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AMR surveillance
takes all sorts…

Image credit:
https://www.sanger.ac.uk/news_item/2014-04-29-two-human-genomes-per-hour/



Why do human AMR 
surveillance?



https://www.flemingfund.org/



Why do human AMR surveillance?

• To estimate burden of disease

• To characterise trends in space and time

• To serve as benchmark to measure the impact of interventions

• To provide local evidence for empiric treatment guidelines and 
clinical decision making



Burden of AMR:
What do we know already?



How much AMR is there and what impact 
does it have?

O’Neill report (2016)

PLoS Med. 2016;13(11):e1002184



Lancet Infect Dis. 2019;19(11):e392-e8



Is there any good data?

• Recent review of 286 studies
• Mostly:

• High income countries
• Retrospective
• Single centre
• Methodologically sub-optimal

• Conclusion:
• Need better studies / data urgently
• Policy makers are unable to act 

until burden is clear

Clin Microbiol Infect. 2021. 10.1016/j.cmi.2021.01.004



“…there did not appear to be an impact of 3GC-resistance on mortality in E. 
coli or K. pneumoniae BSI in African hospitals, as compared with susceptible 

BSI with equivalent species”



Same result

Lancet Infect Dis. 2023. DOI: 10.1016/S1473-3099(23)00233-5



“We estimate that 43% deaths in patients with hospital-
acquired infection due to MDR bacteria in Thailand in 2010 

represented excess mortality caused by MDR”

Elife. 2016;5



Standardised protocols:
This is a step in the right direction

…but it will take a while 
for data to be generated



IHME – Oxford – GRAM to the rescue?



The model…

DOhttps://doi.org/10.1016/S0140-6736(21)02724-0

…is “complicated”



The maps
Methicillin R 
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3rd gen cephalosporin R 

E. coli
3rd gen cephalosporin R 
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Key messages

• Huge burden of AMR
• O’Neill report figures appear to be an underestimate

• Under-recognised mortality in Africa and in children



Limitations

CAI versus HAI

Not much data from LMICs

AMR data not standardised

A vague mention that some of the lab data may not 
have been great quality



Dame Sally Davies take

https://www.flemingfund.org/



AMR surveillance in SE Asia



• Enhanced surveillance and research to 
provide improved evidence-based strategies 
and policies are needed

• A regionally coordinated effort that is 
target-driven, sustainable and builds on a 
framework facilitating communication and 
governance will strengthen the fight against 
AMR in the Asia Pacific region

• SE Asia is a global hub for AMR and 
contributes to its global spread

• High prevalence of infectious diseases but 
often poor diagnostic capacity

• Rapid increases in food production systems

• Broad access to antimicrobials of varying 
quality with limited regulation



SE Asia from a GLASS perspective

Country enrollment 2021



Data submission 2020



https://www.who.int/data/gho/data/themes/topics/global-antimicrobial-resistance-
surveillance-system-glass/glass-country-profiles

No data for VN



Barriers to better surveillance
(and barriers to better use of surveillance data)



Bias and incompleteness of data



Collection of 
samples for 
microbiologic 
testing is not part of 
a standard 
diagnostic work-up 
for many clinical 
syndromes

Samples are often collected only in more 
severe cases or in case of treatment failure

Microbiologists often do not receive any clinical 
information important for interpreting 

laboratory results and surveillance data, e.g.
whether an infection is community- or hospital-

acquired

Patients have access to over-the-counter 
antibiotics in the community and are often 
already taking these when admitted to hospital

All of these biases favour an 
overrepresentation of results from 

DRI among surveillance data



Clinician utilisation of the microbiology
laboratory is often sub-optimal in Cambodia

Antimicrob Resist Infect Control. 2016;5:58

Specimens are often submitted for culture only after 
non-response to first and second-line antibiotics



WHO GLASS report demonstrates the impact 
of low blood culture rates

GLASS report 2022



Modelling highlights the impact of exposure 
to antibiotics prior to blood culture

J Infect. 2021;82(3):355-362Bootstrap simulations based on data from a referral large hospital in NE Thailand

Proportion of first blood culture episodes included in bootstrap simulations



Little / No clinical context



Need to recall why are we really doing AMR 
surveillance?

To ensure that patients 
with bacterial infections 

can be treated effectively



Laboratory data quality



AMR lab data quality…

35
J Glob Health. 2011;1(2):154-70

…there are issues to be aware of



Staphylococcus aureus

How much MRSA: no cefoxitin / oxacillin results?
• Could just guess from the imipenem or ceftriaxone data?
• But how were these results generated?

Ceftazidime for S. aureus: might be ok 2/3 of the time…really?

Are these isolated issues or part of a larger quality management problem?



