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Burden of Antimicrobial Resistance

GBD, Lancet, 2024;

US$ 855 
billion/year 
for treating 
resistant 

infections and 
productivity 

losses   
by 2050

Up to

11%
decline 

in livestock 
by 2050

GLG group. 2024; World Bank Group. 2017. 

7.7 m
annual 
deaths 
due to 
bacteria
l 
infectio
ns 

4.71 m 
annual 
deaths
associated
with AMR 

1.14 m 
annual deaths
attributable 
to AMR 

2021 estimates

Increase in deaths from sepsis (>5 years) from 
8.81 million (8.30–9.32) in 1990, to 11.0 million (10.2–11.7) in 2019
• 8.51% (8.00–8.95) sepsis deaths attributable to AMR

Counterfactuals:
• associated with AMR: no infection
• attributable to AMR: drug-sensitive infection 

Note del presentatore
Note di presentazione
Of  7.7 million deaths associated with (non TB) bacterial infections in 2021, nearly 5 million of those were associated with resistance, and 1.14 million directly attributable to resistance
Forecasts show that an estimated 1·91 million deaths attributable to AMR and 8·22 million deaths associated with AMR could occur globally in 2050.



The attributable burden is defined using a counterfactual in which all drug-resistant infections are replaced by equivalent drug-susceptible infections. The associated burden is defined using a counterfactual in which all drug-resistant infections are replaced by no infection. Additionally, using the Global Burden of Disease Study (GBD) 2021 forecasting framework, we produced reference forecasts (the most likely future) for burden attributable to or associated with AMR, and the wider impact of alternative scenarios on disease burden to 2050. This
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Priority 1: 
Prevention of 

infections through 
IPC components, 
WASH guidelines, 

and vaccine 
research.

Priority 2: 

Universal access to 
affordable, quality 

diagnosis and 
appropriate 
treatment of 

infections.

Priority 3: 
Strategic 

information, 
science and 
innovation

Priority 4: 

Effective 
governance and 

financing, 
mainstreaming AMR 

interventions in 
primary health care.

WHO strategic and operational priorities to address drug-resistant 
bacterial infections in the human health sector, 2025-2035

Resolution WHA77.6 welcomed WHO priorities for addressing drug-resistant bacterial infections, 2025-2035. 
Priorities align with WHO’s Fourteenth General Programme of Work. 



Antibiotics are among the most 
commonly prescribed medicines

• Globally: 34.3 billion billion DDD in 2023 
for a population of 8.1 billion

• = about 4.2 DDD for every person 
in the world per year

• In some LMICs children receive up to 25 
antibiotic prescriptions for respiratory 
tract infection or fever during their first 
5 years of life

• Most of them inappropriate

 et al. Proc Natl Acad Sci U S A. 2024 Dec 3;121(49):e2411919121.
Fink et al. Lancet Infect Dis. 2020 Feb;20(2):179-187.

Note del presentatore
Note di presentazione
https://www.cdc.gov/antibiotic-use/data/report-2020.html
https://www.thelancet.com/journals/lanplh/article/PIIS2542-5196(21)00280-1/fulltext
Lancet Planet Health. 2021 Dec;5(12):e893-e904.
Lancet Infect Dis. 2020 Feb;20(2):179-187.

Proc Natl Acad Sci U S A. 2024 Dec 3;121(49):e2411919121.



Inappropriate use of antibiotics is common 
everywhere

• Two recent stories from my family

• 55-year-old female, COVID (PCR +), sore throat
• Physician performs rapid streptococcal antigen test => 

positive
• Amoxicillin / calvulanate at pediatric dose for 10 days
• Wrong indication, wrong antibiotic, wrong dose, wrong 

duration

• 30-year-old otherwise healthy female, fever, mild sore throat, 
headache

• Prescription of amoxicillin / clavulanate by telephone
• Duration not specified
• Wrong indication, wrong antibiotic, wrong dose, wrong 

duration



Total antibiotic use expressed as DDD per 1000 inhabitants per day in 60 CTAs in 2022, 
globally and by WHO Regions and World Bank income group classification 
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Total antibiotic use expressed as DDD per 1000 inhabitants per day in 60 CTAs in 2022, 
globally and by WHO Regions and World Bank income group classification 
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Total antibiotic use expressed as DDD per 1000 inhabitants per day in 60 CTAs in 2022, 
globally and by WHO Regions and World Bank income group classification 
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Median total AMU in 60 CTAs in 2022 
was 18.3 DID (GLASS-AMU)



