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1  | INTRODUCTION

Antiphospholipid	 antibodies	 (aPLs)	 are	 a	 heterogeneous	 group	 of	
autoantibodies	targeted	at	different	phospholipids	and/or	their	com-
plexes	with	 protein	 cofactors.1,2	 Laboratory	 testing	 of	 aPL	 includes	
predominantly	 assays	 for	 anticardiolipin	 antibodies	 (aCL),	 antibod-
ies	 against	β2-	glycoprotein	 I	 (anti-	β2GPI),	 and	 lupus	 anticoagulant.

3,4 
Together	with	the	occurrence	of	recurrent	vascular	 thrombosis	and/
or	pregnancy	morbidity,	the	presence	of	aPL	is	required	for	the	diag-
nosis	of	antiphospholipid	syndrome	(APS)	known	more	than	30	years.	
The	antiphospholipid	syndrome	is	also	recognized	as	a	major	cause	of	
stroke,	migraine,	and	heart	attack.5	The	aPLs	are	even	considered	to	be	

a	non-	traditional	risk	factor	in	atherosclerosis	in	coronary	artery	dis-
eases,	ischemic	stroke,	or	peripheral	artery	diseases	6	and	may	occur	
in	other	conditions	in	high	frequency.7

With	a	view	to	a	large	spectrum	of	clinical	conditions	associated	
with	the	elevated	aPL,	it	is	very	desirable	to	improve	continuously	the	
actual	approaches	for	aPL	determination.	It	is	known	that	pathogenic	
potential	of	autoantibodies	depends	not	only	on	their	levels	but	also	
on	 the	 qualitative	 characteristics	 such	 as	 affinity	 and	 avidity,	which	
may	contribute	to	the	severity	of	appropriate	disease.8,9	It	seems	that	
avidity	of	aPL	may	be	clinically	useful	as	a	valuable	additional	charac-
teristic	of	aPL.10	Cucnik	et	al.11	assume	that	avidity	of	anti-	β2GPI	may	
be	a	more	reliable	laboratory	feature	than	aPL	titer	for	the	evaluation	
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Background: Avidity	 of	 antiphospholipid	 antibodies	 may	 be	 clinically	 useful	 as	 a	
	valuable	additional	characteristic.	The	aim	of	this	study	was	to	compare	several	ELISA	
modifications	with	different	chaotropic	agents	and	calculation	of	avidity	 indices	 for	
the	determination	of	anticardiolipin	antibody	(aCL)	avidity.
Methods: We	examined	28	serum	samples	with	positive	IgG	aCL	by	adapted	ELISA	
using	various	concentrations	of	urea	and	sodium	chloride	as	chaotropic	agents	and	
different	dilution	of	sera.	We	tested	these	conditions	of	ELISA—a	single	diluted	serum	
sample	with	fixed	 concentration	of	 a	 chaotrope	and	a	 serially	diluted	 serum	 in	 the	
constant	concentration	of	a	chaotropic	agent.
Results: We	demonstrated	that	ELISA	method	for	avidity	determination	based	on	a	
single	dilution	of	serum	in	the	presence	of	fixed	concentration	of	chaotrope	is	con-
venient	for	determination	of	IgG	aCL	antibody	avidity.	Concentrations	6	and	8	mol/L	
of	urea	or	1	and	2	mol/L	of	NaCl	were	suitable	for	sufficient	dissociation	of	immune	
complexes	during	ELISA	procedure.
Conclusion: This	way	was	in	good	agreement	with	more	demanding	procedures.	Both	
urea	and	sodium	chloride	may	be	used	as	chaotropic	agents.	Reference	values	of	avid-
ity	indices	essential	for	interpretation	of	patients’	results	must	be	established	individu-
ally	for	distinct	assay	conditions.
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of	 long-	term	 thrombotic	 risk.	One	of	 the	 recent	multicenter	 studies	
clarified	 a	 clear	 association	 between	 high-	avidity	 anti-	β2-	GPI	 and	
obstetric	 complications.12	 Previously,	 avidity	 of	 aCL	 had	 been	 also	
studied	 in	 patients	with	 primary	 biliary	 cirrhosis,	 primary	 sclerosing	
cholangitis,	and	type	1	autoimmune	hepatitis.13,14

