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Evaluation of Four ELISA Kits for the Detection of
Anti-Cardiolipin Antibody
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Background : Since Harris et al. developed radioimmunoassay using cardiolipin antigen
for anti-cardiolipin antibody(ACA or aCL) in 1983, many methods were introduced for
detection of aCL. Recently, enzyme immunoassay is widely used and commercial ELISA
kits are available. In this study, we compared the results of currently available four
ELISA kits and evaluated its clinical usefulness.

Methods : The aCL screening and quantitation of IgG/IgM isotypes by four ELISA
kits were simultaneously performed in 90 patients requested for aCL. The four ELISA
kits were INCSTAR/TheraTest EL-ACA™ (INCSTAR Corp., MN, US.A), Varelisa
(Elias USA, Inc., Osceola, USA), Quanta Lite™ACA Screen, Quanta Lite™ ACA IgG/
I[gM (INOVA Diagnostics, Inc., CA, USA) and Biopool Imulyse™ ACA (biopool, CA,
USA). The results of aCL. were reported as GPL/MPL. One GPL/MPL unit is the
cardiolipin binding activity of lug/mlL of affinity purified IgG/IgM aCL from a stan-
dard serum. We reviewed the clinical characteristics of the patients and compared with
the results of aCL.

Results : The mean age of patients was 48.7 years and male to female ratio was 1:2.

2. The most common clinical diagnoses of positive aCl. were cerebral infarction and
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systemic 11}pus erythematosus (SLE). Of the 40 aCL-positive patients, eight patients and
12 patients were positive in Incstar and Elias respectively and 38 pdtients were positive
in both INOVA and Biopool. In all four ELISA kits, SLE patients showed high positive
rate’ than cerebral infarction. _

Conclusions : The positive' rate of aCL. was higher in INOVA and Biopool ELISA kits
than in Incstar and Elias. But the subject number of patients was not so many that it
is difficult to differentiate that this high positivity means its high sensitivity or
false—positivity. Further study of prospective design will be helpful for clarifying the

true reason and accurate comparison of the currently available commercial aCL. ELISA

kits.
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3z A& A (anti-phospholipid antibody, APA,
sPL)E 248E @ Aol AGsHE At
2A4[012], oldle FF24 Fs7 AR}t Fear-
diolipin@ A (anti—cardiolipin antibody, ACA, aCL)
7b £3H3,4]) ©] § Fcardiolipin@ A= 53]
AF, 4% FAaF, ER4A 59 g4 FA9)
FHFE Ao d8A QdEd[4-9], °1F F4F
A g2 R W FA F7P) de ALE 494
o] “AAA FFF7olgtx v, VA YAAA
Aol e FAAAGA(APA, aPL)$} Fcardioli
pindt Al (ACA, aCL)E =3A e AANE 253}
7= ¥r}[4,10-13].

19833 Harris 5& AAR cardioliping Yo
2 o]l 43 ARG EAYS AS e gen,
o= Fcardiolipin FAE AEsed £aw
Aol de ol&FHx Ur14-16]. FUAA=
FAAAGA} Feardiolipin FAE A&7 A
g o s gaddyel F2 ol4Ha U, o
2 7R Aefe] FFHe| Utk Y, o]elzte]
AlgE SleE 2R A|Ezhe] AdAdold 9
AA F8A6 B Bae olAAA nivg AA
och.

ol AMzAEL A FudA AwEZ UAY
EL FE71s53 Fcardiolipind Al ELISA kit &
v 7HAE AHSEe Fd €359 AnE ulwd
I olE9 A 9oE ool Bux} st

aCL), Enzyme-linked immunosorbent assay

1. M=

19964 349YE 6971A] AAQYgs5Y Augdan
QA gcardioliping A FAAS WA B} 90
9 WYe Yo syt =, FL 77Ee Al
AZAAE 8 AT A4S AAsS AF 2
#E AR AE FTAA J= WHAE A9
3t dz2Fo R g

2. 4y

- AEste ELISA kitg A48t 2E ZA ) o
3lo] 3§cardiolipin® A screening (AWAANS A
Al AMAAelA FAHez vehd A el
&A= aCL [gGEolF A 2 IgMEolg Ao 4
T AFRAAE Agstedot. 74 Ao EAL Table
1o} g9F wlmsfgc}.

