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Attributable deaths and disability-adjusted life-years caused by infections with 

antibiotic-resistant bacteria in Europe

• Estimated 671 689 (95% uncertainty interval [UI] 583 148–763 966) infections with 

antibiotic-resistant bacteria,

• of which 63·5% (426 277 of 671 689) were associated with health care. 

• These infections accounted for an estimated 33 110 (28 480–38 430) attributable 

deaths and 874 541 (768 837–989 068) DALYs

Cassini A Lancet Infect Dis 2019
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Resistance profile of microorganisms involved in sepsis events in a 
Level-2 Emergency Department from 2015 to 2022

• 2905 admission for sepsis

• BC performed 73% of cases

• ESBL-producing E.coli 12%

• MRSA 4.3%

• CRE 2% 

Cento V et al  ECCMID 2023



The Antibiotic Resistance Crisis

Ventola CL,  Pharmacy and Therapeutics. 2015 Apr; 40(4): 277–283

CAUSES OF THE ANTIBIOTIC RESISTANCE CRISIS
1. Overuse 

• In some states, the number of prescribed courses of treatment with 
antibiotics per year 
exceed the population, amounting to more than one treatment per 
person per year

2. Inappropriate prescription 
• Studies have shown that treatment indication, choice of agent, or 

duration of antibiotic  therapy is incorrect in 30% to 50% of cases



Sharma C et al. Front Vet Sci
. 2018 Jan 8;4:237. 





Strategies to contain antimicrobial resistance

1. Prevent infections

2. Improve use of antimicrobials

3. Stop the spread of resistance



https://www.who.int/teams/immunization-vaccines-and-
biologicals/product-and-delivery-research/anti-microbial-
resistance#:~:text=Vaccines%20are%20an%20important%20tool,very%2
0hard%20to%20treat%20infections.

Vaccines may prevent
antimicrobial resistance
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Antimicrobial stewardship in the primary care setting: 
from dream to reality?

Core elements 
of AMS

AMS Interventions Advantages Disadvantages

Commitment
1. Commitment poster in support of AMS [15] 
displayed in the waiting room and openly 
endorsed by the practice and its clinicians

Well received by the public.Provides standardised
guidance & support for clinicians at a practice 
level.Low-cost, effective intervention.

Requires collaboration of clinicians at a 
practice level.

Action for 
practices

1. Clinical decision support [16–19] Reduces inappropriate antibiotic prescribing.

Need for an Electronic Health Record 
system to support a Clinical Decision 
support tool.Low uptake can be a barrier to 
effectiveness.

2. Back-up (delayed or ‘wait and see’) 
prescribing [20–24]

Decreases antibiotic use.
Antibiotics can be utilized for conditions 
other than the original presentation.

3. Point of care tests [25–30]
Decreases diagnostic uncertainty.Supports non-
prescription decisions.Decreases inappropriate 
antibiotic use for viral infections.

Over-reliance or under-reliance on 
diagnostic tests.Difficulty of incorporating 
tests into current practice work flow.

Tracking and 
reporting

1. Personalized audit and feedback to 
prescribers of antibiotic-prescribing rates in 
comparison to peers [16, 31–34]2. Public 
reporting of antibiotic usage data [35]

Modifies prescribing behaviour.Reduces inappropriate 
prescribing.

Time consuming and increased resources 
are required for auditing process.Auditing
process requires an Electronic Health 
Record system.Expertise required to 
validate and interpret data.

Education and 
expertise

Patient education. Shared decision making 
[36, 37]

Decreases antibiotic use.Improves patient 
satisfaction.

Time consuming for clinicians.

Clinician educationb. Communication training 
[26, 33, 38, 39]c. Peer academic detailing [40]

Promotes acceptance of AMS strategies.T.Effective
with sustained benefits over time.Active, in-person 
education more effective than didactic education.

Time consuming for clinicians.Lack of 
uptake by clinicians.

Avent LC et al BMC Fam Pract. 2020; 21: 134.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7346425/#CR15
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7346425/#CR16
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7346425/#CR19
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7346425/#CR20
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7346425/#CR24
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7346425/#CR25
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7346425/#CR30
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7346425/#CR16
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7346425/#CR31
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7346425/#CR34
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7346425/#CR35
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7346425/#CR36
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7346425/#CR37
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7346425/#CR26
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7346425/#CR33
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7346425/#CR38
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7346425/#CR39
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7346425/#CR40


Prescription Strategies in Acute Uncomplicated 
Respiratory Infections: A Randomized Clinical Trial

De la Poza Abad JAMA Intern Med
. 2016 Jan;176(1):21-9.



C-Reactive Protein Testing to Guide Antibiotic Prescribing for 
COPD Exacerbations

Butler NEJM 2019 

 DESIGN: Multicenter, open-label, randomized, controlled trial

 POPULATION: Patients with a diagnosis of COPD in their primary care

 INTERVENTION: 
1. usual care + CRP point-of-care testing (CRP-guided group)
2. or usual care alone (usual-care group).

 ENDPOINT:
1. The primary outcomes were patient-reported use of antibiotics for 

acute exacerbations of COPD within 4 weeks after randomization (to 
show superiority) 

2. COPD-related health status at 2 weeks after randomization,



C-Reactive Protein Testing to Guide Antibiotic Prescribing for 
COPD Exacerbations

Butler NEJM 2019 

Use of antibiotics 

(57.0% vs. 77.4%; adjusted odds ratio, 0.31; 95% confidence interval [CI], 0.20 to 0.47).



Implementation of point-of-care testing of C-reactive protein 
concentrations to improve antibiotic targeting in respiratory illness in 
Vietnamese primary care: a pragmatic cluster-randomised controlled trial

LNga Thi Thuy Do, PhDancet Infect Dis 2023; 23: 1085–94



Timsit et al., Intensive Care Med. (2020) 46:266-284. https://doi.org/10.1007/s00134-020-05950-6

Impact of rapid species identification on management of bloodstream infections

https://doi.org/10.1007/s00134-020-05950-6


The Effect of Molecular Rapid Diagnostic Testing on Clinical Outcomes in 
Bloodstream Infections: A Systematic Review and Meta-analysis

Timbrook CID 2017:64

Effect of RDT in Bloodstream infections without antimicrobial stewardship program (ASP) 



The Effect of Molecular Rapid Diagnostic Testing on Clinical Outcomes in Bloodstream 
Infections: A Systematic Review and Meta-analysis

Timbrook CID 2017:64

Combining RDT and Antimicrobial stewardship program (ASP) 



Artificial Intelligence for Antimicrobial Resistance Prediction: Challenges 
and Opportunities towards Practical Implementation 

Ali et al Antibiotics 2023, 12, 523. https:// doi.org/10.3390/antibiotics12030523



Machine Learning to Assess the Risk of MultidrugResistant Gram-Negative Bacilli 
Infections in Febrile Neutropenic Hematological Patients

Garcia-vidal C. et al Infect Dis Ther (2021) 10:971–983

• Retrospective study of almost 7 million pieces of structured data from all consecutive 

episodes of FN in hematological patients in a tertiary hospital in Barcelona (January 

2008-December 2017). 

• Conventional multivariate analysis and ML algorithms (random forest, gradient 

boosting machine, XGBoost, and GLM) were done.
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