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Abstract Standardization and harmonization are comple-
mentary tools to achieve higher testing quality in laboratory
medicine. Both are of great relevance and are strongly needed
in autoimmune diagnostics, due to the impressive advance in
basic research and technological development observed in this
diagnostic field in recent years that has led to the introduction
of many new tests and new analytical methods. It is, therefore,
essential that this strong innovative thrust is translated into
clinical practice in a coordinated way to avoid confusion and
the risk of potentially harmful errors for the patient. However,
while standardization of antibody assays is a very complex
task, harmonization of procedures and behaviors is a more
feasible target and should necessarily include all the phases
of the total testing process—in the pre-analytical phase, ap-
propriateness of test requests, harmonization of autoantibody
terminology, and adoption of uniform nomenclature for labo-
ratory tests; in the analytical phase, harmonization of measure-
ments, and sharing of test profiles and diagnostic algorithms;
and in the post-analytical phase, harmonization of data
reporting, and criteria for interpreting immunoserological re-
sults, especially harmonization of units, reference intervals,
decision limits, and definition and notification of critical
values. We here provide and discuss some examples of har-
monization initiatives related to anti-nuclear antibodies, TSH

receptor, and anti-thyroid peroxidase antibodies and to anti-
bodies associated with autoimmune hepatitis and with celiac
disease. These initiatives could be the starting steps to achieve
a wider consensus and a closer interaction among stakeholders
in the path of autoimmune diagnostics harmonization to en-
hance clinical effectiveness and provide greater patient safety.
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Introduction

In laboratory medicine, the terms standardization and harmo-
nization are frequently used interchangeably to define the con-
dition in which laboratory results are comparable among dif-
ferent measurement procedures over time and space [1], but
they define distinct though closely linked concepts based on
traceability principles [2].

Although these concepts have the same final goal, the term
Bstandardization^ refers to the condition in which calibration
is traceable to a reference measurement procedure calibrated
with an appropriate reference material, while Bharmonization^
is a more general term and includes the standardized condition
as well as the condition in which results are consistent and
comparable despite the absence of a reference procedure.

Reference materials and procedures are available for quite
a few analytes in clinical chemistry but are lacking for auto-
antibody assays for several reasons: autoantibodies are com-
plex and structurally heterogeneous molecules due to post-
translational modification and are present in biological fluids
in different types due to oligoclonality. For these reasons, in
the field of autoimmune disease diagnostics (laboratory
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autoimmunology) as in other areas of molecular diagnostics,
only harmonization is currently feasible.

In autoimmune diagnostics, the most pressing drivers for
harmonization are patient centered and organization centered
[2]. The first category is the most important because differ-
ences in clinical practice and in application of diagnostic
thresholds are common for several autoantibodies measured
in the diagnosis of systemic or organ-specific autoimmune
disorders, and these differences may lead to increased patient
risks. For example, there is no doubt that differences in test
reference values may lead to confusion and reduced patient
safety. In addition, performing tests that provide the best
analytical and diagnostic performance and avoiding tests that
offer little incremental information would save money and
improve the risk to benefit ratio.

Over the past 25 years, autoimmune diagnostics has gone
through an evolutionary period. There have been many
achievements in pathophysiology as well as steady advance-
ment in the development of diagnostic technologies [3]. To
meet both clinical need and the growing demand for autoan-
tibody testing, automation of autoimmune diagnostics has
spread into the autoimmunology laboratory, as an extension
of a similar progress in several other areas of the clinical lab-
oratory [4]. This great change has highlighted even more
strongly the urgent need to harmonize all aspects of the total
testing process (TTP) related to diagnostic autoantibody, in-
cluding the pre-analytical, analytical, and post-analytical
phases. This concept has been defined as the complete picture
of harmonization in laboratory medicine, as outlined in the
definition of harmonization provided by the Clinical and
Laboratory Standards Institute (CLSI) [5, 6].

Harmonization Projects in Autoimmune Testing

As in other field of laboratory medicine, in autoimmune
diagnostics, harmonization initiatives and projects are prolif-
erating. The increased awareness of the relevance of the global
picture in laboratory practice has led to several attempts to
improve upon the different steps of the TTP: in the pre-
analytical phase, the appropriateness of test requests, includ-
ing harmonization of autoantibody terminology and adoption
of uniform nomenclature for laboratory tests [7]; in the ana-
lytical phase, harmonization of measurements—referring to
any process enabling equivalence of reported values produced
by different measurement procedures for the same measurand;
and finally, in the post-analytical phase, harmonization of data
reporting and interpretation of immunoserological results, es-
pecially standardization of units for reporting test results and
harmonization of reference intervals and decision limits.

