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Abstract According to the recent recommendations of the American College of Rheumatology, ANA Task Force, IIF technique
should be considered the gold standard in antinuclear antibodies (ANAs) testing. To overcome the lack of standardization,
biomedical industries have developed several computer-aided diagnosis (CAD) systems. Two hundred and sixty-one consecutive
samples with suspected autoimmune diseases were tested for ANA by means of IIF on routinely HEp-2 assay kit (Euroimmun
AG). Assignment of result was made if consensus for positive/negative was reached by at least 2 out of 3 expert physicians. ANA-
IIF was also carried out using 3 CAD systems: Zenit G-Sight (n = 84), Helios (n = 85) and NOVA View (n = 92); human
evaluation was repeated on the same substrate of each CAD system (Immco, Aesku and Inova HEp-2 cells, respectively). To
anonymize the results, we randomly named these three systems as A, B and C. We ran a statistical analysis computing several
measures of agreement between the ratings, and we also improved the evaluation by using the Wilcoxon’s test for nonparametric
data. Agreement between the human readings on routinely HEp-2 assay kit and human readings on CAD HEp-2 assay was
substantial for A (k = 0.82) and B (k = 0.72), and almost perfect for C (k = 0.89). Such readings were statistically different only
in case A. Comparing experts’ readings with the readings of CAD systems, when the samples were prepared using CAD HEp-2
assay kits, we found almost perfect agreement for B and C (k = 0.86; k = 0.82) and substantial agreement for A (k = 0.73).
Again, human and CAD readings were statistically different only in A. When we compared the readings of medical experts on
routinely HEp-2 assay kit with the output of the CAD systems that worked using their own slides, we found substantial agreement
for all the systems (A: k = 0.62; B: k = 0.65; C: k = 0.71). Such readings were not statistically different. The change of the assay
kit and/or the introduction of a CAD system affect the laboratory reporting, with an evident impact on the autoimmune laboratory
workflow. The CAD systems may represent one of the most important novel elements of harmonization in the autoimmunity field,
reducing intra- and inter-laboratory variability in a new vision of the diagnostic autoimmune platform.
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Introduction

The antinuclear antibodies (ANAs) are useful markers for
the diagnosis, classification, prognosis and disease activity
monitoring of ANA-associated rheumatic diseases
(AARDs), such as systemic lupus erythematosus (SLE),
systemic sclerosis (SSc), Sjogren’s syndrome (SjS) and
idiopathic inflammatory myopathies (IIM) [1, 2]. The
detection of ANAs plays an important role in the global
clinical management of AARDs patients, and it is a valu-
able resource to obtain the earliest possible diagnosis and
to anticipate the clinical phenotype of individual patients.
Due to the pivotal role of ANA testing a large repro-
ducibility, specificity and accuracy are strongly required
[3, 4], to limit false results and further inappropriate test
requests. Traditionally the indirect immunofluorescence
(ITF) on human epithelial cells (HEp-2) is used for ANA
testing. IIF, which shows a multitude of native antigens, is
a multiplex technique considered as a “natural array” that
allows the detection of more than 30 different nuclear and
cytoplasmic patterns [5]. Nevertheless, the IIF method is
burdened by some limitations: the visual evaluation is time
consuming, subjective, and it requires trained personnel
and expert morphologists [6—11]. These disadvantages are
the source of intra- and inter-laboratory discrepancies.
Furthermore, the variability of IIF is strongly influenced by
several issues inherent to the method, both biological and
non-biological [12-22] (Table 1). During the last decades,
given the growing request for ANA testing and the need of
standardization, alternative techniques (e.g., enzyme-
linked immunosorbent assay) and new available technolo-
gies (e.g., multiplex solid phases) have been proposed to
replace IIF [23-33]. Interestingly, the innovation has led to
a renaissance of the IIF method and, recently, the American
College of Rheumatology (ACR) ANA Task Force has
recommended the IIF on HEp-2 cells as the gold standard
test for ANA detection [34]. ACR recommendations have
led not only to a rapid increase of new techniques, but also
to a challenge of the automated autoantibodies screening
on HEp-2 cells [35, 36]. The actual autoimmunology lab-
oratory scenario is characterized by a powerful driving
force for an efficient workflow as a result of growing
request of autoimmune diagnostic tests, regional restriction
and limited reimbursement. There is a general agreement
that technological innovation can help to tackle with these
issues. In particular, these needs have motivated recent
research efforts directed toward the development of com-
puter-aided diagnosis (CAD) systems for reading and
interpretation of ANA-IIF slides [37]. This research has
also resulted in the availability of several commercial CAD
systems, whose initial assessment has been recently
described [38—45]. These systems are different in terms of
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DNA counterstain, substrates throughput, run-time, types
of recognized IIF ANA patterns and software [46, 47]. The
use of a CAD system may strongly help to overcome most
of IIF drawbacks and should be considered a potential
reliable tool of standardization for a novel cost-effective
autoimmune diagnostic. Furthermore, a CAD system may
improve the laboratory quality certification by the intro-
duction of internal quality control (ICQ) procedures and
allowing an easy and reliable storage of images [48-51]. It
can act as a newly global electronic data management
platform able to relieve the increasing number of tests, and
it can help the laboratory in time of personnel difficulty
allowing to remotely analyze the images. Additionally, the
introduction of a CAD system has the potential to reduce
the inter-laboratory variability; indeed, for instance, it may
help to reduce the nomenclature discrepancies between
laboratories when describing IIF patterns and it can rep-
resent an objective criterion for a titer assignment. Besides,
from a clinical point of view, the knowledge of IIF ana-
Iytical variability is critical for the correct use and for the
clinical interpretation of the ANA test. In fact an improper
clinical interpretation of the test can lead to a misdiagnosis,
inappropriate therapies and excessive health costs. A bal-
ance between available economic resources and growing
health needs is the main goal of the recent advances in
diagnostic technologies for AARDs [52-54]. In this
respect, in this work, we focused our attention on the
variability introduced in ANA indirect immunofluores-
cence test when a positive/negative classification has to be
performed. As there is little data on inter-observer reading
variability, this work aimed to study the burden introduced
by two important issues, namely the HEp-2 assay kit and
the CAD system. Indeed, we first assessed the variability
among different kits when the ANA readings are performed
according to the traditional visual inspection of the sam-
ples. As a second aim, we compared the outputs provided
by the commercial CAD systems and those provided by the
human readings. These combined data allowed assessing
how much the substrate and the CAD system impact a
routine workflow.

