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SUMMARY

Background: Increasing interest has focused on the development of new assays more specific for APS and applica-
tion of multiple combinations of anti-phospholipid antibodies (aPLs). This study explored the thrombotic risk of
non-criteria aPLs measured by a new line immunoassay (LIA) and the benefit of additional non-criteria aPLs re-
sults to the APS diagnosis.

Methods: LIA were performed to detect 9 aPLs in 180 patients requested for lupus anticoagulant (LA) measure-
ment. Antibodies against anti-cardiolipin (CL), B2 glycoprotein I (GPI), and p2GPI domain I were measured by
ELISA.

Results: The agreement percentages for IgG/IgM anti-CL and anti-B2GPI between ELISA and LIA (anti-CL
68.2% and 82.6%; anti-p2GPI 71.7% and 93.2%, respectively). Among 9 aPLs measured by LIA, single presence
IgG of anti-phosphatidylserine (odds ratio (OR) 16.477) and anti-phosphatidic acid (OR 9.625) predicted higher
thrombotic risk than anti-p2GPI (OR 5.538). Other aPLs measured by LIA (anti-prothrombin, anti-annexin V,
anti-phosphatidylinositol, phosphatidylethanolamine, and anti-phosphatidylglycerol) did not show any significant
thrombotic risk. Addition of the 2 non-criteria aPLs (anti-phosphatidylserine and anti-phosphatidic acid) to the
established APS criteria increased the diagnostic specificity and accuracy for thrombosis. The positive rates of
anti-p2GPI and anti-phosphatidylserine measured by LIA were quite high in patients with positive anti-B2GPI
domain L.

Conclusions: The anti-phosphatidylserine and anti-phosphatidic acid among non-criteria aPLs have a high likeli-
hood as new markers for thrombotic prediction.
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Email:  lukekhk@snu.ac.kr The presence of lupus anticoagulant (LA), anti-cardio-
lipin (CL) antibody and/or anti-B2 glycoprotein I (GPI)
antibody of IgG and/or IgM should be detected to meet
the laboratory criteria in antiphospholipid syndrome
(APS) [1]. Despite of the APS diagnostic criteria, diag-
nosis of APL remains challenging [2,3]. Since anti-

antiphospholipid antibodies, beta2-glycoprotein I, pro-
thrombin, phosphatidylserines, phosphatidic acid,
thrombosis
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phospholipid antibodies (aPLs) can be associated with
other viral, bacterial, and parasitic infections, resulting
in false positivity [4], to prevent transient aPLs positivi-
ty the current APS criteria states that the aPLs presence
must be confirmed on 2 or more occasions at least 12
weeks apart, which may delay the APS diagnosis [5].
Recent studies showed that triple-positive aPL profiles
on initial test time were more powerful to predict APS
early than single-positive. Thereby the more aPLs are
tested, the more reliable early prediction of APS is.
Some non-criteria aPLs such as phosphatidylserine have
been demonstrated in seronegative APS patients [6], al-
though the non-criteria aPLs have not been included in
the current APS diagnostic criteria. On the other hand,
anti-B2GPI domain I IgG antibody has been shown as a
useful test to identify a high risk of thrombosis [5,7-9].
The detection of aPLs by line immunoassay (LIA), a
new technique using a unique membrane matrix proper-
ty, may be beneficial, because LIA can simultaneously
measure 9 items of aPLs. A recent study has reported
that the LIA could distinguish APS apart from infec-
tious non-APS patients [8,10,11].

Although there were several reports about the non-crite-
ria aPLs [12,13], the detail thrombotic risk values of in-
dividual non-criteria aPLs are not sufficient for clinical
application. This study explored the thrombotic risk of
non-criteria aPLs measured by LIA and the benefit of
additional non-criteria aPLs results for APS diagnosis.

MATERIALS AND METHODS

Patients

One hundred-eighty patients who has been requested to
the clinical laboratory for APS screening test were en-
rolled. Seventy-three men and 107 women were includ-
ed, with a median age of 42 years. Fifty-eight (32.2%)
patients were diagnosed with autoimmune diseases and
21 (11.6%) patients with arterial or venous thrombosis
were objectively documented. This prospective study
was approved by the Institutional Review Board of
Seoul National University Hospital.