The scope of this review is the presentation and discussion
of some harmonization initiatives and projects, completed by
scientific associations or groups of experts, related to various

autoantibodies and their diagnostic features, namely, anti-
nuclear antibody, thyrotropin (TSH) receptor autoantibodies,
anti-thyroid peroxidase antibody measurements, antibodies in
autoimmune hepatitis, and anti-transglutaminase antibody
reference intervals and decision limits.

Harmonization in Anti-nuclear Antibody Testing

The anti-nuclear antibody (ANA) harmonization process
involves many factors including the starting dilution, the
choice of the clinically relevant titer, pattern classification,
and diagnostic algorithms (such as when and which confirma-
tory tests should be performed in the presence of a positive
ANA result or even in the presence of a negative ANA test
when an autoimmune rheumatic disease is strongly
suspected). As harmonization can also be defined by the con-
cept that we should Bspeak the same language,^ the correct
definition of the test name is an important aspect.

We and others [8, 9] have recently drawn attention to the
fact that the term anti-nuclear antibodies, in its literal meaning,
cannot be considered technically correct because it is not ex-
haustive of the spectrum of autoantibodies recognized by the
indirect immunofluorescence (IIF) method on HEp-2 cells,
which detects the presence of a set of autoantibodies directed
against various cell structures including nuclear constituents,
components of the nuclear membrane, mitotic apparatus, cy-
toplasmic organelles, and cell membrane. We believe that a
new term, Bantibodies to intracellular antigens,^ might more
accurately describe the wide spectrum of antibodies recog-
nized by the diagnostic test. However, the acronym ANA,
because of its established and universal use, might not easily
be replaced. We suggest that it can be maintained, but the lab
report should refer to the test as BANA—antibodies to intra-
cellular autoantigens^ in order to state explicitly that the
search includes autoantibodies against all cellular constitu-
ents, not just those present in the nucleus.

This proposal may resolve the only apparently semantic
discussion whether a cytoplasmic or mitotic apparatus stain-
ing pattern is to be considered ANA positive and overcome
the problem of reporting cytoplasmic patterns as ANA nega-
tive, with possible misinterpretation of test results. Indeed, if
such a pattern is reported as negative, the additional
information in the report on pattern and titer may go unnoticed
because clinicians tend to pay less attention to ANA-negative
results [10].

Similarly, the acronym ENAs for Bextractable nuclear
antigens^ is too restrictive, and we suggest that it should be
replaced by the term Bantibodies to intracellular specific
antigens^ because today it is possible to detect autoantibodies
to a greater number of antigenic specificities, including nucle-
ar non-extractable antigens and cytoplasmic antigens.
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Uniform terminology is needed also in the description of
the ANA-IIF patterns [11]. Toward that end, the initiative of
the International Consensus on ANA Patterns (ICAP) [10, 12]
looks very helpful especially because the consultation is read-
ily and freely available online at the www.ANApatterns.org
website and can be done very quickly, even during the reading
at the microscope stage. With this online program, it is
possible to get information on the different patterns, the
target antigens corresponding to the autoantibodies that may
produce that given pattern, and their clinical associations. The
inevitable limit of this and other similar initiatives is that the
patterns represented are always very clear and emblematic,
while the patterns found in the daily diagnostic workup are
not so. At least half of the ANA patterns observed during the
routine workup are not typical and cannot easily be framed in
one of the patterns proposed by ICAP. Nevertheless, this
initiative is widely welcome and, as stated by the same
authors, this is only the first step taken by the ICAP toward
a more comprehensive analysis of the entire spectrum of
patterns identified by the ANA-IIF test.

As for the initial dilution of the sample, there is now suffi-
cient agreement [8, 9] that the threshold cutoff for ANA should
no longer be fixed at 1:40 as suggested in the 1990s [13, 14].
Accumulated evidence hasmade clear that the best compromise
between sensitivity and specificity of the ANA test be at least
1:80. In fact, at a titer below 1:80, the proportion of true posi-
tives that are lost is very low, while false positives are >30 %
[13]. In addition, the huge increase over the last 20 years in
requests for ANA tests as a screening test by non-
rheumatologists and especially by general practitioners led to
the occurrence of false positives at unacceptable rates.
Furthermore, the choice of 1:80 as the optimal screening dilu-
tion is consistent with the results obtained by Tan et al. [13] on
more than 22,000 healthy individuals, showing that this titer
corresponds to the 95 percentile of healthy controls recom-
mended by the EASI group [8]. It is also worth mentioning that
1:80 is the screening dilution adopted by all manufacturers of
recently developed computer-aided systems for automated
reading and interpretation of ANA [15]. The use of these auto-
mated systems is expected to improve the harmonization of the
reading of ANA. In particular, two important benefits are ex-
pected: greater agreement in discriminating between positive
and negative ANA samples and lower imprecision in the defi-
nition of antibody titer/concentration [15].

