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Foi desenvolvido e validado um ELISA tipo sanduíche “in house” para a quantificação
de anticorpos (Ac) anti-anexina V em plasma. Os parâmetros de validação estudados foram:
(i) precisão, expressado como coeficiente de variação (CV) inter- e intra-ensaio, (ii) exatidão,
expressado como porcentagem de desvio entre o valor obtido e o valor real, (iii) limite de detecção
(LOD), avaliado a partir do branco de reagentes e (iv) robusteza, obtida através da introdução
propositada de pequenas variações em diferentes parâmetros. Além disso, a técnica “in house” foi
comparada com um método comercial. Encontrou-se que ambos CV foram < 20%, a exatidão foi
de 100 ± 20%, o limite de detecção foi menor que 1 U mL-1 e as pequenas variações na técnica não
produziram variações significativas nos resultados. A comparação com o método comercial mostrou
uma correlação aceitável. Concluiu-se que o método desenvolvido cumpre satisfatoriamente com
os parâmetros de padronização e validação para imuno-análise.
An “in house” sandwich ELISA for the quantification of plasma anti-annexin V antibodies was
developed and validated. The validation parameters studied were: (i) precision, expressed either as
the intra- or the inter-assay coefficient of variation (CV), (ii) exactitude, expressed as the percentage
deviation between the obtained value and the real value, (iii) limit of detection (LOD), evaluated
from the reagents blank and (iv) robustness, obtained by deliberately introducing slight variations
in different parameters. Also, a comparison between the “in house” technique and a commercial
method was performed. The research revealed that both CV were < 20%, exactitude was within the
100 ± 20% range, limit of detection was below 1 U mL-1 and that slight variations in the technique
did not produce any significant variations in the results. Comparison with the commercial method
showed an acceptable correlation. It was concluded that the method developed here satisfactorily
accomplishes the parameters of standardization and validation for an immunoassay.
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Introduction
Annexins belong to a family of proteins that are able to
bind to negatively charged phospholipids and membrane
bilayers through calcium dependent interactions. Though
their fine structure has been well described, their functions
have not been clearly identified yet.1 Like others, annexins
*e-mail: fpelusa@fbioyf.unr.edu.ar

constitute a group of ubiquitous cytoplasmic proteins
involved in signal transduction.2
Annexin V is a 320-amino acid-residue, 36‑kDa‑protein
that is folded into a planar cyclic arrangement of four
repeats with each repeat composed of five alpha-helical
segments.3,4 It is expressed in various cell types, including
placental trophoblasts and vascular endothelial cells. This
protein is highly expressed in an apparently constitutive
manner by placental trophoblasts and is displayed
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on the apical membrane of the trophoblast cell line.5
Moreover, annexin V has been shown to be required for
the maintenance of placental integrity in mice. Infusion of
anti-annexin V IgG antibodies (Ab) into pregnant animals
decreased annexin V availability to bind to the trophoblast
surface and caused placental thrombosis, necrosis and
foetal loss.6 There is also evidence that this protein plays
a role in the maintenance of placental function in humans.
Annexin V polymorphisms have been implicated as a risk
factor for pregnancy losses.7,8 Reduction of annexin V in
preeclampsia was associated with intrauterine growth
restriction and with elevations of plasma level of fibrin
degradation products and thrombin-antithrombin III
complexes.9,10 These data support the concept that this
protein may have a thrombomodulatory function at the
maternal-foetal interface within the placental blood
circulation by shielding apical membrane phospholipids
from the critical phospholipid-dependent enzymatic
reactions leading to blood clotting.
Anti-annexin V Ab were initially detected in patients
with systemic lupus erythematosus (SLE).11 These Ab have
been associated with thrombotic events and/or recurrent
abortions in patients with SLE and antiphospholipid
syndrome (APLS), an autoimmune condition in which
venous or arterial thrombosis and recurrent pregnancy
losses occur in patients having serologic evidence of
Ab against anionic phospholipid-protein complexes.
Although the mechanisms leading to the occurrence of
anti-annexin V Ab have not been completely elucidated
yet, 12 it has been proposed that, in the context of
increased apoptosis, extracellular/membrane annexin V
might constitute an antigenic stimulus for specific Ab
production. Moreover, it is suspected that anti‑annexin V
Ab may interfere with annexin V functions and exerts a
detrimental role leading to thrombosis and/or vascular
occlusion. 13 Nevertheless, there has been conflicting
evidence regarding the correlation of Ab against annexin V
with disease, with some studies indicating an association
with clinical manifestations such as increased risk of
pregnancy losses or thrombosis14-19 whereas others have
found this not to be the case.20-22
The scarce information available and the controversy
in the literature prompted us to design and implement
an “in house” sandwich enzyme-linked immunosorbent
assay to quantify plasma levels of anti-annexin V Ab, thus
providing for the first time a standarized method only
commercially available at present. This assay will allow
us to clarify whether these Ab constitute a risk factor for
thromboembolism and for miscarriages in a rapid, simple
way of processing a large number of samples.
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Experimental
Obtaining of “in house” calibrators

