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Abstract

Background: Fully automated chemiluminescence immu-
noassays (CLIAs) are emerging technologies for the detec-
tion of anti-cardiolipin (aCL) and anti-β2 glycoprotein I 
(anti-β2GPI) antibodies for anti-phospholipid syndrome 
(APS) classification, which is commonly based on an 
enzyme-linked immunosorbent assay (ELISA) test result. 
CLIA and a homemade ELISA were used in this study to 
detect these antibodies, and their performances were 
compared.
Methods: Sera were collected from 104 patients with 
primary APS, 88 seronegative subjects who met the clini-
cal but not the laboratory criteria for APS, and 150 control 
subjects. IgG/IgM aCL and IgG/IgM anti-β2GPI antibod-
ies were determined in the sera using a CLIA (HemosIL 
AcuStar®) and a homemade ELISA.
Results: CLIA had a significantly lower comparative sen-
sitivity for IgM aCL and IgG/IgM IgG anti-β2GPI antibod-
ies; its comparative specificity was higher with respect 
to ELISA for IgM aCL and IgM anti-β2GPI antibodies. The 
two techniques showed a high, significant agreement 
(p < 0.001) and a significant titer correlation (p < 0.001). 

CLIA also detected IgG/IgM aCL and IgG anti-β2GPI anti-
bodies in the seronegative patients. There was a signifi-
cantly higher prevalence of IgG aCL and IgG anti-β2GPI 
antibodies (p < 0.001 and p = 0.01, respectively) in those 
patients with respect to that in the control population.
Conclusions: Despite a lower comparative sensitivity, 
CLIA showed a higher comparative specificity for some 
aPL and a good level of agreement and correlation with a 
homemade ELISA. CLIA also detected some aCL and anti-
β2GPI antibodies in the seronegative patients not usually 
identified by homemade ELISA.

Keywords: anti-β2 glycoprotein I (anti-β2GPI) antibod-
ies; anti-cardiolipin (aCL) antibodies; anti-phospholipid 
antibodies (aPL); anti-phospholipid syndrome (APS); 
chemiluminescence immunoassay (CLIA); enzyme-linked 
immunosorbent assay (ELISA).

Introduction
Anti-phospholipid syndrome (APS) classification is based 
on specific clinical manifestations that include vascular 
thrombosis and/or pregnancy morbidity associated with 
the presence in the blood of anti-phospholipid (aPL) anti-
bodies [1]. APL antibodies are a heterogeneous group of 
autoantibodies directed against plasma protein-phospho-
lipid complexes or single plasma proteins. The aPL anti-
bodies currently considered laboratory criteria for APS 
classification are lupus anticoagulant (LA), medium-high 
titers of IgG and/or IgM anti-cardiolipin (aCL) antibodies, 
and medium-high titers of IgG and/or IgM anti-β2 glyco-
protein I (anti-β2GPI) antibodies. Their presence must be 
confirmed at least 12 weeks after original detection.

Primary APS (PAPS) is defined as the absence of any 
other underlying systemic autoimmune disorder; sec-
ondary APS is instead associated with another systemic 
autoimmune disease and in particular systemic lupus 
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erythematosus (SLE). There are, moreover, subjects who 
present the typical clinical features consistent with APS 
classification but are negative for its laboratory criteria [2, 
3]. These so-called seronegative patients are not classified 
as APS patients despite the fact that their negative labo-
ratory results may depend in part or entirely on the poor 
performance of laboratory tests including enzyme-linked 
immunosorbent assay (ELISA) [2, 3], hence the impor-
tance of reproducible, adequately precise, sensitive, and 
specific aPL tests to diagnose and consequently to treat 
these subjects.

As reported in some guidelines [4–6], LA is detected 
by means of a series of phospholipid-dependent clotting 
tests; there are nevertheless important differences among 
these [7]. aCL and anti-β2GPI antibodies are commonly 
identified by ELISA testing. Although numerous attempts 
have been made to standardize ELISA testing and several 
recommendations and updates have been published [8–
15], no standardized ELISA methodology is at yet avail-
able and intra- and inter-laboratory variability remains at 
a high level [16–18]. Moreover, validation data concerning 
homemade ELISA are currently not available in order to 
define this test as fit for aPL identification.

