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The aim of standardization and harmonization of labo-
ratory diagnostics is to provide accurate and compara-
ble test results for an individual patient at any time, any
place. The process of standardization and harmonization
should cover all phases of a diagnostic test: pre-analytical
(test request, patient identification and sample collec-
tion), analytical, and post-analytical (interpretation of
the test result) [1]. Although challenging, roadmaps on
how to achieve standardization and harmonization have
been drawn [2-4]. In general, these roadmaps apply to
laboratory tests in any type of field. Antibody-specificity
testing, however, adds an additional layer of complexity,
as each individual person produces its own set of unique
polymorphic antibodies. In the context of autoimmune
disease, each patient produces a spectrum of polyclonal
antibodies that are unique in structure, selectivity, affinity
and avidity for the autoantigen [5].

In the immunology section of this special issue,
several aspects on harmonization/standardization of
autoimmune testing are covered: international initiatives,
antinuclear antibody (ANA) testing, anti-neutrophil cyto-
plasmic antibody (ANCA) testing, rheumatoid factor (RF)
testing and thyroid antibody testing. Before we go over
each of these aspects, we will first embark on the basic
question: what do we measure and what are the pitfalls?

Detection of autoantibodies: what
do we measure?

Monogioudi et al. stress that standardization depends
on reliable reference materials [6]. The calibration mate-
rial should resemble the selectivity, affinity and avidity
of the patient sample to ensure that it behaves in the
same way with respect to the method used [6]. Reference
materials and calibrators for autoimmune diagnostics
can be obtained from a single patient (e.g. the certified
reference material for PR3-ANCA and MPO-ANCA) [7]

or can be obtained by pooling sera of large groups of
patients with antibodies against a specific autoantigen.
By definition, a polyclonal antibody pool will have an
average selectivity, affinity and avidity for the autoan-
tigen. Besides, each diagnostic method has its unique
test characteristics. This heterogeneity in test charac-
teristics depends, among others, on how the antigen is
presented, assay kinetics and antibody detection meth-
odology. In the end, these test characteristics define the
performance of a test to detect autoantibodies with a
certain affinity/avidity for the autoantigen. As a result,
we observe strong heterogeneity in test results in autoim-
mune diagnostics. As long as there is no consensus on
what is measured and how it is measured, discrepancies
between assays will persist.

This is illustrated by Falkenburg et al., who compared
four different commercially available assays to measure
RF. One of the parameters by which these methods differ
is the influence of the target antigen source (human or
rabbit IgG). Falkenburg et al. show strong discrepan-
cies of individual samples in RF status and level, with
potentially important consequences for patient care [8].
Interestingly, a very good correlation is observed when
the same method comparison is performed on pooled
samples instead of individual samples (Figure 1). Does
that make sense? Yes, it does. Because, contrary to indi-
vidual samples, pooled samples resemble the pooled
calibrator and/or the pooled reference materials that
were used to calibrate the assay. Each pool has its own
RF titer, but on average, its RF selectivity, affinity and
avidity are similar to the pooled calibrators used in the
various RF assays. These pools now become commutable
and behave similarly with respect to the calibrators used
in the various RF methods.

With the continued expanse of in vitro diagnostic
methods to detect autoantibodies, it has proven extremely
challenging to standardize and harmonize autoim-
mune diagnostics worldwide. Even within one and the
same manufacturer, batch-to-batch differences can be
observed, which have a significant impact in reported
autoantibody concentration of an individual patient.
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Figure 1: Method comparison of two different assays to detect
rheumatoid factor (RF).

RF titers in 32 individual patient samples (indicated by green
small dots) show substantial discrepancies and a poor correlation
(R=0.56) in the method comparison of two commercial RF tests.
No discrepancies and a good correlation (R=0.96) were observed
when the method comparison was performed on pools of these
samples (purple dots, the size of the dots reflects the number of
sera pooled). AU, arbitrary units; Relares, Reference Laboratory
for Rheumatoid Serology; RF, rheumatoid factor. Modified, with
courtesy, from Dr. Cas Weykamp [8].