Blood sample preparation

Peripheral blood samples were collected in sodium cit-
rate tubes (Becton Dickinson, San Jose, CA, USA) as
Clinical and Laboratory Standards Institute Guidelines
(CLIS) guidelines recommended [14]. Double centrifu-
gation was performed to obtain the plasma poor plasma
(PPP) (< 10 x 10°/L). After centrifugation for 10 min-
utes at 2,500 x g, plasma was transferred to aliquot
tubes. Then platelet-poor plasma specimens were centri-
fuged one more for 10 minutes at 5,000 x g then stored
at -70°C.

Lupus anticoagulant (LA)

LA was confirmed when a sample was positive in at
least one of the two assays, based on the guidelines pro-
posed by the Standardization Subcommittee of the In-
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ternational Society on Thrombosis and Hemostasis [15].
Two assays contain in vitro coagulation-based assays
including the dilute Russell’s viper venom time assay
(LAC Screen/Confirm kit; Instrumentation Laboratory)
and the silica clotting time assay (Instrumentation Labo-
ratory).

ELISA for the detection of anti-CL, anti-B2GPI, and
anti-p2GPI domain I

Anti-CL (IgG and IgM) and anti-B2GPI (IgG and IgM)
were detected by chemiluminescence methods (Hemos-
IL Acustar assays; Instrumentation Laboratory, Bed-
ford, MA, USA). Anti-B2GPI domain I (IgG) was mea-
sured by a chemiluminescence assay (QUANTA Flash
B2GPI IgG; Inova Diagnostics, San Diego, CA, USA).
Normal cutoff levels were determined by the upper 99th
percentiles of the normal control values with some mod-
ifications: anti-CL, 20 (both IgG and IgM); anti-B2GPI,
20 (both IgG and IgM); and anti-B2GPI domain I, 40
(IgG). All the measurements were performed according
to the guideline for aPLs with solid phase assays [16].

LIA for the detection of 9 aPLs

Nine antibodies against CL, B2-GPI, phosphatidylser-
ine, phosphatidic acid, prothrombin, annexin V, phos-
phatidylinositol, phosphatidylethanolamine, and phos-
phatidylglycerol were detected using a commercial LIA
according to manufacturer’s instruction (GA Generic
Assays GmbH, Dahlewitz, Germany). Briefly, the pa-
tient samples were added onto polyvinylidene difluoride
(PVDF) membrane sprayed phospholipids in lines of
strip, then the strips were read out densitometrically us-
ing a scanner with the evaluation software Dot Blot An-
alyzer (GA Generic Assays GmbH).

Statistical analysis

Data were compared using x° test for categorical vari-
ables. To assess the contributing effects of antiphospho-
lipid antibodies for thrombotic risk, odds ratio (OR) and
95% confidence intervals (CI) were calculated using
multiple logistic regression analysis. All statistical anal-
yses were carried out with IBM SPSS Statistics for
Windows, Version 21.0 (IBM Corp; Armonk, NY,
USA). Two-sided p-values < 0.05 were considered to be
significant.

RESULTS

Comparison of anti-CL and anti-B2GPI antibodies
between ELISA and LIA

The observed agreement percentages between ELISA
and LIA were 68.2% and 82.6% for anti-CL IgG and
IgM. The anti-B2GPI IgG and IgM showed slightly
higher agreement percentages (71.7% and 93.2%) than
those of anti-CL (Table 1). The Cohen’s kappa coefti-
cients, the agreement for qualitative items, were 0.086
(95% CI, -0.037 ~ 0.209) and -0.021 (95% CI, -0.048
~ 0.006) for anti-CL IgG and IgM, representing poor-to-
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Table 1. Comparison of anti-CL and anti-p,GPI antibody testing between ELISA and LIA.

LIA LIA
IgG anti-CL * IgM anti-CL *
Positive Negative Total Positive Negative Total
Positive 7 46 53 Positive 0 29 29
ELISA Negative 7 108 115 ELISA Negative 1 138 139
Total 14 154 168 Total 1 167 168
. n LIA . o LIA
IgG anti-p2GPI IgM anti-p2GPI
Positive Negative Total Positive Negative Total
Positive 15 41 56 Positive 12 0 12
ELISA Negative 4 99 103 ELISA Negative 11 136 147
Total 19 140 159 Total 23 136 159

All values are presented as the number of patients. * Data on IgG and IgM anti-CL were missing in 10 patients by ELISA and 2 patients by
LIA. " Data on IgG and IgM anti-B2GPI were missing in 19 patients by ELISA and 2 patients by LIA.

