


Housekeeping

● This webinar is being recorded and will be shared on The Global Health Network.  
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One Health Approach to Antimicrobial Resistance in Fragile Health Systems: The Case of Palestine - Dr. 
Said F. Abukhattab, Scientific Researcher, Institute of Community and Public Health, Birzeit University, Birzeit 
University (Palestine).
Q&A - Dr. Mohamed Elhadidy, Dr. Heba Mahrous,  Dr. Shaffi Fazaludeen Koya, and Dr. Said F. Abukhattab
Closing Remark - Maryam Wakkaf - Technical working group member, The Global Health Network, MENA
Scribe - Nana Osei Bonsu, AfOx Ubuntu Fellow  



Empowering One Health Systems through 
Genomics: Regional Strategies for 
Antimicrobial Resistance Control

Dr. Mohamed Elhadidy
Professor of Biomedical Sciences, Director of Center 
for Genomics (CG) and Vice Director of Teaching 
Effectiveness Office (TEO), Zewail City of Science and 
Technology, Egypt.



Dr. Mohamed Elhadidy
Professor of Biomedical Sciences, Director of Center for Genomics (CG) and Vice Director of Teaching 

Effectiveness Office (TEO), Zewail City of Science and Technology, Egypt.



Empowering One Health Systems through 

Genomics: Regional Strategies for Antimicrobial 

Resistance Control

Mohamed Elhadidy
Professor of Biomedical Sciences

Director of Center for Genomics (CG)
Zewail City of Science and Technology

Egypt



About the Centre for Genomics: 
Our Vision

CG aims to lead National initiatives in cutting-edge basic and 
translational research, training, and science outreach activities in 
the field of microbial genomics, and to foster the competency of 

Egyptian researchers in that field



Bridging the genomic data gap in Africa

(El-Attar et al., 2022)



Superbugs: While searching for the 
hero, we created the monster!!



One Health beyond 
Zoonoses

Priority areas 

▪ Emerging pathogens

▪ Pandemics 

▪ Endemics and NTDs

▪  Sanitation 

▪ AMR 

▪ NCDs, Mental health 

▪ Diet, nutrition and Health

▪ Occupations health

▪ Food safety and security

And more….

https://www.livestockdata.org/themes/one-health

Shared challenges require shared solutions



Rethinking Resistance: Strategies to Combat AMR

MORE 
ANTIBIOTICS: 

CUPBOARD MAY 
BE BARE?

PHAGE THERAPY
ANTIVIRULENCE 

THERAPIES 

GENOMIC 
SURVEILLANCE

VACCINES
A COMBINATION 
OF APPROACHES 

WILL BE REQUIRED





http://dx.doi.org/10.1016/j.chom.2016.04.0
15



Staphylococcus aureus: Another One Health Perspective on Virulence, 
Resistance, and Host Adaptation

Community 
acquired MRSA

Livestock 
acquired MRSA

Hospital acquired MRSA

(Alkuraythi & Alkhulaifi, 2024)



Animal genomic scarcity: a global gap that weakens our 
understanding of cross-species transmission and host 

adaptation, especially in Africa



World map of S. aureus Genomic Studies



Prevalence of significant 
genetic markers across the 

globe 
(A) ARGs in humans, 
(B) ARGs in animals, 
(C) VFGs in humans, 
(D) VFGs in animals

(A)

(B)

(C)

(D)





Global Phylogenies of S. 
aureus Shared Clonal 

Complexes among Human 
and Animal Isolates



Anti- virulence therapeutics: 
A New Frontier in Combating AMR

(Lau et al., 2023) 

Non-resistant 
non-pathogens

Pathogens

Virulence 
factor Drug-resistant 

pathogens

Drug-resistant 
non- pathogens

Antimicrobials
Target essential processes

Antivirulence drugs
Disrupt virulence

Bactericidal/bacteriostatic 
impact on drug-sensitive 

bacteria

Minimal reduction of 
overall bacterial fitness

Selection for resistance

Selection for reduced virulence, 
while maintaining commensal 

microbiome



DATASET FOR GWAS

Total 178

CA-MRSA 115

HA-MRSA 63

Center for Genomics PRJNA648411

Genomic Data Phenotypic Data

GWAS-Driven Insights: Exploring New 
Dimensions of Bacterial Virulence and 

AMR



Computational framework to identify genes associated with biofilm 
formation 
 



GWAS Identification of Genes Involved in Biofilm 
Formation

Transcription 
regulators

sarX, ymcA 

Adhesins clfB, fnbA, emp, ebh

Bacterial 
division in 
biofilms

xerC, thyA, ftsK

Biofilm 
structural 

maintenance

pkrC

Nutrient 
acquisition 

and 
transport

Lysp-2, potB, nikA





GWAS Identification of Genes 
Involved in Bovine Mastitis



GWAS Identification of Genes Involved in 
Daptomycin Resistance



Biocides at the Crossroads: Evolution of Virulence and 
Resistance in MRSA



Tracing Evolution in Action: MIC Shifts in Evolved Isolates Evolved vs. Parental Isolates: Biofilm Formation 
Patterns



Genome sequences exist for hundred of 
thousands of strains, but…….

