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GRANTS	
Academic	Health	Science	Network	-	NENC	and	 -	Spreading	the	use	of	high	dose	an?bio?c	
cement	to	prevent	infec?on	following	surgery	for	hip	fracture	(lead	applicant)	-£84,452	
		

	-	A	randomised	mul?centre	trial	of	964	pa?ents	comparing	the	Thompsons	stem	with	the	Exeter/
unitrax	for	hemiarthroplasty	(chief	inves?gator)	£313,003	with	treatment	costs	
		

GMBH	-	Inves?ga?on	of	NucB	an?-biofilm	role	in	joints	(co-applicant)	£84,000	
		

	Educa?onal	fellowship	grant	£45,923	
	

	Clinical	audit:	£30,000	
	
	
SPEAKER	FEES	

Current	Industry	Disclosures	



The challenge


•  Is	it	infected	or	not?	
• Which	test	do	you	use?	
• MSIS?	
• New	biomarkers–	cytokines,	CD-64,	Alpha	defensin	
• Who	/	which	do	you	believe	



MSIS criteria




Major criteria


One	of	the	following:	
1.  Sinus	communica?ng	with	the	prosthesis	
2.  A	pathogen	is	isolated	from	at	least	2	separate	?ssue	or	fluid	

samples	

Our	previous	gold	standard	



Minor Criteria


1.  Three	of	the	following	six	criteria	exist:	
•  Elevated	ESR	(>30)	
•  CRP	(>10	/	100)	
•  Elevated	synovial	leukocyte	count		
•  Elevated	synovial	neutrophil	percentage	
•  Isola?on	of	a	microorganism	in	one	culture	of	periprosthe?c	?ssue	or	fluid,	

or	
•  >	5	neutrophils	per	high-power	field	in	five	high	power	fields.	

	
Our	new	gold	standard?	



Problems with MSIS


• Not	validated	
•  Thresholds	are	controversial	
•  Technical	issues	around	cell	counts	and	differen?als	eg.	Bloody	tap	
and	high	viscosity	

• Histology	also	technically	challenging	
	



Old Biomarkers?


•  First	publica?on	on	“Biomarker”	1973	

• What	is	a	biomarker?		

•  “a	characteris?c	that	is	objec?vely	measured	and	evaluated	as	an	
indicator	of	normal	biological	processes,	pathogenic	processes,	or	
pharmacologic	responses	to	a	therapeu?c	interven?on”		



• Quick	
•  Small	volume	of	blood	or	saliva	
• Accurate	
•  Stable	

The ideal biomarker
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Sensi?vity


•  Sensi&vity	is	the	propor?on	of	pa?ents	with	the	disease	with	a		“posi?ve”	test	
result	
	

	

	 Sensivity =
True Positives

True Postives + False Negatives



Specificity


•  Specificity	is	the	propor?on	of	pa?ents	without	the	disease	with	a	“nega?ve”	
result	

	
	

	

	

	

Specificity =
True Negative

True Negative + False Positive



ROC curve


• Receiver	opera?ng	characteris?c	curve	
• Plot	of	true	posi?ve	rate	(sensi?vity)	against	false	posi?ve	rate	(1-	
specificity)	

• Diagnos?c	accuracy	given	by	the	area	under	the	curve	
	



ROC curve






New biomarkers – personalised medicine?




The literature


No	shortage…	



Cau?on




Issues with PJI biomarker literature


•  Small	series	
• Acute	and/or	chronic	in	same	series	
• Different	diagnos?c	criteria	



Peripheral blood biomarkers


• CRP	and	ESR		
• Alterna?ves	–	IL-6	,	Procalcitonin,		

•  IL-6	superior	to	CRP	

2010	

Peripheral	blood	tests 		



What about CD64?


• CD64	shows	short	lived	response	to	surgery	
•  	normal	by	day	7	vs	CRP	21	days	to	normalise	

• Validated	infec?on	marker	in	ac?ve	rheumatoid	arthri?s	



CD64 mechanism

Bacteria	

IgG	
Neutrophil	

CD64	receptor	
	



Some data .. 
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Synovial	fluid	tests 		

• Closed	compartment	
• Higher	concentra?ons	of	markers	
		BUT	
•  Invasive		
•  Expensive	
•  ?	dangerous	



Synovial fluid biomarkers  
– measure the host response to infec?on


• Acute	phase	–	CRP	
• Pro-inflammatory	cytokines	–	eg.	IL-6	
• An?microbial	pep?des	–	eg.	Alpha	Defensins,	Beta	defensins,		
•  Enzymes	–	Leukocyte	Esterase	
• OMICS	approaches	



The search for the perfect biomarker




2011 - Leukocyte Esterase


108	revision	knees	
30	infec?ons	
Sensi?vity	80.6%	specificity	100%	
But	issues	with	bloody	taps	–	can	we	do	beoer?	

2011	



95	revisions	
Hips	and	knees	
29	infec?ons	–	only	2	hips	
6	culture	nega?ve	
Mean	CRP	in	infec?on	122	(72	–	184)	
	



5 “perfect biomarkers”


2013	



34	

α-defensin,	“our	natural	anQbioQc”…	
Infec&on	management	

34
	



35	

ANTIBIOTICS and α-defensin


Serum	CRP	was	45%	lower	in	this	popula?on	on	an?bio?cs		
(p	=	0.039),	
	
Alpha-defensin	level	was	unchanged.		

21	

Infec&on	management	



Alpha	defensin	probably	normalises	when	
infecQon	cleared	

• Current evidence suggests that alpha defensin 
normalizes after 3 months from stage 1 procedure 
(range: 48-221 days) – further studies needed. 