A. INCSTAR/TheraTest EL-ACA™(INCSTAR
Corp., MN, U.S.A)

#2749 A% S 2 A dE2F 28 cali-
bratorg EAle]l §A43tg o, Zt7re AHAIA Y
©=% 1:1012 3 AM% F cardiolipin®. & coating¥
microwelloll 100 (A4 ¥F3gch. A4 303
Zb k& 271 F 7} wellol]l horseradish peroxidase
(HRP)Z conjugation® & IgG 2 IgM & 100
ALE H7beta AgoA 307 S A7k A
Ao ASele driddI2Ed FAE H sl

— 324 —



—gddeel Az A18A A23 199613 —
IgG
m
120 _ 9 120 '.l:n A
100 | 100 ...
80 | 80 |
60 | 60 |
40 | 40 Fo- .
2 . e 20 - 3 ETRe
. .
0 L S s d 0 . . - .
... Infarct SLE M Others infarct SLE MI Others
A. Incstar/TheraTest
120 igM 120 _ laG
100 | 100 L °
80 80 |
*
60 | 60 |
40 40 |
20 | 5
s $ 2 Y i *
0 f,,l,,,,, ‘,,,,, * e 0 ‘ [ a .
Infarct SLE MMP  Others ’ Infarct  SLE MP Others
B. Elias
G
120 120
100 | 100 |
80 | 80 | .
'Y At .
60 | 60 | .
. 3 ®
40 | b 4 40 | . *
. . L 4 20 : *
20 - ’ . ‘ ’ . .. *
0 1 , 3 0 hd " "
Infarct SLE MMP Others Infarct SLE [MP Others
C. INOVA
G
120 _ igM 190 - ig
100 © 100 L
80 ‘L o 80 | °
60 | 60 |
! *
40 | ¢ 40 | ‘ L 4 t
‘e
20. * o 2 | e o :
| ‘ ® ’
0L P I 0 * N N
Infarct SLE (TP Others infarct SLE [P Others
D. Biopool

Fig. 1. Distribution of positive results of anti-cardiolipin antibody (aCL) ELISA.
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Table 1. Characteristics of four ELISA kits

Incstar rias INUVA Biopool

Coated Antigen cardiolipin
Serum dilution 1:101
1st incubation time 30min
Conjugate HRP*
2nd incubation time 30min
Substrate TMB'
3rd incubation time 15min
Wavelength 450nm
Cut-off value:GPL 15 GPL

MPL 5 MPL

L .}

Hydrogen peroxide

Horseradish peroxidase
3,3,5,5’-tetramethybenzidine (TMB)
Alkaline phosphatase

Phenolphthalein monophosphate

Table 2. Typical standard curve readings in QuantaLite™ ACA IgG/IgsM

IgG-ACA .  IgM-ACA
Calibrator 0.D GPL 0D’  MPL
1445 1.804
0.893 1.170
0.569 0.597
0.305 0.330
0.182 0.213
0.098 0.090
Table 3. The resulls of patienis who showed positivily in one or more kits
[ncstar ~ Flias INOVA Biopoaol ~ No. of patients
' !
6
4
4
2
1
48
N:negative result, P:positive result
o] wgAAt. o7le] 7]AN 1004LE H7bstn #cardiolipin FA e ¥HEE= 74 AA FI=
Ao 1587 ub-g Azl F wkg A xjel 10044 o] conversion factor (calibrator®] anticardiolipin
g AH71ska 308 o)Wel 450nmell4 FHEE & NS FREE U DT FT o= T34

ooy, GPL % MPLEZ ¥ wslgr}. 7|4 1 GPL

326 —



—JAddziel Axge] A18W A2E: 199613 —

Table 4. The age and clinical diagnosis'of patients who showed positive results in one or more ELISA

