes unlikely. 
7. Optimize dose, route and duration. Apply 
pharmacokinetic/pharmacodynamic principles, 
renal/hepatic adjustment, IV-to-oral conversion 
and evidence-based duration. 
8. Prevent transmission. Use hand hygiene, 
device bundles, environmental cleaning and 
transmission precautions. 
9. Measure performance. Track antimicrobial 
use, resistance, guideline adherence, healthcare-
associated infection and patient outcomes. 
10. Integrate disciplines. Create routine 
communication among clinical teams, 
microbiology, pharmacy, nursing, IPC and 
leadership. 
 
15. Discussion 
The evidence synthesized in this review supports 
a view of AMR as a multidisciplinary patient-
safety and health-system problem rather than an 
isolated microbiological phenomenon. 
Resistance is generated and selected biologically, 
but its clinical consequences are shaped by 
prescribing decisions, diagnostic quality, 
infection prevention, source control, 
surveillance and the ability of health systems to 
deliver timely effective therapy. 
A central tension is the relationship between 
empirical treatment and stewardship. Severe 
infection can justify immediate broad-spectrum 
therapy before pathogen identification, but 
prolonged empiricism after diagnostic 
clarification creates avoidable exposure. 
Stewardship is therefore best understood as 
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dynamic optimization rather than blanket 
reduction in antibiotic use.4,7,14 
The implications differ across specialties. 
Intensive care requires rapid active treatment 
coupled with aggressive review. Surgery requires 
source control and disciplined prophylaxis. 
Oncology and hematology demand rapid 
treatment in high-risk immunocompromised 
patients while accounting for prior exposure and 
colonization. Urology requires careful 
distinction between infection and asymptomatic 
bacteriuria. Respiratory medicine must contend 
with diagnostic overlap between bacterial, viral 
and non-infectious disease. 
Microbiology forms the bridge between 
empirical and definitive therapy. Yet diagnostic 
capacity alone is insufficient; the value of testing 
depends on specimen quality, laboratory 
turnaround, susceptibility interpretation and a 
clinical process that acts on results. This is why 
diagnostic stewardship and antimicrobial 
stewardship should be operationally linked.10,13,16 
IPC is the second major pillar. Stewardship can 
reduce selection pressure but cannot 
independently prevent transmission. Hand 
hygiene, environmental cleaning, device 
prevention bundles, appropriate isolation, 
vaccination and WASH reduce both resistant 
infection and the need for antimicrobial therapy. 
The estimated preventable AMR burden 
associated with existing IPC, WASH and 
vaccination interventions reinforces the 
importance of prevention alongside drug-
focused solutions.9,15 
A further priority is data integration. Many 
institutions collect antimicrobial utilization, 
susceptibility results and clinical outcomes in 
separate systems. Linking these domains would 
allow hospitals to identify whether changes in 
prescribing are associated with resistance 
patterns, whether resistant phenotypes are 
associated with delayed active therapy, and 
whether stewardship or IPC interventions 
improve clinically meaningful outcomes. 
Finally, global AMR policy must address 
inequity. Some systems face excessive broad-
spectrum antibiotic use, while others face 
avoidable mortality because effective drugs or 
diagnostics are unavailable. Sustainable AMR 
control therefore requires both stewardship and 
equitable access.7,18 

 

16. Limitations 
This manuscript is a narrative review and has 
limitations inherent to that design. It does not 
use a prospectively registered systematic-review 
protocol, exhaustive database search, duplicate 
screening process, formal risk-of-bias assessment, 
or meta-analysis. It should therefore not be 
described as a PRISMA systematic review. 
Resistance epidemiology varies substantially 
across regions, hospitals, specialties and time 
periods. Global evidence cannot substitute for 
local microbiological surveillance or a current 
institutional antibiogram. Furthermore, no 
original patient-level data were available, so this 
review cannot estimate institution-specific 
resistance prevalence or causal associations 
between antibiotic exposure, resistance, length 
of stay, treatment failure or mortality. 
Future research would benefit from multicenter 
prospective datasets that link antimicrobial 
prescriptions, microbiological susceptibility, 
timing of active therapy, source control, IPC 
exposures and patient outcomes. Such studies 
should use prespecified definitions and robust 
adjustment for confounding. 
 
17. Recommendations for Clinical Practice 
and Health Systems 
• Establish multidisciplinary antimicrobial 
stewardship programs with accountable clinical 
and pharmacy leadership, microbiology 
participation, IPC integration and executive 
support. 
• Maintain current local antibiograms and 
integrate them into empirical treatment 
guidance, while using patient-specific prior 
microbiology whenever available. 
• Strengthen diagnostic stewardship by 
improving specimen quality, reducing low-value 
testing, accelerating clinically important results 
and ensuring appropriate interpretation. 
• Require structured antimicrobial review after 
diagnostic information becomes available, 
including explicit decisions on de-escalation, 
discontinuation, route and duration. 
• Integrate antimicrobial-use surveillance with 
AMR, healthcare-associated infection and 
clinical-outcome data. 
• Resource IPC programs as core AMR 
interventions, including hand hygiene, 
environmental cleaning, device prevention, 
isolation/precautions and outbreak response. 
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• Use WHO AWaRe principles to support 
appropriate selection and protect Watch and 
Reserve antibiotics while maintaining necessary 
Access antibiotic availability. 
• Treat AMR as an institution-wide patient-
safety priority rather than the sole responsibility 
of infectious-disease specialists. 
 
18. Conclusion 
Antimicrobial resistance affects virtually every 
area of modern medicine. Its consequences arise 
from the interaction of antimicrobial utilization, 
microbial evolution, patient vulnerability, 
diagnostic uncertainty, healthcare transmission 
and health-system capacity. Resistant infection 
can undermine empirical therapy, restrict 
treatment options and contribute to treatment 
failure, recurrent infection, complications, 
prolonged hospitalization and mortality. 
Effective AMR control requires more than 
reducing antibiotic consumption. Patients with 
genuine bacterial infection must receive timely 
effective therapy, while unnecessary or 
excessively broad exposure should be minimized 
through diagnostic stewardship, culture- and 
susceptibility-guided treatment, structured 
reassessment, optimized dose and duration, and 
local surveillance. 
Stewardship must operate alongside IPC. Hand 
hygiene, environmental cleaning, device 
prevention, appropriate isolation, vaccination, 
WASH and surveillance reduce transmission 
and prevent infections that would otherwise 
require antibiotic treatment. A coordinated 
multidisciplinary model linking clinicians, 
microbiologists, pharmacists, nurses, IPC 
professionals, hospital leadership and public-
health systems offers the most defensible path 
toward preserving antimicrobial effectiveness 
and improving patient safety.4,9,15,18 
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