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antiphospholipid antibody (aPL) status of a pa-
tient has a major impact on the consistency in di-
agnosis across different institutions.

The consensus statement (published in 2006) 
advises investigators to classify patients with APS 
into groups based on the number of laboratory 
criteria present: I) more than 1 laboratory crite-
rion present (any combination); IIa) lupus anti-
coagulant (LAC) present alone; IIb) aCL antibody 
present alone; and IIc) anti-β2GPI antibody pres-
ent alone.1 Since then, a large number of publi-
cations have demonstrated that aPL antibody 

INTROduCTION The international consensus 
statement on the classification criteria for defi-
nite antiphospholipid syndrome (APS) specifies 
anticardiolipin (aCL) and anti-β2-glycoprotein I 
(anti-β2GPI) antibodies of the immunoglobulin 
(Ig) G or IgM isotype in a medium or high titer 
as one of the laboratory criteria.1 However, the 
agreement between various methods for aCL and 
anti-β2GPI antibody measurement is known to 
be suboptimal owing to discrepancies in the cut-
off value, calibration, and technology.2-5 Conse-
quently, the method that is used to assess the 
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INTROduCTION The risk of clinical complications in antiphospholipid syndrome (APS) increases when a 
patient is positive for all 3 types of antiphospholipid (aPL) antibodies. However, there is a considerable 
disagreement between various platforms for aCL and anti-β2-glycoprotein I (anti-β2GPI) measurement, 
which leads to discrepancies between these platforms in assessing aPL antibody positivity.
ObjECTIvEs The aim of this retrospective cross-sectional study was to assess whether 2 different 
platforms, the QUANTA Lite® enzyme-linked immunosorbent assay and the QUANTA Flash® chemilumi-
nescent immunoassay, identify the same subjects as triple positive in a group of patients with APS and 
comorbid autoimmune diseases.
PATIENTs ANd mEThOds The study included 220 patients with systemic autoimmune diseases (74 with 
primary APS; 47 with secondary APS; and 99 with systemic lupus erythematosus without APS). All 
patients were tested for IgG and IgM aCL and anti-β2GPI antibodies using both platforms.
REsuLTs The agreement between the positive results for individual antibodies obtained using both 
platforms was not full, ranging from 81.8% to 90.9% in a pair-wise comparison. However, the number of 
patients with triple aPL antibody positivity was similar (80 by QUANTA Lite® and 86 by QUANTA Flash®); 
the agreement between the 2 platforms for the identification of patients with triple antibody positivity 
was 95.5% (Cohen’s kappa coefficient = 0.90). This resulted in a similar risk for APS-related clinical 
complications: an odds ratio of 24.9 for QUANTA Lite® and of 24.7 for QUANTA Flash®.
CONCLusIONs Our results confirm a strong association between triple aPL antibody positivity and APS 
and indicate that the identification of patients with triple antibody positivity is platform independent. 
When aPL antibody profiles are assessed, the agreement between various methods is much higher than 
that for individual antibodies.
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were then stored at –80°C until further analysis. 
For the detection of LAC, blood was drawn in so-
dium citrate tubes (3.2% [0.109 mol/l]; 1 part so-
dium citrate to 9 parts venous blood). Platelet-
-poor plasma was prepared by double centrifuga-
tion within 2 hours (first: 10 min/3500 rpm and 
second: 10 min/14000 rpm) and stored at –80°C 
for further analysis.

measurement of autoantibodies All samples were 
tested for aCL and anti-β2GPI antibodies of IgG 
and IgM isotypes with QUANTA Flash® CIA and 
QUANTA Lite® ELISA (Inova Diagnostics Inc., 
San Diego, California, United States) according 
to the manufacturer’s instructions. The presence 
of LAC was also tested.

QUANTA Flash® aCL and aβ2GPI are semi-
quantitative immunoassays that are run on the 
fully automated BIO-FLASH® instrument (Biokit 
S.A., Barcelona, Spain). Results are expressed in 
(arbitrary) chemiluminescent units.

QUANTA Lite® aCL and anti-β2GPI are stan-
dard ELISAs for the semiquantitative determi-
nation of aCL and anti-β2GPI antibodies. The 
QUANTA Lite® aCL assays report results in GPL 
and MPL units, and the QUANTA Lite® β2GPI as-
says—in (arbitrary) standard IgG and IgM units.