That could have a direct negative effect on clinical deci-
sion making in case the autoantibody titer has prognostic
value or the titer is important to monitor disease activity.
Anti-double stranded DNA IgG (anti-dsDNA) are autoan-
tibodies used in the classification criteria of systemic
lupus erythemathosus and for monitoring response to
treatment [9]. Batch-to-batch variation may go unnoticed
in case the pooled kit control provided by the manufac-
turer is used as internal control. Over a 5-year period, we
observed perfect on-target performance and high inter-
assay precision using the kit control for anti-dsDNA meas-
urements (data not shown). Over the same 5-year period,
we additionally included a control from an individual
patient obtained by plasmapheresis and frozen as single
aliquots. The batch-to-batch variation now becomes
strikingly apparent (Figure 2). This demonstrates that
small changes in test reagents may have a profound effect
on anti-dsDNA measurements in individual patients. We
observed in a 5-year period that batch variation can result
in significant differences in absolute quantification (up
to 30% change) and inter-assay precision (up to 130%
change). Most often, batch-to-batch changes occur grad-
ually, however strong and significant changes in adjacent
batches also occur (Figure 2). This demonstrates that
individual patient controls provide a more sensitive tool
to detect batch variation. However, its use is limited to the
availability of a large volume of sample material and its
stability as frozen aliquot.
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Figure 2: Anti-dsDNA titers of internal control derived from one
individual donor.

Each symbol (n=272) represents one weekly anti dsDNA
measurement on the same analyzer using reagents from the same
manufacturer. The 12 different batches are each represented by a
unique colored symbol. Highlighted in the legend are three batches
with significant differences in terms of absolute quantification and
inter-assay precision. Anti-dsDNA anti double stranded DNA IgG;
AU, arbitrary units; CV, coefficient of variation.

International initiatives
to harmonize/standardize
autoantibody testing

The European Autoimmunity Standardization Initia-
tive (EASI) aims to improve autoimmune diagnostics by
encouraging the dialogue between laboratory profession-
als and clinicians. In this issue, Damoiseaux et al. give a
historical overview of the activities and achievements of
EASI [10].

The International Consensus on Antinuclear Antibody
(ANA) Patterns (ICAP) aims to promote consensus on the
morphological patterns observed in the indirect immu-
nofluorescence (IIF) assay on HEp-2 cells for antinuclear
antibodies (www.anapatterns.org) [11]. ICAP contributed
to this special issue with two papers that are discussed in
the section on ANA (below).

The IUIS (International Union of Immunology
Societies) Autoantibody Standardization Committee is
active in the standardization of autoantibodies in rheu-
matic and related diseases (www.AutoAb.org). They, for
example, provide a collection of ANA reference stand-
ards from the Centers for Disease Control and Preven-
tion (www.AutoAb.org). In this special issue, the IUIS
Autoantibody Standardization Committee describes and
characterizes new reference standards for the detection
of anti-mitochondrial and anti-rod/rings autoantibodies
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[12]. Anti-mitochondrial antibodies are characteristic for
primary biliary cholangitis and anti-rods/rings antibodies
are linked to interferon-o and ribavirin treatment in hep-
atitis C infection. The standards are freely available to
qualified laboratories through Plasma Services Group and
can be used to calibrate or to establish internal reference
material for immunodiagnostic assays [12].

A working group on the Harmonization of
Autoantibody tests of the International Federation of Clin-
ical Chemistry and Laboratory Medicine, together with the
Joint Research Centre of the European Commission, has a
mandate to develop and produce certified reference mate-
rials. Monogioudi et al. discuss and illustrate the advan-
tages and limitations that are related to the production
and correct use of certified reference materials [6].

Antinuclear antibodies

Traditionally, IIF is considered the reference method for
ANA detection [13, 14]. In this issue, Meroni and Borghi
question whether it is time to break the dogma of IIF as
the golden standard [15]. They discuss the evolution of
the new solid-phase assays and suggest that combining
solid-phase assays with IIF might add diagnostic value, a
concept for which there is already some evidence [16-21].
They also put forward the concept of using disease-specific
autoantibody profiles in the diagnosis of systemic rheu-
matic disease and illustrate this for rheumatoid arthritis
and the anti-phospholipid syndrome [15].

