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Abstract Antiphospholipid ELISAs are part of the Antiphospholipid Antibodies
Syndrome classification criteria, having the same diagnostic value as lupus
anticoagulant. However, sometimes their results appear scarcely meaningful
especially when wide metanalyses studies are performed, probably because of
their well-known inter-laboratory variability. The application of a common protocol
was shown to improve the test reproducibility, but this observation did not have any
influence on the routine performances. After discussion among experts at the
European level, we identified four conditions named bminimal requirementsQ
considered useful to decrease the inter-laboratory variability:

(1) to run the samples in duplicate;
(2) to determine the cut off level in each laboratory analysing at least 50 samples from

normal subjects, possibly age- and sex-matched with the patient population
usually attending the Centre;

(3) to calculate the cut-off level in percentiles;
(4) to use stable external controls in the test.
Thrombosis Research (2004) 114, 553—558
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id; aCL, anticardiolipin; Anti-h2GPI, anti-beta2 glycoprotein I; APS, antiphospholipid antibody
D, optical density; IU, international units; MoC, monoclonal concentration.
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A collaborative study involving 36 European centres proved that the use of
monoclonal anti-beta2 glycoprotein I antibodies, HCAL (IgG) and EY2C9 (IgM) as
standards, can help to reduce the inter-laboratory coefficient of variation both in
anticardiolipin (aCL) and anti-h2GPI (anti-beta2 glycoprotein I) ELISA. Therefore,
we propose HCAL and EY2C9 as external controls, but other monoclonal or
polyclonal preparations may be considered. During an interactive workshop held
last May in Italy, 16 companies producing these tests agreed to consider the
introduction of the brequirementsQ in their products. We suggest to adopt these
brequirementsQ particularly in clinical studies, in order to compare more easily the
literature data.
D 2004 Elsevier Ltd. All rights reserved.
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Introduction

During the last 20 years, the wide application of
antiphospholipid (aPL) ELISAs and in particular of
anticardiolipin (aCL) antibody assays was determi-
nant in the definition of the antiphospholipid anti-
body syndrome (APS) and of its pathogenic
mechanisms, mainly consisting of antibody-medi-
ated thrombosis. Consequently, aCL ELISAwas intro-
duced as one of the laboratory classification criteria
of the syndrome [1].

Despite its recognized practical importance, and
several standardization workshops [2,3], aCL immu-
noassay, 20 years after the publication of the first
paper, still shows a high inter-laboratory variability
[4—6]. The reasons for this poor performance can be
linked to the difference among the protocols applied
by either different companies producing commercial
kits or workers performing homemade assays [4,5].

A limited number of studies focused on anti-beta2
glycoprotein I (anti-h2GPI) ELISA, but a significant
variability was shown also in the results of this test
[7], that still lacks accepted rules in the reporting of
results.

Consequently, it is not surprising that large
metanalyses recently performed were not able to
give a clear clinical significance to aCL and anti-
h2GPI immunoassays, underlying the need for stand-
ardization or harmonization of the methods [8,9].

After 3 years of common work within the Euro-
pean APL Forum, we showed that the use of a
common protocol and of common standard prepa-
rations can improve the reliability of aCL assay;
however, this effort did not have any practical
consequences, because no improvement was
achieved in the routine performance of these tests.
Identification of European APL forum
minimal requirements

In preparation of the IV European Forum Meeting
(London, 16—17 January), the Standardization
Committee members actively collaborated, by mail
exchanges, to identify methodological improve-
ments that could be applied to aPL ELISAs on a
large scale. The conclusion of this discussion was
presented at the Forum Meeting and approved by
the delegates, underlining their concern particu-
larly for the publication of clinical studies.

Taking into account the studies performed during
the previous years, the committee was aware that
radical changes such as buffers, samples dilutions,
kind of antigen, etc., although probably advisable in
some cases, could not be pursued. In fact, now a
number of laboratories performed their in-house
test and also a number of companies produce their
own kits with their own methods, already approved
by FDA and EEC authorities, that cannot be changed
without entering another process review. The
committee concentrated the discussion on changes
that were thought important to improve the stand-
ardization of the tests but that could easily be
accepted by all workers in the field without major
problems.

The committee agreed to suggest the following
minimal requirements.

(1) To run the samples in duplicate.To cover the
cost of the kits, which is in some occasions rather
high compared to the cost of the materials enclosed
in the package, some companies advice their
customers to run the samples singly. This advice is
also included in a recent report of consensus
guidelines on aCL antibody testing and reporting
[10]. After careful consideration of these positions,
the committee still decided to ask to run the
samples in duplicate because of the unpredictable
high inter-assay coefficient of variation sometimes
observed.