Improving future surveillance
in LMICs



Key surveillance approaches

• Isolate-based
• Information only on species of interest
• e.g. 43% of E. coli from  blood culture specimens were 

ciprofloxacin resistant

• Specimen-based
• Adds a level of laboratory data: specimen denominator and may 

be limited contextual data (patient age, hospitalisation status)
• e.g. 10% of blood cultures grew a WHO priority pathogen, and of 

those…

• Case-based
• Adds clinical data: patients meeting a case definition
• e.g. 8% of patients with suspected sepsis had a positive blood 

culture, and of those…

Hardest / Expensive
Most informative

Easiest / Cheap
Least informative

WHO GLASS



Strengths and weaknesses of these 
approaches

Strength Weakness

Strategies for identifying antimicrobial resistant (AMR) infections / drug resistant infections (DRI)
Specimen-based
(“routine microbiology data”)

• Relatively easy to implement and sustain, even in 
LMICs where resources are limited

• Can generate data summaries, so a good start
• % of samples positive
• % isolates resistant
• Possible to stratify by age, CAI / HAI, etc if 

some clinical data provided to laboratories
• Outbreak detection possible

• Prone to bias based on laboratory utilisation and 
pre-culture antibiotic treatment

• Comparability over space and time often limited 
in LMIC settings

• May not provide clinically useable data 
summaries (e.g. for treatment guideline 
development)

Case-based
(“patients meeting a syndrome 
case definition”)

• More robust to variations in microbiology 
utilisation

• Capable of addressing several surveillance 
objectives
• Treatment guideline development
• Assessment of interventions and changes 

over time
• Defining health impacts of AMR

• Labour-intensive
• Expensive
• Difficult to sustain, especially in LMICs with 

limited resources
• Needs investment in training, guidelines, and 

diagnostic capacity, especially in LMICs

From: Clin Microbiol Infect. 2021;27(10):1391-1399



Strengths and weaknesses of these 
approaches

Strength Weakness

Sampling strategies
DRI: consecutive sample • Easy to perform • Risk of bias due to clinical sampling behavior

DRI: lot quality assurance 
sampling (LQAS)

• Requires small sample size for useable estimates 
to inform empiric treatment guidelines

• Definition of thresholds defining the “low” and 
“high” prevalence of resistance are challenging, 
especially where limited treatment options exist

Comparator cohort: exposure 
density sampling

• Ensures a more accurate estimation of health 
burdens due to DRI

• Would need training and detailed protocol, which 
may be more challenging in LMIC settings

From: Clin Microbiol Infect. 2021;27(10):1391-1399



Strengths and weaknesses of these 
approaches

Strength Weakness
Strategies for reporting antimicrobial susceptibility testing (AST) data

Report susceptibility to individual 
antimicrobials

• Easy to generate summary statistics (e.g. using 
WHONET)

• Limited capability for translation to clinical 
practice

Weighted-incidence syndromic 
combination antibiogram (WISCA)

• Statistics generated can be translated to clinical 
practice (i.e. empiric treatment guidelines)

• May be difficult to generate in settings where 
there is a lack of analytic expertise, given the 
absence of open-access applications to process 
the data

From: Clin Microbiol Infect. 2021;27(10):1391-1399



What tools are needed
• Money

• Good microbiology
• Several excellent capacity building initiatives on-going
• Important to connect labs to clinical services

• Human resources
• Clinical staff require support to use microbiology effectively
• In the absence of fully electronic patient, pharmacy, and lab information systems surveillance takes time and 

requires effort

• Case definitions
• That are simple and do not require serial bloods / radiology

• IT infrastructure

Lancet Infect Dis. 2018;18(8):e248-e58.



“Traditional methods for AMR surveillance can be challenging to establish and truly 
representative, high-quality surveillance may be easier to achieve by combining those approaches 

with new innovations or exploring entirely novel paths to usable resistance information”

LMIC laboratory development

BMJ Glob Health. 2020;5(12):e003622



Better AMR surveillance IT tools

Patient with 
suspected infection 

Culture of clinical 
specimens 

Results reporting via 
LIMS 

Patient outcome Other investigations 
to confirm infection 

syndrome, e.g. CXR 

Empiric antibiotic 
treatment 

Definitive antibiotic 
treatment 

Collation of local AMR 
data 

Local antibiotic 
treatment guideline 

Laboratory work 

Collation of national 
AMR data 

National AMR 
situation report 

Transfer of data to 
WHO GLASS 

Global AMR situation 
report 

National antibiotic 
treatment guideline 

Transfer of data to 
national centre 

Specimen 
reception 

Microscopy Culture Organism identification Antimicrobial 
susceptibility testing 

Preliminary report Final report Interim report(s) 

Organism #3 

Organism #2 

Organism #1 

Contaminant 
(discarded) 

Lancet Infect Dis. 2021;21(6):e170-e174 BMJ. 2017;358:j3781

• Lack of IT infrastructure is often cited as 
a barrier to comprehensive AMR 
surveillance and antibiotic usage 
stewardship programmes in LMICs

• Few open access software options that 
might support an IT infrastructure for 
AMR surveillance are available



Better AMR data
analysis tools

Clinical data analysis?
• Guideline development
• Outcomes / Risk factors



Treatment guideline
development
• Complicated

• Multiple possible pathogens
• need lab data

• Syndrome specific considerations
• need clinical data

• Wide variations in AST prevalence
• need local data



Joining up clinical and lab data…
and putting in the hands of local clinicians

AMASS
• Automated reports using 

existing hospital data

ACORN
• Prospective pragmatic clinical 

surveillance

J Med Internet Res. 2020;22(10):e19762. www.acornamr.net

http://www.acornamr.net/




To sum up…
• Generation and interpretation of AMR burden data is 

complicated

• There are still large data (+ data quality) and knowledge gaps

• Data management is a major road block to progress
• Urgently need better LIMS and IT infrastructure to support this
• User friendly analysis tools would unlock local data use

• Not enough attention is being paid to local use of data

• More focus on the local situation will improve uptake and 
usefulness of global surveillance



Thanks for listening:
any questions?

pault@tropmedres.ac
@PaulTurnerMicro
https://www.ndm.ox.ac.uk/team/paul-turner
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