< 10 yrs 0/0 0/0 " 0/0 0/0 00  o/0"
10-20 yrs 0/0 0/1 0/0 0/0 0/0 0/1-
20-30 yrs 1/1* 0/4 0/1 0/0 0/1 0/0
30-40 yrs 0/0 0/3 1/0 0/1 0/0 0/2
40-50 yrs 0/1 0/1 0/1 0/0 0/0 0/1
> 50 yrs 10/7 0/0 0/0 0/0 0/0 140

* Male/Female

(MPL)E EF¥ o 2X%¥ affinity purified IgG

(IgM) 9] anti-cardiolipin (ACA) 1zg/ml.2] cardio- < | 1}

lipin 2% 3% 43cH17]) FA B4 A=A
9] €292 & IgG ACA¢ 7A$ 15 GPL o4,
g IgM ACAS] 73$& 5 MPL ol&al A$2 3
yi i

B. Varelisa (Elias USA, Inc., Osceola, USA)

e} e wye 2 Addgen, 94 450nm
A FF=E £As At Cut-off 0.D= calibra-
tor®] O.De] F<o{xl factor® F3to Ar&slidd.
Z3} AL & IgG ACA2] A% 18 GPL o]4e]
W o4, 12 GPL ol3l¥ g4 2 3lgey o
Atole] Zte] v}o = 79t borderlinec 2 it}
g IgM ACA9 7%-<l&t 10 MPL ojiql A%
F4e2, 6 MPL o3l ¢ S48 Bystg
o0 o] A}o]e] & A borderlineo 2 3c}.

C. Quantalite™ACA Screen, QuantalLite™ ACA

1gG/IgM(INOV A Diagnostics, Inc., CA, USA)

94 2 P2 AT AT F 405 mm
A4 FFEE 2HA.

EEFAAAY 3= W& GPL/MPL gt
Table 23 Zow, o4 AAHL &lgG ACA9 7
4 15 GPL oj4, & IgM ACA9 A$E 125
MPL o|422 st4ic}. -

D. Biopool Imulyse™ ACA (biopool, CA, USA)

AAE 1:5002 H4F F AelAsh e
2% FA3gen, 450 nmelA FFEE A3}
Aok A3 #4gL F IgG ACA9 7% 23 GPL
ol4, & IgM ACA9 7¥+ 11 MPL ol4<dd
JAo = 3tgcl.

1. oHd ExiZal dixe| Hat

3 B2 909 F olx A Aoz EX
gA ZANE B AL 4290|¢]lx (Table 3)
ol52] HFdzL 48.74] (18~84A4)olg e, A
We @z 139, 4 299<l9dd. A A
A g3 209, ANRENAER 97, B0 Es
BaF 39, ATAA 19, A4EL ¥ 19,
neuro-Behcet 1%, 2] 7|e} 2%o]glen, 1}r]
A 599 AL AFVTAA #9T 4+ w3
t} (Table 4). ' .

BxF 9083 aCL AL Incstars} Eliase)
Asele 25 ¢4 A#E Jehigleod, INOVA
2] A% 173A7} aCL IgGell A%t <A, Biopool
A)eke] 734 27 A7} aCL IgGat A S » ).

