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Introduction

Antiphospholipid antibodies (APA) comprise a
heterogenous group of antibodies of IgG, IgM and
IgA classes, directed against anionic phospholipids
and phospholipid-protein complexes (1, 2). Anticar-
diolipin antibodies (aCL) are most frequently deter-
mined APA (3) and they are found in patients with
systemic lupus erythematosus (SLE), antiphospho-
lipid syndrome (APS), rheumatoid arthritis and in so-
me infectious diseases. In most cases, their presence
is accompanied with arterial and/or venous thrombo-
sis and recurrent fetal loss (4). It was originally beli-
eved that APA bound only to phospholipid antigens
against which they were directed. However, further
investigations demonstrated that aCL were also
directed against cardiolipin antigen complexed with a
plasma protein 50 kDa cofactor, known as b2-glyco-
protein I (b2-GPI) (5). 

Within normal population, the frequency of APA,
i.e. of aCL, ranges between 1% in normal pregnan-
cies (6) and 5.6%, in blood donors (7). Increased le-
vels of aCL were found in acute infections (up to

32%), rheumatoid arthritis (between 4 and 25%), in
medication-induced lupus (47%) and also in elder
people without any characteristic symptoms (51%).
Many of APL positive individuals are not affected by
thrombocytic events (8). 

The first standardized test for APA determina-
tion was an aCL ELISA test, which involves direct bin-
ding of antibodies present in the sample or standards
to the immobilized cardiolipin (9). The test enables
detection and/or quantitation of autoantibodies of di-
fferent classes (IgG, IgM, IgA). 

Availability of a sensitive and a reliable test for
aCL is important for diagnosing and follow-up of pa-
tients. In the present study the characteristis of the
ELISA aCL IgM and ELISA aCL IgG tests developed in
our laboratory at INEP, inculding analytical validation
(detection limit, precision, linearity) as well as the re-
ference range for normal population, are presented. 

Material and Methods

Cardiolipin, bovine serum albumin (BSA), and
bovine serum were purchased from Sigma-Aldrich,
USA. Horseraddish peroxidase (HRPO)-conjugated
anti-hIgG and anti-hIgM antibodies were produced at
INEP, Zemun. Characterized positive sera with high
concentrations of either IgM or IgG were obtained
from SLR Research, CA, USA. 
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Commercial anticardiolipin test for IgM and IgG
used for method comparison was purchased from
Axis-Shield Diagnostics Limited, Scotland UK.

Sera of healthy individuals (n = 102) were from
the Department for Blood Transfusion, Clinical Cen-
ter Zemun, Serbia and Montenegro. 

Preparation of components
for INEP ELISA aCL

Coated microtiter plates. Cardiolipin was bound
to microtitration plates by physical adsorption, immo-
bilizing CL in a monomolecular layer. Briefly, microti-
ter wells were coated by the addition of 100 mL cardi-
olipin dissolved in etanol at 50 mg/mL. Ethanol was
evaporated overnight. Plates were washed twice with
phosphate buffered saline (0.05 mol/L PBS) and
blocked for 1 h by adition of 150 mL per well of 1%
bovine serum albumin in PBS (1% BSA-PBS). Plates
were then washed twice with PBS, dried over night in
a vacum oven and kept dessicated at 4 °C. 

HPRO-conjugated anti- hIgM and -hIgG. Poly-
clonal antibodies from the serum of sheep immu-
nized with purified H chain of human IgG or IgM, were
isolated by rivanol and ammonium sulphate precipi-
tation. Affinity purified antibodies were labeled with
horseradish peroxidase, by periodate method as
described by Wilson and Nakane (10). The prepared
conjugate was stored in 50% (by volume) glycerol at
’20 °C. Working dilution of the conjugate was pre-
pared immediately before the assay.