New, fully automated technologies based on chemilu-
minescence, a chemical reaction in which light is emitted, 
have recently been developed for antibody testing [19–22]. 
In particular, chemiluminescence immunoassay (CLIA) 
has been available for aCL and anti-β2GPI antibody detec-
tion since 2010 [23]. Studies comparing the performance 
of CLIA with that of ELISA have been performed in hetero-
geneous groups of patients and have produced divergent 
results [23–29].

The aim of this work was to compare the performance 
of a CLIA with that of a homemade ELISA in detecting aCL 
and anti-β2GPI antibodies in the sera of a large homogene-
ous cohort of PAPS patients. The diagnostic value of CLIA 
was also evaluated in a group of seronegative patients 
with clinical manifestations of APS.

Materials and methods
Study population

One hundred four PAPS patients (89 women and 15 men; mean age 
45.0 ± 11.3 years, range 20–71) fulfilling the International Consensus 
Statement classification criteria for APS [1] were recruited. None of the 
patients showed any clinical or laboratory features of other systemic 
autoimmune diseases. Thirty-six of these had pregnancy morbidity 
alone (one or more fetal deaths occurring at or beyond the 10th week 
of gestation and/or one or more premature births occurring before 

the 34th week due to severe pre-eclampsia/eclampsia or clear symp-
toms of placental insufficiency and/or three or more miscarriages of 
unknown origin occurring before the 10th week of gestation). Sixty-
eight had a history of thrombosis (venous, arterial, or small ves-
sel thrombosis); 19 (27.9%) of these also had pregnancy morbidity. 
Eighty-eight seronegative patients (81 women and 7 men; mean age 
39.3 ± 8.5 years, range 19–70) who met the clinical but not the labora-
tory criteria for APS classification were also recruited. Fifty-three of 
these had pregnancy morbidity and 35 had a history of thrombosis. 
A control group of 150 individuals was also assessed: 100 of these 
were healthy blood donors matched to the study group for age and 
sex and 50 (45 women and 5 men; mean age 46.0 ± 14.9 years; range 
15–76) were patients affected with various rheumatological diseases 
(11 SLE, 10 Sjögren syndrome, 7 polymyositis, 10 systemic sclerosis, 6 
rheumatoid arthritis, and 6 spondyloarthritis). We included patients 
with these immune diseases in the control population because aPL 
may be present as an epiphenomenon. The study was carried out in 
accordance with the ethical principles outlined in the Declaration of 
Helsinki and all of the participants gave informed consent.

Chemiluminescence immunoassay

A fully automated chemiluminescent immunoassay (HemosIL 
AcuStar®; Instrumentation Laboratory, IL, Bedford, MA, USA) was 
used to detect IgG/IgM aCL and IgG/IgM anti-β2GPI antibodies fol-
lowing the manufacturer’s guidelines. During the first step, aPL 
antibodies were captured from the serum samples by paramagnetic 
particles coated with cardiolipin or human β2GPI. During the sec-
ond one, isoluminol-labeled anti-human IgG or IgM antibodies were 
incubated with the serum samples and bound to the aPL antibod-
ies previously captured by the paramagnetic particles. Finally, rea-
gents triggering the chemiluminescent reaction were added, and the 
light emitted was measured by the instrument’s optical system as 
relative light units (RLUs). RLUs are directly proportional to aPL anti-
body concentrations and are converted into U/mL using a standard 
curve obtained from a pool of positive samples calibrated to Koike’s 
monoclonal antibodies (HCAL for the IgG and EY2C9 for the IgM aPL 
antibodies) [30]. The intra- and inter-assay coefficient of variation 
was  < 10%. The cutoff values for IgG/IgM aCL and IgG/IgM anti-β2GPI 
tests were calculated as the  > 99th percentile using sera from the 100 
healthy blood donors participating in the study. The cutoff values 
for IgG/IgM aCL antibodies were 16.2 [95% confidence interval (CI) 
15.6–16.9] and 23.6 U/mL (95% CI 22.5–24.6), respectively, and those 
for IgG/IgM anti-β2GPI antibodies were 35.3 (95% CI 33.8–36.9) and 
14.3 U/mL (95% CI 13.7–14.9), respectively.