▪What role do the encoded genes play in persistence and 
pathogenesis?

▪Which molecules elect protective immunity?

▪How conserved are key antigens or epitopes?

▪How can we address such questions using minimal use of animals?



AntiPan: A Pilot study of Enhanced In-Silico 
Pipeline for Subunit Vaccine Discovery in 

Staphylococcus aureus



Name Use Link

Prokka 1.13 Prokaryotic genome annotation tool GitHub: Prokka

Roary 1.0 Rapid large-scale prokaryote pangenome analysis Pipeline GitHub: Roary

FastTree 2.1.9 Phylogenetic tree construction Package Documentation: FastTree 2.1
GitHub: roary_plots.py 

BLAST+ 2.14 Local alignment search for sequence similarity Database Documentation: BLAST

PSORTb 3.0.3 Protein subcellular localization prediction Server: PSORTb version 3.0

DeepTMHMM 1.0 Transmembrane topology prediction. Server: DeepTMHMM 1.0 

VFDB Virulence factors database Database Webpage: VFDB

UniProt-SwissProt Protein sequence and function database Database Webpage: UniProt

RefSeq Human genome database for Homology search Database Webpage: NCBI RefSeq 

MvirDB Microbial virulence database Database Webpage: MvirDB

Vaxijen v2.0 Antigenicity prediction Server: VaxiJen

AllerTOPv.2 Allergenicity prediction Server: AllerTopv.2

IEDB T-cell epitopes prediction T-cell epitopes prediction including MHC-I and MHC-II epitopes. Package Database: IEDB

ToxinPred 2 & 3 Toxicity prediction of proteins & peptides. Server: ToxinPred2 , Server: ToxinPred3.0

Bepipred 3.0 Linear B-cell epitopes prediction Server: BepiPred 3.0 

Eggnog 2.1.12 Orthology and functional annotation. Database Webpage: eggNOG-mapper

DEG Database of essential genes Database Webpage: DEG

https://github.com/tseemann/prokka
https://github.com/sanger-pathogens/Roary
http://www.microbesonline.org/fasttree/
https://github.com/sanger-pathogens/Roary/blob/master/contrib/roary_plots/roary_plots.py
https://blast.ncbi.nlm.nih.gov/doc/blast-help/downloadblastdata.html
https://www.psort.org/psortb/
https://services.healthtech.dtu.dk/services/DeepTMHMM-1.0/
https://www.mgc.ac.cn/VFs/
https://www.uniprot.org/
https://www.ncbi.nlm.nih.gov/refseq/
http://mvirdb.llnl.gov/
https://ddg-pharmfac.net/vaxijen/VaxiJen/VaxiJen.html
https://www.ddg-pharmfac.net/AllerTOP/
https://www.iedb.org/
https://webs.iiitd.edu.in/raghava/toxinpred2/index.html
https://webs.iiitd.edu.in/raghava/toxinpred3/
https://services.healthtech.dtu.dk/services/BepiPred-3.0/
http://eggnog-mapper.embl.de/
http://origin.tubic.org/deg/public/index.php


Identified Candidate 
Vaccine Proteins



Future insights

"Expanding scope, scaling 
innovation, and fostering global 

collaboration are essential to combat 
antimicrobial resistance effectively 

and sustainably"
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Thank you!

Questions?
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Antimicrobial resistance:
MENA regional progress and priorities
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Disclaimer:

This presentation is intended for informational purposes only and reflects the views of the presenter, not 
necessarily those of the World Health Organization (WHO). 

The content does not constitute official WHO policy or guidance unless explicitly stated. 

Any mention of specific organizations, products, or services does not imply endorsement by WHO.

The boundaries and names shown and the designations used in the maps do not imply the expression of any 
opinion whatsoever on the part of the WHO concerning the legal status of any country, territory, city or area 
or of its authorities, or concerning the delimitation of its frontiers or boundaries.



o AMR is one of the greatest threats to modern medicine
• OECD predicts that, between 2015-2050, 2.4 million people 

could die in Europe, North America and Australia due to 
superbug infections. Figures are much higher globally1. 

o In some countries, more than 40% of infections are due to 
bacteria that are resistant to antibiotics. 

o Economic damage of uncontrolled resistance by 2050 will be 
comparable to the 2008-2009 global financial crisis  
• Up to 3.5% fall in global GDP2.