Assay procedure

Anticardiolipin test for IgM and IgG (aCL IgM
and aCL IgG) Axis-Shield. According to the manu-
facturer’s instructions 100 mL of standard, control or
diluted human serum (1/100) are incubated in
microtitre plates. After 60 min of incubation at room
temperature, plates are washed four times with 200
mL of wash buffer. This is followed by incubation with
100 mL of corresponding conjugate (anti-IgG or anti-
IgM) for 30 min. The same washing procedure as
above is applied, and 100 mL of substrate is subse-
quently added and incubated for 30 min. The reac-
tion is stopped with 100 mL of stop solution. Absor-
bance is measured at 540 nm. Levels of anticardi-
olipin IgG and IgM antibodies are expressed as GPL
or MPL units, with 1 unit being the cardiolipin activity
of 1 g/L of affinity-purified IgG or IgM anticardiolipin
antibodies from a standard serum sample (11).

aCL IgM and aCL IgG (Anticardiolipin test
IgM and IgG) – INEP. Assays developed at INEP are
performed according to an established procedure
(12). The unknown samples (diluted 1/100 in 1%
BSA-PBS) and the IgM- and IgG-standards are added
to the previously coated ELISA microtiter plates and

incubated for 1 hour at 37 °C. Plates are then washed
four times with PBS and incubated for 30 minutes
with HRPO-conjugated anti-hIgG or anti-hIgM. After
another wash cycle, an enzyme reaction is performed
by incubation of 50 mL of substrate (H2O2) and 50 mL
of chromogene (TMB) for 30 minutes at 37 °C. The
reaction is stopped with 100 mL stop solution (2 mol/L
H2SO4). Plates are then read at 450 nm using ELISA
reader (LKB).

Statistical analysis

All statistical calculations (mean values, stan-
dard deviations, SD and coefficients of variation, CV)
for each group of data were performed with the Sta-
tistical Software Program version 5.0 (Primer of Bio-
statistics, Mc Graw-Hill Companies, Inc., New York,
NY). 

Results and Discussion

Standard curves

The optimal conditions for immunological reac-
tions were studied in detail (12) during method deve-
loppment phase. The standard procedure for INEP
anticardiolipin ELISA test was established after exam-
ination of the effects of variations of volume, reactant
concentrations, time, and temperature on the reac-
tion kinetics and assay performances compared to
the chosen commercial assay. The final test proce-
dure (described in Material and Methods), as well as
an assay range, was shown comparable to the proce-
dure and the results by the commercial test (Axis-
Shield). Typical standard curves obtained by the two
ELISA tests are represented in Figure 1, ELISA tests
for aCL IgM and in Figure 2, ELISA tests for aCL IgG.
Each point on the curve represents the mean value
obtained by measurement of two replicates.

Analytical validation

Analytical validation of the two developped ELI-
SA aCL IgM and IgG tests was done according to an
established procedure for immunoassay analysis (13,
14). Detection limit, within-test and between-test pre-
cision and linearity, as well as reference range were
determined and analysed (results below). 

Detection limit

Detection limit is defined as the smallest con-
centration of an analyte that can be detected with
reasonable certainty for a given analytical procedure
(15). It is recorded as double standard deviation of
the determined zero standard concentration (14).
Twenty replicates of zero standard were assayed for
aCL IgG and IgM using INEP tests. Standard devia-
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tion for the measured values was calculated and the
sum of its double value and the mean value of the
zero standard, was plotted on a standard curve. The
detection limit determined in a such way for the
developed assays is: 5.0 MPL U/mL for IgM aCL, and
2.6 GPL U/mL for IgG.

Within-test precision and 
between-test precision

Test precision was assessed as reproducibility of
measurement (13). Within-test precision was deter-
mined by measuring aCL concentration in 10 repli-
cates of the same sample in one test. Precision of the
measurement is then calculated as a coefficient of
variation (CV) as represented in Table I. 

Precision between the tests was determined by
measuring aCL concentration of the same sample (in
duplicate) in 10 independent runs of both IgG and
IgM tests. The calculated data for a coefficient of vari-
ation (CV) are presented in Table II.

Linearity

The linearity of an analytical procedure is its
ability to produce results that are directly proportion-
al to the concentration of analytes in the samples.
The range of the procedure is an expression of the
lowest and highest levels of analyte that can be deter-
mined with acceptable precision, accuracy and lin-
earity. 