2. 2t Aot Ecardiolipin A ZH3t

Fcardioliping A ZAL As}r} dpuetE kAol
A 4279 A3} Apd2 4w B, Incstar
s} Elias®] ¢t 22t 8% (20%)3 1279 (30
%) 2 ¥ JA&EL ngor, INOVALl Bio-
poole] A4 F Aof wFolA 389 (95%)Ho 2
£ GAEL A BT Ay AAN
£ S35 AAYFRIIE BAY A, o A
o 2% N34 gxuge AT B
Add e d7ksh FHEE HATH(Table 5,
Fig. 1). 2 Alepzbe] 44 Alotuiet %47
Y (IgG, M) FA N G FngsAst A&l
e} 78 4 g
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Table 5. The positive results of four anti-cardiolipin (aCL) ELISA kits
A. Incstar/TheraTest

amava

AT 1iolxy Ar 1IVI

T'atnl

A AL AL 1AL AU A

SLE
ITP
Mi
E.donosum
Unknown
total
B. Elias
v 18\ g & M ‘Total
Cerebral infarct 1/19 (5.3%)
SLE 2/7 (28.6%)
ITP 1/2 (50%)
MI 0/1 (0%)
E.nodosum 0/1 (0%)
Unknown 8/10 (80%)
Total 12/40 (30%)
C. INOVA
IgM IgG o IgG &M Total
cLerebral mtarct Y/1Y (47.4%) 17/19 (89.5%)
SLE 2/7 (28.6%) 7/7 (100%)
ITP 0/2 (0%) 2/2 (100%)
MI 0/1 (0%) 1/1 (100%)
E.nodosum 0/1 (0%) 1/1 (100%)
Unknown 2/10 (20%) 10/10 (100%)
Total 13/40 (32.5%) 38/40 (95%)
D. Biopool )
IgM IeG IeG & M Total
Cerebral infarct 10/19 (52.6%) 17/19 (89.5%)
SLE 3/7 (42.9%) 7/7 (100%)
ITP 2/2 (100%) 2/2 (100%)
MI 0/1 (0%) 1/1 (100%)
E.nodosum 1/1 (100%) 1/1 (100%)
Unknown 6/10 (60%) 10/10 (100%)
Total 22/40 (55%) 38/40 (95%)
ol), phosphatidyl serine, phosphatidyl inositol % ¢}
ini & +54 AR A A FARA[2], oldEe FF2

&-3-39129} gcardiolipin@ A7} A 4] F
cardiolipin (phosphatidyl glycer- F 3279 prothrombin ¥4 2gAs} &
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TS AE, A8, a2l P4Agte A B
Eoj dg A Z A prothrombine] thrombine &
A =s=d €8 ¥ prothrombinase ¥3t4 A&
27} dFel AAA gEY ALY Adg o
A X714 AcH18-21]. #cardiolipind A= A X
F2 uEZrelold £33} cardiolipind] of3t
A7t Ao, FF YDNAFAe mZaurs& o
o0 7)=4d], o] cardiolipin4g %3 DNA7} & di-
phosphoglyceride backbone2 7}Ax ¢l7] W&o
2 /‘}}1}%5}[16 22] HI 8}cardioliping} A| 7}
zgdedle JZ}EH gagule] odFaQ
beta2-glycoprotein I (B-GPI)7} "gs3jtl= Aol
Aol e} ol it A= WLE AP
1t} 23,24].

Fcardiolipn@ A= FE AAAAZTURAA I 4]
2ol vehtAq, o AstHEgAdA e oF 20
~40% A= |FH[25-27), 2 9 AR AP
AME mAPFt A T, A%, 4L,
HIV 74, Guillian Barre &3, ulix JA%
3 ol QA7 H3EF el AAALAF Fol
Ae v33¥ vl 9} 4,28-31]. =% Flcardiolipin
FAs AU Y 8 AtHYgAR
A HEFS IFF AFIY AR A &
3 AAARETRAGZANN AF 9 P27} =
2 @A 9e4730], & ATl AANE
Wk g3 Aol Futd A= flid.
dAZ e 71AL ofA A& wA UAA €A
, 83 W3] A Lo A prostacyclin A4S AA
3ld. Y4 22¢ do 7)1 plasminogen activa-
tor?] FA5E dAste FHF YA BAF}
= 7}4[20,32,3313 Fcardiolipind Ao 23] Q1A
A gyt g2 A [(PAP-1)9] 28] oA
=) A} 7,34] factor Va, VIllag EfFozH T
<3 242 7} protein Co] ZAHY[35] =+ ¥
] A X g9 protein C2] AL uHas)
£+ A g £FFArE APk F36]
9] 7tMde]l AAIH 9}, FHITelE dhcardiolipin
g allo) o5t GFA LA tissue factors} &
A& 7= procoagulant factorS ¥u|§o 24
45 isA "Aode 7= 2xd w g
[37].