60
Source:
 1. OECD. Stemming the Superbug Tide: Just a Few Dollars More. OECD Publishing, Paris. 2018
2. World Bank Group. (2017). Drug-Resistant Infections: A Threat to Our Economic Future. Available at: http://documents.worldbank.org/curated/en/323311493396993758/pdf/final-report.pdf 

Magnitude and Impact of AMR

http://documents.worldbank.org/curated/en/323311493396993758/pdf/final-report.pdf


Antimicrobial resistance is a major threat to global health
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1. Ramanan Laxminarayan et al. Lancet. 2016; 387: 168-175; 

2. Global burden of bacterial antimicrobial resistance in 2019: a systematic analysis. The Lancet 2022 https://www.sciencedirect.com/science/article/pii/S0140673621027240?via%3Dihub; 

3. https://www.worldbank.org/en/topic/health/publication/drug-resistant-infections-a-threat-to-our-economic-future

Current and future impact of AMR

1
child dies 

every 
3 min from 

MDRO sepsis1

1.3 
million 
deaths 

attributable to 
AMR per year2 

US$ 1 
trillion 

additional 
healthcare 

costs by 20503

28 
million 

people living 
in poverty by 

20503

7.5%
decline 

in livestock 
by 20503

https://www.sciencedirect.com/science/article/pii/S0140673621027240?via%3Dihub
https://www.worldbank.org/en/topic/health/publication/drug-resistant-infections-a-threat-to-our-economic-future


Resistant infections rising globally 
 In 42 out of the 52 countries below, proportion of infections caused by resistant
bacteria* increased from 2005-2015

*Average proportion of infections caused by bacteria resistant to antimicrobial treatment for eight antibiotic-bacterium combinations
Source:  OECD. (2018) Stemming the Superbug Tide: Just a Few Dollars More (p. 92).. )
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Courtesy: Cassini A. 



Background 

Antimicrobials have increased the average human lifespan by 23 years (Hutchings 
et al, Current Opin in Micr, 2019)

Increasing AMR threatens to reverse gains made in management of infectious 
diseases

Driven mainly by increased consumption of antimicrobials in humans and 
animals

https://www.sciencedirect.com/science/article/pii/S1369527419300190


1. Overuse and misuse of antimicrobials
2. Poor access to quality medicines, 

vaccines and diagnostics
3. Poor Infection Prevention and control
4. Lack of clean water, sanitation and 

hygiene (WASH) 
5. Lack of new antibiotics
6. Agricultural practices
7. Globalization and trade
8. Poor public awareness

Holmes, et al. (2016). Understanding the mechanisms and drivers of antimicrobial resistance. The Lancet.

AMR drivers

8 drivers impacting AMR directly or indirectly: 



• Chatterjee, A et al. Quantifying drivers of antibiotic resistance in humans: a systematic review. The Lancet Infectious Diseases (2018)

• Review of abundance and quality of studies on AMR risk factor for humans
• 5 risk domains and their individual risk factors

Prior antibiotic is the risk factors with the most supporting evidence



Antibiotic consumption in humans

2000-2015: 
o 65% increase in global antibiotic consumption (21 billion to 35 billion DDDs)
o Increase in global antibiotic consumption driven by LMIC

• However, access is still an issue in LMIC where burden of infectious diseases is 
greater than burden of resistant infections. 

• Rising resistance to affordable first-line treatments increases barriers to access in 
LMIC

Increase:
cephalosporins 400%, quinolones 125%  and macrolides 120%

Source: Klein et al. Global increase and geographic convergence in antibiotic consumption between 2000 and 2015. PNAS latest articles, 2018:1-8



AMR impacts on human health
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> High morbidity 
and mortality 
rates

> Limited 
treatment options

> Increased risk 
of complications

> Reduced 
efficacy of 
medical 
procedures
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> Increased 
healthcare costs

> Increased risk 
of transmission
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> Impact on 
vulnerable 
populations

> Economic 
impact



Eur. J. Investig. Health Psychol. Educ. 2021, 11(1), 71-82; https://doi.org/10.3390/ejihpe11010006

Complex surgical procedures 

Wounds infections

Hip/knee replacements 

Organ transplant 

Cancer Chemotherapy

Intensive care

Care of neonates/preterm babies

https://doi.org/10.3390/ejihpe11010006


Patient and Healthcare excess costs from AMR 
infections

• Use of second line antibiotics
• Excess length of stay due to resistant 

infection
• Higher treatment intensity including 

ICU care



Patient and Healthcare Costs
❖ OECD countries: spend between $10,000-$40,000 extra on 

treating MDR infections (OECD, 2015)

❖ USA: healthcare costs for adult patients with MRSA were  
$34 657 compared with $15,923 for patients with MSSA 

(Filice et al, ICHE, 2010)