Various	 methods	 for	 avidity	 determination	 have	 been	 de-
scribed.8,15,16	The	 common	 techniques	 in	 clinical	 laboratories	 utilize	
the	 solid-	phase	 immune	 assays	 (predominantly	 enzyme-	linked	 im-
munosorbent	 assay—ELISA)	 in	 the	 presence	 of	 chaotropic	 agents.	
The	 immune	 complexes	 formed	 during	 the	 antibody	 binding	 in	 the	
course	of	ELISA	are	temporarily	exposed	to	the	action	of	chaotropic	
agents	during	the	extra	step.16–20	The	interactions	of	low-	avidity	an-
tibodies	with	antigens	are	easily	broken	by	chaotropic	agents,	while	
high-	avidity	 antibodies	 remain	 bound	 to	 antigens.	 The	 low-	avidity	
antibodies	released	after	incubation	with	chaotropic	reagents	are	re-
moved	from	the	appropriate	wells.	The	antibodies	with	higher	avidity	
bound	in	the	immune	complexes	on	the	surface	on	the	wells	are	quan-
tified	and	equated	to	the	amount	of	antibodies	detected	in	the	wells	
without	chaotrope.

Several	modifications	for	avidity	ELISAs	differ	in	a	dilution	of	an-
alyzed	serum	or	concentration	of	chaotropic	agents.16,18,21	The	sim-
plest	method	uses	a	single	diluted	serum	with	fixed	concentration	of	
chaotrope.	Another	approach	is	based	on	the	determination	of	avidity	
on	condition	of	serially	diluted	serum	 in	 the	constant	concentration	
of	chaotropic	agent.13,21,22	Alternatively,	a	single	diluted	serum	is	ex-
posed	to	an	increasing	concentration	of	chaotrope.23	The	expression	
of	avidity	values	varies	according	to	applied	ELISA	modification.

The	 intensity	 in	 interrupting	 of	 the	 antibody-	antigen	 bindings	
seems	to	be	highly	dependent	on	the	kind	of	examined	antigen	and	
its	 specific	 antibody	with	 respect	 to	 a	 distinct	 type	 and	 a	 number	
of	bounds	and	 interactions	participated	 in	the	formation	of	 immune	
complexes.16,19	On	this	account,	various	chaotropes	interrupt	immune	
complexes	formed	by	a	certain	antigen	and	a	corresponding	antibody	
differently.18	It	is	advisable	to	test	the	use	of	suitable	chaotropes	and	
their	concentration	 individually	 for	antibodies	with	various	specifici-
ties.	In	addition,	the	results	of	avidity	determination	are	influenced	by	
experimental	conditions.19

The	aim	of	this	study	was	to	test	various	possibilities	for	aCL	avid-
ity	determination	by	ELISA	procedure	in	the	presence	of	chaotropes	
and	to	choose	the	optimal	modification	which	would	be	suitable	for	
routine	aCL	avidity	examination.	Therefore,	we	(a)	compared	two	dif-
ferent	chaotropic	agents	(urea	and	sodium	chloride),	which	had	been	
already	 used	 for	 determination	 of	 aPL	 avidity,12,20,24	 (b)	 compared	
several	approaches	for	the	ELISA	modification	using	various	concen-
trations	of	chaotropes	and	various	dilution	of	serum	samples,	and	(c)	
compared	corresponding	avidity	index	(AI)	calculation.

2  | MATERIALS AND METHODS

2.1 | Participants

We	 analyzed	 28	 serum	 samples	 from	 patients	 carried	 out	 at	 the	
Immunological	Department	of	the	Institute	of	Medical	Biochemistry	

and	 Laboratory	 Diagnostics	 in	 Prague	 (Czech	 Republic)	 (age:	
40±17	years,	mean±SD;	sex:	female	22,	male	6).	IgG	aCL	levels	(ELISA	
Anti-	cardiolipin	antibodies;	Orgentec,	Mainz,	Germany)	had	been	de-
termined	in	the	sera	as	a	part	of	the	immunological	follow-	up	of	pa-
tients.	 IgG	aCL	 levels	were	higher	than	10	GPL	 in	the	patients.	The	
predominant	 diagnoses	 of	 patients	 enrolled	 in	 the	 study	 were	 fol-
lowing:	systemic	 lupus	erythematosus	 (n=9),	glomerulonephritis	and	
nephritis	(n=5),	immunodeficiency	(n=3),	infertility	(n=2),	and	coagula-
tion	disorders	(n=2).

All	 subjects	 gave	written	 informed	 consent	 regarding	 study	par-
ticipation.	The	Ethics	Committee	of	the	General	University	Hospital,	
Prague,	approved	the	study.

2.2 | Methods

We	used	ELISA	according	 to	 a	protocol25	 for	 the	 IgG	aCL	determi-
nation;	10%	adult	bovine	serum	 (ABS)	 in	phosphate	buffered	saline	
(PBS)	was	 used	 as	 a	 blocking	 solution	 and	 for	 a	 dilution	 of	 patient	
samples.	This	ELISA	procedure	provides	sufficient	β2-	GPI	for	a	valid	
test	and	meets	the	necessities	recommended	by	international	consen-
sus	guidelines	on	anticardiolipin	and	anti-	β2-	glycoprotein	I	testing.

