How can measurement science assist in
Improving the molecular detection and
management of antimicrobial resistance?

Jim Huggett, LGC & University of Surrey
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New colistin resistance gene identified in China
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Researchers in China have discovered another gene
that confers resistance to the last-resort antibiotic
colistin.

In a study vesterday in mBio, the researchers report
that the MCR-3 gene was discovered in a fecal sample
obtained from an apparently healthy pig at a farm in
Shangdong provinee during a routine surveillance
study of antimicrobial resistant bacteria. The gene was
located on a colistin-resistant Escherichia coli isolate,
on a plasmid that contained 18 additional antibiotic
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Threat from AMR

In 2014 WHO stated anti microbial resistance (AMR) Is so
serious It threatens the achievements of modern medicine
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« new therapies to treat resistant =
pathogens are needed —

RAPID DIAGNOSTICS:
STOPPING UNNECESSARY

« diagnostic tools required to guide their
application are equally lacking A




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




Examples of methods for measuring bacterial resistance

e Dilution method (broth and agar dilution method)

e Disk-diffusion method

e E-test

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

e Molecular methods




Specific DNA detection methods

Hybridisation
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Digital PCR
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Methicillin resistance Staph aureus (MRSA)

S. aureus is acommon bacteria found on the
human body

Can be an important cause of disease (e.g. wounds,
pneumonia, invasive infection)
E—
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MRSA complicates treatment as first line
antibiotics do not work

MRSA

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

Other organisms can carry resistance gene



MRSA

S. aureus & Mec assays S. epidermidis & Mec assays
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Comparison of extraction methods when
guantifying Staphylococcus aureus

Extraction method comparison
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Molecular diagnostics
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Diagnosis of drug resistance

e Culture

e PCR based molecular methods
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Press release

England world leadersin the use of
whole genome sequencing to diagnose
T™B

From: Public Health England
Published: 28 March 2017

Whole genome sequencing (WGS) is now being used to identify
different strains of tuberculosis (TB), announced Public Health
England today.

This is the first time that WGS has been used as a diagnostic solution for
managing a disease on this scale anywhere in the world. This builds on WGS
based services for public health investigation of infectious diseases, which
offer the opportunities for faster, cheaper and more accurate diagnostics
than other testing methods.

The technique, developed in conjunction with the University of Oxford, means
patients can be treated with precisely the right medication more quickly.
Where previously it could take up to a month to confirm a diagnosis of TB,
confirm the treatment choices and to detect spread between cases, this can
now be done in just over a week by PHE's Birmingham laboratory. This slows
the spread of the disease and boosts the fight against anti-microbial
resistance (AMR).




Tuberculosis (TB)

.~10 million cases pa
~5-10% AMR (MDR) L | :
~5-10% of MDR are XDR http://www.worldmapper.org

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



Experience from pharmaceutical clinical trials:
relapse v re-infection

REMoxTB RIFAQUIN
* 1931 patients e 827 patients randomised
— 17 treatment failures — 33 relapse
— 122 relapses — 9re-infection
— 58 re-infections — 4 culture confirmed treatment
failure
Gillespie et al NEJM 2014 Jindani et al NEJM 2014

Bryant et al LRM 2013

Thank you Professor Tim McHugV@



Defining the groups: trail data

Relapse: Re-infection:
REMoxTh:0-6 7~ REMoxThb: 1306 — 1419
RIFAQUIN: 0- 65 RIFAQUIN: 720 - 1400
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Phelan et al. Genome Medicine (2016) 8:132
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Same data, different pipeline

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

Sample Year® Lineage Spoligo. Drug susceptibility test phenotype
family INH RIF STR ETB PZA RFB ETH AMK CAP OFX MOX PAS LZ KANP Resistance phenotype

POR1 2007 4342  LAM4 R R @ R R R R R R R R @ S R XDR-TB

POR2 2007 4111 X2 ® & s s s R R s s s s S s - MDR-TB

POR3 2007 4342  LAMI R R R ® @ R ® (R) ® R R S s (R) XDR-TB

POR4 2007 4342  LAMI R R R R R R R (R) S R R S s (R} XDR-TB

PORS 2007 4342  LAM4 R R R) R R R R S S S S S s - MDR-TB

POR6 2008 4342 LAM4 R R (R) R R R R R R R R S S R XDR-TB

POR7 2009 4342 LAM4 R R R R R R R R R R R S s @ XDR-TB

POR8 2012 4342 LAM4 R R ® R R R R R R R R S s R XDR-TB

PORO 2011 4342 LAM4 R R R ® R R @ ® ® R R @ s (R) xDRrTB

POR10 2013 421 Ural H3/4 R R R R @ R R S S S S S s (R] MDR-TB

H37Rv 4.9 H37RV S S S S S S S S S S S S S - Pan-susceptible

Informatics tool

O Mykrobe Predictor

O TBProfiler




Conclusion

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




Technical vs Biological error

DNA analysis

< Sources of Error

ERROR
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