For the purposes of this study and in accor-
dance with the international guidelines on aCL 
and anti-β2GPI antibody testing, only the values 
above the 99th percentile of the results obtained 
from 120 sex- and age-matched reference subjects 
were defined as positive.

LAC was determined in a 3-step procedure ac-
cording to the guidelines of the International So-
ciety on Thrombosis and Haemostasis.15 Dilut-
ed Russell’s viper venom time (LA1-screen; Sie-
mens, Erlangen, Germany) and a sensitive ac-
tivated partial thromboplastin time (Diagnos-
tica Stago, Gennevilliers, France) were used as 
screening tests, and LA2-confirm (Siemens) and 
Staclot LA (Diagnostica Stago)—as confirmato-
ry tests. A reference value was established using 
the 99th percentile value obtained in the healthy 
population. A triple aPL antibody positive profile 
was defined as positivity for LAC and for aCL and 
anti-β2GPI antibodies of the same isotype by the 
same method.

single versus triple antibody positivity Single aPL 
antibody positivity was defined as positivity 
for one of the following: LAC, aCL antibody, or 
anti-β2GPI antibody. Triple antibody positivity 
was defined as a positive result in 3 different aPL 
antibody assays, namely, LAC and aCL and anti- 
-β2GPI antibody of the same isotype.7,8

statistical analysis A statistical analysis was per-
formed using the Analyse-It Software (Version 
4.00.1, Leeds, United Kingdom). The Spearman’s 
correlation and Cohen’s kappa coefficient tests 
were performed to assess the quantitative corre-
lation between unit values and qualitative agree-
ment between portions, and P values of less than 

profiling is useful not only as a diagnostic tool 
but also for assessing thrombotic risk.5,6 

The risk for the first thrombosis in asymptom-
atic aPL antibody carriers was strongly associated 
with a triple positive antibody profile in several 
independent studies, where triple positivity was 
defined as a positive result in 3 different aPL an-
tibody assays.7-9 Moreover, the cumulative inci-
dence of thromboembolic events during a 10-year 
follow-up of patients with symptomatic APS was 
44.2% in those with 3 positive aPL antibody re-
sults.10 Pregnancy failure during conventional 
therapies was also independently associated with 
triple aPL antibody positivity.11 It has been dem-
onstrated that when initially positive aPL testing 
was repeated after 12 weeks according to the rec-
ommendations of the classification criteria, 98% 
of the subjects with triple antibody positivity had 
their aPL antibody status confirmed, in contrast 
with only 40% of single-positive subjects.12 These 
results suggest that triple positivity allows to di-
agnose APS with high reliability.

Given the importance of the triple positive aPL 
antibody status, our goal was to assess whether 
2 different measurement methods, an enzyme-
linked immunosorbent assay (ELISA) and a nov-
el microparticle chemiluminescent immunoassay 
(CIA), identify the same subjects with APS and 
comorbid autoimmune diseases as triple positive.

PATIENTs ANd mEThOds Patients This was a 
retrospective cross-sectional study including 220 
patients. Samples were collected at the Immu-
nological Outpatient Clinic, Department of In-
ternal Medicine, Jagiellonian University Med-
ical College (Kraków, Poland) from patients re-
ferred to the clinic with a suspicion of systemic 
lupus erythematosus (SLE) or APS (or both). Of 
220 patients, 74 had the diagnosis of primary 
APS; 47, of secondary APS; and 99, of SLE with-
out APS. In the group of patients with second-
ary APS, 46 patients were diagnosed with SLE 
and 1 with mixed connective tissue disease. Data 
on the history of venous thrombosis, arterial 
thrombosis, and obstetric complications were 
available for all subjects. Thrombotic complica-
tions were confirmed in 111 patients (81 episodes 
of venous thrombosis and 43 episodes of arteri-
al thrombosis), and pregnancy morbidity— in 
30 of 97 women ever pregnant. A diagnosis of 
APS was made on the basis of the updated APS 
criteria.1 SLE was diagnosed according to the up-
dated criteria of the American College of Rheu-
matology, whenever at least 4 criteria were ful-
filled.13,14 The study was approved by a local eth-
ics committee, and informed consent was ob-
tained from all patients according to the Decla-
ration of Helsinki.

sample preparation Blood samples for the mea-
surement of aCL and anti-β2GPI antibodies were 
collected in serum separation tubes and spun for 
10 minutes at 3500 rpm at room temperature 
within 2 hours from sampling. Serum samples 
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significantly less sensitive (59.5% vs 71.1%) and 
more specific (83.8% vs 76.8%) than its QUAN-
TA Flash® counterpart.

