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Differential assay reactivity of immunglobulin A anti-ß2 
glycoprotein I antibodies: implications for the clinical 
interpretation of antiphospholipid antibody testing

Abstract
Objective: The routine measurement of IgA anticardiolipin (aCL) and IgA anti-β2 glycoprotein I (anti-β2 GPI) antibodies remain controver-
sial despite several studies demonstrating an association with thromboembolic disease in patients with systemic lupus erythematosus 
(SLE) and antiphospholipid syndrome (APS). This controversy may be a contributing factor for the current under use of IgA antiphospho-
lipid antibodies. We aimed to investigate the nature of discrepant IgA anti-β2 GPI reactivity to help define the diagnostic value of IgA 
antiphospholipid antibodies.
Material and Methods: Four sera selected from SLE/APS patients and positive for antiphospholipid antibodies but having discrepant IgA 
anti-β2 GPI reactivity on two commercial assays were studied. IgA antibodies were affinity purified to investigate anti-β2 GPI reactivity. 
Column wash through and eluent fractions were tested on both IgA anti-β2 GPI assays. Results were normalized to total protein. Assay 
conjugates and standards from the discrepant assays were interchanged.
Results: The diseased samples were strongly positive in one assay [144–388 IgA antiphospholipid (APL) units] and negative or weakly 
positive in another assay (9.9–53 APL units). IgA eluents from IgA anti-β2 GPI positive samples reacted 10 times stronger on the reactive 
assay. When normalized to protein content, the eluents showed no cross-reactivity for IgG or IgM anti-β2 GPI antibodies, confirming IgA 
isotype specificity. Conjugate interchange confirmed that both assays bound IgA anti-β2 GPI antibodies, but the anti-IgA conjugate from 
the reactive assay was 4 times stronger, suggesting that its ability to detect IgA anti-β2 GPI antibodies was partially dependent on the 
anti-IgA conjugate and calibration.
Conclusion: These results confirm not only the presence of IgA anti-β2 GPI antibodies in the selected patient samples but also highlight 
an IgA conjugate issue for the unreactive assay, causing an underestimation of IgA anti-β2 GPI. This finding may assist in the ongoing 
standardization efforts of APS antibody testing. In addition, conclusions from published clinical studies may need to be revised as some 
assays may understate IgA significance.
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Introduction
Elevated plasma levels of antiphospholipid antibodies have been associated with an increased risk of 
thromboembolic complications in patients with systemic autoimmune diseases such as systemic lupus 
erythematosus (SLE) and antiphospholipid syndrome (APS) (1, 2). In these patients, most of the pro-throm-
botic antiphospholipid antibodies are directed to the lipid-binding plasma protein β2 glycoprotein I (β2 GPI) 
or to β2 GPI/phospholipid complexes, rather than to phospholipids alone (3, 4). The primary serological 
criteria to classify APS includes the demonstration of IgG or IgM β2 GPI-dependent anti-cardiolipin (aCL) 
and/or IgG or IgM anti-β2 GPI antibodies detected by solid-phase immunoassays (5). IgA antiphospholipid 
antibody determination was not included in the above classification criteria but is to be considered only 
in certain situations. However, the association of IgA antiphospholipid antibodies in autoimmune patients 
with thromboembolic events had been confirmed by several groups (6, 7). The diagnostic value of IgA aCL 
and anti-β2 GPI antibodies has been largely ignored because this antibody isotype is commonly present 
with IgG and IgM antibodies. Murthy et al. (8) recently reported the presence of isolated IgA anti-β2 GPI 
antibodies and concluded that this isotype may identify additional patients with the clinical features of APS 
as well as recommended the testing for IgA antibodies when other antiphospholipid antibodies are absent 
and APS is suspected.

