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A B S T R A C T

There	are	several	nucleic	acid	amplification	assays	for	detection	

of	 Neisseria	 gonorrhoeae	 (NG)	 from	 urine	 specimens.	 We	

compared	the	analytical	sensitivity	and	specificity	of	APTIMA	

Combo	2	 (Combo	2)	 to	Roche	Amplicor	 (Amplicor),	 and	 the	

Becton-Dickinson	 BD	 ProbeTec	 ET	 (ProbeTec)	 assays.	To	 test	

analytical	sensitivity,	three	aliquots	of	KOVA	Trol®	(reconstituted	

preparation	 of	 freeze	 dried	 human	 urine)	 were	 prepared	 to	

contain	NG	Colony	Forming	Units	(CFU)	levels	of	100,	10,	and	

1	CFU/ml.	Ten	replicates	of	each	level	were	tested	in	each	assay.	

The	100	CFU/ml	processed	sample	was	then	further	diluted	1:

10,	 1:100,	 and	 1:1000	 in	 the	 appropriate	 sample	 buffer	 for	

each	assay	and	tested	in	10	replicates.	Combo	2	detected	NG	

in	all	10	of	10	 replicates	 from	the	100	CFU/ml	and	10	CFU/

ml	 and	 9	 of	 10	 replicates	 at	 the	 1	 CFU/ml	 levels.	 ProbeTec	

detected	NG	in	7	of	10	replicates	at	the	100	CFU/ml	level,	3	of	

10	at	the	10	CFU/ml	level	and	0	of	10	at	the	1	CFU/ml	level.	

Amplicor	detected	NG	 in	1	of	10	 replicates	at	 the	100	CFU/

ml	 level	and	0	of	10	at	 the	10	CFU/ml	and	1	CFU/ml	 levels.	

Upon	dilution	of	processed	 samples	containing	100	CFU/ml,	

Combo	2	detected	NG	in	10	of	10	replicates	at	the	1:10,	1:100	

dilutions	and	0	of	10	replicates	at	the	1:1000	dilution.	ProbeTec	

detected	NG	in	1	of	10	replicates	at	the	1:10	dilution,	and	0	of	

10	at	 the	1:100	and	1:1000	dilutions.	Amplicor	detected	NG	

in	0	of	10	replicates	at	 the	1:10,	1:100	and	1:1000	dilutions.	

To	 test	 analytical	 specificity,	23	organisms	 including	19	non-

gonococcal	Neisseria	 strains	were	cultured	and	suspended	 in	

PBS.	Cultures	were	adjusted	in	PBS	and	diluted	in	KOVA	Trol	

to	deliver	106	organisms	per	assay	point.	Diluted	samples	were	

processed	 according	 to	 manufacturer’s	 recommendations	 for	

urine	specimens.	No	false	positives	were	detected	with	either	the	

Combo	2	or	ProbeTec	assays.	Three	false	positive	results	and	one	

equivocal	result	were	obtained	with	the	Amplicor	assay.	These	

data	indicate	that	there	maybe	significant	differences	in	analytical	

sensitivity	and	specificity	between	amplification	assays,	with	the	

APTIMA	 Combo	 2	 assay	 exhibiting	 the	 best	 performance	 in	

sensitivity	and	excellent	specificity.