The clinically significant value (decision limit) is higher and
is set at 1:160 because this titer is associated with both the
probability of a positive confirmatory test (anti-dsDNA and
anti-ENA) and the probability that the patient is suffering from
an autoimmune rheumatic disease [16–18]. Unless clinical find-
ings suggest execution of second-level tests even when ANA is
positive at low titer or negative at a titer below 1:160, it does not
make sense to continue with the diagnostic investigation; rather
the patient should be kept under observation.

As already mentioned, the attempt at harmonization in au-
toimmune diagnostics concerns not only the nomenclature
and the cutoff values but also, and perhaps most importantly,
the adoption of algorithms that guarantees the best diagnostic
efficacy according to internationally accepted guidelines and
optimal use of limited financial resources.

One of the algorithms that are making progress is ANA-
reflex. The term Breflex test^ is used to indicate a Bcascade^
diagnostic approach in which if an initial test (first level) is
positive, testing continues with one of the new in-depth tests
(second level). The rationale of the ANA-reflex is to simplify
the patient workup: a single visit to the doctor’s surgery, a single
visit to the laboratory, and a more rapid clinical diagnosis.

However, the ANA-reflex test is much more complex than
other reflex tests (such as TSH reflex or PSA reflex) because
patterns observable on HEp-2 cell substrates are so numerous
(>50) that interpretation by the pathologist is required along
with choice of the most suitable confirmatory tests according
to the IIF pattern. Hence, evaluation of the ANA pattern and
titer is fundamental to the execution of second-level tests. For
certain patterns, such as homogeneous, speckled, fine grainy
(Scl70-like), nucleolar, centromeric or speckled cytoplasmic,
the identification of precise autoantibody markers is consid-
ered essential, while for others it is not deemed necessary
because they do not constitute classification criteria for any
systemic autoimmune rheumatic disease (Table 1 indicates
which reflex tests should be executed based on the pattern
type observed on the HEp-2 cells).

In our opinion, the ANA-reflex test request should always be
accompanied by clinical information. Although this will be a
major challenge to introduce into the ANA testing require-
ments, some signs and symptoms could independently justify
the execution of second level tests [19]. The exact nature of the
signs and symptoms to associate to the ANA-reflex test request
should be decided in conjunction with the referring rheumatol-
ogists. Clinical findings that could warrant second-level tests
even in the case of low titer ANA positivity or ANA negativity
are shown in Table 2. Harmonization of laboratory behaviour in
these cases will enable a faster and more complete diagnostic
process and, at the same time, prevention of waste of resources
by avoiding unnecessary confirmatory tests.

Harmonization of Nomenclature of TSH Receptor
Autoantibodies and of the Reporting of Results

TSH receptor (TSHR) autoantibodies (TRAbs) are the patho-
genetic and diagnostic hallmarks of autoimmune hyperthyroid-
ism (e.g., Graves’ disease (GD)). Three varieties of TRAb are
now recognized in GD patients: stimulating antibodies,
blocking antibodies, and apoptotic antibodies. Stimulating an-
tibodies are pathogenic and lead to hyperthyroidism; blocking
antibodies prevent the functional activity of the thyroid and
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cause hypothyroidism; apoptotic antibodies are directed against
the cleavage region of the TSHR and are able to induce apo-
ptosis of thyrocytes [20].

After Duncan Adams’ historical discovery of the long-
acting thyroid stimulator (LATS) as a cause of hyperthyroid-
ism, a long list of bioassay and immunoassay (IMA) methods
has been described for detecting TRAb (reviewed in [21]).
Bioassays measure the functional activity of TRAbs (stimu-
lating, blocking or apoptotic), while immunoassays measure
the binding of autoantibodies to the receptor without function-
al discrimination. Some methods can detect only a few of
these autoantibodies, while other methods can detect all of
them. Furthermore, some recently developed immunometric
methods are capable of specifically measuring functional au-
toantibodies, particularly stimulating antibodies [22, 23]. This

condition has produced a plethora of confusing and confound-
ing terms and abbreviations [24], based on the characteristics
of the biochemical and immunological reactions of the differ-
ent methods (Table 3).