❖ Ghana: compared LoS and patient cost in cohort of patients 
with BSI from MRSA or Enterobacterales resistant to 3rd gen 
Cephalosporins; matched cohorts with sensitive pathogens; 
cohorts with no infections: 

• Mean extra patient cost was US$1,300 relative to the 
susceptible patients  (Otieku et al, Pharmacoeconomics open, 2023)

• 30% resulted from work productivity loss



GRAM Study 
Data Source

Collected additional data sources (mapping):

The diverse data sought included the following sources:

1. pharmaceutical companies that run surveillance networks, 

2. diagnostic laboratories, 

3. clinical trial data; 

4. high-quality data from researchers: (large multisite research 
collaborations, smaller studies, clinical trials, and well-established research 
institutes in LMICs)

5. Public and private hospitals and public health institutes that 
provide diagnostic testing

6. Surveillance data: (global surveillance networks;  enhanced surveillance 
systems; national surveillance systems; surveillance systems for specific 
organisms such as Mycobacterium tuberculosis and Neisseria gonorrhoeae)

Available Data: 

Global Burden of Diseases, Injuries, 
and Risk Factors Study (GBD) 2019: 
age-specific and sex-specific estimates of 
disease burden for 369 diseases and 
injuries in 204 countries and territories in 
1990–2019. 



Associated vs attributable mortality 

Attributable mortality (counterfactual is 
infections replaced by susceptible ones)

Associated mortality (counterfactual is infections replaced by no infections) 

Infections with antibiotic resistant bacteria   



1. Estimate absolute number of infectious deaths (sepsis)
2. Estimate proportion of sepsis due to different infectious syndromes

3. Estimate distribution of pathogens within each infectious syndrome

4. For various bacterial pathogens estimate the proportion of infections 

resistant to antibiotics of clinical importance
5. For infections that are resistant, estimate the increased risk of death 

associated with that resistance (relative risk) 

AMR Estimation 



Definitions

• Sepsis — A life-threatening disease in which a dysregulated host 
response to an infection leads to organ dysfunction

• Infectious syndromes — Infectious underlying causes of death 
or the infection responsible for sepsis in the cause of death 
chain; the bridge between underlying causes and sepsis



Sepsis, Bacterial Infection, Associated AMR, Attributable AMR 2019 
and 2021



AMR exists within a greater universe of infection



1. lower respiratory and thorax infections (400K)
2. bloodstream infections, 
3. intra-abdominal infections

Combined= 78·8% (95% UI 70·8–85·2) of deaths attributable to 
AMR

Top infection syndromes in GBD attributable to/associated with AMR in 2019



Top 6 six pathogens in global burdens attributable and associated with AMR in 2019:

Pathogens responsible for the 
most AMR attributable deaths:

1. E coli, 
2. K pneumoniae,
3.  S aureus, 
4. A baumannii, 
5. S pneumoniae, 
6. M tuberculosis. 

Together: 929 000/1·27 million AMR attributable deaths 
3·57/4·95 million AMR associated deaths

Each: 100 000 and 250 000 deaths associated with AMR



In the high-income region: approx 
50% of fatal AMR burden was linked to 
two pathogens: 
• S aureus (26·1% (attributable) & 

25.4% (associated)); 
• E coli (23.4% & 24.3%)

In sub-Saharan Africa region: 
fatal AMR burden linked to: 
• S pneumoniae (15.9% & 19%) 
• K pneumoniae (19·9% & 17.5%)

AMR burden caused by each 
of the six leading pathogens 
differed substantially across 
GBD super-regions. 

(A) Pathogen-attributable fraction of deaths attributable to resistance 
across the 6 leading pathogens 

(B) Pathogen-associated fraction of deaths attributable to resistance across the 
6 leading pathogens 
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Around 380,000 sepsis deaths in 2021 in the Region were associated with 
bacterial AMR 

81

1.7 million 
deaths 
from 

Sepsis
580,000 
bacterial 

sepsis

380,000 AMR 
associated

92,800 
AMR 

attributableGlobal burden of bacterial antimicrobial resistance 1990–2021: a systematic 
analysis with forecasts to 2050. GBD 2021 Antimicrobial Resistance Collaborators



Top ten pathogens contributing to AMR associated mortality in EMR, 2021 (GRAM)

Regional burden of bacterial antimicrobial resistance 1990–2021: a systematic analysis with forecasts to 2050. GBD 2021 Antimicrobial Resistance 
Collaborators. https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(24)01867-1/fulltext



Age-specific mortality for deaths attributable to and deaths associated with 
AMR in the WHO Eastern Mediterranean Region in 1990 and 2021