I N T R O D U C T I O N

Clinical	studies	have	shown	NAATs	to	have	superior	sensitivity	performance	over	
non-amplification	methods	1-3.		Published	reports	have	documented	that	specificity	
issues	exist	in	NAATs	when	testing	NG	specimens	4,5.		Important	factors	in	selection	
of	the	best	NAAT	are	the	sensitivity	and	specificity	of	one	assay	when	compared	to	
another	assay.	This	study	was	designed	to	compare	the	relative	analytical	sensitivity	
and	specificity	of	the	APTIMA	Combo	2	assay	(Gen-Probe	Incorporated,	San	Diego,	
California)	to	the	Probe	Tec	ET	(Becton	Dickinson	Company),	and	Amplicor	(Roche	
Molecular	Diagnostics)	nucleic	acid	amplification	systems.	The	Combo	2	assay	
utilizes	Transcription-Mediated	Amplification	(TMA)	technology.	The	TMA	system	
targets	rRNA,	which	is	present	in	abundance	in	all	bacterial	cells,	to	increase	
the	sensitivity	and	specificity	of	the	assay.		Combo	2	also	incorporates	a	“target	
capture”	technique,	which	uses	hybridization	and	magnetic	particles	to	isolate	the	
target	sequences	and	separate	them	from	the	specimen	matrix,	which	may	contain	
amplification	inhibitors.	The	target	capture	specimen	preparation	method	does	
not	require	mechanical	manipulation	such	as	centrifugation	and	decanting	of	the	
specimen	that	is	performed	in	the	other	NAATs.	There	has	been	a	concern	that	this	
manipulation	in	the	other	assays	could	lead	to	the	loss	of	organisms	containing	NG	
nucleic	acid	target,	which	could	reduce	the	sensitivity	of	these	assays.

C-026

M E T H O D S

18-24	hour	cultures	were	grown	and	then	suspended	in	phosphate	
buffered	saline	(PBS).		Suspensions	of	organisms	were	added	to	KOVA	Trol	
(reconstituted	preparation	of	freeze	dried	human	urine)	in	a	proportion	of	
approximately	75%	KOVA	Trol	and	25%	PBS	containing	organisms.		Three	
aliquots	of	KOVA	Trol	were	prepared	to	contain	NG	Colony	Forming	Units	
(CFU)	at	levels	of	100,	10,	and	1	CFU	per	ml.	Ten	replicates	of	each	level	
were	assayed	in	each	technology.	The	100	CFU	per	ml	processed	sample	was	
then	further	diluted	1:10,	1:100,	and	1:1000	in	the	appropriate	sample	buffer	
for	each	assay	and	tested	in	10	replicates.

The	three	nucleic	acid	amplification	assays	were	also	challenged	in	a	head	to	
head	specificity	performance	evaluation.	A	panel	of	twenty-three	organisms	
including	19	non-gonococcal	Neisseria	strains	selected	from	laboratory	
stocks	were	tested	in	each	assay.	The	strains	were	identified	to	the	species	
level	using	conventional	routine	public	health	identifications	schemes.		
Cultures	were	grown	and	then	suspended	in	PBS,	and	diluted	to	deliver	
1,000,000	(106)	organisms	per	assay	point.	Suspensions	of	organisms	were	
added	to	KOVA	Trol	in	a	proportion	of	approximately	75%	KOVA	Trol	and	
25%	PBS	containing	organisms.	1.5	ml.	of	KOVA	Trol	and	0.5	ml.	of	PBS	
containing	107	organisms	would	constitute	the	specimen	inoculum	for	the	
Combo	2	assay.	When	added	to	the	COMBO	2	urine	collection	tube	
(2.0	ml.	volume)	the	conditions	would	deliver	the	desired	106	organisms	per	
assay	point.	Conditions	for	the	other	two	assays	were	calculated	to	deliver	
the	same	106	organisms	per	assay	point.	Appropriate	volumes	containing	the	
same	number	of	organisms	were	used	for	the	other	two	assays.	Samples	were	
processed	and	tested	according	to	the	manufacturer’s	protocol	for	each	assay.
P	values	were	calculated	from	Fisher’s	Exact	Test	when	compared	with	
Combo	2	Assay.

R E S U LT S

Table	I	Analytical	Sensitivity	Comparison.	Combo	2	detected	NG	in	all	10	
of	10	replicates	from	both	the	100	CFU/ml	and	10	CFU	/ml	concentrations	
of	NG	and	9	of	10	replicates	at	the	1	CFU	/ml	concentration.	Amplicor	
detected	NG	in	1	of	10	replicates	from	the	100	CFU	/ml	concentration	and	0	
of	10	from	the	10	CFU	/ml	and	1	CFU	/ml	concentrations.	ProbeTec	detected	
NG	in	7	of	10	replicates	from	the	100	CFU	/ml	level,	3	of	10	from	the	10	
CFU	/ml	concentration	and	0	of	10	at	the	1	CFU	/ml	concentration.		Upon	
dilution	of	the	processed	material	from	the	100	CFU	/ml	samples,	Combo	2	
detected	NG	in	all	10	of	10	replicates	from	the	1:10	and	1:100	dilutions	and	
0	of	10	replicates	from	the	1:1000	dilutions.	Amplicor	detected	NG	in	0	of	
10	replicates	from	the	1:10	dilution,	1:100	dilution	and	the	1:1000	dilution.		
ProbeTec	detected	NG	in	1	of	10	replicates	from	the	1:10	dilution,	0	of	10	
from	the	1:100	dilution	and	the	1:1000	dilution.		

