
Global Antimicrobial 
Resistance and Use Surveillance 
System (GLASS) Report

2021





Global Antimicrobial 
Resistance and Use Surveillance 
System (GLASS) Report

2021



Global antimicrobial resistance and use surveillance system (GLASS) report 2021

ISBN 978-92-4-002733-6 (electronic version)

ISBN 978-92-4-002734-3 (print version)

© World Health Organization 2021

Some rights reserved. This work is available under the Creative Commons Attribution-
NonCommercial-ShareAlike 3.0 IGO licence (CC BY-NC-SA 3.0 IGO; https://creativecommons.org/
licenses/by-nc-sa/3.0/igo). 

Under the terms of this licence, you may copy, redistribute and adapt the work for non-commercial 
purposes, provided the work is appropriately cited, as indicated below. In any use of this work, 
there should be no suggestion that WHO endorses any specific organization, products or services. 
The use of the WHO logo is not permitted. If you adapt the work, then you must license your work 
under the same or equivalent Creative Commons licence. If you create a translation of this work, 
you should add the following disclaimer along with the suggested citation: “This translation was 
not created by the World Health Organization (WHO). WHO is not responsible for the content or 
accuracy of this translation. The original English edition shall be the binding and authentic edition”. 

Any mediation relating to disputes arising under the licence shall be conducted in accordance with 
the mediation rules of the World Intellectual Property Organization (http://www.wipo.int/amc/en/
mediation/rules/).

Suggested citation. Global antimicrobial resistance and use surveillance system (GLASS) report 
2021. Geneva: World Health Organization; 2021. Licence: CC BY-NC-SA 3.0 IGO.

Cataloguing-in-Publication (CIP) data. CIP data are available at http://apps.who.int/iris.

Sales, rights and licensing. To purchase WHO publications, see http://apps.who.int/bookorders.  
To submit requests for commercial use and queries on rights and licensing, see http://www.who.
int/about/licensing. 

Third-party materials. If you wish to reuse material from this work that is attributed to a third 
party, such as tables, figures or images, it is your responsibility to determine whether permission 
is needed for that reuse and to obtain permission from the copyright holder. The risk of claims 
resulting from infringement of any third-party-owned component in the work rests solely with  
the user.

General disclaimers. The designations employed and the presentation of the material in this 
publication do not imply the expression of any opinion whatsoever on the part of 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. Dotted and dashed lines on maps represent approximate 
border lines for which there may not yet be full agreement.

The mention of specific companies or of certain manufacturers’ products does not imply that  
they are endorsed or recommended by WHO in preference to others of a similar nature that are not 
mentioned. Errors and omissions excepted, the names of proprietary products are distinguished  
by initial capital letters.

All reasonable precautions have been taken by WHO to verify the information contained in this 
publication. However, the published material is being distributed without warranty of any kind, 
either expressed or implied. The responsibility for the interpretation and use of the material lies 
with the reader. In no event shall WHO be liable for damages arising from its use. 

Design and layout by 400 Communications Limited.



 