Abbreviations: anti-CL - anti-cardiolipin, anti-B2GPI - anti-p2-glycoprotein I, ELISA - enzyme-linked immunosorbent assays, LIA - line
immunoassay.

Table 2. Thromboetic risk of anti-phospholipid antibodies by LIA.

TE negative TE positive Logistic regression analysis
(n=158) (n =20) OR 95% CI p-value

IgM anti-CL 2 (1.3%) 0 (0.0%) NA

IgG anti-CL 10 (6.3%) 4 (19.0%) 3.506 0.991 - 12.402 0.052

IgM anti-p2GPI 19 (12.0%) 6 (30.0%) 3.135 1.076 - 9.139 0.036

IgG anti-p2GPI 14 (8.9%) 7 (35.0%) 5.538 1.899 - 16.150 0.002
IgM anti-phosphatidylserine 1 (0.5%) 0 (0.0%) NA

IgG anti-phosphatidylserine 5 (3.1%) 7 (35.0%) | 16.477 | 4.582 -59.245 <0.001

IgM anti-phosphatidic acid 2 (1.3%) 0 (0.0%) NA

IgG anti-phosphatidic acid 4 (2.5%) 4 (20.0%) 9.625 2.194 - 42.216 0.003

IgM anti-prothrombin 5 3.1%) 1 (3.4%) 1.621 0.180 - 14.620 0.667
IgG anti-prothrombin 2 (1.3%) 0 (0.0%) NA
IgM anti-annexin V 5 (3.2%) 0 (0.0%) NA
IgG anti-annexin V 5 (3.2%) 0 (0.0%) NA
IgM anti-phosphatidylinositol 1 (0.5%) 0 (0.0%) NA
IgG anti-phosphatidylinositol 1 (0.6%) 0 (0.0%) NA
IgM anti-phosphatidylethanolamine 0 (0%) 0 0%) NA
IgG anti-phosphatidylethanolamine 0 0%) 0 0%) NA
IgM anti-phosphatidylglycerol 0 0%) 0 (0%) NA
IgG anti-phosphatidylglycerol 0 (0%) 0 (0%) NA

* Data on all IgG and IgM anti-phospholipid antibodies were missing in 1 patient without TE and 1 patient with TE.
Abbreviations: TE - thromboembolism, OR - odds ratio, CI - confidence interval, anti-CL - anti-cardiolipin, anti-B2GPI, anti-B2-glycoprotein
I, LIA - line immunoassay, NA - not accessible.

slight agreement and 0.270 (95% CI, 0.131 ~ 0.409) and
0.652 (95% CI, 0.466 ~ 0.838) for anti-B2GPI IgG and
IgM, representing fair-to-substantial agreement.
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Table 3. Thromboembolism prediction of combined anti-phospholipid antibody assay by ELISA and LIA.

L p--value Sensitivity | Specificity Diagnostic
Positive Negative accuracy
Applied with aPLs measured by ELISA *
LA or anti-CL or anti-B2GPI
Positive 21 136 0.047 100% 14.5% 24.4%
Negative 0 23
Applied with aPLs measured by LIA"
LA or anti-CL or anti-B2GPI
Positive 16 89 0.034 81.0% 43.4% 47.8%
Negative 4 57
LA or anti-CL or anti-p2GPI or anti-PA or anti-PS
Positive 16 81 0.024 76.2% 49.1% 52.2%
Negative 5 78

* Data on IgG and IgM anti-CL were missing in 9 patients without TE and 1 patient with TE by ELISA. Data on IgG and IgM anti-$2GPI
were missing in 18 patients without TE and 1 patient with TE by ELISA. " Data on IgG and IgM anti-CL/anti-B2GPI/anti-phosphatidic
acid/anti-phosphatidylserine were missing in 1 patient without TE and 1 patient with TE by LIA.

100 - .
Oanti-CL
W anti-f2GPI
%0 Danti-phosphatidylserine
m anti-phosphatidic acid
= 60 4
o
@
o
5
Z 40 4
20 +
: B
Positive Negative
Anti-B2GPI domain [ antibody

Figure 1. The positive rates of anti-phospholipid antibodies according to the positive and negative results of anti-p2GPI
domain I antibody.