Antimicrobial consumption in the EU/EEA (ESAC-Net)

• Mean consumption of 
antibacterials for systemic 
use in 2023*:20.0 DDD per 
1000 inhabitants per day 

• Country range: 9.6–28.5

• Italy: 23.1 DID

https://www.ecdc.europa.eu/en/publications-data/surveillance-antimicrobial-consumption-europe-2020
https://www.ecdc.europa.eu/sites/default/files/documents/ESAC-Net_report-2023.pdf

*community and hospital sector combined

2020

Note del presentatore
Note di presentazione
https://www.ecdc.europa.eu/en/publications-data/surveillance-antimicrobial-consumption-europe-2020



But what 
about 

quality of 
use ?



The WHO 
Model List of 
Essential 
Medicines 
(EML)

• Updated every two years by the Expert 
Committee on Selection and Use of Essential 
Medicines

• First EML published in 1977
• First EML for children published in 2007

• Since 2017 extensive update / review of 
antibiotics on the EML

• In the context of WHO’s global action plan on 
antimicrobial resistance
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First EML
• 16 antibiotics 
(of 240 medicines ≈ 7%)

*
*
**

* *

*
**

*
*

*
* *

* On 2023 EML/c
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Antibiotics on the EML
Review of infections

• Frequent infections
⎻ Mostly community-acquired infections
⎻ Mostly empiric use

• Certain infections by specific pathogens 
⎻ Syphilis, cholera, gonorrhea, shigellosis,…

• Review of systematic reviews and guidelines

• Selection of 1st and 2nd choice antibiotics
⎻ Efficacy, safety, impact on antibiotic resistance

Eye infections 
Trachoma
Dental infections

Sinusitis
Pharyngitis

Otitis

Pneumonia (CAP)
HCAP
Exacerbation of COPD

UTI

STD
• Chlamydia
• Gonorrhea
• Syphilis
• Trichomoniasis

Bone infections
Septic arthritis
Skin & soft tissue infections

Complicated intraabdominal
Infections
Enteric fever

Acute infectious diarrhea
• Cholera
• Shigellosis
• Clostridoides difficile

Sepsis

Febrile neutropenia Severe
malnutrition 
(children)

Meningitis

Lymphadenitis

Surgical prophylaxis

EML updates
2017 / 2019 / 2021 
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Amikacin Azithromycin
Amoxicillin Cefixime
Amoxicillin/clavulanic-acid Cefotaxime
Ampicillin Ceftazidime
Benzathine-benzylpenicillin Ceftriaxone
Benzylpenicillin Cefuroxime
Cefalexin Ciprofloxacin
Cefazolin Clarithromycin
Chloramphenicol Meropenem
Clindamycin Piperacillin/tazobactam
Cloxacillin Vancomycin (IV and oral)
Doxycycline Cefiderocol
Gentamicin Ceftolozane/tazobactam
Metronidazole Ceftazidime/avibactam
Nitrofurantoin Colistin (IV)
Phenoxymethylpenicillin Fosfomycin (IV)
Procaine-benzylpenicillin Linezolid
Spectinomycin Meropenem/vaborbactam
Sulfamethoxazole/TMP Plazomicin
Trimethoprim Polymyxin B (IV)

Tedizolid

24th EML
• 41 antibiotics (EMLc 

37) 
(of 502 medicines ≈ 8%)
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AWARE : Antibiotics are categorized into three groups

Reserve

Watch

Access
Often 1st or 2nd choice
for common infectious
syndromes

Higher 
“resistance potential”

Lower
“resistance potential”

“Last-resort” options
against MDRO

Essential Access, Watch 
and Reserve antibiotics 
need to be accessible
and affordable for those 
who need them!