iii

Contents

Foreword iv

Acknowledgements vi

Abbreviations and Acronyms viii

Summary ix

1 Introduction 1

1.1  WHO response to the emergence of  
antimicrobial resistance (AMR) 2

1.2 The role of surveillance in understanding AMR 3

1.2.1  Global Antimicrobial Resistance and Use 
Surveillance System (GLASS) 3

2  GLASS technical modules: methods and  
summary results 5

2.1 GLASS-AMC 6

2.1.1 Participation and reporting to GLASS-AMC 9

2.1.2  Implementation status of national AMC  
surveillance systems 10

2.2 GLASS-AMR 13

2.2.1 Participation and reporting 14

2.2.2  Implementation status of national AMR 
surveillance systems 17

2.2.3 Global summary of reported AMR data 22

2.3 GLASS-EAR 44

2.4 GLASS-FUNGI 44

2.5 One Health 45

2.6  Enhanced Gonococcal Antimicrobial  
Surveillance Programme (EGASP) 45

2.7  Point prevalence survey of antimicrobial  
use (PPS-AMU) at hospital level 52

2.8 GLASS studies for estimating the AMR burden 52

3  Global AMR surveillance of other pathogens  
and regional activities 53

3.1 Global AMR surveillance of other pathogens 54

3.1.1 Surveillance of HIV drug resistance 54

3.1.2 Surveillance of resistance to anti-TB drugs 55

3.1.3	 Surveillance	of	antimalarial	drug	efficacy	 57

3.1.4  Environmental surveillance of antimicrobial 
resistance 57

3.2  Regional activities to promote AMR  
surveillance in common bacterial pathogens 58

3.2.1 WHO African Region 58

3.2.2 Region of the Americas 59

3.2.3 Eastern Mediterranean Region 60

3.2.4 European Region 61

3.2.5 South-East Asia Region 62

3.2.6	 Western	Pacific	Region	 63

4	 Country,	territory	and	area	profiles	 64

5 Conclusion 145

5.1 The way forward 147

  References 149

  Annex 1. GLASS-AMC international 
classification and categorization system 155

  Annex 2. AWaRE categorization	 156

  Annex 3. GLASS-AMC data sources 157

  Annex 4. Readers’ guide to GLASS-AMR results 158

  Annex 5. Considerations regarding AMR 
surveillance approaches	 160

	 	Annex	6. Reporting activities of antimicrobial 
resistance, by region, specimen, and pathogen	 162

  Annex 7. Analysis and interpretation of data 
on antimicrobial resistance	 164

  Annex 8. Pathogen-antimicrobial combinations 
under GLASS-AMR surveillance	 166



iv

The WHO Global Antimicrobial Resistance and Use Surveillance System (GLASS) 
was launched in 2015 to foster surveillance of antimicrobial resistance (AMR) 
and antimicrobial consumption and use (AMC/U) globally to inform strategies to 
contain AMR. 

Since its launch, GLASS has expanded in scope and coverage and as of May 2021, 109 
countries and territories worldwide have enrolled in GLASS. A key new component 
in GLASS is the inclusion of antimicrobial consumption (AMC) surveillance at the 
national level highlighted in this fourth GLASS report.

GLASS is comprised of several technical modules. These include routine surveillance 
activities on AMR and AMC, focused surveillance of emerging resistance and AMR in 
Candida spp., and studies and surveys to estimate AMR burden and related drivers. 
GLASS is also the data source of the new Sustainable Development Goals (SDGs) 
AMR indicator: proportion of bloodstream infections (BSIs) due to Escherichia coli 
resistant to 3rd generation cephalosporins and methicillin-resistant Staphylococcus 
aureus (MRSA). 

The fourth GLASS report summarizes the 2019 data reported to WHO in 2020. It includes 
data on AMC surveillance from 15 countries and AMR data on 3 106 602 laboratory-
confirmed infections reported by 24 803 surveillance sites in 70 countries, compared 
to the 507 923 infections and 729 surveillance sites reporting to the first data call 
in 2017.

This report highlights an important difference in reported rates of BSIs caused by  
E. coli resistant to 3rd generation cephalosporins and MRSA, the SDGs indicators,
between LMICs and HICs. The higher rates in LMICs are of concern and need to be
investigated. Moreover, the very large discrepancy in the numbers of tested patients
could indicate inappropriate access to care in LMICs and a related selection bias.

Most countries reported high rates of AMR in bloodstream, urinary and gastroenteric 
infections. Of note, high rates of resistance to last resort antibiotics, such as 
carbapenems, or first-line drugs, such as co-trimoxazole, were reported. Some 
countries reported high level of resistance to first-line empirical treatment in  
N. gonorrhoeae, which warrants further analysis to inform guidelines.

The report also describes developments over the past years in other AMR surveillance 
programmes led by WHO, including resistance to anti-human immunodeficiency 
virus and anti-tuberculosis medicines, antimalarial drug efficacy.
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In a short period of time GLASS has made notable achievements in promoting national 
surveillance systems and data sharing according to global standards. However, 
limitations and gaps of the system must be addressed. In order to inform and guide 
further GLASS development, the “3rd High level technical consultation and meeting  
on surveillance of antimicrobial resistance and use for concerted actions” took place in  
April 2021, hosted by the Ministry of Health and Social Affairs of Sweden and the 
Ministry of Health and Welfare of the Republic of Korea, co-sponsored by the 
WHO. During the consultation it was unanimously agreed that, while continuing to 
strengthen quality routine surveillance, complementary approaches such as surveys 
are needed to address limitations and ensure all countries will be enabled to generate 
representative quality data.

GLASS next steps will focus on improving data representativeness and quality, 
assessing the burden of AMR, expand AMR and AMC surveillance, improve the use of 
surveillance data, and facilitate the AMR surveillance linkages between the human, 
animal and environmental sector. GLASS continues benefitting from the expertise 
of WHO AMR Surveillance and Quality Assessment Collaborating Centres Network 
and the backing of regional AMR and AMC surveillance networks, which represent 
important pillars for advancing AMR surveillance globally. Together with partners, 
the WHO three-level network plays a key role in promoting peer support for capacity 
building and identifying ways to overcome difficulties
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