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 Background: Laboratory criterion is needed for the classification of antiphospholipid syndrome (APS), which contain anticar-
diolipin antibodies (aCL) and anti-b2-glycoprotein 1 antibodies (ab2GP1). They are commonly identified by en-
zyme-linked immunosorbent assay (ELISA), but lack standardized kits, resulting in substantial variations in the 
antibody positivity between different laboratories. The emergence of chemiluminescence automated  BIO-FLASH 
may improve the situation.

 Material/Methods: We selected 185 patients with APS, systemic lupus erythematosus (SLE), infertility, connective tissue dis-
ease (CTD), and other conditions in Peking University Third Hospital. We tested the aCL and ab2GP1 levels by 
EUROIMMUN ELISA and 105 patients had at least one positive result for aCL and ab2GP1, while the others had 
negative results. We retested them by chemiluminescence assay (CIA) and analyzed the result and compared 
the coincidence rate. The IgM levels were retested by AESKU ELISA. Data were analyzed using SPSS.

 Results: Our result suggested that CIA had good performance for IgG isotype of aCL and ab2GP1 in the coincidence rate. 
The positive coincidence rate of aCL IgM between CIA and EUROIMMUN ELISA was only 41.67%, but two ELISA 
kits showed good coincidence, CIA and AESKU ELISA had an obviously higher positive rate. CIA and AESKU had 
a higher coincidence than that of AESKU and EUROIMMUN in ab2GP1-IgM.

 Conclusions: The new automated CIA BIO-FLASH is suitable for detecting aCL and ab2GP1 antibodies, especially IgG isotype, 
which may provide an alternative to time-consuming conventional ELISA method.
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Background

The antiphospholipid syndrome (APS) is defined by the occur-
rence of venous or arterial thromboses, often multiple or re-
current fetal losses, frequently accompanied by a moderate 
thrombocytopenia in the presence of antiphospholipid anti-
bodies (aPL). At least one clinical criterion (vascular throm-
bosis or pregnancy morbidity), and one laboratory criterion 
[anticardiolipin antibodies (aCL), lupus anticoagulant (LA), or 
anti-b2-glycoprotein 1 antibodies(ab2GP1)], had to be met for 
the classification of APS [1]. The IgG and IgM of ab2GP1 assays 
were added to the newer revised criteria [2]. IgA (aCL and ab-
2GP1) are not currently included in the laboratory criteria for 
APS, but it has been suggested to consider them as ‘‘noncri-
teria’’ antibodies for patients who are seronegative but have 
clinical suspicion of APS [2,3].

Medium and high titers of aCL antibodies (IgG and/or IgM) 
associate with clinical manifestations of APS were selected 
as criteria in the Sapporo classification criteria. However, the 
threshold used to distinguish moderate-high levels from low 
levels had no standard [2], and routinely used assays in the 
clinical settings, particularly enzyme-linked immunosorbent 
assay (ELISA), lack standardized kits, resulting in substantial 
variations in the antibody positivity between different labo-
ratories [4–7].

The chemiluminescence technology has been used for auto-an-
tibody testing [8–10], and the fully automated HemosIL AcuStar 
aPL assay panel has shown similar performance to commercial 
ELISA kits commonly used by various laboratories to detect 
antiphospholipid antibodies [8]. Van Hoecke et al. evaluated 
the panels for aCL and ab2GP1 antibodies of an automated 
chemiluminescence assay (CIA), which was used in the labo-
ratory for diagnosis of APS [11]. Zhang et al. found that the 
novel CIA assay had good performance in measuring ab2GP1 
and aCL, especially in the detection of ab2GP1 IgG, and could 
shed insight on the application of CIA in the laboratory diag-
nosis of APS in China [7].

Recurrent fetal loss is one clinical manifestations of APS, and 
recurrent early miscarriage and fetal death have been associ-
ated with aPL [12]. We aimed to study the availability of CIA in 
diagnosis of APS, especially for recurrent fetal loss; thus, the 
cohort of patients in our study represented mainly patients 
with recurrent fetal losses.

Material and Methods

Patient population

Our study included a total of 185 patients with APS, systemic 
lupus erythematosus (SLE), infertility, connective tissue disease 
(CTD), and other conditions in Peking University Third Hospital. 
There were 105 consecutive patients who had at least one posi-
tive result for aCL (IgG or IgM) and ab2GP1(IgG or IgM), others had 
negative results. Study protocols were reviewed and approved 
by the Ethical Committee of Peking University Third Hospital and 
informed consents were obtained from all participants.