Not-recommended antibiotics
(Fixed-dose combinations)

• Analysis of IQVIA-
MIDAS® data for 
antibiotic FDCs from 75 
countries in 2015

• 22% of total antibiotic 
consumption in 2015

• 92% (110/119) were not 
approved by the US FDA

• >80% not compatible 
with EML

Bortone et al. PLoS One. 2021; 16(1): e0241899.

Note del presentatore
Note di presentazione
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7817037/



https://kathmandupost.com/health/2023/09/19/nepal-
drugs-regulator-bans-103-antibiotic-combinations

Note del presentatore
Note di presentazione
https://kathmandupost.com/health/2023/09/19/nepal-drugs-regulator-bans-103-antibiotic-combinations
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WHO's essential medicines and AWaRe: 
recommendations on first- and second-choice antibiotics 
for empiric treatment of clinical infections

Clinical Microbiology and Infection
Volume 30, Supplement 2, April 2024, Pages S1-S51
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WHO AWaRe classification 
Evolution

In 2019 major revision

• AWaRe extended beyond the EML

• Listing of specific molecules (not classes)

• Classification of most antibiotics classified as “Other” before

In 2021 and 2023

• Addition of further Reserve antibiotics 

Plans for 2027

• Better definition of the different classes (notably Reserve and 
Watch)

Amikacin Azithromycin
Amoxicillin Cefixime
Amoxicillin/clavulanic-acid Cefotaxime
Ampicillin Ceftazidime
Benzathine-benzylpenicillin Ceftriaxone
Benzylpenicillin Cefuroxime
Cefalexin Ciprofloxacin
Cefazolin Clarithromycin
Chloramphenicol Meropenem
Clindamycin Piperacillin/tazobactam
Cloxacillin Vancomycin (IV and oral)
Doxycycline Cefiderocol
Gentamicin Ceftolozane/tazobactam
Metronidazole Ceftazidime/avibactam
Nitrofurantoin Colistin (IV)
Phenoxymethylpenicillin Fosfomycin (IV)
Procaine-benzylpenicillin Linezolid
Spectinomycin Meropenem/vaborbactam
Sulfamethoxazole/TMP Plazomicin
Trimethoprim Polymyxin B (IV)

Tedizolid

Antibiotics on the 2023 EML 
by AWaRe category

https://www.who.int/publications/i/item/WHO-MHP-HPS-EML-2023.04



What is the 
evidence base for 

AWaRe ?
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Risk of resistance by AWARE category: 
results from a systematic review

Sulis et al. Clin Microbiol Infect. 2022 Mar 23;S1198-743X(22)00153-7.

Any antibiotic treatment is associated with an increased risk of being colonized or 
infected with antibiotic-resistant bacteria

This risk is higher for Reserve and Watch antibiotics than for Access antibiotics



Overlap with medically 
important antibiotics

WHO Critically Important Antimicrobials for Human Medicine.
https://www.who.int/foodsafety/publications/cia2017.pdf?ua=1



Country Self- Assessment Survey (TrACSS)

18 June 2025
26https://amrcountryprogress.org/#/map-view

2023 data
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Appropriate use of essential medicines
It is not enough that essential medicines are available and affordable

• They must be used appropriately

“He also considered that
adequate information on the properties,
Indications and use of the drugs listed
should be provided”

Dr Halfdan Mahler (WHO DG 1973-1988)
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The WHO 
AWARE
Antibiotic Book



https://www.aifa.gov.it/documents/20142/1811463/Manuale_antibiotici_AWaRe.pdf

Note del presentatore
Note di presentazione
https://www.aifa.gov.it/documents/20142/1811463/Manuale_antibiotici_AWaRe.pdf



EML

AWaRe

EDL

WHO 
guidelines / 

guidance Other high-
quality

guidelines

Scientific 
literature

Expert 
opinion
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WHO AWaRe
antibiotic book To provide simple guidance on “HOW TO USE” the antibiotics on the EML to 

manage common infections

Guidance for 34 common infections, surgical prophylaxis and use of Reserve 
antibiotics; primary care and facility / hospital setting, in children and adults.

