
Novel materials and methods for the 
detection, traceable monitoring and 
evaluation of antimicrobial resistance 

How can measurement science assist in 
improving the molecular detection and 
management of antimicrobial resistance? 
 
Jim Huggett, LGC & University of Surrey 



Antimicrobial resistance (AMR) 
• Antimicrobial resistance occurs when microbes develop 

resistance to the chemotherapies used to treat them 
 

• This is an evolutionary process driven by the use of the 
very treatment intended to cure the disease 
 

• Selective pressures may also occur where pharmaceuticals 
(antibiotics) are used elsewhere  
 
 



Threat from AMR 
In 2014 WHO stated anti microbial resistance (AMR) is so 
serious it threatens the achievements of modern medicine 
 

 
•  diagnostic tools required to guide their 

application are equally lacking 

 
•  new therapies to treat resistant 

pathogens are needed  
 



Diagnosis 
Clinicians need methods to: 
• Rapidly diagnose patients with infections that do need antimicrobials  
• Detect infections that are already resistant  
• Monitor patients for the development of resistance  

 
Research/industry needs 
• Support to ensure robust reproducible preclinical research 
• Support to translate diagnostic approaches 



Examples of  methods for measuring bacterial resistance 

• Dilution method (broth and agar dilution method) 
 

• Disk-diffusion method 
 

• E-test 
 

• Mechanism-specific tests such as beta-lactamase detection test and 
chromogenic cephalosporin test 
 

• Molecular methods 
 
 



Specific DNA detection methods 

Hybridisation  

Sequencing NAAT/PCR 



• Limiting dilution 
– Some reaction contain  0 

templates 
 

• PCR performed as normal 
using standard real-time 
PCR chemistry 
 

• Absolute quantification 
– +ve or –ve reactions 
– Poisson statistics to account 

for multiple targets per 
partition (> 1) 

Split 
sample by 

dilution 

dPCR 20 × 1 µl reactions 

Digital PCR 
qPCR 1 × 20 µl reactions 



coA 

Methicillin resistance Staph aureus (MRSA) 

• S. aureus is a common bacteria found on the 
human body 
 

• Can be an important cause of disease (e.g. wounds, 
pneumonia, invasive infection) 
 

• MRSA complicates treatment as first line 
antibiotics do not work 
 

• Molecular methods can be used to determine if a 
patient is carrying/infected with MRSA 
 

• Other organisms can carry resistance gene 
 
 

 

sa442 

mecA 

MRSA 



S. aureus & Mec assays S. epidermidis & Mec assays 

MRSA 
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Comparison of extraction methods when 
quantifying Staphylococcus aureus 

CFU 



Molecular diagnostics 

Gene Xpert 



Diagnosis of drug resistance  

• Culture 
 

• PCR based molecular methods 
 

• ?Sequencing? 
 



Diagnosis of drug resistance  
Sequencing 

Illumina MISEQ ION Proton 





Territory size shows the proportion of worldwide TB cases found there. 

http://www.worldmapper.org 

~10 million cases pa 
~5-10% AMR (MDR) 
~5-10% of MDR are XDR 

Tuberculosis (TB) 



Experience from pharmaceutical clinical trials: 
relapse v re-infection 

REMoxTB 
• 1931 patients 

– 17 treatment failures 
– 122 relapses 
– 58 re-infections 

 
 
Gillespie et al NEJM 2014 
Bryant et al LRM 2013 

 

RIFAQUIN 
• 827 patients randomised 

– 33 relapse 
– 9 re-infection 
– 4 culture confirmed treatment 

failure 
 
Jindani et al NEJM 2014 

Thank you Professor Tim McHugh 



Defining the groups: trail data 

Re-infection: 
REMoxTb: 1306 – 1419 
RIFAQUIN: 720 - 1400 

Relapse: 
REMoxTb: 0 – 6 

RIFAQUIN: 0- 65 

Number of SNPs 





Cultures of XDR TB  



Phenotypic resistance vs  predicted using different informatics tools for assigning 
resistance from sequence data 

Same data, different pipeline 

Mykrobe Predictor 
TBProfiler 

Informatics tool 



Conclusion 

• Molecular methods offers the potential for monitoring of bacteria and guide 
treatment providing many new diagnostic opportunities  
 

• However, our findings suggest more work is required during research and 
development to define the technical and biological/clinical error  
 

• A systematic approach that characterises sources of error would provide a more 
robust understanding of the potential of a given measurement 
 

• If this is not done these opportunities could be missed 
 
 



Technical vs Biological error 

Technical  

Biological 
DNA analysis  

ER
RO
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