26

2.2.1 | IgG aCL avidity assay

The	procedure	described	by	Vlachoyiannopoulos	et	al.20	in	our	modi-
fication	was	used	for	the	avidity	of	IgG	aCL	examination.	The	detailed	
description	of	the	ELISA	procedure	is	shown	in	Fialova	et	al.24

We	examined	sera	serially	diluted	with	10%	ABS	in	PBS	(pH	7.2)	
1:50,	1:100,	1:200,	and	1:400.	In	the	extra	step	of	ELISA,	the	avidity	
of	antibodies	in	each	appropriated	diluted	serum	was	tested	using	in-
creasing	concentrations	of	urea	solutions	(2.0,	4.0,	6.0,	and	8.0	mol/L)	
or	sodium	chloride	(0.25,	0.5,	1.0,	and	2.0	mol/L).

With	regard	to	an	insufficient	amount	of	serum	in	some	patients,	
all	ELISA	modifications	were	not	done	in	every	serum.

2.2.2 | Expression of avidity results

We	used	several	modifications	for	avidity	determination	and	expres-
sion	of	avidity	results.

2.2.3 | Method 1: a single dilution of serum, a single 
concentration of chaotrope

Avidity	determination	by	this	method	is	based	on	the	analysis	of	a	sin-
gle	diluted	serum	exposed	a	single	concentration	of	a	chaotrope.	The	
avidity	index	used	for	the	expression	of	avidity	values	represents	the	
ratio	(or	percentage)	of	the	residual	antibodies	bound	in	the	wells	in	
the	presence	of	the	chaotrope	solution	to	the	total	antibodies	bound	
in	the	absence	of	a	chaotrope.

AI	 is	calculated	by	dividing	absorbance	 (A)	values	obtained	 from	
the	 wells	 with	 chaotrope	 addition	 (urea	 6	 or	 8	mol/L;	 NaCl	 1	 or	
2	mol/L)	by	A	values	obtained	from	the	wells	without	chaotropes	(the	
standard	ELISA	method).
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2.2.4 | Methods 2: a multiple diluted serum, a 
single concentration of chaotrope

In	 contrast	 to	 the	 previous	 approach,	 this	 modification	 for	 avid-
ity	determination	uses	a	multiple	diluted	 serum	sample	exposed	a	
single	 concentration	 of	 a	 chaotrope.13,22	 Sera	 were	 diluted	 1:50,	
1:100,	1:200,	and	1:400	in	our	experiments.	The	AI	was	expressed	
as	 the	 ratio	 (or	 percentage)	 of	 the	 serum	 dilution	 (antibody	 titer)	
value	 after	 chaotrope	 treatment	 accordant	 to	 the	 certain	 cutoff	
absorbance	value	to	the	value	of	the	serum	dilution	without	chao-
trope	treatment	corresponding	to	the	same	cutoff	absorbance	value	
(Figure	1A).

A	more	precise	manner	of	AI	calculation	is	based	on	the	ratio	of	the	
areas	derived	 from	the	antibody	titration	curve	value	obtained	with	
and	without	treatment	by	a	chaotrope	reagent	21	(Figure	1B).

We	 applied	 a	 simplified	 formula	 proposed	 by	 Perciani	 et	al.21 
who	 assessed	 the	 ratio	 between	 areas	 of	 curves	 without	 using	
	integral	 functions.	 A	 relative	 simple	 mathematic	 formula	 may	 be	
used	for	the	calculation	of	both	areas.	AI	can	be	calculated	as	the	
ratio	of	 two	times	the	summation	of	 the	absorbances	obtained	 in	
the	ELISA	plot	under	 the	chaotrope	condition	minus	absorbances	
of	 the	first	and	 last	 serum	dilution	data	divided	by	 two	times	 the	
summation	of	the	absorbances	obtained	in	the	ELISA	plot	without	
chaotrope	minus	the	absorbances	of	the	first	and	last	serum	dilu-
tion	data.21