Serum antibodies determination

All sera were stored at –20°C until analysis. Serum aCL auto-
antibodies (IgG, IgM) and ab2GP1(IgG, IgM) were determined 
by both ELISA (EUROIMMUN, Germany) and CIA (QUANTA 
Flash® assays, INOVA Diagnostic, Inc.). The QUANTA Flash as-
says were performed on BIO-FLASH® instrument (Biokit S.A., 
Barcelona, Spain). The principle of the QUANTA Flash assay 
system was previously described by Mahler et al. [13] and 
Bentow et al. [14]. Serum aCL and ab2GP1 IgM were retest-
ed using AESKU (AESKU.diagnostics, Germany) ELISA kits. All 
the methods were performed in accordance with the manu-
facturers’ recommended methodology. The cutoff values for 
positivity were set based on the recommendations of the re-
spective manufacturer.

Statistical analysis

Data were analyzed using SPSS Statistics 19 (SPSS, Inc., Chicago, 
IL, USA). Comparison of CIA and ELISA was performed based 
on 2×2 contingency tables. Positive coincidence rate and total 
coincidence rate were calculated and expressed in percentage 
(%). Spearman correlation test were performed to analyze the 
qualitative and quantitative agreement between ELISA and CIA.

Results

The study population was divided into a serum positive group 
and a serum negative group depending on the EUROIMMUN 
ELISA results. The clinical characteristics are displayed in 
Table 1. All patients were female; pregnancy morbidity or in-
fertility was seen in 71.4% and 65.7% of the seropositive and 
seronegative groups respectively.

There was at least one positive result for the aCL (IgG, IgM) 
and ab2GP1 (IgG, IgM) in the positive serum group. We tested 
the same serum samples for ab2GP1 and aCL (IgG/IgM) using 
CIA. Then, we compare the 2 methods. The results obtained 
by CIA and ELISA are reported in Table 2.
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Our results suggested that CIA had good performance in the 
detection of IgG (aCL and ab2GP1), the positive coincidence 
rate of IgG (aCL and ab2GP1) between ELISA and CIA reached 
to 93.75% (15 out of 16) and 94.44% (17 out of 18), the to-
tal coincidence rate also reach to 89.52% (94 out of 105) and 
88.57% (93 out of 105), and the Spearman coefficients rho 
(aCL IgG between ELISA and CIA, ab2GP1 IgG between ELISA 
and CIA) was 0.799 and 0.941 respectively, and a significant 
correlation was observed between the results from the 2 as-
says (P< 0.01, P< 0.01) (Figures 1, 2). But the positive coinci-
dence rate of IgM (aCL and ab2GP1) between ELISA and CIA 
only had 41.67% (5 out of 12) and 13.75% (11 out of 80), the 

total coincidence rate was 73.33% (77 out of 105) and 32.38% 
(34 out of 105) respectively.

The ELISA positive rate of the seropositive group was between 
11.43% to 17.14% for IgG (aCL and ab2GP1) and aCL IgM, while 
the ab2GP1 IgM reached 76.19%. The CIA positive rate of the 
seronegative group was between 23.81% and 26.67% for the 
IgG (aCL and ab2GP1) and aCL IgM, which was significantly 
higher than the ELISA results, while the rate of ab2GP1 IgM 
was significantly lower than the ELSIA results (Table 3). We re-
tested the IgM levels using another ELISA kit, AESKU (AESKU.
diagnostics, Germany), for which the aCL IgM or ab2GP1 IgM 

Group

APS

SLE Infertility CTD OthersPregnancy 
morbidity

Thrombosis

Serum 
positive

Number
(all Female)

31 12 7 44 4 7

Median age 
(min, max)

33 (24, 44) 34 (25, 70) 31 (23, 56) 32 (22, 41) 29.5 (29, 56) 50 (27, 70)

Serum 
negative

Number
(all Female)

34 1 0 36 2 7

Median age 
(min,max)

33 (26,38) 28 - 34 (23, 44) 34.5 (34, 35) 30 (27, 35)

Table 1. Clinical characteristics.

APS – antiphospholipid syndrome; SLE – systemic lupus erythematosus; CTD – connective tissue disease. “Serum positive group” have 
at least one positive result for the aCL autoantibodies (IgG, IgM) and ab2GP1 (IgG, IgM).