Table	II	Analytical	Specificity	Comparison.	Both	Combo	2	and	ProbeTec	
yielded	no	false	positive	results	when	challenged	with	the	twenty-three	
organism	panel	that	could	potentially	be	falsely	identified	as	NG.	Amplicor	
incorrectly	identified	three	organisms	(Neisseria	subflava	NH	7,	14,	15)	as	
NG	and	yielded	one	equivocal	result	(Neisseria	subflava	NH	18).		

CO N C LU S I O N S

These	data	indicate	that	significant	differences	in	analytical	sensitivity	may	occur	
among	the	amplification	technologies	studied,	with	Combo	2	assay	showing	the	
greatest	sensitivity.	The	increased	sensitivity	of	the	Combo	2	assay	may	be	due	to	
a	combination	of	the	following	factors:

•	 Ribosomal	RNA	is	present	in	the	NG	at	approximately	2000	rRNA/organism	
in	contrast	to	the	DNA	sequences	targeted	by	the	other	assays	that	are	
typically	present	in	only	a	few	copies	per	NG.	The	increased	rRNA	target	
would	initiate	amplification	in	the	Combo	2	assay	even	at	high	dilutions.

•	 All	of	the	assays	except	Combo	2	require	prerequisite	centrifugation	and	
decanting	of	the	urine	matrix	prior	to	release	of	nucleic	acids	from	NG	
organisms.		The	centrifugation	and	decanting	steps	may	lead	to	the	loss	
of	organisms	during	specimen	preparation,	thus	reducing	or	eliminating	
nucleic	acid	target.

These	data	suggest	that	the	analytical	sensitivity	of	the	Combo	2	assay	is	at	least	
one	and	possibly	two	logs	higher	than	the	other	assays	for	NG	detection.	This	
supports	previous	studies	with	clinical	patient	samples	that	have	reported	higher	
clinical	sensitivity	for	the	Combo	2	assay	compared	to	other	NAATs2,3.

Analytical	specificity	was	100%	for	both	Combo	2	and	ProbeTec	using	the	panel	
of	organisms	selected	to	challenge	the	three	assays.	However,	the	Amplicor	
assay	incorrectly	detected	three	of	the	twenty-three	(12.5%)	non-NG	isolates	
as	NG	and	produced	one	equivocal	result.	This	information	supports	previous	
studies	indicating	lower	specificity	for	NG	detection	when	using	the	Amplicor	
assay4,5.		

These	data	indicate	that	there	may	be	significant	differences	in	analytical	
sensitivity	and	specificity	between	amplification	assays,	with	the	
APTIMA	Combo	2	assay	exhibiting	the	best	performance	in	sensitivity	
and	excellent	specificity.

R E F E R E N C E S

1.	 Van	Der	Pol,	B,	DV	Ferrero,	L	Buck-Barrington,	E	Hook	III,	C	Lenderman,	T	Quinn,	
CA	Gaydos,	J	Lovchik,	J	Schachter,	J	Moncada,	G	Hall,	MJ	Tuohy	and	RB	Jones.	2001.		
Multicenter	evaluation	of	the	BDProbeTec	system	for	detection	of	Chlamydia	trachomatis	
and	Neisseria	gonorrhoeae	in	urine	specimens,	female	endocervical	swabs	and	male	
urethral	swabs.		J	Clin	Microbio	39:	1008-16.