Homemade ELISA

A homemade ELISA assay was used to detect IgG/IgM aCL and  
IgG/IgM anti-β2GPI antibodies following the recommendations of 
the European Forum on aPL [9, 10], as described elsewhere [31]. The 
cutoff values for medium-high levels of IgG/IgM aCL (calculated as 
greater than the 99th percentile of the sera from the 100 healthy 
blood donors participating in the study) were 22.2 GPL (95% CI 21.5–
22.9) and 22.9 MPL (95% CI 21.9–24.0), respectively, and of IgG/IgM 
anti-β2GPI antibodies were 1.9 U/mL (95% CI 1.8–2.0) and 5.7 U/mL 
(95% CI 5.4–6.0), respectively.
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Table 1 Positive and negative results obtained from controls, PAPS, 
and seronegative patients using ELISA and CLIA methods.

Controls PAPS Seronegative 
patients

n % n %
n %

ELISA
 IgG aCL
  Negative 145 96.7 39 37.5 88 100.0
  Positive 5 3.3 65 62.5 0 0
 IgM aCL
  Negative 141 94.0 52 50.0 88 100.0
  Positive 9 6.0 52 50.0 0 0
 IgG anti-β2GPI
  Negative 141 94.0 30 28.8 88 100.0
  Positive 9 6.0 74 71.2 0 0
 IgM anti-β2GPI
  Negative 136 90.7 52 50.0 88 100.0
  Positive 14 9.3 52 50.0 0 0
CLIA
 IgG aCL
  Negative 145 96.7 44 42.3 76 86.4
  Positive 5 3.3 60 57.7 12 13.6
 IgM aCL
  Negative 147 98.0 74 71.2 87 98.9
  Positive 3 2.0 30 28.8 1 1.1
 IgG anti-β2GPI
  Negative 145 96.7 44 42.3 83 94.3
  Positive 5 3.3 60 57.7 5 5.7
 IgM anti-β2GPI
  Negative 148 98.7 74 71.2 88 100.0
  Positive 2 1.3 30 28.8 0 0.0

PAPS, primary anti-phospholipid syndrome; ELISA, enzyme-linked 
immunosorbent assay; CLIA, chemiluminescence immunoassay; 
aCL, anti-cardiolipin antibodies; anti-β2GPI, anti-β2 glycoprotein I 
antibodies.

LA assays

LA was assessed by multiple coagulation tests using platelet-poor 
plasma samples following the updated guidelines [4]. The dilute Rus-
sell’s viper venom and dilute activated partial thromboplastin times 
were used as screening tests. Samples with a prolonged screening 
test not corrected by mixing with a normal pooled plasma underwent 
a confirmatory study using an excess of phospholipids.

Statistical analysis

The χ2-test was carried out to compare the sensitivity and specificity 
of homemade ELISA and CLIA and the antibody prevalence in the 
seronegative subjects and in the control group. Cohen’s κ coefficient 
was calculated to estimate the agreement between ELISA and CLIA 
tests [32]. Spearman’s correlation coefficient was used to correlate 
antibody levels determined by the two methods. A p-value of   ≤  0.05 
was considered statistically significant. Statistical analysis was car-
ried out using the SPSS version 19.0 software.

Results

Comparison of ELISA and CLIA data

The study population was classified in accordance with 
the homemade ELISA results; the same serum samples 
were then tested for IgG/IgM aCL and IgG/IgM anti-β2GPI 
antibodies using CLIA. Then, the comparison of the two 
methods was performed between PAPS patients and 
control group. The results obtained by ELISA and CLIA 
are reported in Table  1. As showed in Table 2, ELISA 
comparative sensitivity was found to be significantly 
higher than CLIA’s for IgM aCL (p < 0.001), IgG anti-β2GPI 
(p = 0.01), and IgM anti-β2GPI (p < 0.001). There were sig-
nificant differences between the two methods with regard 
to specificity, which was comparatively higher for IgM 
aCL and IgM anti-β2GPI (p = 0.03 and p = 0.002, respec-
tively) according to CLIA results (Table 2). Concordance 
between the two techniques was evaluated in the patient 
and control groups by comparing each ELISA result with 
the corresponding CLIA one (Table 2). κ Statistics, which 
ranged between 0.53 and 0.83, revealed a significant 
concordance between the two assays (p < 0.001 for all). 
The correlation in the PAPS patients between antibody 
titers detected by ELISA with those detected by CLIA 
was calculated (Table 2 and Figure 1). The Spearman’s 
ρ coefficients, which ranged between 0.78 and 0.89, 
showed a significant correlation between the two assay 
results (p < 0.001). PAPS patients with thrombosis and 
those with pregnancy morbidity were then considered 

separately. The results obtained using ELISA and CLIA 
are outlined and compared in Table 3.