AI=
absorbance in the wells with chaotrope

absorbance in the wells without chaotrope

AI=

serum dilution after chaotrope treatment to the cut-off absorbance

serum dilution without chaotrope treatment to the cut-off absorbance

AI=

2
n
∑

i=l

ak,i−ak,l−ak,n

2
n
∑

i=l

ac,i−ac,l−acn

F IGURE  1  (A)	Determination	of	avidity	
index	by	ELISA	using	a	multiple	diluted	
serum	exposed	a	single	concentration	of	
chaotropic	agents.	The	arrow	of	the	dashed	
line	in	the	x-	axis	shows	dilution	of	serum	
exposed	to	a	chaotropic	agent	accordant	
to	the	certain	cutoff	absorbance;	the	arrow	
of	the	solid	line	in	the	x-	axis	shows	dilution	
of	serum	without	chaotrope	exposition	
accordant	to	the	certain	cutoff	absorbance.	
(B)	Determination	of	avidity	index	based	on	
the	ratio	of	areas	derived	from	the	antibody	
titration	curve.	The	solid	line	borders	the	
area	without	chaotrope	and	the	dashed	line	
borders	the	area	with	chaotrope
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n=number	of	dilutions
We	modified	this	method	using	only	two	optimal	serum	dilutions	

1:50	and	1:100	with	the	aim	to	labor-	save	the	ELISA	procedure.

2.3 | Statistics

The	 statistical	 analyses	 were	 performed	 by	 parametric	 tests	 after	
evaluation	 of	 normal	 distribution	 using	 Kolmogorov-	Smirnov	 test.	
The	relationship	between	AI	calculated	by	different	ways	was	evalu-
ated	by	Pearson’s	correlation	coefficient.	The	paired	t	test	was	used	
for	the	statistical	analysis	of	differences	in	the	paired	measurements	
of	aCL	avidity	in	serum	or	various	expression	of	avidity	indices.	The	
significance	level	for	all	tests	was	P<.05.	The	comparison	of	two	differ-
ent	measurement	techniques	was	performed	by	Bland-	Altman	plots.27 
Statistical	 analysis	 was	 performed	 using	 Statistica	 12	 (StatSoft,	
Prague,	CR)	and	MedCalc	(Ostend,	Belgium).

3  | RESULTS

3.1 | Method 1: a single dilution of serum, a single 
concentration of chaotropes

The	individual	concentrations	of	urea	2	and	4	mol/L	or	NaCl	0.25	and	
0.5	mol/L	did	not	dissociate	the	immune	complexes	effectively.	They	
were	less	suitable	for	differentiation	between	high-		and	low-	avidity	
antibodies	if	chaotrope	solution	was	used	in	a	single	concentration.

For	 the	 evaluation	 of	AI	 calculation	 by	 this	 approach,	we	 com-
pared	the	values	obtained:	(a)	at	different	concentration	of	chaotropes	
during	ELISA	(urea	6	and	8	mol/L;	NaCl	1	and	2	mol/L)	and	(b)	at	dis-
tinct	dilution	of	sera	(1:50	and	1:100).

a	 A	high	correlation	was	found	between	AI	based	on	various	concen-
trations	of	 urea	or	NaCl	 independently	 on	dilution	 serum	 (serum	
dilution	1:50:	urea	6	vs	8	mol/L,	r=0.94;	NaCl	1	vs	2	mol/L	r=0.89;	
serum	dilution	1:100:	urea	6	vs	8	mol/L	r=0.88;	NaCl	1	vs	2	mol/L	
r=0.88;	P<.0001	for	each	comparison).	AI	was	significantly	lower	in	
the	higher	 concentrations	of	urea	 (urea	6	vs	8	mol/L—P<.001	 for	
dilution	of	sera	1:50	and	P=.0008	for	dilution	of	sera	1:100),	while	

no	significant	decrease	of	AI	values	determined	in	the	presence	of	
NaCl	2	mol/L	was	observed	in	comparison	with	NaCl	1	mol/L.

b	 Dilutions	of	 serum	samples	 (1:50	and	1:100)	 influenced	AI	more	
than	 concentration	 of	 chaotropes,	 but	 the	 correlation	 was	 still	
high	for	urea	in	both	concentration	(urea	6	mol/L:	serum	1:50	vs	
1:100 r=0.85;	urea	8	mol/L:	serum	1:50	vs	1:100	r=0.87;	P<.0001 
for	each	comparison)	and	lesser	for	NaCl,	but	still	statistically	sig-
nificant	 (NaCl	1	mol/L:	serum	1:50	vs	1:100	 r=0.55,	P=.01;	NaCl	
2	mol/L:	serum	1:50	vs	1:100	r=0.65,	P=.002).	The	action	of	urea	
was	more	effective	in	more	diluted	sera.	AI	for	sera	diluted	1:100	
was	significantly	lower	than	those	for	sera	diluted	1:50	(serum	di-
luted	1:50	vs	 serum	diluted	1:100,	P<.05	 for	 each	urea	 concen-
tration).	The	effect	of	NaCl	 to	 immune	complex	dissociation	was	
similar	 in	 sera	diluted	both	1:100	and	1:50	and	AI	did	not	differ	
(serum	diluted	1:50	vs	serum	diluted	1:100	n.s.	for	each	concen-
tration	of	NaCl).

