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Introduction

Antiphospholipid syndrome (APS) is a heterogeneous autoimmune 
disorder characterized by arterial or venous thromboembolic events 
and obstetric complications in association with the persistent labora-
tory evidence of antiphospholipid antibodies (aPL).1-3 As the clinical 
manifestations of APS lack specificity, the diagnosis of APS is es-
sentially dependent on the detection of circulating aPL. These aPL 
are autoantibodies directed against a complex of phospholipids and 
phospholipid-binding proteins, not directly binding to phospholip-
ids. aPL associated with APS include lupus anticoagulant (LA), an-
ticardiolipin (aCL), and anti-β2 glycoprotein-I (aβ2GPI) IgG or IgM 
antibodies. LA is a subset of aPL that binds to phospholipid-associ-
ated proteins in coagulation complexes and disrupts phospholipid-
dependent coagulation tests.1-7 aPL such as aCL and aβ2GPI antibod-
ies are traditionally detected by ELISA, however newer automated 
platforms with various solid analytic and detection systems are now 
available in the diagnostic market.
 The international classification criteria of APS were developed 
and revised by international experts and societies, publishing inter-
national consensus guidelines on the recommended best practices 
for technical and performance requirements.8-14 To make a definitive 
diagnosis of APS, the presence of at least one clinical feature (vas-
cular thrombosis or pregnancy morbidity) and one laboratory abnor-
mality must be observed (Table 1). Persistent positivity of laboratory 
tests is important and the laboratory abnormality must be present on 
two or more occasions at least 12 weeks apart.9 A remote test could 
avoid false positive results from the interfering events, but positive 
tests separated more than five years from a clinical manifestation also 
risk misclassification.
 Despite these attempts to produce consensus guidelines, some is-
sues related to laboratory testing still remain unresolved. Poor assay 
reproducibility, variable sensitivity and specificity, and a lack of stan-
dardization and harmonization comprise methodological problems.6,7,15-17 
But progress has been made and reference calibrators for aβ2GPI im-
munoassays was newly developed.17 In this review, we want to give 

an overview of laboratory testing for APS with summary of recent 
international consensus guidelines for the detection of aPL. Also a 
brief review of prognostic significance of aPL profile and potential 
future diagnostic assay is presented.

Lupus anticoagulant

LA is quite heterogeneous group of antibody and does not show uni-
form aPL activities, therefore laboratory detection of LA is limited 
to phospholipid-dependent clotting assays.1-3,6-8 Consensus guidelines 
from different societies have been introduced and updated to guide 
the testing and interpretation process. In 2009, an update of the In-
ternational Society on Thrombosis and Haemostasis (ISTH) guide-
line was published,10 and followed by a updated guideline from the 
British Committee for Standardization in Haematology (BCSH) in 
2012.11 Recently, the Clinical Laboratory Standards Institute (CLSI) 
also published LA detection guideline in 2014.14 General agreements 
exist on sample preparation, use of dilute Russell’s viper venom time 
(dRVVT) in diagnostic repertoires, use of normalized ratios, phos-
pholipid-dependent calculations, mixing test interpretation, and in-
terpretative reporting.2,7,15,18,19 Recommendations differ on reference 
interval cut-offs and all three cover testing of anticoagulated patients 
(Table 2).
 The current ISTH guideline stresses that LA testing should be lim-
ited to patients who have a significant probability of having APS, or 
who have unexplained prolonged activated partial thromboplastin 
time (aPTT) in the course of routine laboratory testing.10 Double cen-
trifugation to obtain platelet poor plasma is advocated by each guide-
line. There is evidence that no single assay system is sensitive enough 
to detect all LA and multiple assays are required to ensure weak LA 
detectable and to improve specificity, although one positive test is re-
garded as having a LA.9-11,14 All guidelines agree on the use of dRV-
VT as the primary test for LA. The ISTH guideline recommends 
dR VVT for its specificity and aPTT with low phospholipid concen-
tration because of its sensivity.10 BCSH states that the second test 
can be an aPTT with proven LA sensitivity, a modified aPTT, or a 
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dilute prothrombin time (PT).11 The CLSI guideline14 recommends 
aPTT as the second test, but suggesting to employ additional tests. 
Recent studies using two different LA methods provided more ob-
jective LA reporting with additional diagnostic information.20,21