CIA
Total Coincidence rate

Positive Negative

aCL IgG 
ELISA

Positive 15 1 16  93.75% (15/16)

Negative 10 79 89  88.76% (79/89)

Total 25 80 105  89.52% (94/105)

aCL IgM 
ELISA

Positive 5 7 12  41.67% (5/12)

Negative 21 72 93  77.42% (72/93)

Total 26 79 105  73.33% (77/105)

ab2GP1 IgG 
ELISA

Positive 17 1 18  94.44% (17/18)

Negative 11 76 87  87.36% (76/87)

Total 28 77 105  88.57% (93/105)

ab2GP1 IgM
ELISA

Positive 11 69 80  13.75% (11/80)

Negative 2 23 25  92.00% (23/25)

Total 13 92 105  32.38% (34/105)

Table 2. The comparison of ELISA and CIA.

ELISA kit is EUROIMMUN
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was positive, and then we analyzed the coincidence rate and 
positive rate. We found that the positive coincidence rate of 
IgM (aCL and ab2GP1) between ELISA (EUROIMMUN vs. AESKU) 
was 87.5% and 46.84%, the total coincidence rate is 74.71% 
and 45.98% respectively. The positive coincidence rate of that 
between CIA and AESKU was 68% and 84.62%, the total coin-
cidence rate was 78.16% and 62.07% respectively (Tables 4, 5).

Discussion

ELISA is commonly used to identify aCL and ab2GP1 antibod-
ies, but it is time-consuming, laborious, and has poor repeat-
ability. Whereas, it may take only about 30 minutes to com-
plete a test with CIA, a fully automated technique, which might 
reduce operator handling and save time. Automation can also 

0 50

CI
A 

(C
U)

100
ELISA (GLU/ml)

150

2000

1500

1000

500

0

200

Figure 1.  The positive aCL IgG correlation of ELISA and CIA. 
(Spearman rho=0.799), P<0.01. ELISA – enzyme-linked 
immunosorbent assay; CIA – chemiluminescence assay.
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Figure 2.  The positive ab2GP1 IgG correlation of ELISA and CIA 
(Spearman rho=0.941), P<0.01. ELIS – enzyme-linked 
immunosorbent assay; CIA – chemiluminescence assay.

Seropositive patients Seronegative patients

N % n %

ELISA

aCL IgG
Positive 16 15.24 0 0.00

Negative 89 84.76 78 100.00

aCL IgM
Positive 12 11.43 0 0.00

Negative 93 88.57 78 100.00

ab2GP1 IgG
Positive 18 17.14 0 0.00

Negative 87 82.86 78 100.00

ab2GP1 IgM
Positive 80 76.19 0 0.00

Negative 25 23.81 78 100.00

CIA

aCL IgG
Positive 25 23.81 2 2.56

Negative 80 76.19 76 97.44

aCL IgM
Positive 26 24.76 0 0.00

Negative 79 75.24 78 100.00

ab2GP1 IgG
Positive 28 26.67 1 1.28

Negative 77 73.33 77 98.72

ab2GP1 IgM
Positive 13 12.38 0 0.00

Negative 92 87.62 78 100.00

Table 3. Positive and negative results obtained from seropositive patients and seronegative patients using ELISA and CIA methods.

ELISA kits is EUROIMMUN
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improve the reproducibility of results and reduce inter-labora-
tory and intra-laboratory variability [10,15]. The performance 
of CIA has been evaluated in several studies [3,7,10].

There are some patients who have negative laboratory criteria 
for APS but present with typical clinical manifestations of APS, 
and these patients are called seronegative patients [16,17]. 
They are not included in APS criteria, which might partly be 
due to the poor performance of tests that result in negative 
laboratory results including ELISA assays [6,16,17]. Therefore, 
it is very important to standardize ELISA testing; and many at-
tempts have been made including several published recom-
mendations [10,18–25], but there is no standardized ELISA 
methodology available, and the variability of inter- and intra-
laboratory testing is still high [26–28].