3.2 | Methods 2: a multiple diluted serum, a single 
concentration of chaotropes

We	 compared	 this	 ELISA	modification	 in	 the	 condition	 of	 different	
chaotrope	concentrations.	Significant	correlations	between	AI	deter-
mined	to	the	same	cutoff	absorbance	value	0.3	using	concentration	
6	or	8	mol/L	for	urea	and	1	or	2	mol/L	for	NaCl	were	observed	(urea	
6	 vs	 8	mol/L	 r=0.96,	 P<.0001;	 NaCl	 1	 vs	 2	mol/L	 r=0.85,	 P=.002).	
Similarly	 as	 in	 the	 previous	method,	 the	 AI	 was	 significantly	 lower	
when	 urea	 8	mol/L	was	 used	 for	 the	 dissociation	 of	 immune	 com-
plexes	in	comparison	with	urea	6	mol/L	(P=.047).	No	difference	was	
seen	in	the	presence	of	various	concentrations	of	NaCl	as	chaotropic	
agent.	Unfortunately,	without	an	additional	dilution	of	serum,	it	was	
not	possible	 to	assess	 the	AI	 in	 the	samples	with	 too	high	 levels	of	
aCL,	which	provided	too	high	absorbance	exceeding	the	cutoff	value.

Moreover,	we	also	analyzed	the	AI	based	on	the	ratio	of	the	areas	
of	 the	 plot	 under	 chaotrope	 action	 and	 those	 without	 chaotrope	
calculated	 by	 the	 formula	 proposed	 by	Perciani	 et	al.21	 and	 in	 our	
modification	(see	Result).	The	correlation	between	AI	calculated	by	
original	formula	and	by	our	modification	is	high	especially	when	urea	
is	used	for	disruption	of	immune	complexes	(Table	1).	This	statement	

TABLE  1 Comparison	between	avidity	indices	determined	by	ELISA	using	a	multiple	diluted	serum	with	a	single	concentration	of	a	
chaotrope	calculated	according	formula	of	Perciani	et	al.	21	(area	6	mol/L	or	area	8	mol/L)	and	our	modified	method	included	only	serum	
dilution	1:50	and	1:100	(area	6	mol/L	modified	or	area	8	mol/L	modified)

Comparison urea as chaotrope n r P Comparison NaCl as chaotrope n r P

Area	6	mol/L	vs	area	8	mol/L 18 .95 <.0001 Area	1	mol/L	vs	area	2	mol/L 20 .93 <.0001

Area	6	mol/L	vs	area	6	mol/L	
modified

18 .96 <.0001 Area	1	mol/L	vs	area	1	mol/L	
modified

20 .92 <.0001

Area	8	mol/L	vs	area	8	mol/L	
modified

18 .98 <.0001 Area	2	mol/L	vs	area	2	mol/L	
modified

20 .92 <.0001

Area	6	mol/L	modified	vs	area	
8	mol/L	modified

24 .95 <.0001 Area	1	mol/L	modified	vs	area	
2	mol/L	modified

20 .89 <.0001

n,	number	of	samples;	r,	Pearson’s	correlation	coefficient;	P,	level	of	significance;	vs,	versus.
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was	also	confirmed	by	Bland-	Altman	plots	(Figure	2A).	In	contrast	to	
use	of	AI	based	on	the	cutoff	absorbance,	this	variation	enabled	to	
determine	the	AI	independently	on	the	value	of	absorbance.

The	comparison	between	tested	modifications	is	shown	in	Table	2.	
The	correlation	coefficients	and	Bland-	Altman	plots	 (Figure	2B)	 also	
showed	good	agreement	between	AI	determination	using	a	multiple	

F IGURE  2  (A)	Representative	Bland-	
Altman	plot	comparing	avidity	indices	
determined	by	ELISA	using	a	multiple	
diluted	serum	in	the	presence	of	urea	
6	mol/L	calculated	according	formula	of	
Perciani	et	al.	21	and	our	modified	method.	
(B)	Representative	Bland-	Altman	plot	
comparing	avidity	indices	based	on	ELISA	
using	a	multiple	diluted	serum	and	a	single	
diluted	serum	(1:50)	in	the	presence	of	urea	
6	mol/L.	(C)	Representative	Bland-	Altman	
plot	comparing	avidity	indices	based	on	
ELISA	using	different	chaotropes	(area	
calculation:	urea	6	mol/L	and	NaCl	1	mol/L)
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diluted	serum	at	single	concentration	of	chaotrope	and	that	using	a	
single	diluted	serum.

