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Abstract Anti-beta-2-glycoprotein I antibodies (anti-

b2GPI) which are the main antiphospholipid antibodies

that characterize the autoimmune ‘‘antiphospholipid syn-

drome’’ are pathogenic and are contributing to thrombosis.

We aimed to evaluate the presence and the diagnostic

importance of these antibodies in children with different

rheumatologic diseases with or without thrombosis risk. A

total of 100 children with different rheumatologic diseases

evaluated retrospectively. The mean anti-b2GPI IgG

(p = 0.108), IgA (p = 0.547), and IgM (p = 0.807) levels

showed no statistically significant difference between dif-

ferent diagnosis groups. But anti-b2GPI IgA and IgM

levels were higher in SLE patient group. The mean anti-

b2GPI IgG (p = 0.375), IgA (p = 0.811), and IgM

(p = 0.276) levels were not also showed difference

between disease groups with/without predisposition to

thrombosis even though concentrations were higher in

thrombosis group. In children with rheumatological com-

plaints, anti-b2GPI antibody measurements should not be

the first diagnostic criteria if vasculitis is not thought as the

primary defect underlying the clinical symptoms.
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Introduction

Beta-2-glycoprotein I (b2GPI), also called apolipoprotein

H, is a 50 kDa b2 globulin which is associated in vivo with

lipoprotein, platelets and phospholipids [1] and is com-

posed of five domains which cause structural heterogeneity

[2]. It is known as an inhibitor of the contact activation of

the intrinsic coagulation pathway [3] and is predominantly

synthesized in hepatocytes, the lesser extent in endothelial

cells and trophoblasts and circulates in blood at variable

levels [4].

From 1990 onwards, the interest in b2GPI increased

significantly, when this protein was identified as the most

important antigen in an autoimmune disease called

antiphospholipid syndrome (APS) [5], which occurs due to

the autoimmune production of antibodies against phos-

pholipid, a cell membrane substance and is a disorder of

coagulation causing thrombosis in vessels, as well as

pregnancy-related complications such as miscarriage, pre-

term delivery or severe preeclampsia [6]. Antiphospholipid

antibodies are mainly targeted against complexes com-

posed of negatively charged phospholipids (cardiolipin)

and plasma proteins (b2GPI, prothrombin, protein C, pro-

tein S) and are first reported in patients affected by sys-

temic lupus erythematosus (SLE) and subsequently in

association with other collagen vascular diseases, infec-

tious conditions and certain drugs. b2GPI is more specific

than other molecules in APS [5]. b2GPI dependent anti-

cardiolipin antibodies are correlated with thrombosis and

are only found in the case of autoimmune diseases; b2GPI

independent anticardiolipin antibodies are often found in

connection with infectious diseases as syphilis, borreliosis,

hepatitis, tuberculosis [7]. Anti-b2GPI antibodies recog-

nize specific epitopes on human b2GPI and are expressed

only when b2GPI interacts with lipid membranes or when
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absorbed to other surfaces. Detection of these antibodies

provides a serological aid for the differentiation of

autoimmune diseases from infections and also enables the

discrimination between primary and secondary APS which

are characterized by the same hematological immune

responses [8, 9]. In secondary APS, they occur during the

course of the disease as secondary reactions, most fre-

quently in connection with rheumatic diseases, connective

tissue diseases such as SLE [10] as well as related

autoimmune diseases.

Strongly positive results for anti-b2GPI IgG and IgM

antibodies ([ 40 U/mL for IgG and/or IgM) are diag-

nostic criterion for APS and lesser levels of anti-b2GPI

antibodies and the IgA isotype may occur in patients

with clinical signs of APS, but the results are not con-

sidered diagnostic [6]. Anti-b2GPI IgA concentrations

higher than 15 U/mL with negative IgG and IgM isotype

results are not diagnostic. After International Congress

on Antiphospholipid Antibodies in 2010, an update for

the guideline on anticardiolipin and anti-b2GPI testing

was published in [11]. This guideline concludes that the

evidence for an association between anti-b2GPI and APS

is strongest for the IgG isotype and a confirmatory test

following a positive anti-phospholipid test, has to be

repeated to avoid the detection of transient antibodies as

usually occur in infectious diseases [6]. Recently,

domain-specific studies are more preferred and a sub-

group of anti-b2GPI IgG which is directed to domain 1

of the molecule is shown strongly associated with

thrombosis [12].

