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Abstract
Introduction: Multiple	allergen	simultaneous	test	(MAST)	is	widely	used	as	a	screen-
ing	tool	for	allergic	diseases	and	has	the	advantage	of	providing	specific	IgE	(sIgE)	re-
sults for various allergens in semiquantitative class. We have continuously conducted 
external	 quality	 assessment	 (EQA)	 since	 2012	 for	 clinical	 laboratories	 performing	
MAST	using	AdvanSure	allergy	screen	test	(LG	CHEM,	Korea).	This	study	provides	an	
account	of	the	EQA	experience.
Methods: Samples	were	prepared	using	pooled	sera	collected	from	patients	with	sus-
pected allergic disease and sent to each laboratory twice a year. Each round included 
4–	6	 serum	 samples	with	 sIgE	 for	 10–	20	 inhaled	or	 food	 allergens.	 The	 acceptable	
class	value	was	the	most	frequently	reported	MAST	class	±1	titer	that	exceeded	80%	
of the total laboratory results.
Results: The	average	number	of	participating	laboratories	was	76	(49–	90)	and	the	av-
erage	response	rate	was	97.3%	during	the	entire	survey	period.	The	acceptable	rates	
were	consistently	high	at	97.7%	±	3.7%.	Of	the	total	537	trials,	18	trials	(3.4%)	were	
regarded	as	nonconsensus	results,	in	which	acceptable	answers	did	not	exceed	80%.	
For	unacceptable	results,	the	false-	negative	rate	(1.5%	±	2.8%)	was	higher	than	the	
false-	positive	rate	(0.8%	±	2.7%)	(p <	0.001).	MAST	class	results	were	correlated	with	
quantitative	IgE	results	by	ImmunoCAP	(Spearman's	correlation	coefficient	of	0.682	
(p <	0.001)	and	gamma	index	of	0.777	(p <	0.001).
Conclusion: Although	 EQA	 for	 MAST	 showed	 a	 high	 level	 of	 acceptable	 answer,	
some allergen assays require harmonization. Continuous performance of systematic 
EQA	is	needed	to	improve	the	accuracy	of	sIgE	assays	and	quality	control	in	clinical	
laboratories.
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1  |  INTRODUC TION

The incidence of allergic conditions has continuously increased over 
the past decades.1	Although	in-	vivo	skin	prick	test	(SPT)	is	available	
in	clinical	practice,	some	limitations	could	cause	erroneous	results	in	
patients	taking	antihistamines	or	suffering	skin	diseases,	among	oth-
ers.2	Therefore,	detection	of	serum	allergen-	specific	Immunoglobulin	
E	(sIgE)	is	essential	for	the	diagnosis	and	management	of	IgE-	mediated	
hypersensitivity reaction and allergic diseases.3 Commercially avail-
able	 assays	 using	 the	 principles	 of	 enzyme	 immunoassay	 (EIA)	 or	
fluorescent	enzyme	immunoassay	(FEIA)	are	now	widely	used.4 The 
ImmunoCAP	(Thermo	Fisher	Scientific)	based	on	the	FEIA	technique	
is	the	most	popular	for	the	detection	of	sIgE	for	individual	allergens.5 
However,	when	 testing	 for	multiple	 allergens	 is	 required,	 the	 cost	
is relatively high and labor- intensive compared to multiplex assay.6 
Currently,	 several	 multiplex	 allergen	 screening	 tests	 (MAST)	 have	
been developed and are widely used with the advantages of small 
sample	size,	short	turnaround	time,	and	cost-	effectiveness	for	a	vari-
ous	spectrum	of	sIgE	testing.2	Although	MAST	showed	relatively	low	
sensitivity	and	accuracy	compared	to	ImmunoCAP	assay,	it	is	useful	
for	screening	the	multiple	sIgEs	and	provides	the	degree	of	sIgE	mea-
surement	with	semiquantitative	class	(from	0	to	6)	results.2,7