To contribute to the harmonization of the results obtained
with the new assay methods, either biological or
immunometric, and in consideration of the fact that the new
reference preparation (B2nd International Standard for
Thyroid-Stimulating Antibody,^ National Institute of
Biological Standards and Control, NISBC code 80/204)
merges with, but does not replace, the previous standard
(NISBC code 90/672), we consider it appropriate to introduce
a new classification system and new terminology for anti-TSH
receptor antibodies (Table 4). We propose using this new no-
menclature in lab reports, where the method used (biological

Table 1 ANA-reflex test
procedure based on titer and
fluorescence pattern

ANA-IIF pattern on HEp-2 cells Reflex test(s)

Nuclear homogeneous ≥1:160 Anti-specific intracellular antigens (anti-ENA) and
anti-dsDNA/nucleosomes/histones

Nuclear speckled ≥1:160 Anti-dsDNA and anti-specific intracellular antigens
(anti-ENA) possibly including anti-RNA
polymerase III

Fine grainy (Scl70-like) ≥1:160 Anti-specific intracellular antigens (anti-ENA)
possibly including anti-PM/Scl

Cytoplasmic speckled ≥1:160 Anti-specific intracellular antigens (including anti-
tRNA synthetases and anti-P ribosomal)

Pleomorphic (any titer) Anti-PCNA

Centromere No confirmation necessary if high titers. Execute
specific test for anti-CENP-B only in dubious cases
(low titer or centromeric pattern not clearly
recognizable)

Few nuclear dots; low titer nucleolar (<1:160); NuMa-
like or MSA 1 (mitotic spindle antigen 1); spindle
fibers (anti-HsEg5); intercellular bridge (MSA 2);
CENP-F (MSA 3); cytoplasmic GW bodies; polar/
Golgi-like; fibrillar cytoplasmic

No further test is available or necessary

Anti-specific intracellular antigens (ENA) include Ro52 and Ro60, La, U1RNP, Sm, Scl70, and Jo1

Table 2 Clinical findings that
could warrant second-level tests
even if ANAs are negative or
positive at low titer

Clinical manifestation Reflex test(s)

Persistent oral or ocular dryness Anti-intracellular specific antigens (anti-ENA)

Raynaud’s phenomenon and/or photosensitivity (or malar
rash) and/or leucopenia and/or arthritis

Anti-dsDNA and anti-specific intracellular
antigens (anti-ENA)

Raynaud’s phenomenon and ANA positivity with
nucleolar pattern at elevated titers (≥1:320)

Anti-PM/Scl, anti-fibrillarin, anti-Th/To, and
anti-RNA polymerase III

Significantly increased CPK Anti-specific intracellular antigens (anti-ENA) and
myositis-associated antibodies

Persistent arthritis Anti-citrullinated peptide antibodies and
rheumatoid factor

ANA and for SLE-associated specific antibodies (i.e.,
dsDNA, Sm, RNP, Ro60), with a clinical history of
thrombotic events and/ or polyabortion

Anti-phospholipid antibodies (anti-cardiolipin,
anti-beta2 glycoprotein I, lupus anticoagulant)

Anti-specific intracellular antigens (ENA) include Ro52 and Ro60, La, U1RNP, Sm, Scl70, and Jo1

Clinic Rev Allerg Immunol (2017) 53:68–77 71



or immunometric) and the characteristics of the assay should
also be specified. In particular, for immunometric methods,
specifications should be given for the type of receptor used
for the solid phase and for the analytical platform; for biolog-
ical methods, specs are needed for the type of cell used and the
type of instrument system; and for each of the methods, the
international reference preparation (80/204 or 90/672) should
be specified. This proposal would not automatically standard-
ize the results of the TRAb assay but would allow the clinician
to better interpret data obtained by different methods in differ-
ent laboratories. In all, these changes would contribute to the
harmonization of the results obtained with the new assay
methods (biological and immunometric) and will highlight
all TRAb or their individual functional variety.

Harmonization of Upper Reference Limits
of Thyroid Peroxidase Antibodies

Autoantibodies against thyroid peroxidase (TPOAbs) are
markers and early indicators of autoimmune thyroid diseases
and have an important predictive role in healthy subjects, in
pregnant women, and in high-risk patients [25, 26].