FAAAGA A Gdele A FF
A AAEH E4AYe] Jdoq, a4

)
s

2~ &3
Hey
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& AH43tE AXA G99 256 o A @
phospholipid&t Al 7 A}e} #cardiolipind@ ] HALZ
F¥%c}. 19839 Harris Sl 213} cardioliping
Fho2 o] 4g ARG SAY o] AT Ty
deon, HIE F 2 Fcardiolipin® A AHAES
A A Eadde] ol4Hm Uk T
22WE9YL o438 71A| Fcardiolipin®
A A Aeko] == gk

£ dFdAE dA FUd FFEHO Ude W
7}A &cardioliping} 4 ELISA kitE o]23te &
cardiolipin®} A 2} 2 o} 3 ql IgGe} IgMd] i A
AE AXgn 2 AF}E wzsge). AP =
+ Incstart} EliasA} Xt} INOVA<} BiopoolAl €]
Alefoll A gl A JeElgen, 7 o} of.
3 A3E 29 Eliasol A+ IgGrel [gMEa] o
Eo2 dehte: 7A9r o @39 Adl sy

E A AgEeAE [gGEA dF5o2 e
U A7 o 98 Az Jepgrl 7 o}y
B olAHe dF ZAdfd m=d AAAFETAAG
Fol e 1gGHA7F B W Fopeag BAY
Axe IgMZA7L o3 s4e9[10,28], A4
Hog FAZF, AW AiF, ¥ §4 5
IgG #cardioliping A9} QF= b IgME &
g4 wd, 24 9l Lyme d3 5o A%
ol Futso] FE AT ol dii-E dA|AHe
2 271317 wEd JAHo = IgGel uls] v
7 gotm sgoi10-12].

2 AT A= INOVASH Biopoolrle] dx]-g9]
95%=2 Jelydz AANAFNAAIE FAe] 74
E 100%944 4dAsE ¥ YAESE Eded,
A4 BAert A =3 fFAe] difEe] #A}
W Aste] old HAM FAH7] fF] o2 =
7V Ao g A AgHA e A7t got
ol EL FAES vl Zlo] UzEI} oA
A=A, olw gjFAgo] ¥/ WEAAE FE3}
71 FEA. o2 EF¢ gL #FAE dAo=
3] Fcardiolipin A ZAALAA $FAH AHAE F
g £ Qe ARt #F A7 E WIyItcdd 7
Alekre wlmrl vl AgsA slelet Az ™
7+ Akt A wEolx Z FAole e,
INOVA<) 4]+ alkaline phosphatase® conjugate®
A48t 3 405nmell A FREE SAIEd s
SE A AtE A

£ horseradish peroxidase&
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Ao goles 59 oL ALt

7t QAN o] Akg ALEF Az
< 4 AAA ] 5o wel A3t AAE A
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of kitete] ZEE Ao 93l Hrgesia g
T ¥ AFNA 7 Agzre) ARAFL vazl 2
A& TS add, A9 As} F ARz
AzA 2] ozt UF A} EE, A% =24
A S AHE AR FEFAE AL T
AlfdAd gEtE o}E Aoln wWiztxwe] 3
< FHEeA Bolxdd $AHL FUEAN g o
E2AAW, AAEL dAM2AE YT aCL IgGaH s
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