CLIA performance in seronegative patients

As indicated in Table 1, IgG/IgM aCL and IgG anti-β2GPI 
antibodies were detected by CLIA in the ELISA-seronegative 
patients. The results in the 88 ELISA-seronegative patients 
and the 124 ELISA-seronegative controls were compared. 
When the comparative sensitivity of CLIA in the ELISA-
seronegative patients with typical clinical manifestations 
of APS was evaluated, IgG aCL and IgG anti-β2GPI antibod-
ies showed a significantly higher comparative prevalence 
with respect to that in the controls (Figure 2). There was no 
significant difference in the prevalence of IgG/IgM aCL and 
IgG/IgM anti-β2GPI antibodies in the thrombotic and pre
gnancy morbidity subsets of the seronegative patients.
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Table 2 Parameters of analytical comparison between ELISA and CLIA.

aCL IgG aCL IgM Anti-β2GPI IgG Anti-β2GPI IgM

ELISA CLIA ELISA CLIA ELISA CLIA ELISA CLIA

Sensitivity, % 62.5 57.7 50.0a 28.8a 71.2b 57.7b 50.0a 28.8a

Specificity, % 96.7 96.7 94.0c 98.0c 94.0 96.7 90.7d 98.7d

κ 0.83a 0.59a 0.79a 0.53a

Spearman’s ρ 0.87a 0.80a 0.89a 0.78a

ELISA, enzyme-linked immunosorbent assay; CLIA, chemiluminescence assay; aCL, anti-cardiolipin antibodies; anti-β2GPI,  
anti-β2 glycoprotein I antibodies; ap < 0.001, bp = 0.01, cp = 0.03, dp = 0.002.
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Figure 1 Graphic dispersion of antibody titers detected by ELISA and CLIA.
As demonstrated by Spearman’s ρ values, the assays showed a significant correlation. ELISA, enzyme-linked immunosorbent assay;  
CLIA, chemiluminescence assay; aCL, anti-cardiolipin antibodies; anti-β2GPI, anti-β2 glycoprotein I antibodies.

Discussion
CLIA, a fully automated technique, takes about 30  min 
to complete a test, saves time, and reduces operator han-
dling. Automation can also reduce intra- and inter-labo-
ratory variability and improve the reproducibility of the 
results [22]. Some studies have been performed since CLIA 

first became available to compare this new technology 
with ELISA testing, which is more commonly used to detect 
aCL and anti-β2GPI antibodies [23–29]. These comparison 
studies were, however, carried out using different CLIA 
instruments and various ELISA techniques (homemade 
methods and various commercial kits). As a consequence, 
different results have been reported. A recently published 
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Table 3 Results from PAPS patients with thrombosis and pregnancy 
morbidity using ELISA and CLIA.

Thrombosis Pregnancy 
morbidity

p-Value

n %
n %

ELISA
 IgG aCL 53 77.9 12 33.3  < 0.001
 IgM aCL 33 48.5 19 52.8 0.837
 IgG anti-β2GPI 59 86.8 15 41.7  < 0.001
 IgM anti-β2GPI 33 48.5 19 52.8 0.837
CLIA
 IgG aCL 53 77.9 7 19.4  < 0.001
 IgM aCL 23 33.8 7 19.4 0.172
 IgG anti-β2GPI 53 77.9 7 19.4  < 0.001
 IgM anti-β2GPI 23 33.8 7 19.4 0.172

ELISA, enzyme-linked immunosorbent assay; CLIA, chemilumines-
cence assay; aCL, anti-cardiolipin antibodies; anti-β2GPI, anti-β2 
glycoprotein I antibodies.
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Figure 2 The prevalence of IgG/IgM anti-cardiolipin and IgG/IgM anti-β2 glycoprotein I antibodies detected by CLIA in  
ELISA-seronegative patients.
ELISA, enzyme-linked immunosorbent assay; CLIA, chemiluminescence assay; aCL, anti-cardiolipin antibodies; anti-β2GPI,  
anti-β2 glycoprotein I antibodies. The comparison of results was made between the 88 ELISA-seronegative patients and the  
124 ELISA-seronegative controls.