In recent years, refinements in the preparation of TPO an-
tigen for optimal coating in solid phase assays and in the

selection of polyclonal and monoclonal antibodies have led
to third-generation (3G), automated, quantitative IMAs with
improved sensitivity and specificity for the measurement of
TPOAbs [27–29]. However, notwithstanding these analytical
improvements and the use of the same reference preparation
(NIBSC code 66/387), efforts must be made in the definition
of the upper reference limit (URL) in order to correctly clas-
sify patients with autoimmune thyroid disease (AITD).
Estimation of the URL for TPOAbs is a very critical issue,
arising mainly from the uncertainty associated with the proce-
dures used to correctly define the reference population.

Using 3G automated commercial immunoassays, we
demonstrated that the URLs of TPOAb are method and gender
dependent [30, 31]. When we tested 120 healthy males and
120 healthy females, selected according to the recommenda-
tions of the National Academy of Clinical Biochemistry
(NACB) [32] with the 12 most diffuse IMA methods applied
in automated analyzers, we found wide differences in experi-
mental URLs, ranging from 1.0 to 29 IU/mL both in males
and in females (Table 5).

We also found a significant difference between experimen-
tal TPOAb URLs and those given in the package insert of the
analysis kits. In most cases, experimental TPOAb values were
lower than those proposed by the manufacturers, with a delta
value ranging from 10 to 60 %. This finding was in line with
two previous studies on the same topic [29, 31]. In our opin-
ion, these discrepancies may be linked to racial differences
among subjects, or, more likely, to non-standardized criteria
in the selection of the reference subjects, possibly resulting in
the enrollment of individuals with subclinical AITD and with
abnormal levels of TPOAb.

Another relevant consideration emerging from our study
[30, 31] was the dependence of URLs on the analytical char-
acteristics of the methods. Indeed, while somemethods have an
overall average median value <3 IU/mL, other methods have
higher values up to 10 IU/mL. These results seem largely de-
pendent on the different analytical sensitivity or limit of detec-
tion (LoD) which ranges from 0.05 to 9.3 IU/mL. There are no
clear reasons for these discrepancies, which indicate poor har-
monization between methods that are both automated and use
the same reference preparation. The high inter-method variabil-
ity might be caused by the different coating preparation of the
TPO antigen (purified native or recombinant), which affects the
exposure of the immunodominant epitopes recognized by the
polyclonal antibodies present in sera of AITD patients [33, 34]
(epitopic fingerprint), where improper exposure may lead to
poor recognition in some cases.

Hence, despite the attempt of harmonization among
methods, the heterogeneity of the LoD observed among
methods requires greater standardization of the analytical per-
formance with an urgent invitation to the biomedical industry
companies to pay attention to the TPO antigen preparation as
the possible source of variability between different assays and

Table 3 Terms and abbreviations used for TSH receptor autoantibodies

Term Abbreviation

Long-acting thyroid stimulator LATS

LATS protector LATS-P

TSH-binding inhibiting immunoglobulins TBIIs

Thyroid-stimulating antibodies TSAbs

Thyroid-stimulating immunoglobulins TSI

Thyroid-blocking antibodies TBAbs

Thyroid-blocking immunoglobulins TBI

TSH-stimulation blocking antibodies TSBAb

TSH-blocking antibodies TSBABs

TSH receptor antibodies TSHRAbs

Stimulating TSH-receptor antibodies S-TSHRAbs

Blocking TSH-receptor antibodies B-TSHRAbs

Neutral TSH-receptor antibodies N-TSHRAbs

Table 4 New proposed nomenclature for the classification of TSH
receptor autoantibodies

Autoantibody Abbreviation

Total TSH receptor autoantibodies T-TRAbs

Stimulating TSH receptor autoantibodies S-TRAbs

Blocking TSH receptor autoantibodies B-TRAbs

Apoptotic (cleavage) TSH receptor autoantibodies A-TRAbs
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to reevaluate test procedures using approved protocols and the
guidelines of the Clinical and Laboratory Standard Institute.
We also propose that the method used for detection of
TPOAbs, the instrument platform, and its analytical sensitivity
(LoD) all be clearly indicated in the lab report.

At this moment, it could be useful to use a classification of
IMAmethods distinguishing third- and fourth-generation IMAs,
depending on whether even only one among the three parame-
ters considered (LoD, median values of the distribution of refer-
ence group and URL defined as positivity cutoff) is higher or
lower than 2.0, 3.0, and 15.0 IU/mL, respectively. This new
tentative classification might enable harmonization in the inter-
pretation of TPOAb results, avoiding considering IMA methods
with low (3G) or high (4G) analytical sensitivity as equivalent.