External	quality	assessment	(EQA)	is	critical	to	ensure	the	accu-
racy	 and	 reliability	of	 laboratory	 results.	However,	 inter-	laboratory	
proficiency	testing	for	sIgE	detection	was	not	popular	and	was	only	
recently	 introduced	 into	 the	program	of	 the	Korean	Association	of	
External	Quality	Assessment	service.	The	AdvanSure	allergy	screen	
test	(LG	CHEM,	Ltd.)	is	a	fully	automated	line	immunoassay	for	semi-
quantitative	detection	of	multiple	sIgEs	developed	in	Korea.2,8	Since	
2012,	we	have	established	local	EQA	programs	for	laboratories	per-
forming	MAST	using	AdvanSure	allergy	screen	tests.	The	purpose	of	
this	study	is	to	review	EQA	experience	by	analyzing	semiquantitative	
data	for	7	years	and	to	evaluate	the	performance	of	EQA	for	sIgE	test.

2  |  MATERIAL S AND METHODS

2.1  |  Preparation of serum samples

Leftover	sera	were	collected	from	patients	who	visited	Seoul	St.	Mary's	
hospital	and	requested	the	MAST	assay	in	suspicion	of	allergic	diseases.	
We	prepared	pooled	sera	containing	sIgE	against	a	wide	spectrum	of	
inhalants or food allergens. Pooled sera were homogenized using an 
agitator	at	180	rpm	and	then	filtered	using	sterile	filter	paper.	Sealed	
aliquots	(each	650	µl)	were	stored	at	−80°C	until	proficiency	testing.	
This	study	was	approved	by	the	Institutional	Review	Board	of	Seoul	St.	
Mary's	Hospital	(KC11SISI0209,	KC14SISI0307,	KC17SESI0374).

2.2  |  External quality assessment

Twice	 a	 year,	 aliquots	 were	 sent	 to	 clinical	 laboratories	 in	 Korea	
where	MAST	was	performed	using	AdvanSure	allergy	screen	test.	In	

each	round,	all	participant	laboratories	received	4–	6	serum	samples	
requiring	10–	20	sIgEs	test	results	per	serum.	The	laboratories	were	
asked	to	test	sIgE	following	the	same	procedure	as	for	routine	sam-
ples.	Results	were	requested	to	be	submitted	in	MAST	classes.	The	
sIgE	classification	scales	were	as	follows;	class	0:	under	0.35	kU/L,	
class	1:	0.35–	0.7	kU/L,	class	2:	0.7–	3.5	kU/L,	class	3:	3.5–	17.5	kU/L,	
class	4:	17.5–	50	kU/L,	class	5:	50–	100	kU/L,	class	6:	over	100	kU/L.	
Class	≥1	was	interpreted	as	positive.

2.3  |  Data evaluation according to the acceptable 
class values

We	analyzed	the	results	received	from	individual	 laboratories,	and	
provided overall results and acceptable class values for each aller-
gen. The acceptable class values were defined the most frequently 
reported	MAST	class	±1	titer	that	exceeded	80%	of	the	total	labo-
ratories according to the performance evaluation criteria of the 
Korean	 Association	 of	 External	 Quality	 Assessment	 (KEQAS)	 for	
semiquantitative tests.9	 If	 the	sum	of	 the	most	 frequent	class	and	
+/−	1	grade	was	below	80%,	the	acceptable	ranges	was	not	deter-
mined	and	defined	as	a	nonconsensus	result.	Nonconsensus	results	
were excluded from further analysis. False- negative was when the 
response	 result	 was	 lower	 grade	 than	 the	 acceptable	 range,	 and	
false- positive was when the response was in a higher grade than 
the	acceptable	answers.	For	negative	sera,	any	positive	result	was	
deemed	 false.	We	 analyzed	 subgroups	 of	 foodstuff,	 pollen,	mites,	
mold,	and	animal	epithelia.

