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In	1928,	Alexander	Fleming	discovered	that	mould produced	
penicillin,	and	within	12	years,	the	first	antibiotic	was	available.

Antimicrobials	are	drugs	that	are	active	against	a	range	of	infections
Including	infections	caused	by	organisms	such	as

• bacteria	– antibiotics
• viruses	– antivirals
• fungi	– antifungals

by	killing	or	stopping	the	growth	of	these	organisms.		
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A	range	of	further	antibiotics	were	discovered	over	the	following	
decades,	and	completely	revolutionized	healthcare	provision.	

Antibiotics	are	nowadays	used	to	treat	many	previously	likely	fatal	
infections,	but	also	to	protect	us	after	common	surgery	such	as	
caesareans,	joint	replacements,	chemotherapy	and	transplant	
surgery.
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Global	consumption	of	antibiotics	in	human	medicine	rose	by	nearly	
40%	between	2000	and	2010	(declining	usage	in	some	countries	and	
rapid	growth	in	others).

The	pace	at	which	new	antibiotics	are	discovered	has	slowed	
considerably.	

Antibiotics	use	(non-therapeutic	reasons)	in	agriculture	is	very	high.

The	organisms	can	develop	a	defense	mechanism	against	the	drug	
(and	become	resistant	– AMR)	rendering	the	drug	ineffective.
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The	most	prominent	of	such	resistances	is	for	antibiotics	(ABR).

Resistance	to	antimicrobials	is	nothing	new,	and	some	of	the	genes	
that	confer	drug	resistance	have	been	around	for	many	millions	of	
years.	

However,	AMR	has	become	a	very	significant	problem	in	recent	
years,	mainly	because	of	overuse/misuse	and	the	rapid	spread	of	
resistances.	
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In	January	2008,	a	patient	was	transferred	from	a	New	Delhi	hospital	
to	a	Swedish	hospital.	Klebsiella pneumoniae which	was	resistant	to	
multiple	antibiotics	including	carbapenems was	found	in	his	urine.	

The	resistance	was	due	to	the	
production	of	an	unknown	
metallo-b-lactamase	(MBL),	now	
referred	to	as	New	Delhi	MBL	
(NDM-1).
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A	study	in	the	Netherlands	on	122	travellers	showed	that	the	
percentage	of	those	with	bacteria	carrying	antibiotic-resistance	
genes	in	their	gut	increased	from	<10%	before	they	left	to	>55%	
when	they	returned.

von	Wintersdorff,	et	al	(2014)	Emerging	Infectious	Diseases,	20(4),	649-657.	
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“The	emergence	of	the	MCR-1	gene	in	China	heralds	a	disturbing	breach	of	the	
last	group	of	antibiotics	– polymixins – and	an	end	to	our	last	line	of	defence
against	infection.”

“The	rapid	spread	of	similar	antibiotic-resistant	genes	such	as	NDM-1	suggests	
that	all	antibiotics	will	soon	be	futile	in	the	face	of	previously	treatable	gram-
negative	bacterial	infections	such	as	E.coli and	salmonella.”

“We	now	have	evidence	to	suggest	that	MCR-1-positive	E.coli has	spread	beyond	
China,	to	Laos	and	Malaysia,	which	is	deeply	concerning.”

Prof	Tim	Walsh,	Cardiff	University	in	2015	after	on	his	discovery	of	MCR-1

(Liu	et	al. (2016)	The	Lancet	Infectious	Diseases	16(2),	161)
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“The	lack	of	instant and	accurate diagnostic	tools	for	infectious	diseases	leads	to	
inappropriate	antimicrobial	prescribing.”	

For	example,	Antibiotic	prescriptions	in	USA	(primary	and	outpatient)	for	
respiratory	problem	(accounts	for	ca 40%	of	all	antibiotic	prescriptions):

• For	a	total	of	106	million	visits	in	one	year,	86	million	patients	did	not	
benefit	from	antibiotics	(for	example	bronchitis	or	asthma)

• Of	this	86	million,	27	million	patients	still	received	antibiotics!
Shapiro	et	al.,	Journal	of	Antimicrobial	Chemotherapy,	2014,	doi:	10.1093/jac/dkt301

O’Neill	report	(2015):	“… there	is	a	fundamental	supply	and	demand	
problem	that	needs	to	be	fixed.”	
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“The	lack	of	instant and	accurate diagnostic	tools	for	infectious	diseases	leads	to	
inappropriate	antimicrobial	prescribing.”	

• Increased	antimicrobial	prescribing	is	directly	associated	with	increased	
antimicrobial	resistance	

• Antibiotics	can	select	for	potentially	life-threatening	infections	(such	as	
Clostridium	difficile infection	– CDI)	and	thus	contribute	indirectly to	AMR	

Rapid	and	high-sensitivity	point-of-care	diagnostics	(e.g.	biosensors)	can	
contribute	to	address	the	problem	of	rising	AMR.
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Infection	Diagnostics	for	Patient	Management	and	Reduction	of	Antibiotic	Misuse	
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Biosensors	for	Clinical	Diagnostics
A	biosensor	is	an	analytical	device	for	the	detection	of	a	biomarker	that	combines	a	
biological	component	with	an	electronic	component.
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Electronic	Biosensors	– Electrochemical	Impedance	Spectroscopy

Phase of response/
impedance j(w)

Absolute value of
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Electronic	Biosensors	– Multiplexing
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Electronic	Biosensors	– Multiplexing
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Capture	Molecules	– Affimers

• Highly effective binding reagents 
than antibodies

• Novel consensus protein

• Small only 81 amino acids

• Extremely stable and robust  
scaffold (Tm = 101˚C) 

• No cysteines

• Library sizes > 1010 

• High Binding Affinities – nM to pM

• Simple high yields from E. coli
• Cost effective
• Reproducible

• Discriminate between similar proteins

Variable sequence 
Regions (pink) M.	McPherson	Group,	University	of	Leeds
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