Agreement between QuANTA Lite® and QuANTA 
Flash® assays The overall agreement between 
QUANTA Lite® and QUANTA Flash® antibody 
results was good, ranging from 86.8% to 90.5% 
for IgG assays and from 81.8% to 90.9% for IgM 
assays, with Cohen’s kappa coefficients between 
0.56 to 0.81, suggesting a moderate to substan-
tial agreement.

Most discrepant results between the 2 plat-
forms were identified for the aCL IgM and anti-
β2GPI IgG assays (TAbLE 2).

Clinical performance of triple antibody positive status  
Despite significant differences between the clini-
cal performance of individual QUANTA Lite® and 
QUANTA Flash® assays, when patients were clas-
sified as having single, double, and triple posi-
tivity, the number of triple-positive patients 
as detected by the 2 platforms was very simi-
lar (80 by QUANTA Lite® and 86 by QUANTA 
Flash®), while there was a significant discrepancy 
in the number of single-positive patients (40 by 
QUANTA Lite® and 21 by QUANTA Flash®). Alto-
gether, 74 of 80 (92.5%) and 79 of 86 (91.9%) tri-
ple-positive patients had APS based on a historical 

0.05 were considered significant. A receiver op-
erating characteristic (ROC) curve analysis was 
used to assess the diagnostic performance of the 
different immunoassays, and the odds ratio (OR) 
was calculated to assess the association between 
aPL antibodies and thrombotic risk.

REsuLTs Clinical performance of individual antibody 
assays Overall diagnostic efficacy To assess the 
diagnostic efficacy of the various immunoassays, 
the ROC curve analysis was performed for APS-
related clinical symptoms (any thromboembol-
ic and obstetric complications). The results are 
presented in TAbLE 1. The area under the ROC 
curve values ranged from 0.78 to 0.82. A pair- 
-wise comparison of QUANTA Flash® and 
QUANTA Lite® ROC curves did not reveal any 
significant differences for either aCL or anti-β2GPI 
antibodies.

sensitivity and specificity Sensitivity and speci-
ficity of aCL IgM antibodies for detecting APS-
-related clinical symptoms (thrombosis and ob-
stetric complications) were significantly different 
between the 2 platforms, with the QUANTA Lite® 
assay being more sensitive (54.5% vs 31.4%) but 
less specific (89.9% vs 92.9%) than the QUAN-
TA Flash® aCL IgM assay (TAbLE 2). On the other 
hand, the QUANTA Lite® anti-β2GPI IgG test was 

TAbLE 1 Clinical performance and area under the curve values of QUANTA Flash® and QUANTA Lite® assays for the 
association with antiphospholipid syndrome-related clinical symptoms

Method Antibody AUC

(95% CI)

Sensitivity, %

(95% CI)

Specificity, %

(95% CI)

QUANTA Flash® aCL IgG 0.78 (0.72–0.84) 65.3 (56.5–73.2) 79.8 (70.8–86.5)

aCL IgM 0.81 (0.75–0.87) 31.4 (23.3–40.5) 92.9 (86.0–97.1)

anti-β2GPI IgG 0.79 (0.73–0.85) 71.1 (62.1–79.0) 76.8 (67.2–84.7)

anti-β2GPI IgM 0.78 (0.72–0.84) 46.3 (37.2–55.6) 89.9 (82.2–95.0)

QUANTA Lite® aCL IgG 0.82 (0.76–0.87) 66.1 (57.0–74.5) 83.8 (75.1–90.5)

aCL IgM 0.79 (0.74–0.85) 54.5 (45.2–63.6) 89.9 (82.4–94.4)

anti-β2GPI IgG 0.78 (0.72–0.84) 59.5 (50.2–68.3) 83.8 (75.1–90.5)

anti-β2GPI IgM 0.79 (0.73–0.85) 49.6 (40.4–58.8) 85.9 (77.4–92.0)

Abbreviations: aCL, anticardiolipin antibodies; anti-β2GPI, anti-β2 glycoprotein I antibodies; AUC, area under the curve; 
CI, confidence interval; IgG, immunoglobulin G; IgM,  immunoglobulin M