2.4  |  Data comparison with 
quantitative ImmunoCAP

The	 concentrations	 of	 sIgE	 with	 the	 ImmunoCAP	 from	 the	 9th	
round.	 ImmunoCAP	 system	 provided	 the	 results	 using	 a	 six-	class	
system,	as	same	as	MAST,	and	values	of	0.35	kUI/L	or	more	(Class	
≥1)	were	interpreted	as	positive.	The	semiquantitative	comparisons	
were	performed	using	 the	gamma	 index	and	Spearman's	 rank	cor-
relation analysis.10	A	Gamma	Index	closer	to	1	indicates	a	stronger	
association.	 Spearman's	 correlation	 coefficients	 were	 categorized	
as	 very	 high	 positive	 (0.9–	1.0),	 high	 positive	 (0.7–	0.9),	 moderate	
positive	 (0.5–	0.7),	 low	positive	 (0.3–	0.5),	 or	 negligible	 (<	 0.3)	 cor-
relation.11	Data	were	analyzed	using	MedCalc	Statistical	Software	
version	19.1	(MedCalc	Software	bv).

3  |  RESULTS

3.1  |  sIgE EQA program

The average number of the participants was 76 with the maximum 
number	 in	 the	 13th	 round	 (n =	 90)	 and	 the	minimum	 in	 the	 1st	
round	(n =	49).	The	average	response	rates	 increased	from	89.8%	
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to	100%	 (97.3%	±	 3.1%)	during	 the	 survey	period	 (Figure	1).	 The	
average	 accept	 rates	were	 consistently	 high	 (97.6%	±	 1.0%)	 over	
the	period.	The	survey	materials	consisted	of	76	foodstuff,	pollen,	
mites,	mold,	and	animal	epithelia	allergens	with	varying	intensities	
from	negative	to	strongly	positive	(Table	1).	During	the	entire	pe-
riod,	the	most	frequently	participated	allergens	were	D. farinae	(24	
trials)	and	D. pteronyssinus	 (24	 trials)	 including	samples	with	vary-
ing	results	of	IgE	ranging	from	negative	to	class	6.	The	allergens	of	
animal	epithelium	consisting	cat,	dog,	and	sheep	were	included	in	
a	total	of	35	trials.	Thirty-	eight	foodstuffs	were	included	in	a	total	
of	206	trials.	Six	allergens	for	mites	were	included	in	92	trials.	The	
5	mold	allergens	and	24	pollen	allergens	were	 included	 in	42	and	
162	trials,	respectively.

3.2  |  Analysis of sIgE EQA results in trials with 
consensus results

Of	 the	 total	 537	 trials,	 18	 trials	 (3.4%)	were	 regarded	 as	 noncon-
sensus	results,	 in	which	the	percentage	of	acceptable	answers	did	
not	 exceed	 80%	of	 the	 total	 number	 of	 participants.	 In	 a	 total	 of	
519	allergen	trials	with	consensus	results,	an	average	of	97.7%	of	the	
participants	presented	acceptable	results	(Table	2).	The	average	rate	
of	false-	negative	results	(1.5%	±	2.8%)	was	higher	than	that	of	false-	
positive	 results	 (0.8%	±	 2.7%)	 (p <	 0.001).	Next,	we	analyzed	 the	
participants’	results	according	to	allergen	subgroups,	which	included	
foodstuffs	(n =	199),	pollen	(n =	160),	mites	(n =	84),	mold	(n =	41),	
and	animal	epithelia	(n =	35).	There	were	no	significant	differences	
in	acceptable	rates	in	each	allergen	subgroup,	and	all	allergen	groups	
showed false- negative results more than false- positive results.

Next,	to	analyze	acceptable	IgE	results	reporting	rates	for	spe-
cific	 allergens,	 we	 select	 allergens	 having	 at	 least	 five	 trials	 with	
consensus results. Total 467 trials for 43 allergens were included. 