Finally, another important finding of our study was the differ-
ence of the TPOAb reference values between sexes: for some of
the methods, medians were not significantly different between
groups of males and groups of females, while the medians were
very different for other methods. Based on these results, we
propose an integration of the dated guidelines of NACB [32],
recommending the use of two distinct groups of reference indi-
viduals, one composed of male healthy subjects and one of
female healthy subjects. This proposal may help overcome inac-
curacy resulting from the use of a male reference group for a
disease (autoimmune thyroiditis) that mainly affects the female
sex and may further help harmonize URLs for TPOAb.

Harmonization in the Diagnosis of Autoimmune
Hepatitis

Autoimmune hepatitis (AIH) is an immune-mediated liver
disease characterized by elevated transaminase levels,

hypergammaglobulinemia, serum autoantibodies, and histologi-
cal interface hepatitis, with a variety of clinical presentations
ranging from asymptomatic liver abnormalities to acute severe
hepatitis or even acute liver failure [35]. The heterogeneity of the
clinical presentation can make difficult the diagnosis of AIH
even in experienced hands. In 1993, the International
Autoimmune Hepatitis Group (IAHG) proposed a scoring sys-
tem to help standardization of patient selection for research pur-
poses [36]. The scoring system was subsequently revised in
1999 [37] and also was applied to daily clinical practice, al-
though it was not primarily designed and tested for this purpose.
Notwithstanding this limitation, the updated scoring system
proved useful to accommodate deficiencies or inconsistencies
in clinical presentation and to support diagnosis in difficult cases
[38]. However, because these criteria are cumbersome and insuf-
ficiently validated, the IAIHG recently devised a simplified scor-
ing system for wider use in routine clinical practice [39]. Using
clinical judgment as the standard, the simplified scoring systems
yielded lower sensitivity (95 vs 100%) but higher specificity (90
vs 73%) and higher overall accuracy (92 vs 82%) than the 1999
scoring system [40].

The new scoring systems helped improve comparabil-
ity of diagnoses of AIH from different medical centers,
but some limitations have not been overcome. For ex-
ample, they are inappropriate for determining the pres-
ence of AIH in patients with primary biliary cirrhosis
(PBC) and are not validated in patients with acute se-
vere liver failure or in patients with graft dysfunction
after liver transplantation [38].

Serum autoantibodies play a pivotal role in the diagnosis of
AIH and represent a relevant component of the scoring sys-
tems, particularly ANA, anti-smooth muscle (SMA), anti-
liver kidney microsomes type 1 (anti-LKM-1), and anti-

Table 5 Analytical performance of 12 automated methods/platforms for the measurement of TPOAbs in a reference male and female healthy
population (LoD values stated by the manufacturers)

Method LoD
(IU/mL)

Median
(IU/mL)

Experimental URL
(IU/mL) Males

Experimental URL
(IU/mL) Females

Manufacturer URL
(IU/mL)

Classification

Siemens Immulite XPi 5.00 6.6 29 29 35 3G

Siemens Advia Centaur XP 9.30 10.0 20 25 20 3G

Roche Diagnostics Cobas e411 5.00 5.5 18 28 34 3G

Diasorin Liaison XL 0.12 1.8 14 18 16 3G

SNIBE Maglumi 2000 Plus 0.38 2.2 25 25 30 3G

Thermo Scientific Phadia EliA 250 4.00 2.8 8 10 25 3G

Abbott Architect ci4100 0.21 0.6 2 2 6 4G

Thermo Scientific Brahms Kryptor 1.80 2.4 6 7 10.5 4G

Fujirebio Lumipulse G 1200 0.60 2.2 5 5 6.9 4G

Beckman Coulter Unicel DxC880i 0.25 0.8 7 9 9 4G

Tosoh Bioscience AIA-2000 0.05 0.4 1.3 1.5 3.2 4G

Tosoh Bioscience AIA-CL2400 0.05 0.2 1 1 1.5 4G

LoD low limit of detection (analytical sensitivity), 3G third generation, 4G fourth generation, nd not declared
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soluble liver antigen/liver–pancreas antigen (anti-SLA/LP).
Unfortunately, autoantibody testing is not sufficiently stan-
dardized and therefore may lead to inadequate scoring values.
For this reason, in 2004, the IAIHG Committee for
Autoimmunity Serology drew up a consensus statement con-
taining guidelines for appropriate and effective autoantibody
testing in AIH [41]. In this statement, the committee recom-
mended using the IIF method with rodent tissue sections dried
in air without further fixation, both for ANA and anti-LKM-1.
However, some of these recommendations cannot be followed
in most autoimmunology laboratories, where commercially
available tissue substrates treated with fixatives and HEp-2
cell lines are used for SMA/anti-LKM-1 and ANA detection,
respectively.