Despite the fact that IgA anti-β2 GPI antibodies are thrombogenic and associated with clinical manifes-
tations of APS, their use in the clinical laboratory for the assessment of autoimmune-mediated throm-
botic risk remains limited. In addition, antiphospholipid antibody proficiency testing had revealed widely 
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discrepant results among laboratories and 
commonly used commercial IgA anti-β2 GPI 
enzyme-linked immunoassay (ELISA) tests 
when testing SLE and/or APS serum samples. 
Our group speculated that these discrepan-
cies may have contributed to the exclusion 
of IgA aCL and anti-β2 GPI antibodies from the 
current classification criteria for APS (5). We 
investigated the nature of the IgA anti-β2 GPI 
antibody discrepancy on selected clinically 
and serologically well-characterized SLE and/
or APS samples by isolating IgA antibodies to 
analyze the reactivity of the fractions on two 
discrepant assays. One hypothesis to explain 
the discrepancy was that coated β2 GPI of one 
assay displayed the open (reactive) β2 GPI con-
figuration, while the other assay had the closed 
(non-reactive) configuration (9).

Material and Methods

Samples
Four disease-state serum samples were se-
lected from patients with the diagnosis of SLE 
and/or APS and a history of thromboembolic 
disease. The diagnosis of SLE and/or APS was 
established by the attending physicians, ac-
cording to current criteria (5). These samples 
exhibited multiple positive antiphospholipid 
antibody titers (IgG and IgM anti-cardiolipin, 
anti-phosphatidylserine, and/or anti-β2 GPI). 
Regarding IgA anti-β2 GPI antibodies, the se-
lected samples had strongly positive titers on 
one commonly used ELISA test, while nega-
tive or low positive titers on other similar test. 
One negative serum sample from a healthy 
donor was also included as control. Samples 
were obtained from Access Biologicals (Vista, 
California, United States) under their ethics 
committee and informed consent protocols.

IgA anti-β2 GPI ELISAs
The discrepant IgA anti-β2 GPI results were 
confirmed on two commercial IgA anti-β2 GPI 
antibody ELISA tests, according to the man-
ufacturer’s instructions. Assay A, REAADS IgA 
anti-β2 GPI (Corgenix, Inc., Broomfield, Colora-
do, United States) and assay B, Quanta Lite β2 

GPI IgA ELISA (Inova, Inc., San Diego, California, 
United States).

IgA affinity purification
Five milliliters (mL) of serum from each of the 
selected sample for IgA antibody purifica-
tion were dialyzed overnight in 100 volumes 
of equilibration/wash buffer (10 mM sodium 
phosphate, 150 mM sodium chloride, pH 7.2) 
using Slide-A-Lyser Cassettes (Thermo Scien-
tific, Rockford, Illinois, United States) and then 
filtered through 0.2-µm filter. Dialyzed serum 
was then loaded onto 2-mL PeptideM/Agarose 

gel-pdm-2 (Invivogen, San Diego, California, 
United States) packed into a 4-mL column that 
had been equilibrated with 20 mL of equilibra-
tion/wash buffer. After loading, the column 
was washed with 40 mL of equilibration/wash 
buffer, collected, and referred to as the “wash 
through” fraction. After washing, the material 
retained in the column was eluted with 0.1 
M Glycine, pH 2.5 at 0.5 mL/minute, thereby 
collecting 1-mL fractions. Pooled (7.5 mL) frac-
tions containing the major protein peak de-
termined at A280 nm were collected and im-
mediately neutralized using 400 μL of 1 M TRIS 
(pH 8.0) referred to as the “eluent” fraction. Total 
protein of the fractions was determined using 
Pierce BCA Protein Assay Kit (Thermo Scientific, 
Rockford, Illinois, United States), according to 
manufacturer specifications.

Results
Table 1 summarizes the antiphospholipid an-
tibody profile of the four selected diseased 
samples and the negative control. All diseased 
samples showed strong positive reactions for 
IgA anti-β2 GPI antibodies in assay A (144–388 
APL units) and negative or weak positive reac-
tions in assay B (9.9–53 APL units). The normal 
cut-off value was <20 APL units for both assays. 
The diseased samples were also positive for 
IgG anti-β2 GPI antibodies in both assays. 
The reactivity of the original samples (be-
fore purification and after column separation; 
wash through and eluent fractions, respec-
tively) tested on both IgA anti-β2 GPI assays 
is summarized in Figure 1 a-d. IgA anti-β2 GPI 
antibody reactivity was detected in all four elu-
ents only when tested on assay A. Comparing 
optical density (OD), the eluents of the IgA aβ2 