Peréz et al. show that an addressable laser bead
immunoassay (BioPlex ANA screen, BioRad) was more
sensitive than IIF for ANA detection [22]. Interestingly,
312 out of the 411 patients that tested positive by BioPlex
but negative by IIF became IIF positive after a 3-year
follow-up period. Moreover, 87% of the 411 subjects that
tested positive by BioPlex and negative by IIF were diag-
nosed with an autoimmune disease after a 3-year follow-
up period. The most prevalent autoimmune disease was
systemic lupus erythematosus. The positive predictive
value for the diagnosis of an autoimmune disease was
dependent on the autoantibody and varied between
65% (RNP-A) and 100% (Sm, Jo-1). The predictive value
was very high when several antibodies were simultane-
ously present. This is an important study that shows that
BioPlex detects autoantibodies earlier than IIF and that
these antibodies may be an early predictor for the emer-
gence of autoimmune disease [22].

Even though the position of IIF as reference method
is being questioned [15, 23], IIF remains an important
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method to screen for ANA and international efforts to
harmonize ANA nomenclature are being undertaken
by ICAP (www.anapatterns.org). In this issue, ICAP
(i) proposes an international consensus on negative ANA
results and on reporting unidentified patterns [24] and
(ii) defines the pattern associated with antibodies to DNA
topoisomerase I [25].

Anti-neutrophil cytoplasmic
antibodies

ANCAs are useful markers to support the diagnosis
of ANCA-associated small vessel vasculitis. The EASI
group initiated a questionnaire to collect information
on methods and testing algorithms for ANCA in clinical
laboratories from 12 countries. The outcome is reported by
Damoiseaux et al. in this issue [26]. The survey revealed
substantial variation with respect to the use of IIF in the
algorithm, the definition of atypical ANCA by IIF, and the
use of newer technologies [26]. In this respect, it is worth
mentioning that, based on a large multicenter study on the
performance of IIF and immunoassays for ANCA detection
[27, 28], a revision of the international consensus on ANCA
testing has been issued [29]. In this revised consensus
statement, it is proposed that high-quality immunoassays
can be used as the primary screening method for patients
suspected of having the ANCA-associated vasculitis [29].

Even though certified reference materials for PR3-
and MPO-ANCA have recently become available [7], full
comparability of results will remain a challenge as not all
assays for PR3- and MPO-ANCA correlate well [30].

An alternative way to harmonize PR3- and MPO-ANCA
test results is to harmonize test result interpretation by
reporting test result interval-specific likelihood ratios.
Such ANCA test result interval-specific likelihood ratios
have been established for eight different commercial
assays [31]. Likelihood ratios are clinically useful, as they
can be used to estimate post-test probability for disease.

Rheumatoid factor

RF and anti-citrullinated protein antibodies (ACPA) are
included in the ACR-EULAR 2010 classification criteria
for rheumatoid arthritis [32]. In this issue, Falkenburg
et al. report on a comparison of RF measurements using
four commercial assays [8]. They found substantial differ-
ences and conclude that this might have consequences for
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patient care. These conclusions are in line with the results
of another recently published study in which six differ-
ent RF and seven different ACPA assays were compared
using samples from well characterized patients with rheu-
matoid arthritis and controls [33]. Poor agreement was
observed between the different RF and ACPA assays with
a large variation in sensitivity and specificity between
assays (mainly for RF), which impacted classification of
rheumatoid arthritis according to the 2010 ACR/EULAR
criteria [33].

Thyroid-specific antibodies

Antibodies to thyroid peroxidase, thyroglobulin and
TSH receptor are found in patients with autoimmune
thyroid disease (Hashimoto and Graves disease). Tozzoli
and Bizzaro discuss principal aspects related to pre-ana-
lytical, analytical and post-analytical steps of thyroid
autoantibody testing (e.g. test requests, retesting, termi-
nology, units, reference limits) [34].

Conclusions

Autoantibodies are complex analytes that can vary
between patients and even within a patient during the
course of disease. Since an exact definition of the meas-
urand is a prerequisite for reliable design of diagnostic
assays, absolute standardization of autoantibody testing
is generally recognized as extremely challenging if not
impossible. Fact remains that steps can be taken toward
better standardization/harmonization within the field
of autoimmune diagnostics. Contributions in the immu-
nology section of this special issue demonstrate that
many initiatives are in progress and sound results have
been achieved in the total testing cycle of autoimmune
diagnostics: standardization/harmonization is on the
agenda.
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