As far as ANA is concerned, if the screening is performed
on HEp-2 cells, the values are higher than when screening is
done on tissue sections, and as a consequence, the score at-
tributed to the ANA in the scoring systems is not applicable.
The IAIHG suggests that if results from HEp-2 cells are used,
they should be halved. However, this rule has not been vali-
dated by comparative studies and cannot be applied without
distinction in all conditions and for all the ANA patterns. This
remains an unresolved problem in the attempt to harmonize
AIH diagnosis.

SMAs with F-actin specificity are commonly regarded as
more specific markers of type 1 AIH, but a reference method
for their identification is not yet available. Enzyme-linked im-
munosorbent assay (ELISA) and IIF methods using vascular
smooth muscle (VSM47) and rat intestinal epithelial cell lines
recently have been proposed for anti-F-actin detection. The
promising and quite comparable results obtained in pivotal
studies [42–44] have to be confirmed bymore extensive studies
before the implementation of these methods in daily practice.

Recently, the identification of the molecular targets of some
autoantibody specificities present in AIH, such as cytochrome
P4502D6 (anti-LKM-1), formimino-tranferase cyclodeaminase
(anti-LC-1) and Sep (O-phosphoserine) tRNA/Sec
(selenocysteine) tRNA synthase (anti-SLA/LP), has led to the
establishment of various immunoassays based on the use of
recombinant or purified antigens. Nowadays, they are widely
used in clinical laboratories, but data on the variability among
methods and among assays are lacking. Therefore, studies com-
paring the results of different methods and different assays for
detection of these autoantibodies are needed to confirm if their
results are harmonized or not.

Finally, the starting dilution for IIF tests in children is anoth-
er debated question. The consensus statement reports that Bfor
subjects up to the age of 18 years, any level of autoantibody
reactivity in serum is infrequent, so that positivity at dilutions of
1/20 for ANA and SMA and even 1/10 for anti-LKM-1 is
clinically relevant. Hence, the laboratory should report any lev-
el of positivity from 1/10, with the result interpreted within the
clinical context and the age of the patient.^ Apart from the

abovementioned considerations on the results of ANA obtained
using HEp-2 cell lines, substantial differences in autoantibody
titers between adults and children are not supported by strong
evidence. In addition, using a line blot assay, we have recently
demonstrated that anti-LKM-1 and anti-LC-1 antibody preva-
lence and concentration do not differ in adults and children [44].

In conclusion, the scoring systems, and especially the sim-
plified scoring system which is more suitable to clinical appli-
cation, have been useful tools in the harmonization process of
AIH diagnosis. However, for autoantibody testing, some rec-
ommendations should be revised in light of the more recent
methods used in routine clinical practice. Comparative studies
evaluating the diagnostic accuracy of different methods/
assays are still needed.

Harmonization in the Diagnosis of Celiac Disease

Celiac disease (CD) is an immune-mediated disorder elicited by
gluten in genetically susceptible individuals. Immunoglobulin
A (IgA) anti-tissue transglutaminase (tTG) antibody assay is the
preferred single test for detection of CD, and its high accuracy
(sensitivity and specificity around 95%) has been demonstrated
both in primary care settings and in referral cohorts [45, 46].
While some studies have shown comparable diagnostic utility
in the screening of CD of the most often used commercial anti-
tTG-IgA assays, controversies relating to their predictive posi-
tive value (PPV) for CD exist [47–52]. Although many studies
have demonstrated that, in most assays, a higher titer of anti-
body generally correlates with a higher PPV for CD (Marsh 3
histology) [50, 53–55], allocation of a harmonized anti-tTG
IgA decision cutoff remains problematic. In fact, as a conse-
quence of the lack of standardization between anti-tTG IgA
assays in the absence of an international reference preparation
and of a reference measurement procedure, antibody units and
reference ranges are arbitrary, method specific, and not
commutable.