Mestrovic T, Naghavi M, Robles Aguilar G, Davis Weaver N, Swetschinski LR, Wool EE, ,SF Koya et al. The burden of bacterial antimicrobial resistance in the WHO Eastern Mediterranean Region 1990–2021: a 
cross-country systematic analysis with forecasts to 2050. The Lancet Public Health [Internet]. 2025 Oct [cited 2025 Oct 25]; Available from: 
https://www.thelancet.com/journals/lanpub/article/PIIS2468-2667(25)00201-4/fulltext 
 

https://www.thelancet.com/journals/lanpub/article/PIIS2468-2667(25)00201-4/fulltext


Number of deaths attributable to AMR across age groups: top three 
countries in EMR

84



Age-standardised 
mortality rates per 
100 000 population 
for deaths 
associated with 
and attributable to 
antimicrobial 
resistance in the 
WHO Eastern 
Mediterranean 
Region in 1990 (A, 
B), 2021 (C, D) and 
2050 (E, F)



Age-standardised mortality rate associated with 
and attributable to AMR by national action plan 
status for the countries in the WHO Eastern 
Mediterranean Region



Deaths attributable to AMR, 2019 (GRAM data)

87
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DOI: 10.1016/S2542-5196(21)00280-1

Estimated a global antibiotic consumption rate of 14·3 (95% uncertainty 
interval 13·2–15·6) defined daily doses (DDD) per 1000 population per day in 
2018 (40·2 [37·2–43·7] billion DDD), an increase of 46% from 9·8 (9·2–10·5) DDD 
per 1000 per day in 2000. 

High rates of antibiotic consumption, spatial disparities, and a lack of 
access to antibiotics. 

Lancet Planetary Health 
2021

https://doi.org/10.1016/S2542-5196(21)00280-1


source: Annie Browne DPhil thesis, University of Oxford 
2021



Browne et al, Lancet Planet Health 2021; 5: e893–904 https://doi.org/10.1016/ 
S2542-5196(21)00280-1



https://www.tropicalmedicine.ox.ac.uk/gram/research/visualisation-app-antibiotic-usage-and-consumption

https://www.tropicalmedicine.ox.ac.uk/gram/research/visualisation-app-antibiotic-usage-and-consumption


Global antibiotic resistance 
surveillance report 2025

Global Antimicrobial Resistance and Use Surveillance System (GLASS)

• Global analysis of antibiotic resistance prevalence and 

trends 

• Drawing on more than 23 million bacteriologically 

confirmed cases of bloodstream infections, urinary tract 

infections, gastrointestinal infections, and urogenital 

gonorrhoea. 

• Data were reported by 104 countries in 2023
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Countries reporting data to WHO’s GLASS (2016-2023) 

 

A country is considered to have reported AMR data if it has submitted AST results for at least one surveillance-defined infection type, pathogen and antibiotic combination under surveillance for at least one calendar year.



GLASS Enrollment and AMR Data Reporting by WHO Region (2016–2023, 2023)
Legal status Number Enrolled in GLASS (% (n)) Reported AMR data to GLASS (% (n)) 2016–2023 2023

Member states 194 65.5 (127) 55.2 (107) 52.1 (101)

  African Region 47 93.6 (44) 59.6 (28) 57.4 (27)

  Region of the Americas 35 22.9 (8) 20.0 (7) 20.0 (7)

  South-East Asia Region 11 100.0 (11) 90.9 (10) 90.9 (10)

  European Region 53 60.4 (32) 58.5 (31) 58.5 (31)

  Eastern Mediterranean Region 21 100.0 (21) 100.0 (21) 76.2 (16)

  Western Pacific Region 27 40.7 (11) 37.0 (10) 37.0 (10)

Associate members 2 – – –

  Region of the Americas 1 – – –

  Western Pacific Region 1 – – –

Territories or areas 20 15.0 (3) 15.0 (3) 15.0 (3)

  Region of the Americas 9 – – –

  European Region 2 50.0 (1) 50.0 (1) 50.0 (1)

  Eastern Mediterranean Region 1 100.0 (1) 100.0 (1) 100.0 (1)

  Western Pacific Region 8 12.5 (1) 12.5 (1) 12.5 (1)

Total 216 60.2 (130) 50.9 (110) 48.1 (104)

  African Region 47 93.6 (44) 59.6 (28) 57.4 (27)

  Region of the Americas 45 17.8 (8) 15.6 (7) 15.6 (7)

  South-East Asia Region 11 100.0 (11) 90.9 (10) 90.9 (10)

  European Region 55 60.0 (33) 58.2 (32) 58.2 (32)

  Eastern Mediterranean Region 22 100.0 (22) 100.0 (22) 77.3 (17)

  Western Pacific Region 36 33.3 (12) 30.6 (11) 30.6 (11)
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Total infections bacteriologically confirmed with AST results 
reported to WHO GLASS by infection site and WHO region 
(2023)
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Total infections bacteriologically confirmed with AST results reported to WHO GLASS by 
infection type, pathogen, and WHO region (2016-2023; 2023)