Low concentrations of natural b2GPI IgG autoantibod-

ies are normally found in healthy individuals [13] and

levels increase with age. However, these antibodies may

cause leading to differentiation APS. The triggering

mechanism and pathophysiology Show uncertainty.

Autoantibodies increase the risk for blood clotting espe-

cially other conditions that favor clotting are present such

as prolonged inactivity, surgery, pregnancy, hypertension,

obesity, smoking, atherosclerosis, the use of estrogens, and

an associated systemic autoimmune disease (mainly SLE

or SLE—like diseases).

Many rheumatologic diseases share similar clinical

symptoms and this makes it hard to distinguish them from

one to another. In this case, the diagnosis depends on

specific laboratory data as the main presence of antibodies

against self-proteins. In this study, we aimed to examine

the diagnostic value of anti-b2GPI antibodies besides

other inflammatory parameters and its relationship with

thrombosis risk in children with different rheumatologic

diseases.

Patients and Methods

A total of 100 patients (37 boys, 63 girls) who were fol-

lowed up for rheumatological findings in Outpatient Clin-

ics of Pediatric Rheumatology, Ege University Faculty of

Medicine, Izmir, Turkey during 2016 were evaluated ret-

rospectively for identifying the diagnostic performance of

anti-b2GPI antibodies. Written informed consents were

obtained from parents and the study was performed after

approval of ethical committee in Ege University Faculty of

Medicine. All patients’ data were evaluated retrospectively

and an evaluation sheet was used to summarize the

patients’ demographic information including name, gender,

date of birth and clinical and laboratory data. The patient

group was classified into different rheumatologic diagnosis

groups according to clinical and laboratory findings and

also evaluated as two disease groups with [Behcet disease,

Henoch Schonlein vasculitis (HSV) and SLE] or without

[juvenile idiopathic arthritis (JIA), familial Mediterranean

fever (FMF) and undifferentiated connective tissue disease

(UCTD)] predisposition to thrombosis.

Serum complement 3 (C3), complement 4 (C4), C—

reactive protein (CRP), serum amyloid A (SAA) concen-

trations were analyzed quantitatively by a nephelometer

(Dade Behring BNII, Siemens, Germany).

Serum anti-b2GPI IgG, IgM, and IgA levels were

measured by a commercially available ELISA kit

(Euroimmun, Lubeck, Germany). This test kit contains

microtiter strips which each well is coated with b2GPI. In

the first reaction step, diluted patient samples are incubated

with the wells. In case of positive samples, specific IgG,

IgA or IgM antibodies bind to the antigens. To detect the

bound antibodies, a second incubation is carried out using

an enzyme—labeled anti-human IgG-enzyme conjugate

catalyzing a color reaction. The upper limit of the normal

range recommended by the manufacturer is 20 relative

units (RU)/mL for anti-b2GPI IgG, IgA, and IgM.

Autoimmunity was also evaluated with the presence of

antinuclear antibody (ANA) in serum which was deter-

mined by immunofluorescence on mosaic Hep-2-10/liver

monkey cell (Euroimmun, Lubeck, Germany) and ANA

titers of 1:100 were taken as cut-off value.

All statistical analyses were performed by using SPSS

Windows Version 16.0, SPSS Inc., Chicago, IL. One

sample Kolmogorov–Smirnov test was used to check the

Gaussian distribution of all variables. Student t test, Mann–

Whitney U or Kruskal–Wallis test and Pearson or Spear-

man correlation coefficient were used in keeping with data

normality distribution. A two-sided p value less than 0.05

was considered as statistically significant.

96 Ind J Clin Biochem (Jan-Mar 2019) 34(1):95–100

123



Results

A total of 100 patients (37 boys, 63 girls) with a mean age

of 12.2 ± 4.57 years were evaluated retrospectively. The

frequencies of disease diagnosis groups in relation to

clinical and laboratory findings were as follows (Fig. 1);

FMF (39%), JIA (33%), Behcet disease (12%), HSV (4%),

SLE (10%) and UCTD (2%). Diseases with a predisposi-

tion to thrombosis (Behcet, HSV, SLE) were seen in 26%

of patients and the rest were patients with FMF, JIA or

UCTD. Autoimmunity was also evaluated in patients and

the frequency of positive ANA testing was 52%.