2.	 Ferrero	DV,	Gaydos	CA,	Quinn	TC,	Hook	EW	III,	Martin	DH,	Schachter	J,	Weissfeld	A,	Willis	
D.	2001.	Multicenter	clinical	trial	terformance	of	the	new	Gen-Probe	APTIMA™	Combo	2	
assay	for	detecting	Chlamydia	trachomatis	and	Neisseria	gonorrhoeae.	in	female	and	male	
urine	specimens.	Int.	J	STD	AIDS.	12(2):97.

3.	 	Gaydos,	CA,	TC	Quinn,	D	Willis,	A	Weissfeld,	EW	Hook,	DH	Martin,	DV	Ferrero,	
and	J	Schacter.	Performance	of	the	APTIMA	Combo	2	assay	for	detection	of	Chlamydia	
trachomatis	and	Neisseria	gonorrhoeae.	in	female	urine	and	endocervical	swab	specimens.		
41:304-309

4.	 Farrell,	D		1999.	Evaluation	of	AMPLICOR	Neisseria	gonorrheae	PCR	using	CppB	Nested	
PCR	and	16S	rRNA	PCR.	J.	Clin.	Microbiol.	37:386-390 

5.	 Palmer,	HM,	H	Mallinson,	RL	Wood,	and	AJ	Herring.	2003	Evaluation	of	the	Specificities	
of	Five	DNA	Amplification	Methods	for	the	Detection	of	Neisseria	gonorrhoeae.	J.	Clin.	
Microbiol.	41:835-837.

                                                    

																																																					TABLE	I

Ta r g e t 	 C a p t u r e 	 P r o c e s s 	 f o r 	 R e m o v a l 	
o f 	 P o t e n t i a l 	 A m p l i f i c a t i o n 	 I n h i b i t i o n

Comparison	of	Amplified	Test	Systems

Test 100	CFU/ml 10	CFU/ml 1	CFU/ml

Combo	2 10+/10 10+/10 9+/10*

Amplicor 1+/10**	(p<0.01) 0+/10	(p<0.01) 0+/10	(p<0.01)

ProbeTec 7+/10***	(p=0.211) 3+/10****(p<0.01) 0+/10	(p<0.01)
*1	specimen.	equivocal,	repeat	positive
**9	specimens	equivocal,	repeat	1	positive,	6	negative,	2	inconclusive
***	4	specimens	equivocal,	repeat	1	positive,	3	inconclusive.
****	5	specimens	equivocal,	repeat	1	positive,	3	negative,	1	equivocal

Comparison	of	100	CFU/ml	Diluted	1:10,	1:100,	and	1:1000

Test 1:10 1:100 1:1000

Combo	2 10+/10* 10+/10 0+/10

Amplicor 0+/10**	(p<0.01) 0+/10	(p<0.01) 0+/10

ProbeTec 1+/10***	(p<0.01) 0+/10	(p<0.01) 0+/10
	*1	specimen	equivocal,	repeat	positive
**	2	specimens	inconclusive,	repeat	inconclusive
***1specimen	equivocal,	repeat	negative.

                        TABLE II

Organism Combo	2 ProbeTec Amplicor

	 Result Result Result

N.	subflava	NH	1 NEG ND ND

N.	subflava	NH	5 NEG ND ND

N.	subflava	NH	6 NEG ND ND

N.	subflava	NH	7 NEG ND DETECT	

N.	subflava	NH	8 NEG ND ND

N.	subflava	NH	11 NEG ND ND

N.	subflava	NH	13 NEG ND ND

N.	subflava	NH	14 NEG ND DETECT	

N.	subflava	NH	15 NEG ND DETECT	

N.	subflava	NH	17 NEG ND ND

N.	subflava	NH	18 NEG ND EQUIVO

N.	subflava	NH	20 NEG ND ND

N.	cineria NEG ND ND

N.	mucosa NEG ND ND

N.	sicca NEG ND ND

N.lactamica	#56 NEG ND ND

N.sicca	202 NEG ND ND

N.subflava	205 NEG ND ND

M.osloensis	237 NEG ND ND

E.	coli NEG ND ND

P.	vulgaris NEG ND ND

C.	albicans NEG ND ND

N.lactamica	239 NEG ND ND
NEG=Negative
ND=Not	Detected
DETECT=Detected
EQUIVO=Equivocal