study focused on a refinement of the cutoff values for 
IgG/IgM aCL and anti-β2GPI antibodies obtained with the 
same instrument used in the present study. The cutoffs 
from 626 healthy individuals were, moreover, similar to 
ours for all the aPL tested except for IgG anti-β2GPI anti-
bodies, which was lower (17.4 vs. 35.3 U/mL) [33].

The present study compared the performance of 
HemosIL AcuStar CLIA with that of a homemade ELISA 
performed following international recommendations 
[9, 10]. The study population included a large cohort 

of selected PAPS patients to exclude the effects of other 
underlying autoimmune diseases generally associated to 
APS.

Study results showed that CLIA had a significantly 
lower comparative sensitivity for IgM aCL and IgG/IgM 
anti-β2GPI but a significantly higher comparative specific-
ity for IgM aCL and IgM anti-β2GPI with respect to a home-
made ELISA. While in keeping with the results outlined 
by other studies using the same CLIA instrument [25, 29], 
they disagree with those described by De Moerloose et al. 
[23], who found that the HemosIL AcuStar CLIA produced 
a higher comparative sensitivity than some ELISA kits. 
That study did not, however, include a statistical compari-
son. In accordance with other authors [23, 25, 28, 29], our 
investigation demonstrated a significant agreement and 
correlation of antibody titers between the two methods. In 
particular, κ-values and Spearman’s ρ coefficients for IgG 
aCL and IgG anti-β2GPI antibodies were found to be higher 
than those for the corresponding “M” isotype antibodies 
(Table 2). The agreement between the two methods was 
thus superior for the IgG antibody isotype, which is con-
sidered, in fact, more clinically relevant for APS [34–36].

The novelty of this study is the significant prevalence 
of IgG aCL and IgG anti-β2GPI antibodies along with the 
detection of IgM aCL antibodies in the ELISA-seronegative 
patients with the typical clinical manifestations of APS. 
These results would appear to confer a clinical significance 
to aPL detection by the HemosIL AcuStar CLIA. It would, 
in fact, be possible to classify 17 out of the 88 seronegative 
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subjects as APS patients and to treat them accordingly. As 
the HemosIL AcuStar CLIA showed a high comparative 
specificity for APS, we could assume that these results 
have a real clinical value. Technically speaking, the con-
formation of the antigen-binding site in CLIA is different 
from that in ELISA; in the former, there are paramagnetic 
microspheres; in the latter, there is the flat surface of the 
microwells. It can be hypothesized that the coated antigens 
expose different epitopes to aPL antibody binding and the 
HemosIL AcuStar CLIA is able to detect some aCL and anti-
β2GPI antibodies not usually uncovered by ELISA.

When the results in the PAPS patients with thrombo-
sis were compared with those in the women with preg-
nancy morbidity, a significantly higher prevalence of 
IgG aCL and IgG anti-β2GPI antibodies was found in the 
former by both ELISA and CLIA. No significant antibody 
prevalence was instead found in the seronegative throm-
botic patients, probably due to the low number of cases 
examined. Numerous thrombotic subjects with acquired 
or inherited risk factors for thrombosis were, in fact, 
excluded during the recruitment process.

It should be noted that the study’s primary limitation 
was that the study population was selected on the basis 
of homemade ELISA results; CLIA’s relative sensitivity and 
specificity were consequently influenced by ELISA’s ones.

In conclusion, despite a lower comparative sensitiv-
ity, the HemosIL AcuStar CLIA showed a higher compar-
ative specificity and a good level of agreement and titer 
correlation with homemade ELISA. Surprisingly, the IgG 
aCL and IgG anti-β2GPI antibodies detected using this 
fully automated method were found to be significant in 
the seronegative patients with typical clinical manifesta-
tions of APS. If confirmed by further studies, CLIA could 
be considered a valuable method to assess patients with 
clinical manifestations of APS but testing negative for aPL 
using a homemade ELISA.
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