TAbLE 2 Contingency table showing agreement between QUANTA Lite® and QUANTA Flash® aCL IgM and  
anti-β2GPI IgG assays

Assays QUANTA Flash® aCL IgM

positive negative total

QUANTA Lite® aCL IgM positive 139 4 143

negative 36 41 77

total 175 45 220

 QUANTA Flash® anti-β2GPI IgG

positive negative total

QUANTA Lite® anti-β2GPI IgG positive 107 25 132

negative 4 84 88

total 111 109 220

Abbreviations: see TAbLE 1
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regardless of the method. The OR for APS-related 
symptoms was 24.9 based on QUANTA Lite® re-
sults and 24.7 based on QUANTA Flash® results. 
This value is similar to the OR of 33.3 reported 
by Pengo et al6 in a large Italian cohort. More-
over, despite the differences between individual 
assays, we observed a total agreement of 95.5% 
for triple positivity between QUANTA Lite® and 
QUANTA Flash® platforms, demonstrating that 
the 2 methods identified the same patients as tri-
ple-positive. This finding has important implica-
tions for the future use of aPL antibody results 
because it suggests that the agreement between 
various platforms is better when assessing aPL 
antibody profiles than when assessing individu-
al antibodies. In conclusion, our results not only 
confirm that triple aPL positivity has a strong 
association with APS, but also demonstrate that 
the identification of patients with triple antibody 
positivity is platform independent.
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StreSzczenie

wprowadzenie Ryzyko powikłań klinicznych w zespole antyfosfolipidowym (antiphospholipid syndro-
me – APS) zwiększa się, gdy u chorego występują wszystkie trzy rodzaje przeciwciał antyfosfolipidowych 
(antiphospholipid – aPL). Niemniej jednak brak zgodności między różnymi metodami pomiaru przeciwciał 
antykardiolipinowych (anticardiolipin – aCL) oraz przeciw β2-glikoproteinie I (anti-β2GPI) jest znaczny, co 
prowadzi do rozbieżności w ocenie dodatnich wyników pomiędzy tymi metodami.
cele Celem tego retrospektywnego badania przekrojowego było zbadanie czy dwie różne metody 
pomiarowe: QUANTA Lite® ELISA (metoda immunoenzymatyczna) i QUANTA Flash® CIA (metoda che-
miluminescencyjna) pozwalają zidentyfikować tych samych chorych z potrójnie dodatnim wynikiem 
oznaczania przeciwciał aPL w grupie pacjentów z APS i towarzyszącymi chorobami autoimmunologicznymi.
pacjenci i metody Do badania włączono 220 osób z ogólnoustrojowymi chorobami autoimmunolo-
gicznymi (74 badanych z pierwotnym APS, 47 badanych z wtórnym APS oraz 99 badanych z toczniem 
rumieniowatym układowym bez APS). U wszystkich pacjentów oznaczono aCL i anti-β2GPI w klasach 
IgG i IgM z wykorzystaniem obu metod pomiarowych.
wyniki Zgodność dodatnich wyników dla pojedynczych przeciwciał uzyskanych obiema metodami nie 
była pełna, wahała się od 81,8% do 90,9% w poszczególnych parach. Liczba pacjentów z dodatnimi wyni-
kami dla wszystkich trzech rodzajów przeciwciał aPL była natomiast podobna (80 dla QUANTA Lite® i 86 
dla QUANTA Flash®); zgodność pomiędzy obiema metodami dla rozpoznania chorych z potrójnie dodatnim 
wynikiem wynosiła 95,5% (współczynnik kappa Cohena = 0,90). W rezultacie obserwowano zbliżone 
ryzyko powikłań klinicznych APS – iloraz szans wynosił 24,9 dla QUANTA Lite® i 24,7 dla QUANTA Flash®.
wnioSki Uzyskane wyniki potwierdzają silny związek pomiędzy obecnością potrójnie dodatnich prze-
ciwciał aPL a APS oraz wykazują, że rozpoznanie chorych z potrójnie dodatnimi przeciwciałami nie zależy 
od metody oznaczenia. W sytuacji, kiedy oceniane są profile aPL, zgodność pomiędzy różnymi metodami 
jest znacznie większa niż zgodność dla pojedynczych przeciwciał.
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