Materials and methods
Samples and visual interpretation

Two hundred and sixty-one consecutive samples with
suspected autoimmune diseases were routinely screened
for ANAs in the Laboratory of Immunology and Allergy
of San Giovanni di Dio Hospital in IIF on HEp-2 cells
substrate (Euroimmun AG, Luebeck, Germany). Mean
age was 54 years (11-82 years), F/M ratio was 5/1. ANA-
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Table 1 Biological, technical and operator-related variables influencing the ANA-IIF tests on HEp-2 cells

Variables Description
Biological HEp-2 cell culture Cell morphology, culture technique, variable antigen expression,
nuclear-to-cytoplasm ratio, actively dividing cells (mitosis number)
Fixative Alcohols, alcohols/acid, alcohols/acetone, formaldehyde
Conjugate Isotype specificity (mono/polyspecific, fab fragment), fluorescein
isothiocyanate-to-protein (F/P) ratio, antibody-to-protein ratio,
antibody content
Assay reagents pH and chemical characteristics
Fluorescent dye Concentration, adsorbing and emitting wavelengths, antibleaching
agent
Evans blue counterstain Concentration
Technical Preparation of slides Manual, by an automated processing analyzer
Microscope Setting (magnification, filter), light intensity, light source (Hg vapor
lamp, laser, diodes), camera signal-to-noise ratio, camera spectral
sensitivity
Dark room Characteristics, setting

Operator related Working cutoff dilution
Result transcription

IIF pattern nomenclature

Conventional (1:80), non-conventional (1:40, 1:160, etc.)
Human oversight errors

Different name for the same pattern, ambiguous description of
patterns

IIF samples/slides were prepared at 1:80 titer using the
automated pipetting device DAS AP16 IF Plus (DAS,
Palombara Sabina, Rome, Italy) according to the con-
ventional procedure. The slides were visually read using a
fluorescence microscope (EUROStar II, Euroimmun AG,
Luebeck, Germany) equipped with ocular 10x, an
objective 40x, a 5 W LED whose wavelength of excitation
light source ranges between 46 nm and 490 nm. Assign-
ment of result was made if consensus for positive/negative
was reached by at least 2 out of 3 expert physicians.

Automated ANA-IIF evaluation

ANA-IIF was carried out using 3 CAD systems and
adopting the HEp-2 slides provided by each manufacturer.
The CAD systems are: Zenit G-Sight, A. Menarini Diag-
nostics, Florence, Italy (n = 84); Helios, Aesku Diagnos-
tics, Wendelsheim, Germany (n = 85); and NOVA View,
Inova Diagnostics, San Diego, CA (n = 92). Conse-
quently, HEp-2 slides were provided by Immco, Aesku and
Inova, respectively. While testing the CAD systems in a
fully automated fashion according to manufacturer’s
instructions and using the 1:80 titration, we had the assis-
tance of a company specialist to avoid any wrong practice
with the devices.

Once the slides were processed, and the positive/nega-
tive classifications were provided by the CAD systems, the
three IIF experts performed visual evaluation of these
samples.

