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Measurement Science?  
•  Metrology is the science of measurement 

–  Scientific or fundamental metrology 
The establishment of quantity systems, unit systems, units of measurement, the 
development of new measurement methods, realisation of measurement 
standards and the traceability from these standards to society. 
 
–  Applied, technical or industrial metrology 
The application of measurement science to manufacturing, clinical and other 
applications and their use in society, ensuring instrument suitability, their 
calibration and quality control.  
 
–  Legal metrology 
Underpins results for statutory measurement to support the needs for (e.g.) 
protection of health, public safety, the environment, enabling taxation, protection 
of consumers and fair trade. 



•  Identity 
–  Organism X is present 

•  Identity and Quantity 
–  Organism X is present at abundance Y 

•  Identity, Quantity and Confidence (Uncertainty) 
–  Organism X is present at abundance Y measured with 

confidence Z 

Measurement information needed 



What unit? 

•  Colony (Plaque) Forming Units 

•  International Units (IU) 

•  Optical density, fluorescent units 

•  Genomes/Genome equivalents 

•  Instrument specific units (e.g. Cq, or Ct, for qPCR) 





What if different units disagree? 



Examples of  Methods for measuring AMR 

•  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 

Hybridisa)on		

Sequencing	 NAAT/PCR	
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•  Strong requirement for biomarker(s) to assist treatment 
–  Informing treatment of individual  

•  Useful in evaluating new therapies/regimens 
–  Speeding up analysis of outcome (culture –ve after 2 months) 

•  Quantitative assessment of microbial load investigated 
–  Smear positivity grading 
–  Colony forming units 
–  Time to positivity 
–  Molecular quantification  

•  gDNA 
•  RNA 

 
 
  

 

Quantification of Mtb load in Tuberculosis to 
guide prognosis and predictive monitoring  



INFECTMET: (www.infectmet.lgcgroup.com) 

Xpert RIF/MTB 
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Quantification? 
Xpert RIF/MTB 
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Inter-laboratory comparison 

•  Materials sent to eight clinical laboratories (3 vials of each) 
–  Three perform qPCR 
–  Six perform Xpert RIF/MTB 

•  Laboratories 
–  Lancet Laboratories  

–  Great Ormond Street Hostpital 
–  NUI Galway 

–  TASK Applied Science 

–  Forschungszentrum Borstel 
–  KCMC/KCRI 

–  San Raffaele Scientific Institute 

–  University College London 



1 

10 

100 

1000 

10000 

Fo
ld

 d
iff

er
en

ce
 b

et
w

ee
n 

B
C

G
/A

SM
 &

 T
ot

al
 M

TB
 C

on
tr

ol
 

 Measured fold difference between materials  
 

Xpert MTB/RIF 

qPCR 
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Technical vs Biological error 

Technical  

Biological E
R

R
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Sources of Error 
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Diagnosis of drug resistance  

•  Culture 

•  PCR based molecular methods 

•  ?Sequencing? 
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Experience from clinical trials: 
relapse vs re-infection 

REMoxTB 
•  1931 patients 

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

•  Defined by MIRU-VNTR 

•  Performed sub-analysis of 47 
patients 

–  Prior to outcome data 
 

Gillespie et al NEJM 2014 
Bryant et al LRM 2013 

RIFAQUIN 
•  827 patients randomised 

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

treatment failure 

•  Defined by MIRU-VNTR 
 

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 
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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 



Technical vs Biological error 
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Sources of Error 
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Summary: accuracy and NGS   

•  Molecular methods (sequencing) can play a major role in 
improving our understanding & management of TB 

•  Like any method sequencing is prone to error 

•  These errors need to be understood to maximise the 
impact of such methods 
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How can measurement science assist in improving 
AMR diagnostics research and development?  

•  Molecular methods offers the potential for monitoring of bacteria to guide 
treatment with advances in quantification and sequencing providing 
many new 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 
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  Novel materials and methods for the 
detection, traceable monitoring and 

evaluation of antimicrobial resistance 
 

http://www.lgcgroup.com/EMPIR-antimicroresist/  
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AntiMicroResist 

•  Sequencing  
–  MDR & XDR TB 
–  ESBLs & CRE 
–  Microbiomes 
–  HIV 

•  Molecular quantification (dPCR) 
–  Bacterial (POC) testing (MRSA & Mtb) 
–  Viral quantification (hCMV & HIV)   
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