In the effort to find a strategy for avoiding biopsy in chil-
dren, and in the absence of an acceptable standard to define
the specific level at which anti-tTG IgA antibodies predict the
disease, the updated European Society of Paediatric
Gastroenterology, Hepatology and Nutrition (ESPGHAN)
guidelines for the diagnosis of CD [56] suggest the use of a
specific multiple of the URL in algorithms for symptomatic or
asymptomatic children as an attempt to harmonize the results
obtained with different assays. In particular, it is suggested
that a histological assessment may be omitted in symptomatic
patients who have anti-tTG IgA levels 10 times above URL as
verified by EMA positivity, and who also are positive for
HLA-DQ2 and/or HLA-DQ8 heterodimer. The threshold of
>10 URL was deduced by the results of some primary studies
showing that in these cases, the likelihood for villous atrophy
(Marsh 3) is very high or absolute [39, 42, 43]. However, such
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an arbitrary cutoff value cannot be generalized as a statement
which is valid for all commercial assays in all screened co-
horts, even if published studies are internally valid [57].
Recently, Suh-Lailam et al. [58] showed that the use of
multiples of URL does not improve commutability among
anti-tTG IgA assays. Similar results were obtained by
Beltran et al. [52], who showed a wide disparity of results
and poor consensus, both between methods and between lab-
oratories evaluating the values returned by laboratories partic-
ipating in the UK National External Quality Assurance
Scheme (UK NEQAS) for CD serology. In addition, they
showed that the normalization to URL does not harmonize
results between anti-tTG IgA assays. These findings highlight
the differences among commercial assays and show that com-
mon multiples and stratified thresholds cannot be used unless
true comparability between the tests exists. In other words, a
generalized recommendation about fixed threshold decision
points only will make sense when anti-tTG IgA values are
standardized, which is traceable to a high-order primary refer-
ence material. While we are waiting for an international
standard or reference preparation for anti-tTG IgA measure-
ment, we have to consider that, at present, each anti-tTG IgA
assay is unique and its characteristics must be considered
when establishing diagnostic pathways in the laboratory as
well as communicating results to clinicians. So, data derived
from local audits are needed to determine performance char-
acteristics and optimal thresholds of the anti-tTG IgA assay in
use in each laboratory.

If a main effort has to be done to harmonize and standardize
the analytical process of anti-tTG IgA measurement, it is like-
wise important to consider that harmonization of CD diagnos-
tic includes also other aspects, with special emphasis to test
profiles (i.e., when testing for EMA, for anti-deamidated gli-
adin antibodies and for HLA DQ2/DQ8), report formats, and
criteria for interpretations of results. An important step toward
the harmonization of some of these aspect is represented by
the recent guidelines proposed by national or international
scientific societies [56, 59–61], even if some items (i.e., the
level of IgA to define IgA deficiency) still remain a matter of
debate and further studies are needed to obtain evidence for
final decisions.

Harmonization in the Diagnosis of Non-Celiac
Gluten Sensitivity

The diagnosis of non-celiac gluten sensitivity (NCGS) in pa-
tients with persistent intestinal and/or extra-intestinal com-
plaints is still based on exclusion of CD and of wheat allergy
[62]. As NCGS is an emergent clinical condition, there is a
high need to harmonize the procedure leading to confirmation
of suspected cases. Unfortunately, there is no specific serolog-
ic marker for the diagnosis of NCGS. Recently, an

international expert group on gluten-related disorders devel-
oped recommendations on how a diagnosis of NCGS should
be confirmed [63]. In addition to negative serum anti-tTG and
anti-endomysium antibodies, negative duodenal biopsy
(Marsh 0–1) and negative-specific IgE and prick tests to
wheat, the Salerno Experts’ Criteria suggest that a close and
standardized monitoring of the patient during elimination and
reintroduction of gluten is the most specific diagnostic ap-
proach and can be used as the diagnostic hallmark of NCGS.
However, since many of these patients are already on the
gluten-free diet (GFD) at the first visit, the Salerno experts
counsel that a simplified diagnostic procedure, including only
the effect of reintroducing gluten after a period of treatment
with the GFD, may be adopted in these patients. Most impor-
tant from a practical point of view, in clinical practice, a
single-blind procedure could be sufficient, while for research
purposes, a double blind placebo-controlled challenge re-
mains the first choice [63].

In conclusion, harmonization of autoimmune diagnostics is
necessary for clinical and diagnostic appropriateness, for eco-
nomic reasons (to optimize use of resources), and for patient
safety (especially when a patient visits different laboratories).
As standardization and harmonization go hand in hand, efforts
at improving sensitivity and specificity and reducing analyti-
cal imprecision of diagnostic tests are certainly an important
goal to be pursued by the laboratory and by the manufacturing
companies, but the main goal is patient outcome.We must ask
ourselves, even when using a highly reliable and possibly
standardized antibody assay, how many diagnoses would we
miss if we do not use a good diagnostic algorithm? Improved
harmonization of diagnostic behavior would be the challenge
for forthcoming years.
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