Recommendations on empiric antibiotic treatment 

(i.e., presumptive diagnosis not requiring any laboratory diagnostic)

Includes guidance on making the clinical Diagnosis, the Decision if antibiotic 
needed, the choice of Drug, Dose, Duration

Short summaries of key features of microbiology, epidemiology, clinical 
presentation, diagnostics (in collaboration with EDL) and prevention

Target audience: all health professionals giving antibiotics



RE
Reserve

Hospitals
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Local adaptation

June 18, 2025 36



https://firstline.org/aifa



Limited availability of local antibiotic treatment 
guidelines

31 standardized treatment guidelines from 20 countries identified 
(2001-2018)

35 countries no guidelines identified None developed according to 
GRADE methodology

Important variation in antimicrobial 
selection and dosage and duration 

of recommended therapies

None stated that antibiotic selection 
was based on local epidemiology of 

antibiotic resistance

Review of official websites for published standardized treatment guidelines in the 55 African Union 
countries

Complemented by contact with focal points from African CDC and WHO

Craig et al. Bull World Health Organ. 2022 Jan 1;100(1):50-59.

Note del presentatore
Note di presentazione
https://pubmed.ncbi.nlm.nih.gov/35017757/
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AWaRe antibiotic 
book - enteric fever

• “In settings where ceftriaxone-
resistance is increasing, 
azithromycin should be prioritized. 
Outbreaks of enteric fever caused by 

extensively antibiotic-resistant 

Salmonella Typhi have been reported, 

for example, in Pakistan since 2016  and 

in travel-related cases across the world.” 



Local adaptation of the AWaRe antibiotic book

Align with / update  the national list of essential medicines and existing guidelines

Involve and engage key national stakeholders from all relevant areas

Use the book for education of healthcare professionals

Avoid the temptation to prolong duration 

Try to keep other antimicrobial stewardship principles (Access, parsimony)

Develop a strategy on how to implement the guidance
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AWaRe indicators 
and targets

18 June 2025
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Target ≥60% of total antibiotic 
consumption* being Access

group antibiotics 
(GPW13 target 4b) 

WHO’s 13th General Program of Work antibiotic use indicator

*ATC/DDD methodology; ATC classes: A07AA, J01, and P01AB
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Why 60% ?

Percentage antibiotic use of child-appropriate oral 
formulations according to WHO AWaRe grouping
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Absolute 
consumption of 
Watch antibiotics 
2000–2015

Klein et al. Lancet Infect Dis. 2021 Jan;21(1):107-115.
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Could the target be 
even higher than 60%
Access ?

Recommended treatment for 
common primary care infections in 
the AWaRe antibiotic book

Infection Can it be safely treated without 
antibiotics?

Type of antibiotic
(if indicated)

Bronchitis Yes

COPD exacerbations Yes, in most mild cases Access

Dental infections Yes, in most mild cases Access

Otitis media Yes, in most mild cases Access

Pharyngitis Yes, in most mild cases Access

Sinusitis Yes, in most mild cases Access

Skin and soft tissue infections 
(mild)

Only for certain conditions and in certain 
patients

Access

Urinary tract infection (lower) Only in a few patients with no risk factors 
for complicated infections

Access

Acute Bloody Diarrhoea Antibiotics are usually indicated if 
significant bloody diarrhea

Watch

Community acquired
pneumonia (mild to moderate)

No Access



Ingelbeen et al. Lancet Infect Dis. 2023 Feb;23(2):152-153.