3.3 | Relationship between AI based on using 
urea or NaCl

AI	calculated	from	the	absorbances	obtained	in	the	presence	of	NaCl	
did	not	correlate	with	those	in	the	presence	of	urea	using	sera	diluted	
1:50.	When	 the	 sera	were	more	diluted	 (1:100),	 the	correlation	be-
tween	 ELISA	 performed	 with	 different	 chaotropes	 became	 evident	
(Table	3).	However,	the	agreement	was	lesser	expressed	in	comparison	
to	the	various	procedures	for	AI	determination	using	the	same	chao-
tropic	agent.	Similar	correlations	were	seen	by	comparison	of	meth-
ods	described	by	Perciani	et	al.21	including	our	modification	(Table	4).	
There	was	a	good	correlation	between	methods	using	four	serum	dilu-
tions	and	 limited	between	 those	using	only	 two	serum	dilutions	 for	
urea	and	NaCl.	Bland-	Altman	plots	also	presented	an	agreement	be-
tween	AI	determined	via	various	chaotropic	agents	(Figure	2C).

3.4 | Avidity of IgG aCL in patients with their 
high levels

Four	patients	in	our	patient’s	group	had	levels	of	aCL	exceeded	100	
GPL	(a	unit	for	IgG	antiphospholipid	antibody	concentration).	None	of	
the	avidity	values	determined	at	a	single	serum	dilution	in	concentra-
tion	of	urea	6	or	8	mol/L	and	NaCl	1	or	2	mol/L	was	higher	than	ap-
propriate	values	of	mean+SD	(standard	deviation).	The	representative	
values	of	AI	in	various	concentration	of	urea	are	shown	in	Figure	3.

4  | DISCUSSION

We	compared	 two	chaotropic	 agents	urea	and	 sodium	chloride	de-
scribed	in	the	literature	for	avidity	determination	of	aPL	and	tested	the	

TABLE  2 Comparison	between	avidity	indices	determined	by	ELISA	using	a	single	diluted	serum	(1:50	or	1:100)	with	a	fixed	concentration	
of	chaotrope	(urea	or	NaCl)	and	by	ELISA	using	a	multiple	diluted	serum

Urea 
concentration Comparisons n r P

NaCl 
concentration Comparisons n r P

Urea	6	mol/L Single	diluted	serum	1:50	
vs	multiple	diluted	serum

18 .88 <.0001 NaCl	1	mol/L Single	diluted	serum	1:50	
vs	multiple	diluted	serum

20 .74 .0002

Single	diluted	serum	1:50	
vs	multiple	diluted	serum	
modified

18 .97 <.0001 Single	diluted	serum	1:50	
vs	multiple	diluted	serum	
modified

20 .94 <.0001

Single	diluted	serum	1:100	
vs	multiple	diluted	serum

18 .97 <.0001 Single	diluted	serum	1:100	
vs	multiple	diluted	serum

20 .91 <.0001

Single	diluted	serum	1:100	
vs	multiple	diluted	serum	
modified

24 .94 <.0001 Single	diluted	serum	1:100	
vs	multiple	diluted	serum	
modified

20 .80 <.0001

Urea	8	mol/L Single	diluted	serum	1:50	
vs	multiple	diluted	serum

18 .91 <.0001 NaCl	2	mol/L Single	diluted	serum	1:50	
vs	multiple	diluted	serum

20 .81 <.0001

Single	diluted	serum	1:50	
vs	multiple	diluted	serum	
modified

24 .97 <.0001 Single	diluted	serum	1:50	
vs	multiple	diluted	serum	
modified

20 .95 <.0001

Single	diluted	serum	1:100	
vs	multiple	diluted	serum

18 .97 <.0001 Single	diluted	serum	1:100	
vs	multiple	diluted	serum

20 .87 <.0001

Single	diluted	serum	1:100	
vs	multiple	diluted	serum	
modified

24 .95 <.0001 Single	diluted	serum	1:100	
vs	multiple	diluted	serum	
modified

20 .84 <.0001

n,	number	of	samples;	r,	Pearson’s	correlation	coefficient;	P,	level	of	significance;	vs,	versus.

TABLE  3 Comparison	between	avidity	indices	determined	by	ELISA	
using	a	single	diluted	serum	(1:50	or	1:100)	in	the	presence	of	various	
chaotropes	(urea	concentration	6	or	8	mol/L;	NaCl	1	or	2	mol/L)

Serum 
dilution Comparisons n r P

1:50 Urea:	6	mol/L	vs	
NaCl	1	mol/L

16 .32 n.s.