• Paper n.182 presented at AAOS 2015 –  
• Deirmengian et al - Synovial Fluid Alpha-Defensin 

Levels Return to Normal After Treatment of a PJI with 
a Cement Spacer – AAOS 2015 



Alpha defensin Vs Leucocyte Esterase


2015	

Clin	Orthop	Relat	Res.	2015	Jan;473(1):
198-203.	
	
The	alpha-defensin	test	for	
periprostheQc	joint	infecQon	
outperforms	the	leukocyte	esterase	
test	strip.	
	
	
Deirmengian	C1,	Kardos	K,	Kilmar?n	P,	
Cameron	A,	Schiller	K,	Booth	RE	Jr,	Parvizi	J.	



Quick & easy 
How to evaluate the result


38	

Infec&on	management	

Control	line	

How	it	will	look	 Result	

Test	line	

+	Control	line	+	Test	line	



57	lateral	flows	performed	in	Northumbria	

Joint	Type	 Number	of	tests	
Primary	hip	 22	
Primary	Knee	 16	
Hemiarthroplasty	 5	
Revision	hip	 5	
Hip	Spacer	 4	
Knee	Spacer	 2	
Ankle	 1	
Periprosthe?c	fracture		 1	
Shoulder	 1	 Thanks	to:		

Allan	Marrioo	
Ramsay	Refaie	



Indica?ons for lateral flow


IndicaQon	for	Synovasure	
Rou?ne	pre-revision	workup	/		
chronic	infec?on	 24	
Acute	infec?on	 19	
Between	Stages	 6	
Disloca?on	 6	
?contamina?on	on	1st	asp	 1	
Fracture	 1	



Posi?ve lateral flows


•  17	posi?ve	tests	
•  12	posi?ve	cultures	on	test	fluid	
•  5	nega?ve	cultures	on	test	fluid	–	all	pa?ents	on	abx	with	previous	
known	infec?ons	(4	primary	hips	post	debridement	and	1	hip	spacer)	



Nega?ve lateral flows


•  38	nega?ve	tests	
•  35	culture	nega?ve	
•  2	contaminants	–	both	nega?ve	on	repeat	aspira?on	
•  1	false	negaQve	–	candida	

•  1	failed	test		
•  (one	test	repeated	ater	filtering	the	blood)	



Northumbria lateral Flow Synovasure


•  If	we	assume	the	culture	nega?ve	posi?ve	tests	are	false	posi?ves	
then:		

•  SensiQvity	is	92%,	and	specificity	is	88%.	

•  If	we	assume	the	culture	nega?ve	posi?ve	tests	are	true	posi?ves	
then:	

•  SensiQvity	is	94%,	and	specificity	is	100%.	



PJI	biomarkers	–	Endless	supply	from	OMICS?	



DNA	

RNA	

Proteins	

Metabolites	

Genomics	

Transcriptomics	

Proteomics	

Metabolomics	

PJI	biomarkers	–	Endless	supply	from	OMICS?	



INITIAL APPLICATIONS 

Implant and soft tissue infection Pneumonia 



PATHOGENS 
qPCR 



RESISTANCE MARKERS 

 mcr1   polymyxin 





Old and New biomarkers?


• Need	for	large	collabora?ve	studies	
• Need	to	dis?nguish	markers	for	low	grade	indolent	infec?on	from	
acute	infec?on	markers	

• Wider	valida?on	of	markers	required	

	
	



North	East	–	North	Cumbria	



Systemic bloods tests 

•  CRP & ESR combined have excellent sensitivity & 
specificity; 90-95% but do not exclude low grade 
infection and need to be interpreted carefully in 
inflammatory arthropathy. 

•  Blood cultures should be taken in the setting of acute 
infection. 
 

•    



Microbiology 

•  The gold standard for PJI diagnosis is fluid or tissue 
taken from the joint. 

•  Swabs from superficial sinuses are unhelpful. 

•  All painful arthroplasties with any suspicion of 
infection should be aspirated with a strict aseptic 
protocol. All joints have some fluid; A ‘dry tap’ means 
the fluid has been missed.     

•  Patients with suspected chronic infection should not 
have had antibiotics in the preceding 2 weeks. 



Aspirated fluids 

– Blood culture bottles (aerobic and anaerobic) 

– EDTA bottle for total WBC count and neutrophil count  
– Universal sterile container for C&S.   

•  >15 ml is the ideal volume.  
•  Each unit must be able to provide a white cell count 

and a differential for aspirated joint fluid.  At this 
point this does not need to be a 24 hour service. 
Methodology used is to be standardised across the 
region. 



Biopsies 
•  Intra-operative biopsies – minimum of 5 specimens (tissue or 

fluid, NOT swabs) using a bespoke sampling tray. 

•  There should be at least 5 tissue samples. 
•   We should aim to have the tissue at 1cm cubed size. 

•  Each unit should be performing extended incubation for at 
least 7 days.  In fact, national guidance is for 14 days. 

•  Biopsies should not be obtained arthroscopically. 
•  Antibiotics and debridement should not be delayed pending 

aspiration in acute infection, where life threatening systemic 
sepsis may develop.  



Synovasure 

•  There is an emerging role for a defensin 
(synovasure) yet to be defined 

•  High levels of specificity and sensitivity approaching 
98%.  

•  It remains at the evaluation stage and is expensive 
and we cannot yet recommend its use. 



Thank you. 
 

mike.reed@nhs.net 
 

 

 
 
 
 
 