Different-titer anti-annexin V plasma samples collected
from SLE and APLS patients (negative for hepatitis B
surface antigen and human immunodeficiency virus by
U. S. Food and Drug Administration-approved methods)
were identified using a commercially available ELISA
kit for quantification of plasma levels of annexin V Ab
(Orgentec Diagnostika GmbH, Mainz, Germany). These
samples were used as calibrators. The volume of 3 mL
of venous blood was collected from every subject under
complete aseptic conditions and added to EDTA-containing
tubes (1:80). The tubes were gently rocked several times
immediately after collection of blood to avoid clotting.
Plasma was separated by centrifugation of the tubes at
3000 rpm for 10 min and stored frozen at -70 ºC until
examination of anti‑annexin V Ab. Plasma is preferred to
serum for the determination of these Ab to avoid inhibition
of the immunological reaction by annexin V released
from blood cells during clotting.23 Thus, samples showing
slight hemolysis were readily discarded. No interference
has been observed with lipemic or icteric plasma. The
patients need not to be fasting, and no special preparations
are necessary.
This study has been approved by the Bioethics
Committee of our institution and patients have signed an
informed consent.
Controls

All assays were validated by the inclusion of a
positive and a negative control, as internal quality controls.
Low-, medium- and high-titer positive controls were
prepared by using pooled plasma obtained as described
in section 1. Aliquots of 100 µL were saved in eppendorf
tubes and stored at -70 °C. Samples collected from healthy
individuals were used as negative controls. The concentration
of anti-annexin V Ab in these samples was below 6 U mL-1,
the inferior limit of normality suggested by the commercial
method. The Ab concentrations in the pooled plasma used as
control were determined using the commercial kit mentioned
in the former section and the values obtained with our “in
house” method were considered as acceptable when they did
not differ by more than 20%.24,25
“In-house” sandwich ELISA for detection of Ab to annexin V

The procedure is based on the sandwich principle
of heterogeneous ELISA for detection of Ab, where the
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antigen is immobilized on the solid phase, the sample
contains the Ab to be determined, and the whole system
is developed by means of a second Ab enzymatically
labeled and directed to the first one.
Standarization of the technique was based on both the
international literature available26-28 and our own previous
experience.29 Plates were coated with different amounts
(5, 7.5 or 10 µg per well) of native annexin V isolated
from human placenta, (purity by sodium dodecyl sulfate
electrophoresis: 93%, Sigma Chemical Co.; St. Louis, MO,
USA) and incubated at 4 ºC. No significant difference was
found among the different amounts of antigen (p > 0.05),
so the lowest one (5 µg per well) was chosen in order to
optimize resources (data not shown).
Microwell strips (Nunc, Copenhagen, Denmark)
were coated with annexin V (5 µg per well, used as
capture antigen) diluted in carbonate-bicarbonate buffer
pH 9.6 (Sigma Chemical Co., St. Louis, MO, USA) and
incubated overnight at 4 ºC. Wells were then washed five
times with phosphate buffer saline (PBS, 10 mmol L-1
sodium phosphate, 2.7 mmol L-1 potassium chloride and
137 mmol L-1 sodium chloride, pH 7.4) containing 0.05%
Tween 20 (PBS-T) and blocked with 100 µL of 1% m/v
bovine serum albumin (BSA, Sigma Chemical Co.,
St Louis, MO, USA) in PBS for 60 min at room temperature.
After three washes with PBS-T, 100 µL of calibrators and
positive and negative controls (diluted 1:100 in PBS-BSA)
were added to each well. After 60 min of incubation at room
temperature, wells were washed four times with PBS-T.
The amount of 50 µL of peroxidase-conjugated goat Ab to
either human IgG or IgM (Sigma Chemical Co., St Louis,
MO, USA) diluted in PBS-BSA (1:15000 and 1:30000,
respectively) were added to each well and incubated for
30 min at room temperature. After four short washes and
one five-min-wash with PBS-T, 50 µL of chromogenic
substrate (3,3’,5,5’-tetramethylbenzidine, TMB, Sigma
Chemical Co., St Louis, MO, USA) were added to each
well and allowed to develop for 15 min. The reaction
was stopped by addition of 50 µL of 1 mol L-1 HCl and
optical densities were recorded at 450 nm by means of
a Sirio S ELISA microplate reader (Radim, Italy), using
a 630 nm filter as a reference. A calibration curve was
performed by plotting optical density vs. calibrators
concentrations (5, 15, 30, 40 and 80 U mL-1) on a semi
logarithmic scale (Figure 1).
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Figure 1. Calibration curves for IgG and IgM isotypes were obtained by
plotting optical density vs. concentration of the calibrators used (5, 15,
30, 40 and 80 U mL-1) in a semilogarithmic scale. Each point represents
mean of four repeats.