(2) To determine the cut off level in each
laboratory.Since APS was first described in con-
nective tissue diseases and women suffering
recurrent miscarriages, the current data (specif-
icities of the test) refer to the study of a young
adult normal population. In fact, several compa-
nies base their cut-off level on the analysis of a
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wide blood donors population. It is now clear
that, in some age groups, aPL immunoassays can
have a different profile. An example is that of
children with low levels of aCL and, in particular,
of anti-h2GPI antibodies that can be linked to
transient infections [11]. Also in the healthy
elderly population, the detection of low positive
is not rare and may not necessarily underline an
associated APS [12]. The committee therefore
proposed that each centre should be advised to
study their own normal population examining 50
(minimum) or 100 (optimum) subjects age- and
sex-matched with the majority of the patients
attending.

(3) To calculate the cut off in percentiles.Des-
pite the number of reports stating that the
results of aPL ELISA do not have a normal
distribution [13], still some laboratories as well
as some Companies calculate the results accord-
ing to different methods (mean +2 or 3 or 5 S.D.,
double of the mean optical density (OD) of the
normal samples, etc.) [5]. Therefore, is was
considered important to underline that the use
of percentiles is mandatory both for aCL and for
anti-h2GPI immunoassays. The centres should
specify if they use 958, 988 or 998 percentiles.

(4) To use stable external controls for the
test.Our previous work confirmed that the results
of aCL immunoassays are always given in IU (GPL/
MPL). Consequently, a common set of Interna-
tional Calibrator or Standards (or Secondary
Standards derived from them) were always
included to allow calculation in the Units. How-
ever, a high variability of the results was
observed. Therefore, we distributed two anti-
h2GPI monoclonal preparations (HCAL, IgG and
EY2C9, IgM, kind gifts of Takao Koike [14,15] to
the Forum) to be used as calibrators and we
observed a decrease of the inter-laboratory
standard errors in the aCL assay [5]. Because of
this experience and because of the lack of
recognized international calibrators in the anti-
h2GPI assay, we suggest at least to include
reproducible external controls in the runs at
different concentrations: one under the cut-off
and one in the range of medium positive. Several
polyclonal and monoclonal aPL preparations may
be helpful in this respect: for example, the
College of American Pathologists produced and
distributed some bquality control survey samplesQ
more or less with this intent. However, since we
had the opportunity to use HCAL and EY2C9 [5]
and to verify their performance both in aCL and
anti-h2GPI assay (see next paragraph) we suggest
to use them as external control at two dilutions
to be fixed.
HCAL and EY2C9 use as calibrators

To validate the efficacy of HCAL and EY2C9,
suggested by our previous study [5], we undertook
a collaborative work on European scale involving 36
laboratories. All the participants received five
serum samples and were asked to study them by
their routine aCL and anti-h2GPI assay. The samples
were previously selected and analysed in three
laboratories (Marseille, Geneva and Brescia)
involved in the European Forum Standardization
Committee. One sample was from a normal subject
and four from APS patients with aCL and anti-h2GPI
in the range of medium positive (IgG and/or IgM). In
addition HCAL and EY2C9 were also distributed and
participants were invited to test them in both tests
by performing a dilution curve starting at a
concentration of 100 ng/ml for HCAL (IgG) and at
1200 ng/ml for EY2C9 (IgM). The results of the two
curves and of the serum samples were requested
not only in international units (IU) or arbitrary units
but also in OD. This allowed us to read the sample
values also in monoclonal concentration (MoC, ng/
ml), on the curve obtained with HCAL and EY2C9.
The coefficient of variation among the aCL assay
results was calculated using data expressed in OD,
IU and MoC (Table 1a and b). Anti-h2GPI coeffi-
cients of variation were calculated in OD and MoC
only for IgG isotype, because in 1/3 of the
laboratories the EY2C9 curve starting at 1200 ng/
ml resulted in too high OD (Table 2). These data,
showing a significant decrease in the coefficients of
variation in the titre of some sample, suggest that
the introduction of HCAL and EY2C9 may be of some
help to reduce the inter laboratory variations.
Therefore we propose the introduction of HCAL
and EY2C9 (or other accepted polyclonal or mono-
clonal reference preparations) as external controls
that can be made two to three times a year in
routine determinations of aCL and anti-h2GPI
assays.
Interactive Forum-companies workshop

During the IVAPL European Forum Meeting (London,
16—17 January 2004), the minimal requirements
were presented to the few companies producing
kits for the two assays that were present there.
Acting on a proposition from Marie-Claire Boffa, we
decided to share our ideas with all Companies
producing aCL and anti-h2GPI immunoassays, that
we could reach. With this intent, the Standardiza-
tion Committee invited 17 companies to an inter-
active workshop, that was held on the 3rd of May
2004 and organized by Pierluigi Meroni in Cusano