The mean complement C3 concentration was

129.9 ± 35.3 mg/dL (Table 1) and the values were lower

than cut off in three patients (1 FMF, 2 SLE) and were

higher in five patients (4 JIA, 1 FMF). Mean complement

C4 concentration was 24.4 ± 11.7 mg/dL (Table 1) and

values were lower than cut off in seven patients (2 FMF, 2

JIA, 2 SLE, 1 HSV) and were higher in two patients (1 JIA,

1 FMF). Mean C3 (p = 0.027) and C4 (p = 0.002) con-

centrations were significantly higher in patients with

leukocytosis.

The mean CRP and SAA concentrations were

0.54 ± 1.46 and 43.6 ± 84.2 mg/dL (Table 1) and values

were higher than reference range in 25 and 47% of patients,

respectively.

The mean anti-b2GPI IgG, IgA, and IgM antibody

levels were 4.85 ± 7.61, 10.2 ± 13.7 and 14.3 ± 37.7

RU/mL, consecuitively (Table 1). Autoantibody concen-

trations were higher than cut off in 4% of patients for anti-

b2GPI IgG (1 FMF, 1 JIA, 2 SLE), 12% for anti-b2GPI

IgM (4 FMF, 4 JIA, 1 HSV, 3 SLE) and 9% for anti-b2GPI

IgA (3 FMF, 3 JIA, 3 SLE). The mean autoantibodies,

especially IgA and IgM isotypes were higher in SLE group.

None of them showed statistically significant difference

between diagnosis groups (p = 0.108, p = 0.547,

p = 0.807, for IgG, IgA and IgM respectively).

None of the mean C3 (p = 0.164), C4 (p = 0.366), CRP

(p = 0.378), SAA (p = 0.156), ESR (p = 0.844), anti-

b2GPI IgG (p = 0.456), IgA (p = 0.109) and IgM

(p = 0.064) levels showed any significant difference in

relation to gender.

Anti-b2GPI IgG concentrations positively associated

with anti-b2GPI IgA values (p\ 0.001, r = 0.401) and

showed significant difference between patient groups with

normal and high anti-b2GPI IgA (p = 0.010). And also

IgG isotype concentrations were significantly different

between patients with normal and high C3 concentrations

(p = 0.042). Mean complement C3 (p = 0.113) and C4

(p = 0.55) concentrations were lower and anti-b2GPI IgM

concentrations were higher in patients with high anti-

b2GPI IgG (p = 0.017).

None of the acute phase reactants (CRP, SAA, ESR)

showed a significant difference between patient groups

with normal and high anti-b2GPI IgG, IgA, or IgM values.

The mean anti-b2GPI IgG (p = 0.375), IgA (p = 0.811)

and IgM (p = 0.276) levels were not statistically different

between disease groups with/without predisposition to

thrombosis even though concentrations were higher in

thrombosis group (Table 2). Anti-b2GPI autoantibody

positivity did not show any relation to the presence of

thrombosis. However, the mean C4 concentration was

statistically significant different (p = 0.002) and was lower

in thrombosis group (Table 2).

Anti-b2GPI IgG values were higher (p = 0.020) in

patients with positive ANA, but lower than cut off. How-

ever, none of C3 (p = 0.133), C4 (p = 0.191), SAA

(p = 0.741), CRP (p = 0.517), anti-b2GPI IgA

(p = 0.229) and anti-b2GPI IgM (p = 0.832) concentra-

tions showed any difference in relation to autoimmunity.

Discussion

The presence of anti-b2GPI antibodies in plasma has a

physiologic relevance and also play different roles in innate

immunity. The triggering mechanism is not known but

these autoantibodies deteriorate into pathologic risk factors

when their residence time in the circulation becomes

indefinite [14]. Many experimental analyses have revealed

that several cell types, change their phenotype toward a

more prothrombotic and proinflammatory state in the

presence of these autoantibodies [14]. In particular in

children, antiphospholipid antibodies can readily be

detected although they do not show any clinical signs of

APS [13]. In a study carried out by Avcin et al. [15] the

prevalence of anti-b2GPI in 61 healthy children was 6.6%.