coefficient of variation (CV). The CV is the ratio between
the standard deviation (SD) of the values obtained from
the assays and the mean concentration of the analyte (%).
Different types of precisions can be determined: (i) the
intra-assay precision (or repeatability) is the CV of multiple
determinations of only one sample processed in a unique
series of assays; (ii) the inter‑assay precision (also known
as intermediate precision) is expressed as the CV of
multiple determinations of only one sample, controls and
reagents processed in various series of assays performed
in the same laboratory; and (iii) the reproducibility, that
is the precision among different laboratories, is worth
determining in collaborative studies, but it has no meaning
in the validation of assays within the same laboratory. In
the present study, precision was estimated by titrating three
plasma samples of high, medium and low titers of IgG and
IgM anti-annexin V Ab. Four replicates were carried out
for intra- and inter-assay studies. CV was calculated and a
value below 20% was considered acceptable.24,25
Exactitude

Validation parameters

Exactitude is the concordance rate between the real
value and the measured value for the assayed parameter. It
is expressed as the percentage deviation or the percentage
error between the observed value and the real value
(experimental value/real value) × 100%.24,25
In this study, a sample of known titer of anti-annexin V
IgG or IgM was assayed sevenfold in the same plate and
a percentage deviation of 100 ± 20% was considered
acceptable.30

Precision

Limit of detection

Precision is the concordance rate among the values
obtained in a measurement system and it is expressed as the

The limit of detection (LOD) is the lowest amount of the
analyte that can be detected but not necessarily quantified
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as an exact concentration or amount. For the evaluation
of this parameter, four repeats of the reagents blank were
performed in three different plates for each isotype of
anti-annexin V Ab evaluated in this study. The LOD was
calculated by adding three times the standard deviation to
the mean value.31

Diagnostika GmbH, Mainz, Germany. Sixty-eight plasma
samples, 38 from non-pregnant, childbearing age healthy
women and 30 from SLE and APLS women patients,
were analyzed through both techniques, as well as low,
medium and high titer positive controls. This comparison
was carried out for each Ab isotype.

Robustness

Statistical analysis

Robustness is the ability of a test not to be affected by
slight modifications deliberately introduced in different
parameters and constitutes an indication of the reliability
of the method in normal conditions. Such variations can
be introduced either in the temperature or humidity of the
incubation room or incubation chamber, in the incubation
periods of time or in the pH value of a reagent (inside a
narrow range), among others. The exactitude and precision
or any other valuation parameter must be assessed for each
condition in order to determine which modifications are
well tolerated under assay conditions.25 Slight variations
were introduced in the currently developed technique
with the aim of determining their influence on the final
results. Variations in BSA concentration used in the
blocking solution (1, 2 or 3%), blocking periods of time
(60 or 90 min), temperature applied to the blocking process
(room temperature or 37 ºC) and periods of time for the
recording of final color optical density (5, 15, 30 or 45 min)
were performed. Also, it was tested the reproducibility
of the assay of different plate lots (1 and 2) and antigen
lots (1 and 2) from the same commercial supplier. These
variations were carried out for each Ab isotype. Besides,
results obtained using a polyclonal peroxidase-conjugated
rabbit Ab to either human IgG or IgM (DakoCytomation,
Glostrup, Denmark) diluted in PBS-BSA (1:6000 and
1:1000, respectively) were also analyzed.