“To evaluate whether the (Watch) antibiotic use targets are realistic, we 

analysed data from patient surveys after visits

to (private and public) health centres and over-the-counter dispensing 

in (private and public) medicine stores

… in Nanoro health district, Burkina Faso, and … in Kisantu healthzone, 

DR Congo, and estimated the proportion of Watch antibiotic use that 

could be averted by applying the treatment guidelines in the WHO 

AWaRe Antibiotic Book”

“Adhering to the AWaRe Antibiotic Book, 69% of Watch 

antibiotic use in Burkina Faso and 75% of Watch antibiotic use 

in DR Congo could be replaced by Access antibiotics or no 

antibiotic use, which implies that the 90% Access target is 

theoretically attainable in both countries.”

Note del presentatore
Note di presentazione
Lancet Infect Dis
. 2023 Feb;23(2):152-153.



“Ensure, by 2030, that the use of WHO Access

group antibiotics is expanded from the 2023

global target, and in that regard, taking into

account national contexts, aim to achieve at

least 70 per cent overall human antibiotic use

globally, through investing in and strengthening

stewardship programmes”

06/18/2025
49

Political Declaration of the High-level 
Meeting on Antimicrobial Resistance 
(September 2024)



Proportion of the global volume of antibiotics reported by 60 countries, territories and areas in 
2022 by WHO AWaRe classification 
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Distribution of the proportional antibiotic use by AWaRe classification in 60 
countries, territories and areas in 2022 

18 June 2025
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Countries, territories and areas meeting the GP 2023 60% Access target and the UNGA 2030 70% Access target by WHO Regions, 
World Bank income group classification and level of antibiotic use in 60 CTAs in 2022

18 June 202552

CTAs 60% antibiotic use being Access 70% antibiotic use being Access
n n (%) n (%)

Global 60 35 (58.3) 19 (31.7)
WHO Regions
African 8 5 (62.5) 5 (62.5)
Eastern Mediterranean 9 4 (44.4) 1 (11.1)
European 32 18 (56.2) 9 (28.1)
Americas 3 3 (100) 1 (33.3)
South-East Asia 4 1 (25) 1 (25)
Western Pacific 4 4 (100) 2 (50)
Income level
High 31 22 (71) 11 (35.5)
Upper middle 11 5 (45.5) 2 (18.2)
Lower middle 14 6 (42.9) 4 (28.6)
Low 4 2 (50) 2 (50)
Level of total antibiotic use
Below 25th percentile 15 11 (66.7) 6 (40.0)
Between 25th - 75th percentile 30 20 (73.3) 11 (36.7)
Above 75th percentile 15 4 (26.7) 2 (13.3)





Robertson et al. Front Pharmacol. 2021 Jun 17;12:639207.

Infection 
(in alphabetical order)

Can it be safely treated 
without antibiotics?

Type of antibiotic
(if indicated)

Bronchitis Yes

COPD exacerbations Yes, in most mild cases Access
Dental infections Yes, in most mild cases Access

Otitis media Yes, in most mild cases Access

Pharyngitis Yes, in most mild cases Access

Sinusitis Yes, in most mild cases Access

Skin and soft tissue 
infections (mild)

Only for certain conditions 
and in certain patients

Access

Urinary tract infection 
(lower)

Only in a few patients with no 
risk factors for complicated 

infections

Access

Note del presentatore
Note di presentazione
https://www.frontiersin.org/articles/10.3389/fphar.2021.639207/full



Which country uses antibiotics more 
appropriately ?
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Access Watch

50% 25%



Overall use also needs to be considered
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Relative use of Access antibiotic use compared to total use level expressed in DDD per 1000 inhabitants per 
day in 60 countries, territories and areas in 2022 
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• The variation in antibiotic use among countries and the drivers 
of inappropriate use need to be better understood

• The AWaRe system provides evidence-based guidance on how 
to best use essential antibiotics

• The AWaRe antibiotic book can be used to develop or adapt 
national / local guidelines that are based on the AWaRe system

• The 70% Access target will need to be complemented by further 
indicators / targets to improve antibiotic use globally and control 
AMR

AWaRe system



Grazie mille!

bhuttner@who.int
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