GPI positive samples reacted 10 times stronger 
on assay A compared to assay B. The ODs of 
assay B were within the negative range of the 
assay (OD<0.200). The negative sample did not 
show reactivity for IgA anti-β2 GPI antibodies in 
both assays (not shown). These results clearly 

demonstrated that IgA anti-β2 GPI antibodies 
were present in the original samples but not 
detected in assay B.

To rule out the possibility of cross-reactivity, 
column wash through and eluent fractions 
were tested for IgG, IgM, and IgA anti-β2 GPI 
antibodies on assay A, and the OD results 
were normalized against total protein content. 
Strong IgA anti-β2 GPI antibody reactivity was 
observed in the eluent but not in the wash-
through fractions, indicating that high titers 
of IgA anti-β2 GPI antibodies were present in 
the samples, and that IgA was successfully 
isolated in the eluent fractions (Figure 2 a-d). 
These results also confirmed the IgA antibody 
isotype specificity because IgG and IgM anti-β2 

GPI antibodies present in the samples did not 
cross-react on the IgA anti-β2 GPI assay A.

To further explore the nature of the low IgA an-
ti-β2 GPI antibody reactivity observed with assay 
B, IgA anti-human conjugate from assay A and 
assay B were interchanged and tested on plates 
from both assay. The results are summarized in 
Figure 3 a-d. Conjugate from assay A reacted 
with reagents from both assays. However, con-
jugate from assay B reacted only with assay B 
reagents (Figure 3d). This finding confirms that 
β2 GPI-coated plates of assay B bound IgA an-
ti-β2 GPI antibodies, thereby questioning the 
hypothesis that the reason for discrepant results 
was due to the non-reactive, closed β2 GPI con-
formation on the assay B plate. When the reac-
tivity of both conjugates tested on assay B were 
compared (Figure 3d), the conjugate from assay 
A was 4 times more reactive, suggesting that 
the ability of assay A to detect IgA anti-β2 GPI an-
tibodies is partially dependent on the anti-IgA 
conjugate and calibration.

Discussion
Several studies have unambiguously demon-
strated an association between IgA anti-β2 GPI 
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Table 1. IgG, IgM, and IgA antiphospholipid antibody titers of selected SLE/APS samples 
determined on two enzyme-linked immunoassay (ELISA) tests

Sample                            IgA anti-β2 GPI*                            IgG anti-β2 GPI*        IgM anti-β2 GPI*

SLE/APS Assay A Assay B Assay A Assay B Assay A

1 252 19 159 78 50

2 168 9.9 163 192 4.7

3 144 10 237 204 6.4

4 388 53 143 41 16

Negative 2.9 3.1 1.8 1.5 2.5

*Results expressed in IgG (GPL), IgM (MPL), and IgA (APL) antiphospholipid units. 

Normal cut-off value of <20 

SLE: systemic lupus erythematosus; APS: antiphospholipid syndrome



antibodies with an increased risk of throm-
boembolic vascular disease in patients with 
systemic autoimmune diseases such as SLE 
and APS (10-12). Purified IgA antibodies with 
aCL and anti-β2 GPI activity from APS patients 
caused venous thrombus formation and the 
upregulation of tissue factor (TF) when inject-
ed intravenously into a mouse experimental 
model, confirming their pathogenic role in 
coagulation (13). However, the routine mea-

surement of IgA antiphospholipid antibodies 
in clinical laboratories remains controversial. 
Moreover, IgA anti-β2 GPI antibodies have 
now been associated with atherosclerotic 
disease (14, 15), with macrovascular disease 
in scleroderma patients (16), and with auto-
immune liver disease (17). These reports have 
provided additional support for IgA anti-β2 

GPI antibody testing not only for APS diagno-
sis but also for the serological risk assessment 

of atherothrombotic disease. The observed 
inter-laboratory variability together with the 
unresolved standardization of antiphospho-
lipid antibody testing may continue to ham-
per the routine determination of IgA anti-β2 

GPI antibodies.