Figure 2 illustrates the overall acceptable result reporting rates 
for	 specific	allergens	 individually.	Excluding	Japanese	hop	 (90.1%),	
the	rate	of	correct	answers	was	above	95.0%,	which	was	generally	
satisfactory.	 For	 animal	 epithelia,	 high	 rate	 of	 acceptable	 answers	
(97.5%)	were	detected	in	both	cats	and	dogs.	Among	foodstuffs,	the	
acceptable	answer	reporting	rate	was	higher	in	milk	(99.9%	±	0.4%)	
and	 cheddar	 cheese	 (99.5%	 ±	 0.9%).	 The	 lower	 acceptable	 an-
swer	 reporting	 rate	 was	 observed	 for	 tuna	 (95.5%	 ±	 5.5%),	 rice	
(95.4%	±	2.7),	and	onion	 (95.1%	±	4.8%).	Among	the	mites,	house	
dust	 mite	 (99.0%	±	 1.4%)	 showed	 higher	 acceptable	 answer	 rate	
while D. pteronyssinus	 (96.0%	 ±	 4.2%)	 showed	 lower	 acceptable	
answer rate. Aspergillus fumigatus	 (99.7%	 ±	 0.6%)	 in	 molds,	 and	
Japanese	 cedar	 (99.8	±	 0.5%),	 pigweed	 (99.6%	±	 0.9%),	 and	mug-
wort	(99.5%	±	0.7%)	in	pollen	showed	high	acceptable	answer	rate.	
For	Japanese	hop	(90.1%	±	5.5%),	acceptable	answer	rate	was	low.	
Broad	acceptable	answer	reporting	rates	of	>5%	standard	deviation	
(SD)	were	found	for	shrimp	(5.3%),	tuna	(5.5%),	Japanese	hop	(5.5%),	
and	Russian	thistle	(5.9%).	Figure	3	shows	the	reporting	rate	of	unac-
ceptable results for each allergen by dividing it into false positive and 
false	 negative.	Among	 food	 allergens,	mackerel,	 salmon,	 and	 tuna	
showed only false positive answers.

3.3  |  Analysis of sIgE EQA results for allergens 
with nonconsensus results

The distribution of reporting results for allergens with nonconsensus 
result	are	shown	in	Table	3.	EQA	results	for	house	dust	mite	(n =	6),	
tomato	(n =	4),	garlic	(n =	3),	Alternaria alternata	 (n = 1),	cockroach	
(n = 1),	D. pteronyssinus	 (n = 1),	Russian	thistle	(n = 1),	and	rye	pol-
len	(n = 1)	revealed	one	or	more	nonconsensus	results.	House	dust	
mite allergens showed nonconsensus results over 6 times after 10 
rounds.	Most	of	them	were	found	in	recent	rounds.

F I G U R E  1 External	quality	assessment	program	for	allergen-	specific	Immunoglobulin	E	test	from	2012	to	2018.	For	each	round,	blue	
indicates response rates and orange indicates accept rates
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3.4  |  Comparison of sIgE EQA results with 
ImmunoCAP results

Semiquantitative	comparisons	between	ImmunoCAP	and	MAST	are	
shown in Table 4. Within the total allergens available for compari-
son,	 spearman's	 correlation	coefficient	was	0.682	 (p <	0.001)	 and	
the	gamma	index	was	0.777	(p <	0.001).	In	allergen	subgroups,	food-
stuffs	 (high	 positive),	mites	 (moderate	 positive),	mold	 (moderately	
positive),	 and	 pollen	 showed	 significant	 associations	 between	 the	
IgE	class	results	of	MAST	and	ImmunoCAP.