 Sensitivity and specificity of assays also depend on the cut-off 
values and can be improved by establishing local reference ranges. 
ISTH recommends the cut-off values above the 99th percentile of 
the distribution, whereas both BCSH and CLSI recommend 97.5th 
percentile of normally distributed data.9-11,14 Mixing test is the sec-
ond step in LA three-step procedure (screening, mixing, and confir-
mation) and improves the specificity. CLSI considers the mixing 
step as the last one and unnecessary in specific circumstances.14 All 
guidelines agree that mixing tests should be performed with a 1:1 

proportion of patient and pooled normal plasma (PNP). Test results 
are interpreted based on the cut-off value of clotting time or the cal-
culated index of circulating anticoagulant (ICA). Confirmatory test 
must be performed by increasing the phospholipid concentration 
and in addition, BCSH suggest platelet neutralization procedure or 
LA insensitive reagent.10,11 Phospholipid dependence is calculated 
as the percentage correction or LA ratio (screen/confirm).15,18,19 To 
improve the performance of LA assays, the conversion of clotting 
times for screen, mixing, and confirm tests to normalized ratio using 
the PNP value is advocated by ISTH and BCSH.1,2,10,11,15 Integrated 
tests include screening and confirmation (low and high phospholip-
id concentration) in a single procedure on every patient irrespective 
of the abnormal screen test results.10,14,18,19 This approach is advanta-

Table 1. Summary of revised classification criteria for the antiphospholipid syndrome

Clinical criteria
1. Vascular thrombosis
    One or more episodes of arterial, venous, or small vessel thrombosis, in any tissue or organ
2. Pregnancy morbidity

(a) One or more unexplained deaths of a morphologically normal fetus at or beyond the 10th week of gestation, or
(b) One or more premature births of a morphologically normal neonate before the 34th week of gestation because of: (i) eclampsia or severe preeclampsia 

defined according to standard definitions, or (ii) recognized features of placental insufficiency, or
(c) Three or more unexplained consecutive spontaneous abortions before the 10th week of gestation, with maternal anatomic or hormonal abnormalities 

and paternal and maternal chromosomal causes excluded
Laboratory criteria

1. Lupus anticoagulant present in plasma, on two or more occasions at least 12 weeks apart
2. Anticardiolipin antibody of IgG and/or IgM isotype in serum or plasma, present in medium or high titer (i.e. > 40 GPL or MPL, or >  the 99th percentile), on 

two or more occasions, at least 12 weeks apart
3. Anti-β2 glycoprotein-I antibody of IgG and/or IgM isotype in serum or plasma (in titer >  the 99th percentile), present on two or more occasions, at least 12 

weeks apart

Modified from Miyakis et al.9 Antiphospholipid syndrome is present if at least one of the clinical criteria and one of the laboratory criteria are met. 
GPL, IgG phospholipid units; MPL, IgM phospholipid units.

Table 2. Summary of recent ISTH, BCSH and CLSI guidelines for laboratory detection of lupus anticoagulant (LA)

Variables ISTH (2009)10 BCSH (2012)11 CLSI (2014)14

Blood collection Double centrifugation Double centrifugation Double centrifugation
Choice of the test dRVVT and APTT dRVVT and aPTT and/or others dRVVT and aPTT and/or others
Testing order Screen-mix-confirm Screen-mix-confirm Screen-confirm-mix
Cut-off values 99th percentile 97.5th percentile 97.5th percentile
Mixing test 1:1mixture of patient:PNP

Interpretation with specific cut-offs or in-
dex of circulating anticoagulant

1:1mixture of patient:PNP 1:1mixture of patient:PNP
Interpretation with specific cut-offs or in-

dex of circulating anticoagulant
Confirmatory test Calculation of phospholipid dependence 

with % correction of screen by confirm or 
screen/confirm LA ratio

Calculation of phospholipid dependence 
with % correction of screen by confirm or 
screen/confirm LA ratio

Calculation of phospholipid dependence 
with % correction of screen by confirm or 
screen/confirm LA ratio