In an attempt to provide insights into these 
pending issues, we column purified IgA anti-
bodies from selected diseased serum samples 
that exhibit discrepant IgA anti-β2 GPI results. 
The column fractions containing IgA were an-
alyzed for anti-β2 GPI reactivity on the discrep-
ant assays. Our results not only confirmed the 
presence of IgA anti-β2 GPI antibodies in the 
selected samples (Figure 1 a-d)  but also high-
lighted the lack of reactivity of purified IgA an-
tibodies in one of the commercial assays. We 
also demonstrated that the selected samples 
contained significant amounts of IgA anti-β2 

GPI antibodies when results were normalized 
for total protein content (Figure 2 a-d).

One hypothesis to explain the discrepancy 
was that microplates from assay B were coated 
with human β2 GPI in the closed (un-reactive) 
conformation, causing the lack of IgA reactiv-
ity. Because the microplate from assay B was 
capable of reacting with the IgA calibrators 
(Figure 3 a-d), the non-reactive or closed con-
figuration hypothesis was disregarded. How-
ever, there was a four times stronger IgA con-
jugate reactivity for assay A than conjugate B. 
This may explain a 10 times underestimation 
of IgA anti-β2 GPI antibody reactivity observed 
in assay B likely because of IgA conjugate 
strength and calibration of the assay. 

These findings may assist in the ongoing 
standardization efforts of APS antibody test-
ing. An intriguing idea is to conduct standard-
ization studies using a common conjugate 
as a key reagent rather than a standard an-
tibody preparation. In addition, conclusions 
from previously published clinical studies 
may need to be revised as some assays may 
understate IgA presence and significance. 
Nonetheless, the diagnostic value of IgA an-
ti-β2 GPI antibodies has been confirmed by 
several groups and should be incorporated in 
APS in the future. The “Non-criteria” Antiphos-
pholipid Task Force convened at the 2010 
International Congress on Antiphospholipid 
Antibodies concluded that IgA anti-β2 GPI an-
tibodies should be incorporated when testing 
SLE and APS patients, particularly when other 
antiphospholipid tests are negative or incon-
clusive (18).

Ethics Committee Approval: Ethics Committee approv-
al was received for this study from Access Biologicals.
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Figure 1. a-d. The original sample, wash through, and eluent fractions from the four selected 
positive SLE/APS samples were tested on Assay A (blue) and Assay B (red). IgA anti-β2 GPI reactiv-
ity is expressed as optical density (OD) minus background. Eluent fractions containing purified 
IgA from all the four samples reacted only on IgA anti-β2 GPI assay A (blue). 
Affinity purification of IgA antibodies: SLE/APS (a), SLE/APS (b), SLE/APS (c), SLE/APS (d)

Figure 2. a-d. The original sample, wash through, and eluent fractions from the selected positive 
SLE/APS samples were tested on Assay A for IgG (blue), IgM (red), and IgA (green) anti-β2 GPI anti-
bodies. Antibody reactivity was normalized to total protein and expressed as optical density (OD) 
over total protein. Only purified IgA antibodies (green) reacted on the IgA anti-β2 GPI assay A.
IgA specificity of affinity-purified antibodies. SLE/APS (a), SLE/APS (b), SLE/APS (c), SLE/APS (d)
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Figure 3. a-d. Tests standards (high, medium, and low) were tested on each IgA anti-β2 GPI assay, 
and anti-human IgA conjugates were interchanged (blue from assay A and red from assay B). 
There was a 4 times stronger reactivity of conjugate A when tested on assay B than conjugate 
B, suggesting that IgA detection in assay B is partially dependent on the IgA conjugate and 
calibration.
Standards A on assay A (a), standards B on assay B (b), standards A on assay B (c), standards B 
on assay B (d), and conjugate B did not elicit IgA anti-β2 GPI antibody reactivity when tested on 
assay A (a-c) but only when tested on assay B (d)
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