Table 3 List of the companies participating in the
fist Forum-Companies Interactive Workshop
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Table 1 Coefficients of variation of results of IgG (a) and IgM (b) aCL reported in optical density (OD), international
units (IU) and monoclonal concentration (MoC)

Samples IgG aCL coefficients of variation % Squared
rank testResults in OD Results in IU Results in MoC

(a)
1 27 24 25 ns
2 32 34 36 ns
3 23 25 28 ns
4 54 65 15 Pb001
5 35 48 14 Pb001

(b)
1 83 118 17 Pb001
2 35 36 40 ns
3 62 64 34 Pb007
4 64 68 22 Pb001
5 46 41 56 ns
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Milanino (Milan, Italy) at the Biomedical Research
Centre, Istituto Auxologico Italiano.

Sixteen companies attended the workshop
(Table 3) and were represented, as requested,
by collaborators directly involved in the produc-
tion rather than in the kit distribution. Most of
these companies participated in the previous
standardization.

For this workshop, the Standardization Com-
mittee presented bproposalsQ derived from the
bminimal requirementsQ.

To calculate the cut-off in percentiles was the
first proposal. Some companies printed in their
instructions a differently derived cut-off and this
method has been already approved by authorities
responsible for the license. These problems were
discussed coming to the conclusion that the
percentile derived cut-off value could be added
to the previous one. Customers will have both
data available and in any case will be advised to
calculate their in house cut-off, running their
own normal samples.

The possibility of using a semiquantitative
(high, medium, low, negative) result expression
was also discussed. Several companies asked to
Table 2 Coefficients of variation of results of IgG (a)
and IgM (b) anti-h2GPI reported in optical density (OD)
and monoclonal concentration (MoC)

Samples IgG anti-h2GPI coefficients of variation Squared
rank testResults in OD Results in MoC

1 25 30 ns
2 34 28 ns
3 28 33 ns
4 47 6 Pb0.001
5 61 24 Pb0.001
have samples measured by the Standardization
Committee and classified in the different ranges.
It was decided to collect samples, to analyse
them at least in three laboratories in order to
reach a consensus in their classification. Hope-
fully by the end of July, the Standardization
Committee will be able to provide a set of 5—20
classified samples to the companies.

Finally, an external reference was proposed.
According to our experience, we suggested the use
of HCAL and EY2C9. Some companies already had
experience with them and reported a satisfactory
performance. However, the discussion underlined
the possibility to use other monoclonal antibodies,
apparently available to some companies.

The delegates agreed that the reference prep-
arations could be validated by a common work of
companies and experts in the field.

Lastly, the companies raised the problem of
HCAL and EY2C9 source. According to our recent
! BIO-RAD
! BMD
! CORGENIX
! DIASORIN
! EURODIAGNOSTICA
! EUROHOSPITAL
! HYPHEN BIOMED
! IMTEC IMMUNODIAGNOSTICA
! INOVA DIAGNOSTICS
! MENARINI
! ORGENTEC DIAGNOSTICA
! PHARMACIA DIAGNOSTICS
! STAGO
! THE BINDING SITE
! THERA TEST
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contacts, these monoclonals have several possible
distribution modalities: from Prof. Koike himself,
at least in selected circumstances; from CDC
(Atlanta), that will soon be ready to distribute
them as reference preparations; from INOVA (San
Diego), that is already selling them.
Conclusions

In the area of aPL ELISAs standardization, the
Standardization Committee of the APL European
Forum is focusing on a realistic possible improve-
ment in the assays performance. Our efforts are
concentrating on two distinct aspects, both
critical in the general improvement of the
knowledge in the area and in the patientsT
classification. The first one underlines the
bminimal requirementsQ of aCL and anti-h2GPI
immunoassays necessary to get comparable
results in clinical studies. It appears important
for homemade assays to adhere to these pro-
posed rules because of the larger inter-labora-
tory variations between home-made than
between kits, sometimes reported [6].

The second aspect is devoted to the compa-
nies producing aCL and anti-h2GPI kits. In fact,
the committee is aware that many laboratories
involved in the APS diagnosis are now using
commercial kits. By interactive discussion, the
committee and the companies identified
together some possible changes in the commer-
cial methods that could really improve their
diagnostic relevance. Hopefully, such innovative
discussion between experts and companies will
be further enlarged during the International
Symposium, to reach a general consensus and
provide concrete answers to the need of reliable
and comparable results of aCL and anti-h2GPI
immunoassays.
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