Abbreviations: anti-CL - anti-cardiolipin, anti-p2GPI - anti-B2-glycoprotein I.
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Thrombotic risk of individual aPLs tested by LIA
Nine aPLs tested by LIA were assessed for thrombotic
risks (Table 2). As for IgG antibodies, anti-B2GPI, anti-
phosphatidylserine and anti-phosphatidic acid were
strongly associated with thrombotic risk (anti-B2GPI,
OR 5.538, 95% CI 1.899 - 16.150, p = 0.002; anti-phos-
phatidylserine, OR 16.477, 95% CI 4.582 - 59.245,
p < 0.001; anti-phosphatidic acid, OR 9.625; 95% CI
2.194 - 42.216, p < 0.003). Anti-CL IgG tended to be
associated with thrombotic risk, but the association did
not reach statistical significance (OR 3.506, 95% CI
0.991 - 12.402, p = 0.052). As for IgM antibodies, only
anti-B2 GPI was revealed as a significant thrombotic
risk factor (OR 3.315, 95% CI 1.076 - 9.139, p =
0.036).

Diagnostic performance of combined aPLs profiles
We evaluated the diagnostic performance to predict
thrombosis by using LA and several combinations of
aPLs measured by conventional ELISA or LIA. When
three tests (LA, anti-CL, and anti-B2GPI) were applied
to predict thrombosis according to the APS diagnostic
criteria [1], the clinical sensitivities of three tests includ-
ing anti-CL or anti-B2GPI measured by LIA was slight-
ly lower than those by ELISA, but clinical specificity of
three tests including anti-CL or anti-B2GPI measured by
LIA was superior to ELISA (Table 3). After all, the di-
agnostic accuracy of three tests including anti-CL or an-
ti-p2GPI measured by LIA was superior to ELISA.
Interestingly, when the additional tests such as anti-
phosphatidic acid IgG and anti-phosphatidylserine IgG
measured by LIA were added to the diagnostic makers
for thrombosis prediction, the clinical specificity in-
creased and finally diagnostic accuracy also increased
in comparison with the above three test combinations
measured by LIA.

Positive rates of aPLs in terms of reactivity to f2GPI
domain I

To explore further specificities of aPLs measured by
LIA, anti-B2GPI domain I IgG was tested in all sam-
ples. We divided two groups according to IgG anti-
B2GPI domain I positive (n = 12) and negative (n =
166) results (Figure 1). Twelve patients with anti-B2GPI
domain I reactivity showed 42% positivity in anti-CL
IgG, 92% positivity in anti-B2GPI IgG, 83% in anti-
phosphatidylserine IgG, and 42% in anti-phosphatidic
acid IgG. On the other hand, one hundred sixty-six
patients without anti-B2GPI domain I reactivity showed
only 5% positivity in anti-CL IgG, 6% in anti-p2GPI
IgG, 2% in anti-phosphatidic acid IgG, and 1% in anti-
phosphatidylserine IgG.
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DISCUSSION

Increasing interest has focused on the development of
new assays more specific for APS and application of
multiple combinations of aPLs for prediction of recur-
rent thrombotic risk [13,17]. Non-criteria aPLs may
provide additional information about accurate thrombo-
tic risk [13]. This study investigated the thrombotic
risks of the non-criteria aPLs measured by LIA.
Interestingly, even the single presence of anti-phospha-
tidylserine IgG antibody predicted higher thrombotic
risk (OR 16.477) than anti-B2GPI (OR 5.538). The anti-
phosphatidic acid also exhibited high thrombotic risk
(OR 9.625). Phosphatidylserine and phosphatidic acid
are negatively charged phospholipids that easily bind to
phospholipid-binding proteins [18]. Since it is widely
known that aPLs do not bind to the negatively charged
phospholipids, it is considered that the LIA system al-
lows the many phospholipid binding proteins contained
in test plasma to bind to the negatively charged phos-
pholipids coated on PVDF membrane [11]. Moreover,
the PVDF membrane can induce conformational
changes of the phospholipid-binding proteins to facili-
tate reaction with aPLs [19]. Therefore, it is expected
that the anti-phosphatidylserine and anti-phosphatidic
acid can predict high risk of thrombosis. A recent sys-
tematic review has reported that the positivity of anti-
phosphatidylserine and anti-phosphatidic acid IgG in
APS were 59.7% and 68.6%, respectively [13]. Al-
though the clinical significance of singly anti-phospha-
tidylserine and anti-phosphatidic acid has not been em-
phasized before, based on our results, it is considered
that the single presence of anti-phosphatidylserine and
anti-phosphatidic acid may represent significant throm-
botic risk.