Global and regional implementation of the five core components of 
national AMR surveillance systems, 2023



Global and regional composite scores for completeness of AMR surveillance 
data reported to WHO GLASS, 2023



Note: 2023 data; Coverage is presented as the number of bacteriologically confirmed infections with AST results reported to WHO GLASS, per 
million population. Values in parentheses represent the credible confidence intervals 



Note: 2023 data; Coverage is presented as the number of bacteriologically confirmed infections with AST results reported to WHO GLASS, per 
million population. Values in parentheses represent the credible confidence intervals 



Note: Coverage is presented as the number of bacteriologically confirmed infections with AST results reported to WHO GLASS, per million 
population. Values in parentheses represent the credible confidence intervals 



Note: 2023 data; Coverage is presented as the number of bacteriologically confirmed infections with AST results reported to WHO GLASS, per 
million population. Values in parentheses represent the credible confidence intervals 



Implementation of the five 
core components of a national 

AMR surveillance system, 
2023

The implementation status is presented for the pool of countries that 

reported 2023 AMR data to GLASS. An effective AMR surveillance 

system requires a national coordinating centre, a reference laboratory, 

external quality assurance of the reference laboratory, adherence to 

international AST standards, and external quality assurance of the 

laboratory network. 



Global and regional distribution of bloodstream (BSI) pathogens 
(2023)

105
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Resistance to common antibiotics by WHO region, 2023 

Data: median resistance across 93 drug-bug combinations 
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Resistance to common antibiotics by infection type and WHO region, 
2023 
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Median percentage of resistance to antibiotics in the Eastern 
Mediterranean Region vs global and regional median 

Median percentage AMR in 93 infection type–pathogen–antibiotic combinations, by WHO region, 2023



Median resistance to antibiotics by infection type, 2023

The median and interquartile ranges are useful summaries for comparing the levels of resistance among regions and infection 
types, but they do not reflect the full variation in resistance to specific infection–pathogen–antibiotic combinations. 



Top drug-resistant bloodstream pathogens in EMRO

Most frequent drug-resistant BSIs

E. coli and K. pneumoniae resistant to third- and 
fourth-generation cephalosporins & to 
fluoroquinolones



Trends in antibiotic resistance: average annual change, 
2018–2023

Population-weighted average annual percentage change in antibiotic resistance between 2018 and 2023, represented by a dot, 
with 95% CrI.  An asterisk (*) indicates a statistically significant trend, defined by data from ≥5 countries over ≥3 years, and a 
95% CrI that does not overlap with zero and has a bound of at least 1%. When trends were available for several infection types, 
only that with the highest annual percentage change is presented in the figure.
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• Global Action 
Plan (on AMR 
adopted at the 68th 
WHA

AMR – the road travelled

UN General Assembly 
Political Declaration on 
AMR  September 2016

.

WHO, FAO and WOAH 
(formerly OIE) sign a tripartite 
MoU

The IACG launched 
its report with 

recommendations

Interagency 
Coordination Group 
(IACG)

Global Leaders 
Group on AMR 
launched

UNGA high level 
dialogue and call 
for action UNEP joins FAO, WHO 

and WOAH
Muscat Manifesto People-centred 

approach

2015
2016

2017

2018

2019

2020
2021

2022
2023

2024
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Proportion of  methicillin-resistant S. aureus 
and third-generation cephalosporin resistant 

E. coli  (GLASS)

Mean estimated per capita antibiotic 
consumption (GRAM)



MENA 
antibiotic 

consumpti
on
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Region has the highest and most rapidly rising 
antibiotic useBut we also have inequities between countries within the 
Region

(GRAM data, 2000-2018)

Fragile conflict-affected and vulnerable includes all low-income countries and a few middle-income 



WHO GLASS data: Summary of AMR and AMU use

MRSA in bloodstream 
infections, an SDG 

indicator, was 50.3%, the 
highest amongst all WHO 

regions.

Acinetobacter resistance to 
imipenem was 66.5%, the 
highest figure globally, and 

it is rising by 11.3% 
annually, the highest 

increase among WHO 
regions.

Salmonella resistance to 
ceftriaxone stood at 56.9%, 

the highest among WHO 
regions. 

Antibiotic use was highest: 
23.0 defined daily doses 
per 1000 inhabitants per 
day (DID) in the Eastern 

Mediterranean. 

Only 4 countries out of the 
9 countries which 

submitted data for 2023 
from the Eastern 

Mediterranean region 
achieved the 60% Access 

(2023 target). 

Only 1 country in the 
region—Tunisia—has 

achieved the 2030 target 
(70% Access) set by the 
UN General Assembly in 

2024.