4  |  DISCUSSION

Until	participating	in	KEQAS	in	2020,	there	was	no	EQA	program	for	
sIgE	assay	in	Korea.	In	this	study,	we	reviewed	EQA	experience	with	
interlaboratory	 comparisons	 of	 allergen-	specific	 IgE	 assays	 con-
ducted	by	a	single	institution	since	2012.	During	the	entire	survey	
program	across	14	round,	relatively	high	rates	of	acceptable	answer	
reporting	were	found.	However,	some	allergens	showed	differences	
in	IgE	results,	making	it	impossible	to	determine	the	consensus	even	
using	 the	 same	 reagents.	 Therefore,	we	 confirmed	 the	need	 for	 a	
systematic	 EQA	 to	 improve	 the	 accuracy	of	 assay	 and	 the	quality	
control of clinical laboratories.

The performance evaluation criteria for semiquantitative and 
qualitative	IgE	tests	have	not	yet	been	standardized.12	In	this	study,	
EQA	for	semiquantitative	IgE	results	was	analyzed	by	applying	the	
performance	evaluation	criteria	of	KEQAS.9	Koch	and	Aberer	ana-
lyzed	the	EQA	of	the	Austrian	allergy	test	for	25	years	with	an	ac-
ceptable range of ±1	or	2	of	 the	most	 frequent	values.	Also,	 for	a	
positive	sample,	a	case	where	the	answer	was	higher	 than	the	ac-
ceptable	answer	by	grade	2	or	negative,	and	for	a	negative	sample	
reported as positive was defined as unacceptable.13 We analyzed 
the	results	using	the	KEQAS	standard	to	ensure	consistency	of	sIgE	
EQA	program.	KEQAS	standard	define	acceptable	class	values	as	the	
most	frequently	reported	MAST	class	±1	titer	that	exceeded	80%	of	
the total laboratories.

It	 is	well	known	that	 the	causes	of	 the	discrepancy	 in	 the	sIgE	
assays	 is	the	difference	 in	allergens	contained	 in	the	reagents,	the	
difference	in	extraction	methods,	and	the	difference	in	allergen	at-
tachment methods.3	Standardization	of	allergy	tests	and	implemen-
tation	of	EQA	have	not	been	easily	achieved	to	date,	and	there	are	
many challenges to be solved. There is no internationally recognized 
reference	preparation	 for	 sIgE.	Standard	curves	 for	every	allergen	
are	unavailable	and	a	total	IgE	calibration	curve	is	used	to	obtain	sIgE	
concentrations by heterologous interpolation.3	 Total	 IgE	 reagents	
react	with	the	constant	region	of	the	IgE,	such	as	fragment	crystal-
lizable	region.	However,	specific	IgE	reagents	react	with	the	active	
binding	site,	such	as	fragment	antibody	binding	region	which	epitope	
specificity,	affinity/avidity	differs	from	patient	to	patient.	This	might	
have	affected	the	amount	of	specific	IgE	in	a	given	system.14

When we analyzed reporting results according to allergen sub-
group	or	 individual	allergen,	 there	was	no	significant	difference	 in	TA
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acceptable	rates	in	each	allergen	subgroup,	and	all	allergen	groups	
showed false negative results more than false positives. Among 
allergens	 having	 consensus	 results	 for	 acceptable	 range,	 broad	
acceptable answer reporting rates of >5%	 SD	 were	 found	 for	
shrimp	(5.3%),	tuna	(5.5%),	Japanese	hop	(5.5%),	and	Russian	thistle	
(5.9%).

This	study	is	meaningful	as	the	EQA	program	was	conducted	
for	 domestically	 developed	 reagent.	 Due	 to	 the	 significant	 dif-
ferences	in	the	prevalence	of	allergic	disease	by	age,	gender,	and	
ethnicity,	 the	 allergen	 panels	 should	 be	modified	 following	 the	
geographical region and target population.15–	17 The changes in 
environmental	 materials	 in	 modern	 society	 must	 be	 taken	 into	

F I G U R E  2 Acceptable	IgE	results	reporting	rates	for	specific	allergens	across	the	entire	EQA	program.	*Allergens	with	at	least	5	trials	
with	consensus	results	were	included	in	this	figure.	Results	(%)	present	the	average	+/−	2	standard	deviation