High frequency of infections in childhood may be the

causative factor in healthy children.

JIA 33% 

FMF 39%

Behcet 12% 

UCTD 2%
SLE 10% HSV 4% 

Fig. 1 The frequencies (%) of different diagnosis groups in study

population
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The precise role of anti-b2GPI isotypes is still incom-

pletely resolved and this can often lead to clinical uncer-

tainty when interpreting the significance of a positive anti-

b2GPI result. As it is well known that anticardiolipin

antibodies can be seen in many conditions other than APS,

positive results have to be evaluated in a wide spectrum

[14]. Medications, infections and other illnesses have been

reported in association with antiphospholipid antibodies

which are often transient [14, 16–18]. Anti-b2GPI anti-

bodies are found in 6–8% of patients with HIV, syphilis,

and malaria and in 89 and 30% respectively of patients

with leprosy and hepatitis C [19]. An increased prevalence

of anti-b2GPI IgA has been reported in a variety of dis-

orders such as autoimmune hepatitis, coeliac disease,

metabolic syndrome, and haemodialysed patients with end-

stage renal failure [20–23]. b2GPI has also been identified

in atherosclerotic plaques as a general consequence of

autoimmune diseases [24].

Autoantibody formation in secondary APS is mainly

related to secondary reactions most frequently in connec-

tion with rheumatic diseases, connective tissue diseases as

well as related autoimmune diseases [10]. The frequency of

antiphospholipid antibodies is reported to be 20–50% in

patients with SLE [25–27], which is slightly higher than

that seen in those with systemic scleroderma [28], Sjög-

ren’s syndrome [29], and/or rheumatoid arthritis [30].

Avcin et al. [31] speculated that APS might be the fore-

runner in 30% of the SLE cases.

In this study, we evaluated the positivity of anti-b2GPI

in patients with different rheumatologic diseases. At least

one of the anti-b2GPI IgG, IgA or IgM autoantibodies was

positive in nineteen patients. When evaluated individually,

anti-b2GPI IgG values were higher than cut off in 4% of all

patients, while anti-b2GPI IgM values were higher in 12%

and anti-b2GPI IgA values were higher in 9%. Mean anti-

b2GPI levels, especially IgA and IgM levels were higher in

SLE group as expected.

Table 1 Demographical and

general laboratory data for all

patients

Mean ± SD Min–max Reference range

Age (years) 12.2 ± 4.57 2–20 –

WBC (cells/mm3) 7807 ± 2282 2790–14,200 4600–10,200

Complement 3 (mg/dL) 129.9 ± 35.3 30–195 90–180

Complement 4 (mg/dL) 24.4 ± 11.7 6–67 10–40

C reactive protein (mg/dL) 0.54 ± 1.46 0–11 0–0.5

Serum amyloid A (mg/dL) 43.6 ± 84.2 3–472 0–6.79

Erythrocyte sedimentation rate (mm/h) 15.8 ± 13.2 2–70 0–20

Anti-b-2-glycoprotein I IgG (RU/mL) 4.85 ± 7.61 2–72 \ 20

Anti-b-2-glycoprotein I IgA (RU/mL) 10.2 ± 13.7 2–125 \ 20

Anti-b-2-glycoprotein I IgM (RU/mL) 14.3 ± 37.7 1–265 \ 20

SD standard deviation

Table 2 Comparison of

laboratory data of patients with

disease accompanied with a

predisposition to thrombosis or

not

Disease with a predisposition to thrombosis p value

(?) (n:26) (-) (n:74)