Statistical analysis was performed by using one-way
analysis of variance followed by the Bonferroni’s multiple
range test, student’s t test and Friedman test. Values of
p < 0.05 were considered to be statistically significant.

Results and Discussion
In this study, a diagnostic Ab-detection ELISA for
anti-annexin V Ab was developed and evaluated and the
optimal conditions for the determination of this Ab were
established.
Validation of the ELISA
Precision

The CV values obtained in the intra-assay precision
study of three plasma samples were lower than 20%
(Table 1) for each Ab isotype. These results are below the
limit accepted by the World Health Organization (WHO) for
such techniques.24,25 The same happened to the CV values
obtained in the inter-assay study (Table 2).
These results are considered satisfactory for
immunoassays as reported by Laureen et al.32 It has to be
born in mind that precision is limited by both accidental and
technical, manual errors that cannot always be avoided.33
This lets us assume that the slight imprecision found here
does not abolish the reproducibility of our results.

Comparison between the “in house” method and the
commercial kit

Exactitude

The “in house” ELISA was compared to one of the
two kits available in our country, provided by Orgentec

A sample of known titer was assayed sevenfold in the
same plate and exactitude results are shown in Table 3.

Table 1. Coefficient of variation (CV) in the repeatability assay
Anti-annexin V antibody
Sample

IgG

IgM

Mean concentration / (U mL )

CV / %

Mean concentration / (U mL-1)

CV / %

High titer

44

15

38

16

Medium titer

16

8

18

11

Low titer

8

9

8

13

-1

The intra-assay precision (or repeatability) was estimated by titrating three plasma samples of high, medium and low titers of IgG and IgM anti‑annexin V
antibody processed in a unique series of assays. Each value represents the mean of four experiments.
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Table 2. Coefficient of variation (CV) in the intermediate precision assay
Anti-annexin V antibody
Sample

IgG

IgM

Mean concentration / (U mL-1)

CV / %

Mean concentration / (U mL-1)

CV / %

High titer

42

14

40

15

Medium titer

15

13

16

13

Low titer

8

12

7

16

The inter-assay precision (or intermediate precision) was estimated by titrating three plasma samples of high, medium and low titers of IgG and
IgM anti‑annexin V antibody processed in various series of assays performed in the same laboratory. Each value represents the mean of four experiments.
Table 3. Percentage deviation in the exactitude assay
Anti-annexin V
antibody isotype

Real value /
(U mL-1)

Mean measured value /
(U mL-1)

SD

CV / %

Percentage
deviation / %

IgG

47.0

43.29

5.21

12

92

IgM

40.0

39.07

5.02

13

98

The exactitude of the assay was estimated by titrating a sample of known titer for IgG and IgM anti-annexin V antibody in the same plate. Each value
represents the mean of seven experiments; SD: standard deviation; CV: coefficient of variation.

Percentage deviation was inside the established interval
(100 ± 20%)30 for both isotypes of Ab. Considering that the
exactitude depends on the immunoenzymatic reaction, the
sample studied and the specificity of the method, it can be
assumed that the current strategy of development of our
“in house” assay was adequate.

changes. Final color intensity was assessed by recording
absorbance at 450 nm using a reference filter (630 nm),
at different periods of time (Figure 2d). No significant
difference was obtained among the periods of time evaluated
(p > 0.05) either for IgG and IgM anti-annexin V Ab.
When analyzing the effect of different plate lots
(Figure 3a) and antigen lots (Figure 3b), no statistically
significant difference was found (p > 0.05). Using another
conjugate (Figure 3c) did not produce any significant
change in the results either (p > 0.05).
Taken together, these results suggest that slight
variations in the ELISA technique developed do not
produce any significant variations in the assessment of
Ab titers.