Meanwhile, other non-criteria aPLs measured by LIA
(anti-prothrombin, anti-annexin V, anti-phosphatidyl-
inositol, phosphatidylethanolamine, and anti-phosphati-
dylglycerol) did not show any significance for thrombo-
tic risk. Prothrombin is a cryptic antigen that needs to
be exposed when negatively charged phospholipids
bind to prothrombin [20]. Therefore, anti-prothrombin
antibody generally was not found to have thrombotic
risk, but anti-prothrombin complexed with phosphati-
dylserine that can detect the exposed epitope was found
to have a significant thrombotic risk [18,21]. Anti-an-
nexing V antibody has shown weak association with re-
current miscarriage [12]. However, our study population
did not contain the obstetrical complication case, so we
could not find significant thrombotic association of anti-
annexing V antibody. Positivity of anti-phosphatidyl-
inositol, anti-phosphatidylethanolamine, and anti-phos-
phatidylglycerol antibodies were not found in our study
population.

The observed agreement percentages between ELISA
and LIA were good, but kappa indexes were poor espe-
cially for anti-CL IgG and IgM. This is because the
numbers of patients with ELISA positive/LIA negative
were more than those with ELISA negative/LIA posi-



Hee Sue Park et al.

tive, suggesting higher false positivity of ELISA. Simi-
larly, the diagnostic specificity of 3 criteria aPLs (LA or
anti-CL or anti- B2GPI) measured by LIA was higher
than ELISA. Besides the 3 criteria aPLs, when the re-
sults of 2 non-criteria aPLs (anti-phosphatidylserine and
anti-phosphatidic acid) were arbitrarily added to the
APS criteria, the sensitivity and accuracy were slightly
increased, suggesting the additional values of the 2 non-
criteria aPLs for APS diagnosis.

Anti-B2GPI domain I antibody is known to have a
strong association with thrombosis [11,22]. In our re-
sults, the positive rates of anti-B2GPI and anti-phospha-
tidylserine were quite high in patients with positive an-
ti-p2GPI domain I. This is additional evidence that both
antibodies measured by LIA are specific for thrombosis
like anti-B2GPI domain I antibody.

In terms of methodology, ELISA to detect multiple anti-
bodies is time-consuming and labor-intensive. ELISA
and LIA showed similar diagnostic sensitivity for detec-
tion of aPL antibodies in APS [2]. In addition, dot blot
assays are already known as useful in the detection of
disease-specific anti-p2 GPI antibodies [19]. In this
way, multiplex detection of aPLs by LIA seems to have
a benefit for serologic diagnosis of APS [2,10,11]. Con-
sidering that multiple non-criteria aPLs may increase
the diagnostic performance of APS [23], LIA is expect-
ed to be a potential candidate method for the measure-
ment of aPLs.

This study has some limitations. First, our study limita-
tion is to use the clinical outcome of thromboembolism
because most of our study population did not have 2
consecutive samples for the measurement of aPLs at
least 12 weeks apart. In clinical practice, a clinician is
required to check the persistent positivity of aPLs to
confirm APS. Second, the number of patients diagnosed
with APS was small. Despite this, the appropriate sam-
ples were collected and we regarded the results reliable.
Large study populations are needed to demonstrate our
results more strongly.

CONCLUSION

In summary, non-criteria aPLs (anti-phosphatidylserine
and anti-phosphatidic acid) measured by LIA showed
significant thrombotic risk. Addition of the 2 non-crite-
ria aPLs to the established APS criteria increased the di-
agnostic specificity and accuracy for thrombosis. The
positive rates of anti-B2GPI and anti-phosphatidylserine
measured by LIA were quite high in patients with posi-
tive anti-B2GPI domain I. Considering that LIA can
provide simultaneous measurement of multiplex aPLs
and quite good diagnostic performance of non-criteria
aPLs, the multiplex combination of aPLs measured by
LIA is thought to merit further investigation. The anti-
phosphatidylserine and anti-phosphatidic acid among
non-criteria aPLs have a high likelihood as new markers
for thrombotic prediction.
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