The linearity of both established ELISA aCL
tests was evaluated by preparing dilutions of sera with
high aCL concentration. Comparisson of measured
with the calculated values is presented in Table III.

Reference range

Sera of blood donors used for this study were
mainly the sera of healthy, young individuals (sec-
ondary school students, n = 102). In the group of
analysed sera there were two, i. e. 2%, positive for IgM
aCL and five sera, i.e. 5%, that were positive for IgG
aCL. All of the positive sera were low positive, i.e. the
aCL concentrations determined were between 10 and
15 GPL U/mL. All results obtained for each parame-
ter were shown as percent without the lower 2.5% and
upper 97.5% values. The mean value (⎯x) and the stan-
dard deviation (SD) for aCL IgM within the population

Figure 1   Typical standard curves obtained using 
the two ELISA tests for aCL IgM. Each point on 
the curve represents the mean value obtained 

by measurement of two replicates.
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Figure 2   Typical standard curves obtained using 
the two ELISA tests for aCL IgG. Each point on 
the curve represents the mean value obtained 

by measurement of two replicates.
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Table I   ELISA aCL IgM test and ELISA 
aCL IgG test ’ within test precision

Samples

1.

2.

3.

4.

5.

6.

Mean value

MPL, U/mL

23.3

42.0

103.8

GPL, U/mL

22.8

47.1

88.6

SD

MPL, U/mL

2.39

3.22

7.47

GPL, U/mL

3.98

6.69

7.41

CV
(%)

10.3

7.7

7.2

17.5

14.2

8.4

Table II   ELISA aCL IgM test and ELISA 
aCL IgG test ’ between test precision

Samples

1.

2.

3.

4.

5.

6.

Mean value

MPL, U/mL

25.6

48.3

104.8

GPL, U/mL

24.7

45.7

106.3

SD

MPL, U/mL

2.19

1.21

4.06

GPL, U/mL

2.03

5.16

6.80

CV
(%)

8.5

2.5

3.9

8.2

11.3

6.4
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of healthy individuals were 1.41 MPL U/mL and 1.923
MPL U/mL, respectively. The mean value (⎯x) and the
standard deviation (SD) for aCL IgG within the popu-
lation of healthy individuals were 3.26 GPL U/mL and
2.729 GPL U/mL, respectively. According to the re-
sults obtained the reference ranges were determina-
ted to be: 0’5.9 MPL for aCL IgM and 0’10.5 GPL
for aCL IgG.

The procedure adopted for the tests developed
is comparable to other procedures in commercial
ELISA tests. The results presented here enable us to
conclude that the established ELISA tests for aCL IgM

and aCL IgG may be used for laboratory testing of
patients. These tests can be useful in diagnostic pro-
cedures where involvement of the autoimmune com-
ponent is suspected, and paticularly for identification
of and folow-up in antiphospholipid syndrome. Using
the aCL ELISA tests by INEP described here, several
groups of patients that are know to have an increased
incidence of aCL, such as SLE (16) and idiopatic
infertility (17) have been analysed. In both groups of
patients positive individuals were detected with the
comparable incidences to those previously reported
by other authors. These findings further confirm use-
fuleness and reliability of the tests introduced. 
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Table III   Linearity of ELISA aCL IgM test and ELISA aCL IgG test
aCL concentration was measured in samples diluted in an assay dilution buffer.  aCL concentration was determined both 
in ELISA aCL IgM and in  ELISA aCL IgG.  Mean values obtained by measurement of two replicates and percentage (%) 

of measured concentrations in relation to expected concentrations are presented in table.

Dilution

1:100

1:200

1:400

1:800

1:1600

1:3200

Expected 
concentration  

MPLU/mL

52

25

12.5

6.25

3.13

GPLU/mL

/

50

25

12.5

6.25

3.13

MPLU/mL      

104

48.9

24.7

12.2

6.4

2.6

GPLU/mL      

100

53

23

13

7.7

2.9

Measured 
concentration 

ELISA aCL IgM

/

94

99

98

102

83

ELISA aCL IgG

/

106

92

104

123

92

%
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