Our results suggested that CIA could show good results for 
IgG isotype of aCL and ab2GP1 for positive coincidence rate 
and total coincidence rate. However, the performance of aCL 
IgM and ab2GP1 IgM were not as good, thus, we retested the 
IgM (aCL and ab2GP1) using another ELISA kit, the AESKU 
kit (Tables 4, 5). We found that AESKU and EUROIMMUN kits 
showed good coincidence in aCL IgM, with the positive coinci-
dence rate and the total coincidence rate of 87.50% (7 out of 
8) and 74.71% (65 out of 87) respectively, and between AESKU 

and CIA the rates were 68.00% (17 out of 25) and 78.16% (68 
out of 87) respectively. Furthermore, we observed that the 
positive rates of aCL IgM for AESKU and CIA were higher than 
the rates for EUROIMMUN, which may indicate better sensi-
tivity. There were differences in the commercial ELISA kits: the 
ELISA plate of the EUROIMMUN kit was coated with cardiolip-
in and the important cofactor b2GP1 was added into the sam-
ple diluent, whereas other kits were coated with a compound 
of b2GP1 and cardiolipin, which may explain some of the dif-
ferences in results.

AESKU and CIA had a higher coincidence rate than AESKU and 
EUROIMMUN in ab2GP1 IgM; the positive coincidence num-
bers for EUROIMMUN, AESKU, and CIA were 79, 42, and 13, 
respectively. The positive coincidence numbers for AESKU and 
EUROIMMUN were obviously more than that of AESKU and CIA, 
suggesting that these assays might lead to poor coincidence 
rate. Significant inter-laboratory variability with the perfor-
mance of the ab2GP1 ELISA might reside in the inconsistent 
exposure of residues 40 and 43 on domain I when b2GP1 is 
coated onto various commercial ELISA plates [29,30]. ab2GP1 
may specifically bind to the domain IV/V of b2GP1 or targeted 
domain I [31–33], while different commercial kits may differ in 
targeting different domains, thus leading to different results.

AESKU
Total Coincidence rate

Positive Negative

aCL IgM
EUROIMMUN

Positive 7 1 8  87.50% (7/8)

Negative 21 58 79  73.42% (58/79)

Total 28 59 87  74.71% (65/87)

ab2GP1 IgM
EUROIMMUN

Positive 37 42 79  46.84% (37/79)

Negative 5 3 8  37.50% (3/8)

Total 42 45 87  45.98% (40/87)

Table 4. The comparison of ELISA (EUROIMMUN vs. AESKU).

AESKU
Total Coincidence rate

Positive Negative

aCL IgM
EUROIMMUN

Positive 17 8 25  68.00% (17/25)

Negative 11 51 62  82.26% (51/62)

Total 28 59 87  78.16% (68/87)

ab2GP1 IgM
EUROIMMUN

Positive 11 2 13  84.62% (11/13)

Negative 31 43 74  58.11% (43/74)

Total 42 45 87  62.07% (54/87)

Table 5. The comparison of ELISA (AESKU) and CIA.
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However, IgM is less often associated with thrombosis than 
IgG [34]. Some studies have demonstrated a significant cor-
relation of antibody titers and agreement between the ELISA 
and CIA and found that the correlation coefficient for aCL IgG 
and ab2GP1 IgG was higher than those of “M” isotype anti-
bodies. Thus, agreement of the IgG isotype between the 2 
methods would be expected to be superior, and, in fact, the 
IgG isotype is generally considered more clinically relevant 
for APS [10,35–37]. Our results indicated that CIA was suit-
able for detecting aCL and ab2GP1 antibodies, especially for 
the IgG isotype. CIA may provide an alternative to time-con-
suming conventional ELISA method.

An appropriate low/medium antibody threshold is important for 
clinical administration to APS patients. Lakos et al. described 
a clinical approach for establishing the low/medium antibody 
threshold for aPL antibody assays, and successfully employed 
it to define 95 and 31 CU respectively (i.e., the equivalent of 
40 GPL and MPL units), as the low/medium cutoff point for 
QUANTA Flash aCL IgG and IgM results [38]. However, the 99th 

percentile often defines values which are significantly different 
from the recommended 40 GPL or MPL units. The 99th percen-
tile cutoff level seems more sensitive than the >40 GPL value 
for APS classification, as it includes patients with aCL posi-
tivity alone as well as patients with pregnancy morbidity [5]. 
However, the variability from different kits will make the cut-
off difficult to standardized, thus we need more effort in de-
veloping standardization.

Conclusions

The new automated chemiluminescent immunoassay is suit-
able for detecting aCL and ab2GP1 antibodies, especially the 
IgG isotype; and it may provide an alternative to time-consum-
ing conventional ELISA method.
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