Testing patients on vitamin 
K antagonists

Undiluted plasma if INR < 1.5
1:1 dilution of patient:PNP if INR between 

1.5 and <  3.0

Screening and confirm with 1:1 mixture of 
patient:PNP

Taipan snake venom time with platelet 
neutralization procedure or ecarin time

Screening and confirm with 1:1 mixture of 
patient:PNP

Taipan snake venom time with platelet 
neutralization procedure or ecarin time

Testing patients on unfrac-
tionated heparin

Interpretation with caution Not recommended Can detect LA in some cases where hepa-
rin neutralizer is effective

Transmission of results Interpretative comment Interpretative comment Interpretative comment

Modified from Moore et al.19 
ISTH, International Society on Thrombosis and Haemostasis; BCSH, British Committee for Standardization in Haematology; CLSI, Clinical Laboratory Standards 
Institute; dRVVT, dilute Russell’s viper venom time; aPTT, activated partial thromboplastin time; PNP, pooled normal plasma; INR, international normalized ratio. 
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geous on the detection of weaker LA, but still raising concern on the 
performance of mixing tests.22,23

 All three guidelines concur that it is not ideal to test for LA while 
the patients are being treated with anticoagulant therapy.2,7,10,11,14,18,19 
ISTH recommends that LA test can be performed on undiluted plas-
ma if the international normalized ratio (INR) is less than 1.5. Alter-
natively, if the INR is between 1.5 and <3.0, a 1:1 dilution of patient 
plasma and PNP can be considered.10 BCSH and CLSI suggest LA 
test is possible on 1:1 mixtures with PNP for higher INR values.11,14 
ISTH and CLSI urge caution when interpreting LA results on patients 
receiving unfractionated heparin (UFH), whereas BCSH specifies 
that LA tests should not be performed, if the patient is receiving ther-
apeutic doses of UFH, because it may cause erroneous results.11 Only 
CLSI covers potential interferences by new anticoagulants, infor-
mation on which is still awating.14,18,19

 LA results should always be considered in the context of a full 
laboratory aPL profile.10 Three guidelines all state that quantitative 
results should be accompanied by an interpretative comment that 
indicating whether the findings are consistent with the presence or 
absence of LA.10,11,14,18,19 Each supports the recommendation to re-
test at least 12 weeks apart for the evidence of antibody resistance.

Anticardiolipin and anti-β2 glycoprotein-I 
antibodies

In 2006, ISTH updated the clinical and laboratory criteria for APS.9 
According to the revised criteria, APS requires the presence of IgG 
and/or IgM aCL antibodies exceeding 40 IgG (GPL) or IgM (MPL) 
phospholipid units or 99th percentile, or IgG and/or IgM aβ2GPI an-
tibodies at titers exceeding 99th percentile, on two or more occasions, 
at least 12 weeks apart. IgA isotype of aPL was not included in the 
current laboratory criteria. Both aCL and aβ2GPI ELISA should be 
performed following standardized procedures (Table 1). A new guid-
ance from ISTH for the testing aPL with solid phase assays was re-
cently introduced in 2014.13 To be useful in the standardization of 
the assays, it published ten recommendations covering from patient 
selection to results interpretation and reporting (Table 3). Various 
international workshops and the emergence of new platforms and 
technologies also have contributed to reduce laboratory variabili-
ties.8,12,24-26

 Testing for aPL by solid phase assays should also focus on patients 
who are likely to have APS.1-5,8,9,11-13,15 Collection, storage and han-
dling of samples are less critical compared to LA test. Serum or plas-
ma can be used. The manufacturer should state the sample type rec-
ommended and plasma should be platelet poor by double centrifu-
gation.12,13 aCL antibody assays use the complex of cardiolipin plus 
β2GPI (human or bovine) as antigen. Because not all human aβ2GPI 
antibodies bind to β2GPI from other sources, whole molecule of β2GPI 
of human origin should be used.12,13 As no gold standard exists, new 
assays should be validated before implementation. Linearity, preci-
sion, limit of detection, internal and external quality control, and clin-
ical performance should be checked. The possible interfering factors 
such as cryoglobulins, rheumatoid factors, hemoglobin, bilirubin and 
triglycerides may cause bias on results.9,11-13 To avoid errors, dupli-
cate testing is recommended especially for manual ELISA tests, but 
technical progress with automated platforms may allow single test-
ing for patient samples and controls. In contrast to ELISA, newer 
automated platforms does not require calibration curves for every 
run either, unless the reagent lot is changed.12,13