Regional progress so far

21 countries 
developed 

their first AMR 
national action 

plans

1
22 countries 
enrolled in the 
WHO Global 

AMR 
surveillance 

system

2
18 countries  

set-up 
dedicated IPC 

units or  
programs

3
20 countries 

enrolled in 
GLASS 

antimicrobial 
use 

surveillance 

4
9 countries 
adopted the 

WHO AWaRe 
classification 

in the national 
essential 

medicines list 

5
Regional 

guidance on 
antibiotic use 

tailored for 
conflict-affecte

d settings

6



How did we identify the priorities?
- TrACSS data
- GLASS data
- IPC global surveys, e-SPAR
- Regional consultation meeting on stewardship
- Regional Lab capacity assessment survey
- WASH & Immunization data

Key underlying principles
• People centred approach/WHO strategic and 

operational priorities 
• Collaborative action
• One Health
• Resilient health systems for UHC and health 

security
• Fragile conflict-affected and hardly reached 

populations are adequately covered



Governance, One Health coordination

• Costed budgeted 
monitored multi-sectoral 
AMR NAPs

• Coordination within 
human health



Status of National Action Plan funding



Progress in National Action Plan funding



United Nations General Assembly (UNGA) High-Level Meeting on AMR
Goals / targets for 2030

90 per cent of countries 

meet WHO’s minimum

requirements for IPC at 

national level 

100 per cent of countries 

have basic WASH and

waste services in all 

health care facilities

Reduce global deaths 
due to AMR by 10%.

70% of human 
antibiotics come from 

the ACCESS.

Animal vaccination 
strategies are defined 

with an implementation 
plan

At least 80 per cent of 
countries can test 

resistance in all bacterial 
and fungal GLASS 

pathogens by 2030

Meaningfully reduce the 
quantity of 

antimicrobials used 
globally in the agri-food 
system from the current 

level



UNGA HLM

• Calls for sustainable national financing 
• US$100 million in catalytic funding, 
• At least 60% of countries having funded national action plans 

by 2030.

• Diversifying funding sources 

• Securing more contributors to the Multi-Partner Trust Fund. 



Awareness, Education

- Wider engagement of  youth, 
NGOs, professional 
societies, medical students, 
prescribers, women

- Fellowships, certificate 
programs, massive online 
courses, integration to 
undergraduate education



Regional status of 
vaccine coverage (2024)

Vaccine coverage varies 
between countries, but also 
within countries for 
different vaccines. 

15 out of 22 countries 
achieved coverage of 90% 
or higher in at least one 
vaccine.

<60% 60-69%     70-79%      80-89%        90-94%       >=95%



Prevention of  infection

• Universal access to WASH
• Implementation of  IPC 

minimum requirements
• Expanding immunization 

coverage:
• Typhoid, Pneumococcus, Influenza and 

Rotavirus



Access to quality assured affordable essential health services

• Pooled procurement and 
increased local production 

• Integrate stewardship and IPC at 
PHC and in Emergency 
response

• Fit-for-purpose workforce
• Improved uptake of  AWaRe 

guidelines, Mobile App, AI tools
• Restrictions on sales without 

compromising access



Strategic information through surveillance and research

• Diagnostic stewardship
• Sustainable models of  AMR and HAI surveillance 

network—quality assured representative data 
• Engagement of  procurement agencies, drug 

regulators, CDCs in analysing and using antibiotic 
data for action

• Engagement of  agri-food, veterinary, environmental 
sectors in surveillance

• Behavioural and implementation science research



Thank you

koyas@who.int 

mailto:koyas@who.int


One Health Approach to Antimicrobial 
Resistance in Fragile Health Systems: 
The Case of Palestine
Dr. Said F. Abukhattab
Scientific Researcher, Institute of Community and 
Public Health, Birzeit University, Birzeit University 
(Palestine)
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Institute of Community and Public Health, 
Birzeit University, Birzeit University (Palestine)



Q&A



Closing Remark & Announcement



Thousands of global health professionals, like you, have taken 
part in free webinars and workshops hosted by The Global 
Health Network.

Your support keeps these sessions free for researchers and 
health workers everywhere, helping them conduct studies even in 
times of crisis.

Please give what you can today: 
https://hub.tghn.org/support-us/donate/

Thank You! 

https://hub.tghn.org/support-us/donate/
https://hub.tghn.org/support-us/donate/


Thank you for 
joining.



One Health Approach to Antimicrobial Resistance in 

Fragile Health Systems: The Case of Palestine.

                                                   Dr. Said Abukhattab
                                                                  MPH|Ph.D in Epidemiology

Infectious Disease and One Health Group                                                                                      Guest Scientist

Institute of Community and Public Health (ICPH)                                                                              Swiss Tropical and Public Health Institute

Birzeit University, Ramallah, Palestine                                                                                                          University of Basel, Basel, Switzerland                                                                               

November 21, 2025 
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➢ Can AMR truly be controlled in hospitals without an integrated One Health 

surveillance system across humans, animals, food systems, and the 

environment?