F I G U R E  3 Unacceptable	IgE	results	(false	negative	and	false	positive	answers)	reporting	rates	for	specific	allergens	across	the	entire	EQA	
programs.	*Allergens	with	at	least	5	trials	with	consensus	results	were	included	in	this	figure
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account	 for	 the	 progressive	 development	 of	 the	MAST	 assay.18 
Also,	 the	 strength	 of	 this	 EQA	 program	 is	 its	 voluntary	 partici-
pation in laboratories using the same products and continuously 
collecting national data for 7 years. As expected of high compa-
rability,	 the	 observed	 acceptable	 rates	 exceeded	 95%	 over	 the	
entire	 period.	 Nevertheless,	 some	 laboratories	 reported	 unac-
ceptable results. There can be various causes for unacceptable 
result	reporting	in	EQA.	In	a	previous	study,	considerable	differ-
ences have been reported in laboratories using the same assay 
as	 well	 as	 different	 sIgE	 assays,	 suggesting	 performance	 error	
observed.3	 It	 is	 necessary	 to	 check	 the	 calibration	 regularly	 to	
make	sure	that	the	devices	are	properly	performed.	Another	rea-
son	may	be	differences	 in	reagent	 lot	number.	 It	 is	necessary	to	
check	whether	there	are	any	changes	or	errors	in	antigen	produc-
tion or reagent preparation by the manufacturer. There is also 
the	possibility	of	clerical	errors	such	as	data	entry	errors,	use	of	
different	encodings,	or	different	samples.	In	this	study,	the	EQA	
for	 house	 dust,	 tomato,	 and	 garlic	 allergen-	specific	 IgE	 showed	
continuously	nonconsensus	results.	Laboratory	directors	should	
be aware of these errors and be careful when interpreting the 
EQA	results.

When	comparing	the	results	of	EQA's	response	and	Immunocap,	
a	spearman's	correlation	coefficient	of	0.682	and	a	gamma	index	of	
0.777	were	observed.	A	previous	study	comparing	AdvanSure	with	
Immunocap	 reported	gamma	 index	 ranged	 from	0.819	 to	0.990,10 
while	about	60%	of	 the	 total	 agreement	was	observed	 in	another	
study.8 The relatively good correlation in our study suggested that 
MAST	assay	may	be	used	as	a	supplementary	means	of	the	quantita-
tive	measurement	for	sIgE.

This study has limitations. Although this study analyzed 
EQA	 results	 from	 MAST	 assays	 compared	 to	 highly	 validated	
ImmunoCAP	results,	they	may	not	correlate	with	class	values	from	
semiquantitative	sIgE	assays.	False	negativity	and	false	positivity	
of	 the	 results	were	 determined	 by	 consensus	 result,	 not	 clinical	
symptoms	 or	 SPT	 results.	 Since	 external	 quality	 assessment	 is	
highly	dependent	on	policies	and	management	models,	this	study	
can	hardly	be	guiding	outside	of	Korea.	However,	it	is	meaningful	
in suggesting the concordance rate of semiquantitative results for 
various	allergens.	It	 is	difficult	to	standardize	serum	sIgE	testing.	
Therefore,	laboratories	performing	sIgE	assay	require	regular	cal-
ibration	 and	 internal/external	 quality	 control,	 or	 interlaboratory	
comparison.

In	this	study,	7	years	of	IgE	EQA	experience	was	reviewed	and	
the	reported	results	were	analyzed.	Our	experience	in	sample	man-
ufacturing,	 shipping,	 and	 reporting	 results	 analysis	 is	 expected	 to	
assist	in	the	successful	implementation	of	other	IgE	EQA	programs.	
Agreed regional or national consensus may help harmonize labora-
tory	diagnostic	strategies	and	explain	the	need	for	EQA	along	with	
strengthening education on their use.
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