Urea:	6	mol/L	vs	
NaCl	2	mol/L

16 .25 n.s.

Urea:	8	mol/L	vs	
NaCl	1	mol/L

16 .34 n.s.

Urea:	8	mol/L	vs	
NaCl	2	mol/L

16 .35 n.s.

1:100 Urea:	6	mol/L	vs	
NaCl	1	mol/L

16 .67 .004

Urea	6	mol/L	vs	
NaCl	2	mol/L

16 .62 .01

Urea:	8	mol/L	vs	
NaCl	1	mol/L

16 .81 .0001

Urea:	8	mol/L	vs	
NaCl	2	mol/L

16 .57 .02

n,	number	of	samples;	r,	Pearson’s	correlation	coefficient;	P,	level	of	signifi-
cance;	vs,	versus.
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several	possibilities	for	calculation	of	avidity	indices.	The	investigated	
concentrations	of	chaotropes—2-	8	mol/L	for	urea	and	0.25-	2	mol/L—
were	 chosen	with	 respect	 to	 the	 experience	 presented	 in	 previous	
studies	addressing	to	aPL	avidity.12,20,24

From	the	chemical	principle,	it	is	obvious	that	urea	and	NaCl	will	
not	 dissociate	 the	 immune	 complexes	 formed	 during	 ELISA	 by	 the	

same	 manner.	While	 urea	 disturbs	 hydrogen	 bonding	 and	 Van	 der	
Waals	forces,16	NaCl	as	an	ionic	compound	may	also	dissociate	elec-
trostatic	interactions.	Therefore,	the	results	obtained	by	methods	uti-
lized	various	chaotropes	differing	in	their	chemical	properties	cannot	
be	equal.	Nevertheless,	it	seems	that	both	tested	chaotropes	may	be	
used,	and	 if	 the	appropriate	concentration	of	chaotropes	and	serum	
dilution	are	chosen,	the	avidity	values	may	be	comparable	each	other.	
A	 good	 relationship	 between	AI	 determined	 via	 various	 chaotropic	
agents	under	suitable	conditions	was	demonstrated	by	correlation	co-
efficients	and	by	Bland-	Altman	plots.	A	limited	comparability	between	
AI	in	the	presence	of	various	chaotropes	was	observed	in	the	method	
using	a	single	dilution	of	sera	1:50	at	fixed	concentration	of	chaotrope,	
while	AI	determination	based	on	higher	serum	dilution	1:100	or	multi-
ple	dilutions	of	sera	showed	a	better	agreement	(Tables	3	and	4).

Because	a	reliable	estimation	of	antibody	avidity	requires	a	50%	
decrease	 in	the	binding	of	antibodies,28	 the	 lower	tested	concentra-
tions	of	urea	(2	and	4	mol/L)	and	NaCl	(0.25	and	0.5	mol/L)	were	not	
convenient	for	the	methods	using	a	fixed	concentration	of	dissociation	
agents.	Concentrations	of	6	and	8	mol/L	of	urea	and	1	and	2	mol/L	of	
NaCl	were	suitable	for	sufficient	dissociation	of	immune	complexes	at	
dilution	of	sera	1:50	and	1:100.	Both	dilutions	of	sera	and	concentra-
tions	of	chaotropes	influenced	the	intensity	of	dissociation	of	immune	
complexes	 during	 an	 extra	 step	 of	 ELISA.	The	 higher	 concentration	
of	urea	and	more	diluted	sera	yielded	in	more	effective	disruption	of	
immune	complexes	and	in	significant	decrease	of	AI.

TABLE  4 Comparison	between	avidity	indices	determined	by	
ELISA	using	a	multiple	diluted	serum	with	fixed	concentration	of	
various	chaotropes	(urea	vs	NaCl)

Comparisons r P

Area	urea	6	mol/L	vs	area	NaCl	1	mol/L 16 .57 .022

Area	urea	6	mol/L	vs	area	NaCl	2	mol/L 16 .56 .025

Area	urea	8	mol/L	vs	area	NaCl	1	mol/L 16 .68 .004

Area	urea	8	mol/L	vs	area	NaCl	2	mol/L 16 .64 .008

Area	urea	6	mol/L	modified	vs	area	NaCl	
1	mol/L	modified

16 .49 .053

Area	urea	6	mol/L	modified	vs	area	NaCl	
2	mol/L	modified

16 .45 .081

Area	urea	8	mol/L	modified	vs	area	NaCl	
1	mol/L	modified

16 .54 .032

Area	urea	8	mol/L	modified	vs	area	NaCl	
2	mol/L	modified

16 .48 .057

r,	Pearson’s	correlation	coefficient;	P,	level	of	significance;	vs,	versus.