➢ What would an effective early-warning system for AMR look like in 

humanitarian settings — and why is it still missing across sectors today?

➢ Who owns AMR data, and how does the lack of cross-sectoral data sharing 

weaken our collective capacity to respond to emerging resistance threats?

Before We Treat, Let’s Rethink: Big Questions on AMR
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AMR occurs when bacteria, viruses, fungi and parasites change over time and 

no longer respond to medicines making infections harder to treat and increasing 

the risk of disease spread, severe illness and death (WHO). AMR is a critical 

global concern driven by the overuse, misuse, and/or usage of inadequate 

antimicrobials on humans, animals, and as a result of contaminated environments 

(Abukhattab et all,.).

Antimicrobial Resistance (AMR): 
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Earthquake Versus Slow Tsunami

Criteria COVID-19 AMR

How deaths associated with? 6.9 million total 5 million, projected to rise to >10 
million/year

Who was/will be affected? Elderly and co-morbidities Neonates, Paediatrics, Women

How much money did/will it cost? 12-14 trillion USD >100 trillion USD

Which countries were affected? HIC/MIC LMIC

Can it be fixed by vaccination? Yes (vaccine wars!) No

Can diagnostics be quickly 
implemented?

Yes No
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A geopolitical map of Palestine (the West Bank and Gaza 
Strip)

Palestinian political 
& police control

Palestinian political control
“shared” police control

Israeli political 
& military control

Adapted from: https://www.anera.org/ Photo source: BBC and Aljazeera

https://www.anera.org/
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Placing AMR in context with other causes of death in 2019, Palestine

healthdata.org



7(Mulchandani et al., 2023)

Global veterinary antimicrobial consumption
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National Action Plan for antimicrobial resistance (NAP AMR)

Strengthen national One-
Health surveillance 

Encourage and promote 
operational research 

Improve public awareness
Optimize the use of 

antimicrobial medicines 

Implement evidence-based 
infection control practices 



Making Food Safer in Palestine: A One Health Approach to 
Antimicrobial Resistance

2020-2023
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Salmonella Campylobacter

Antimicrobial Resistance among the leading Food-borne and Gastroenteritis 
pathogens
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Study Main Findings

➢One Health approach was not 

rigorously applied.

➢Weak epidemiological designs.

➢ Insufficient laboratory techniques to 

monitor antimicrobial resistance.

➢ Significant variation in data reports 

between countries: 60% from "Egypt", no 

data from the Gulf countries.

Systematic Review on foodborne related One Health studies

(Abukhattab et al., 2022)
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Mixed-Method study results

➢The main obstacles to improving food 

safety and AMR in Palestine are:

Study Main Findings

❖A comprehensive national integrated 

surveillance system must be 

established in Palestine.

Overuse of 
antimicrobials

System 
fragmentation

Insufficient 
infrastructure

A lack of 
regulations 
and controls

Poor hygiene 
practices 

(Abukhattab et al., 2022)
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Integrated surveillance–response system (iSRS)

Sample Collection

Antimicrobial
susceptibility

testing

Chicken manure 
from broiler 

houses

Bacterial 
isolation
(Culture)

Bacterial species 
confirmed by 

(Vitek)

DNA 
extraction

Diagnostic 
PCR

Chicken meat 
from abattoirs 

and meat stores

Human stool from 
production chain 

workers

Bacterial identification and confirmation

(Abukhattab et al., 2023)
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Prevalence of C. jejuni and Salmonella enterica

S. enterica

C. jejuni

(Abukhattab et al., 2023)
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➢Isolates from different sources 

cluster together

➢All isolates are C. jejuni subsp. 

Jejuni

➢Main difference between 2021 

and 2022 isolates

➢2% nucleotide difference 

between years

Phylogenetic analysis of C. jejuni isolates

(Abukhattab et al., 2023)
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➢ Isolates from different sources 

cluster together

➢ >99.96% nucleotide identity 

between isolates of same 

serotype

➢ Three different serotypes

➢ pESI in all 13 S. enterica 

serotype Muenchen 

Phylogenetic analysis of S. enterica isolates

(Abukhattab et al., 2023)
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AMR diffusion phenomenon
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Key Challenges to conducting AMR integrated surveillance in 
Conflict zone :

➢Logistical delays due to war  

➢  Challenges securing sequencing services  

➢  Financial and administrative issues  

➢  Human resource and staffing challenges  

➢  Restrictions on movements  

➢Shifts in government priorities



Ongoing Project: Antimicrobial Resistance 
Surveillance in West Bank: Integrated 

Control and Mechanisms

2023-2027

19
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Kick-off
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