 The test signals are converted to antibody units derived from the 

calibration curve. Development of an international standard will fa-
cilitate the uniformity in reporting results of aCL and aβ2GPI anti-
bodies.13,27 Normal cut-off values should be determined in healthy 
subjects using the 99th percentile.9-13 If this is not feasible, manufac-
turer’s cut-offs may be acceptable after adequate verification pro-
cess.12,13 aβ2GPI assay shows higher specificity than aCL for APS 
diagnosis and the use of 99th percentile cut-offs seem to be more 
sensitive than the >40GPL units.2,9,13,15 Results of aCL and aβ2GPI 
antibody tests should be interpreted with LA results in view of clini-
cal context. Each test result above cut-off should be regarded as pos-
itive and positive results need to be confirmed after 12 weeks. Inclu-
sion of interpretative comment is strongly recommended.12,13

 Mostly aCL and aβ2GPI antibodies are measured by ELISA, al-
though chemiluminescence (CLIA) and fluorescence enzyme immu-
noassays (FEIA) have recently been introduced to the market.16,17,27-33 
In most of the cases, fair to moderate agreement was found among 
different assays.16,17,29,31-33 de Moerloose et al.28 observed far higher 
agreement between three well-established commercial assays. How-
ever, on the contrary Gutensohn et al.30 found moderate to poor ac-
cordance between five different assays in women with a history of 
miscarriage. The low agreement may be due to the selection of study 
population, low number of positive results, and different cut-off val-
ues. Different detection methods, antigen epitope variations, differ-
ent assay designs, test interferences, and pre- or post-analytical issues 
all can be further reasons for the variability. Most samples showing 
imperfect agreement had values around the borderline or low-posi-
tive ranges. Utilizing an automated system can improve reproduc-
ibility and reduce interlaboratory variation.15-17,27-33 Willis et al.17 also 
analyzed that when the assays were calibrated using the recently de-
veloped reference IgG materials, the correlations for aβ2GPI antibo-
dies were more improved.

Anti-β2 glycoprotein-I antibody against domain I

β2GPI is a 326 amino acid polypeptide synthesized by hepatocytes, 
endothelial cells, and trophoblasts. It contains five homologous do-
mains of approximately 60 amino acids each, domain I at the N-ter-
minus though to domain V at the C-terminus.1,2,24 The β2GPI mole-
cule circulates in plasma as a closed globular conformation and hides 
a cryptic epitope on domain I, thus preventing antibody binding. When 
β2GPI is immobilized on a negatively charged phospholipid surface 
via domain V, the configuration changes to an open form. This in-
teraction induces exposure of the cryptic domain I to which aβ2GPI 
antibodies can then bind.1,2,8,24,34,35

 Recent studies demonstrated that aβ2GPI antibodies against do-
main I correlate well with thrombosis and obstetric complications 
compared to other domain-binding antibodies.1-3,5,8,13,15,24,26,34-37 Be-
cause not all of the patients with aPL in their plasma suffer from 
thrombosis and/or pregnancy morbidity, it is suggested that there 
exist different populations of aPL. de Laat and de Groot34 found that 
about half of patients with aβ2GPI antibodies showed reactivity to-
ward domain I. Besides, the presence of anti-domain I antibodies 
showed better association with thrombosis at odds ratio (OR) of 18.9 
and 95% confidence interval (6.8-53.2), compared with aβ2GPI an-
tibodies toward other domains (OR 1.1, range 0.4-2.8). Through an 
international multicenter evaluation, they could confirm better cor-
relation of aβ2GPI domain I antibodies with thrombosis and also 
found a better association with pregnancy morbidity (OR 2.4, range 
1.4-4.3).
 Mondejar et al.36 and Pengo et al.37 show that CLIA technology 
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  1. Patient selection
Generalized search for aPL is discouraged to prevent incidental findings
Testing should focus on younger patients ( <  50 years) with unprovoked venous/arterial thromboembolism, thrombosis at unusual sites or thrombotic/preg-

nancy complications associated with autoimmune disease
  2. Blood collection

Serum or citrated plasma (0.109 M sodium-citrate) platelet-poor ( < 10,000 platelets per uL) plasma
Assay specifications should be validated if a different sample type to the one indicated by the manufacturer is used
Samples stored at 2-8˚C and tested within 2-3 days or at -20˚C or below for longer storage. Avoid freeze-thawing cycles