F IGURE  3 Avidity	indices	in	two	
representative	patients	with	high	levels	
of	anticardiolipin	antibodies	(≥100GPL)	
determined	by	ELISA	in	the	presence	of	
various	concentrations	of	urea
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The	 simplest	 way	 for	 avidity	 determination	 is	 the	 analysis	 of	 a	
single	dilution	of	serum	exposed	only	a	single	concentration	of	cha-
otropic	agents.	The	calculation	of	AI	expressed	as	the	ratio	of	absor-
bance	values	obtained	 in	 the	presence	of	chaotropic	agent	 to	 those	
without	 chaotropic	 agents	 is	 also	 uncomplicated.	 The	 shortcoming	
of	this	modification	might	be	the	error	caused	by	the	initial	levels	of	
specific	antibodies.29,30	The	opinion	on	the	impact	of	high	concentra-
tion	of	antibodies	to	the	avidity	estimation	by	ELISA	is	not	unique.16,19 
Dimitrov	et	al.	16	mentioned	that	the	assay	for	avidity	determination	
is	not	enough	sensitive	to	moderate	decreases	in	the	binding	at	high	
concentrations	of	IgG.	On	the	basis	of	our	results,	it	seems	that	deter-
mination	of	IgG	aCL	avidity	is	not	influenced	by	their	levels	similarly	as	
it	was	described	for	 IgG	antibody	avidity	against	pertussis	toxin	and	
filamentous	hemagglutinin.19	Our	avidity	method	for	aCL	with	a	single	
dilution	of	serum	and	that	used	a	serially	diluted	serum	which	is	not	
affected	by	the	antibody	levels	exhibited	a	good	correlation.	Regarding	
the	AI	values	in	our	patients	with	very	high	levels	of	IgG	aCL	did	not	
exceed	values	of	mean+standard	deviation	corresponding	to	the	total	
tested	group	of	patients,	we	can	anticipate	that	used	concentrations	
of	chaotropes	were	sufficient	even	for	higher	levels	of	aCL.	However,	
the	levels	of	antibodies	may	be	important	when	the	values	of	expected	
antibody	titer	in	individual	samples	varied	in	large	range	(several	order	
of	values).19

Determination	 of	AI	 using	 serially	 diluted	 patient	 serum	 (end-	
point	titration	of	antibodies)	 is	considered	to	be	the	gold	standard	
method	for	avidity	determination	by	ELISA.29	The	results	of	avidity	
are	not	influenced	by	the	concentration	of	tested	specific	antibod-
ies.16	A	main	disadvantage	of	this	methodological	approach	consists	
in	the	necessity	for	four	or	more	dilution	series	of	a	specimen,	which	
sometimes	have	to	be	repeated	due	to	insufficient	serial	dilution.30 
This	procedure	increases	the	requirements	for	time	and	reagent	con-
sumption.	With	aim	to	abolish	shortage,	we	modified	this	method	by	
the	 reduction	of	 serum	dilutions	only	 for	 two	ones	which	 showed	
to	be	suitable	within	testing	the	method	with	single	diluted	serum.	
A	high	correlation	of	results	obtained	by	our	modified	method	with	
that	based	on	multiple	dilutions	 suggests	 that	 the	performance	of	
whole	titration	curve	need	not	be	necessary.	In	past,	the	serially	di-
luted	 sera	were	applied	 for	 the	determination	of	 aCL	and	anti-	β2- 
glycoprotien-	I	avidity	using	urea	as	a	denaturing	agent	in	monitoring	
of	patients	with	various	diseases.13,20	The	AI	was	denoted	as	“resid-
ual	activity.”

In	conclusion,	we	demonstrated	that	simplest	method	for	AI	de-
termination	 based	 on	 ELISA	 using	 a	 single	 dilution	 of	 serum	 in	 the	
presence	of	fixed	concentration	of	chaotrope	is	convenient	for	deter-
mination	of	IgG	aCL	antibody	avidity.	This	way	was	in	good	agreement	
with	more	exacting	procedures.	Both	urea	and	sodium	chloride	may	
be	used	as	chaotropic	agents.	Concentrations	6	and	8	mol/L	of	urea	
and	1	and	2	mol/L	of	NaCl	were	suitable	for	sufficient	dissociation	of	
immune	complexes	during	extra	step	of	ELISA	procedure.	Considering	
the	AI	values	differed	in	dependence	of	serum	dilution	and	concentra-
tion	of	chaotropes	especially	urea,	the	reference	values	of	avidity	indi-
ces	essential	for	interpretation	of	patients’	results	must	be	established	
individually	for	distinct	assay	conditions.
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