Age (years) 13.3 ± 4.10 11.8 ± 4.69 0.135

WBC (cells/mm3) 7566 ± 2515 7887 ± 2212 0.519

Complement 3 (mg/dL) 119.0 ± 36.2 137.5 ± 32.1 0.063

Complement 4 (mg/dL) 18.9 ± 7.34 28.7 ± 12.9 0.002*

C reactive protein (mg/dL) 0.42 ± 1.24 0.58 ± 1.53 0.543

Serum amyloid A (mg/dL) 33.3 ± 65.6 46.7 ± 89.3 0.771

Erythrocyte sedimentation rate (mm/h) 12.9 ± 8.86 16.7 ± 14.3 0.326

Anti-b-2 glycoprotein I IgG (RU/mL) 7.00 ± 13.6 4.09 ± 3.48 0.375

Anti-b-2 glycoprotein I IgA (RU/mL) 13.4 ± 24.5 9.20 ± 7.60 0.811

Anti-b-2 glycoprotein I IgM (RU/mL) 14.6 ± 38.5 14.2 ± 37.7 0.276

Student-test, Mann–Whitney U test

* p\ 0.05
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International Consensus guideline on anticardiolipin and

anti-b2GPI testing suggest an association between anti-

b2GPI and APS which is strongest for the IgG isotype (11).

In our study group, neither anti-b2GPI IgG (p = 0.108) nor

anti-b2GPI IgA (p = 0.547) and anti-b2GPI Ig M

(p = 0.807) values showed statistically significant differ-

ent between different diagnosis groups.

It is well known that b2GPI dependent anticardiolipin

antibodies are correlated with thrombosis and are only

found in the case of autoimmune diseases [7]. The fre-

quency of diseases with a predisposition to thrombosis was

26% in the study group and at least one of the anti-b2GPI

autoantibodies was positive in five patients. Mehrani et al.

[32] emphasized that anti-b2GPI IgM did not associate

with arterial or venous thrombosis in contrast to IgG and

IgA anti-b2GPI isotypes. In the study group, anti-b2GPI

IgG, IgA or IgM levels did not show any difference

between disease groups with and without predisposition to

thrombosis even though concentrations were higher in

thrombosis group (Table 2). So, anti-b2GPI IgG, IgA or

IgM positivity did not show any relation to the presence of

thrombosis.

Anti-b2GPI IgA positivity is accepted as lesser diag-

nostic than IgG and IgM isotypes. But, Sweiss et al. [33]

showed that isolated IgA anti-b2GPI positivity was asso-

ciated with an increased risk of thromboembolic events,

especially within a background of systemic SLE. In our

study group, IgA anti- b2GPI positivity was not isolated

but was accompanied with high anti-b2GPI IgG levels in

two SLE patients.

Reduced anti-b2GPI levels are seen in pregnant women

and in patients with stroke and myocardial infarction

[34, 35]. In literature, there is no data about decreases in

anti-b2GPI in children and none of our patients showed

low concentrations in this group.

The acute phase reactants, CRP, SAA and ESR values

were higher in a group of patients, respectively; but they

showed no statistically significant difference between dif-

ferent diagnosis groups. These nonspecific tests also

showed no significant difference between patient groups

with normal and high anti-b2GPI values.

The mean complement levels were low for the patient

group with thrombosis risk (Table 2). b2GPI is suggested

as a binding site for the complement C3 [36], thus mediates

for C3 degradation by factor H and this may be the cause of

complement impairment.

The frequency of positive autoimmunity testing was

52% in the whole study group. All anti-b2GPI isotypes

were high in positive ANA group but only anti-b2GPI IgG

levels showed statistically significant difference

(p = 0.020) in relation to autoimmunity. The positive

autoimmunity testing frequency increased from 50% for

non-thrombotic to 55% for thrombotic risk group. Anti-

b2GPI IgG, IgA, and IgM levels were slightly higher in

thrombosis group having no relation to ANA positivity.

In summary, anti-b2GPI antibodies are thought to be

mainly associated with APS disease activity, and also

directly involved in the pathogenesis of thrombosis. By

using the data in this study, it could be concluded that if

vasculitis is not the primary defect underlying the clinical

symptoms of rheumatic disease in pediatric age group, anti-

b2GPI antibody measurement should not be the first

investigation for diagnosis. In the near future, specific

domain specific anti-b2GPI measurements seem to be

preferred in many routine laboratories. However, clinicians

must be aware of thrombotic risks, especially if anti-b2GPI

antibody positivity is accompanied with positive autoim-

mune findings.
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