  3. Choice of assays
Perform a β2 glycoprotein-I (β2GPI)-dependent anticardiolipin (aCL) and an anti-(aβ2GPI) assay
Human β2GPI should be used as β2GPI source

  4. Performance characteristics
Between-run imprecision should be < 20% (ELISA) and < 10% for automated systems
Internal quality control material (included in the kit or non-kit material) that is negative and another with potency around cut-off should be included in every run
At least one non-kit negative and positive control (commercial or patient material) material should be included in every run
A run should be rejected if one control sample is out of the allowed rage
Participation in an external quality control scheme is strongly recommended
Detection limits should be determined in a negative sample with the same matrix as the patient samples
Samples with values above the analytical measuring range of the test should be diluted and re-tested or reported as ‘higher than the upper measurement 

range value’
Values below detection limits should be considered as ‘lower than the lower limit of detection’
The imprecision of the assay should be considered for interpretation of results around cut-off
Whenever feasible assays should be evaluated for clinical performance in detecting thrombotic/pregnancy complications

  5. Interferences
Rheumatoid factor can produce falsely elevated IgM aCL and aβ2GPI
Avoid icteric, hemolytic and lipemic samples
Heterophile antibodies, human anti-animal antibodies and high levels of (monoclonal) immunoglobulins may produce false-positive results

  6. Duplicate vs. single testing
Manual ELISA: duplicate testing for calibrators, controls and patient samples
Automated platforms: evaluate the imprecision; if < 10% singlet testing for patient samples and controls may be considered; duplicate testing for calibrators

  7. Standards and calibration
Whenever feasible traceability towards a primary standard should be defined
Secondary calibrators may be used in daily practice
A multi-point calibration curve (at least six points and covering the whole range) should be included in every run for ELISA

  8. Results expression
No international units available
Results expressed according to the calibration of the assay
Low and high results reported as < detection limits or > measurement range

  9. Cut-off values
Use local cut-off determined/validated for the local reagent/instrument combination
Perform testing on at least 120 plasmas or sera and calculate the 99th percentile
Or validate the manufacturer’s cut-off on limited number of at least 20 locally-collected healthy donors; manufacturer’s cut-offs can be transferred if the  

statistical method is indicated and the donor population is comparable with the local population
Whenever feasible clinical laboratories should check local cut-off values through a clinical approach regarding the association with thrombotic/pregnancy 

complications in the local population
10. Results interpretation and reporting

Results of aPL should be interpreted in view of the clinical context
State whether results are positive or negative according to method and laboratory-specific cut-off
Consider the performance characteristics of the assay
Confirm positive diagnosis after 12 weeks and consider only persistently positive results as clinically relevant
Perform all three assays [lupus anticoagulant (LA), aCL and aβ2GPI] on the same blood sampling to increase diagnostic utility
Perform integrated interpretation of LA, aCL and aβ2GPI
Report analytical results and an interpretative comment

Table 3. Recommendations for the optimal laboratory detection of antiphospholipid antibodies (aPL) by solid phase assays13

for aβ2GPI domain I antibody is more sensitive and reproducible 
than the existing ELISA assays. Antibodies that bind domain I of 
β2GPI appear to result in triple positivity (as defined by the presence 
of LA together with the same isotype of aCL and aβ2GPI antibodies), 

thus useful in identifying patients at high risk of developing throm-
boembolic events.34-37 When we analyzed the prevalence of aβ2GPI 
domain I antibody in 178 samples that were referred for aPL test, 13 
(7.3%) were positive for domain I, while 57 samples positive for one 
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