Limit of detection

The LODs obtained for our assay were 0.6 and
0.8 U mL-1 for IgG and IgM isotypes, respectively (Table 4).
This indicates that our assay would be capable of detecting
minimum quantities of anti-annexin V Ab. It is worth noting
that the coating process of the solid phase is essential to
obtain good results for this parameter.34
Robustness

Comparison between the “in house” method and the
commercial kit

Different concentrations of BSA in the blocking
solution (Figure 2a), different incubation temperatures
(Figure 2b) and different incubation periods (Figure 2c)
were tested. Neither variations in the concentrations of BSA
(p > 0.05) nor variations in the duration and temperature
of the blocking period (p > 0.05) produced any significant

Figures 4a and 4b shows the results obtained with
individual plasma samples in both ELISA techniques in
which an acceptable correlation can be seen (r = 0.94 and
r = 0.93 for G and M isotypes, respectively; p < 0.05).

Table 4. Limit of detection for the immunoassay
Anti-annexin V
antibody isotype

Mean optical density for
the reagents blank

SD

Limit of detection
(OD measurement))

Limit of detection /
(U mL-1)

IgG

31

9

58

0.6

IgM

26

9

53

0.8

The limit of detection was determined by four repeats of the reagents blank in three different plates for each isotype of the anti-annexin V antibody. Each
value represents the mean of three series of experiments. OD: optical density.
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Figure 2. (a) Variations in the concentration of BSA in the blocking solution. IgG and IgM anti-annexin V Ab titers were determined using 1, 2 or 3%
BSA in the blocking solution. No significant difference was found among the different concentrations either for IgG and IgM (p > 0.05). Each value
represents the mean ± SD (n = 3). (b) Variations in the temperature of the blocking period. IgG and IgM anti-annexin V Ab titers were determined after
blocking either at room temperature or 37 ºC. No significant difference was observed between the temperatures tested for both isotypes (p > 0.05). Each
value represents the mean ± SD (n = 3). (c) Variations in the duration of the blocking period. IgG and IgM anti-annexin V Ab titers were determined after
blocking for 60 and 90 min. No significant difference was found between the periods of time assayed for either isotype (p > 0.05). Each value represents the
mean ± SD (n = 3). (d) Variations in the final color recording time. Final color intensity was assessed by recording absorbance at 450 nm using a reference
filter (630 nm) at 5, 15, 30 and 45 min. No significant difference was obtained among the periods of time evaluated either for IgG and IgM (p > 0.05).
Each value represents the mean ± SD (n = 3).

Figure 3. (a) Variation in plate lots. Both anti annexin V antibody isotypes were determined using different plate lots. No statistically significant difference
was found between lots for both immunoglobulin isotypes (p > 0.05). (b) Variation in antigen lot. Both anti annexin V antibody isotypes were determined
using different antigen lots. No statistically significant difference was found between lots for both immunoglobulin isotypes (p > 0.05). (c) Variation in
the source and commercial supplier of the conjugate. Both anti annexin V antibody isotypes were determined using different conjugates, one developed
in goat and the other in rabbit. No statistically significant difference was found between conjugates tested for both immunoglobulin isotypes (p > 0.05).

CV and LOD values obtained for both techniques are
shown in Table 5. While no differences were observed in
LOD values, intra- and inter-assay CV were higher for
the “in house” technique than for the commercial method,
nevertheless, values were within the acceptable range for
validation.25 Performance of the “in house” ELISA was
comparable to the commercial kit.

Conclusions
The laboratory methodology used for the detection of
anti-annexin V Ab is crucial. Enzyme-linked immunoassays
are currently the most commonly used methods because they
are easily performed, potentially may be automated, and
allow the screening of large numbers of samples.
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Table 5. Comparison between the “in house” method and the commercial kit
Anti-annexin V
antibody isotype

Intra-assay CV / %

Inter-assay CV / %

Limit of detection / (U mL-1)

“In house” EIA

Commercial EIA

“In house” EIA

Commercial EIA

“In house” EIA

Commercial EIA

IgG

11

3.8-6.7

13

4.1-5.7

1.0

0.6

IgM

10

3.8-6.7

15

4.1-5.7

1.0

0.8

Validation parameters for the “in house” method were compared to those of the commercial kit provided by the supplier. No difference was observed
for LOD values and, although intra- and inter-assay CV were higher for the “in house” technique, they were within the aceptable range for validation.

in the pregnancy losses, it is believed that a useful tool for
the investigation of populations suffering from recurrent
abortion is being provided.
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