
GLASS 
Whole-genome sequencing for 
surveillance of antimicrobial resistance

Global Antimicrobial Resistance and
Use Surveillance System (GLASS)





GLASS 
Whole-genome sequencing for 
surveillance of antimicrobial resistance

Global Antimicrobial Resistance and
Use Surveillance System (GLASS)



GLASS whole-genome sequencing for surveillance of antimicrobial resistance

ISBN 978-92-4-001100-7 (electronic version)

ISBN 978-92-4-001101-4 (print version)

© World Health Organization 2020

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. GLASS whole-genome sequencing for surveillance of antimicrobial resistance. 
Geneva: World Health Organization; 2020. 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. 

Printed in Switzerland.

Design and layout by 400 Communications Limited.



Preface	 v

Acknowledgements	 vi

Acronyms	 vii

Executive summary	 viii

1 	 Introduction	 1

1.1	 Purpose of the document	 2

1.2	 Whole-genome sequencing	 3

1.3	� Review of the literature on use of whole-genome sequencing  
in surveillance of antimicrobial resistance	 3

2 	� Advantages and limitations of whole-genome sequencing  
in surveillance of antimicrobial resistance	 5

2.1	� Phenotypic methods and whole-genome sequencing  
for characterization of antimicrobial resistance	 5

2.2	� Consideration of the objectives of antimicrobial  
resistance surveillance	 6

2.3	 Potential benefits	 6

2.3.1	 Benefits for public health	 6

2.3.2	 Benefits for laboratories and data	 10

2.3.3	 Benefits for clinical practice	 10

2.4	� Current limitations of use of whole-genome sequencing  
for surveillance of antimicrobial resistance	 12

2.5 	� Cost and economic advantages of whole-genome sequencing  
for surveillance of antimicrobial resistance 	 13

3 	���� Examples of use of whole-genome sequencing in surveillance  
of antimicrobial resistance	 15

3.1	� Local case studies: analysis of single isolates or an outbreak at a  
single site	 15

3.1.1	 Requirements	 15

3.1.2	 Reference data and tools	 16

3.1.3	� Case study 1: Use of whole-genome sequencing in resolving a  
local outbreak of methicillin-resistance Staphylococcus aureus	 16

3.2	� Subnational and national case studies: combination and comparison  
of multiple genomes from different sites	 18

3.2.1	 Requirements	 18

3.2.2	 Reference data and tools	 18

3.2.3	� Case study 2: Integrating whole-genome sequencing into the national  
surveillance programme on antimicrobial resistance in the Philippines	 19

3.2.4	� Case study 3: Integrating whole-genome sequencing into laboratory-based 
surveillance in the National Reference Laboratory in Argentina	 20

iii

Contents



iv

3.3	 International case studies: monitoring of bacterial clones and populations	 21

3.3.1	 Requirements	 21

3.3.2	 Reference data and tools	 21

3.3.3 	� Case study 4: Surveillance of carbapenem-resistant Klebsiella pneumoniae  
in Europe	 21

4 	� Requirements for introducing whole-genome sequencing  
into a surveillance system for antimicrobial resistance	 24

4.1	 Timing of introduction 	 25

4.2	 Infrastructure requirements for whole-genome sequencing	 26

4.2.1	 Laboratory 	 26

4.2.2	 Platforms	 27

4.2.3	 Bioinformatics analysis software 	 29

4.3	 Quality assurance, quality control and international standardization	 33

4.4	 Procurement	 34

4.5	 Training	 36

4.6	 Data collection, sharing and storage	 36

4.6.1	 Metadata	 37

4.6.2 	� National and international collation of data for the Global Antimicrobial  
Resistance and Use Surveillance System	 39

5 	� Use of whole-genome sequencing data for developing in-vitro  
diagnostics and new treatments and vaccines for infections caused  
by pathogens resistant to antimicrobial agents	 40

6 	 Conclusions	 42

7 	 References	 43



v

Preface

Antimicrobial resistance (AMR) is an increasing threat to public health and sustainable 
development. The Global Action Plan on AMR underscores surveillance to strengthen the 
knowledge and evidence base for informing strategies and monitoring the effectiveness 
of interventions. GLASS currently monitors human infections due to several priority 
pathogens with microbiological data derived from phenotypic methods for AMR testing. 

Whole-genome sequencing (WGS) provides a vast amount of information and the 
highest possible resolution for pathogen subtyping. The application of WGS for global 
surveillance can provide information on the early emergence and spread of AMR and 
further inform timely policy development on AMR control. Sequencing data emanating 
from AMR surveillance may provide key information to guide the development of rapid 
diagnostic tools for better and more rapid characterization of AMR, and thus complement 
phenotypic methods. 

This document addresses the applications of WGS for AMR surveillance, including the 
benefits and limitations of current WGS technologies. Local, subnational, national and 
international case studies are included as examples of use of WGS in AMR surveillance. 
Information is also provided on the requirements for setting up and upgrading laboratories 
to ensure capacity for WGS and for introducing WGS into AMR surveillance systems. 

As for any new technology, the application of WGS has some limitations and raises 
practical challenges in various settings globally. But innovation and further development 
of WGS methods will ensure that the scope of this new technology will expand application 
in the future. The costs associated with WGS are decreasing rapidly, which may enable 
broader, affordable access to this new technology in all countries. This technical note is 
intended to assist countries that are considering use of methods for AMR detection and 
surveillance to increase their capacity.

WHO is grateful for the support of international, regional and national partners that 
contributed to the development of this technical note on the applications of WGS for 
AMR surveillance.
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