To anonymize the results, we randomly named these
three systems as A, B and C, and we kept blind the cor-
respondence between these labels and the CAD systems.
Their main features are summarized in the following.

Zenit G-Sight

Zenit G-Sight is an automated system designed for digi-
tizing and displaying slides in immunofluorescence and for
subsequent positive/negative and staining pattern classifi-
cation of HEp-2 cells. It is also able to scan other IFA
substrates such as ANCA, dsDNA, triple rat and mouse
tissues, ICA and adrenal gland. The hardware consists of a
microscope equipped with a motorized precision stage, a
LED light-emitting source and a color camera. The image
acquisition algorithm stitches the collected images using
their relative positions, which are given by the known
translations of the motorized stage. This provides a mosaic
of the overall well area that can be used as a virtual
microscope image. The autofocus algorithm makes use of
an autoregulation procedure that, for every image of the
mosaic, sets the gain and the exposure time of the camera.
In this way, the appearance of image intensity is compa-
rable between positive, weakly positive and negative
samples. Each well undergoes positive/negative classifi-
cation and staining pattern recognition. The former lever-
ages on the analysis of signal intensity and distribution,
whereas the latter can recognize homogeneous, nucleolar,
speckled, centromere and mitochondrial patterns. The
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system also provides a semiquantitative result for fluores-
cence intensity classification so that a sample is classified
as negative, borderline and positive if its score is lower
than 15 AU, between 15 and 20 AU, and larger than 20
AU, respectively. A cutoff level can be set to minimize the
risk of false-negative classification. The manufacturer
cutoff was 15 AU.

Helios

Helios is a platform that automatically performs the
immunofluorescence pipetting and reading steps, integrated
with positive/negative classification. It is based on an
integrated autofocus epifluorescence microscope unit
incorporating Nikon optics controlled by an own-engi-
neered motor and LED light source. A unique characteristic
is the approach used for mounting medium dispensation
that, combined with the non-requirement for cover slip,
enables complete processing without human intervention.
The system works with the standard FITC (fluorescein
isothiocyanate) fluorochrome, and no additional dye is
needed.

The image acquisition stage automatically focuses and
acquires the slide once the processing is completed; the
user can define the desired numbers of images per well
(between 1 and 10). The image classification module can
provide positive/negative classification; it leverages on
some image features such as the structure of the objects,
the fluorescence signal intensity and the background/cells
ratio. This module can work with samples exhibiting the
following staining patterns: homogeneous, speckled,
nucleolar, nucleolar dots, centromere, multiple nucleolar
dots, cytoplasmic and cytoskeleton. The operator’s check is
needed to confirm results and to manually assign the pat-
tern. Furthermore, the system can also estimate the end-
point titer for those wells classified as positive. This
functionality allows reducing the number of well titrations
needed to quantify the positivity level. The manufacturer
cutoff was 48.

NOVA view

The NOVA View instrument consists of an automated and
fully motorized inverted fluorescent microscope with LED
light source, a CCD camera, a 40x objective and software
running the CAD. NOVA View can acquire and interpret
HEp-2, ANCA ethanol and formalin, dsSDNA CLIFT slides.
Slides processed by NOVA View have to be dyed with two
conjugates: FITC and DAPI (4',6-diamidino-2-phenylin-
dole). This second dye is used as it strongly binds to A-T
rich regions in DNA. The image processing algorithms use
fluorescence information given by DAPI wavelengths to
focus the samples, to locate and to segment the cells.
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For each well in a slide, three to five images are acquired
with both the DAPI and the FITC filter. The images of each
cell must contain, at least, 25 interphase and 2 mitotic
(metaphase) cells in total. Using FITC images, the system
measures the average intensity in units named as light
intensity units (LIUs), discriminating between positive and
negative samples. The positive samples then undergo a
staining pattern classification stage, which allows to dis-
tinguish between five basic fluorescent ANA patterns
(homogeneous, speckled, centromere, nucleolar, nuclear
dots). The operator’s check is needed to confirm results.
For wells containing positive reactions, the software can
also estimate the endpoint titer (highest dilution that would
give positive result) on the basis of nucleus LUI and
detected pattern detected. The manufacturer cutoff was 48
LIUs.

Statistical analysis

The statistical analysis computed several measures of
agreement between two ratings on fluorescence intensity
classified as positive or negative. Our data basically con-
sisted of two independent ratings provided by the medical
expert and by the CAD system with respect to a dichoto-
mous outcome: for this reason, we decided to compute the
following indices, which are defined with respect to
Table 2:

The overall agreement (o0a): it is the proportion of cases
for which raters 1 and 2 agree. It is defined as
oa = (a + d)/N. This quantity is informative and useful,
but, taken by itself, does not distinguish between
agreement on positive ratings and agreement on negative
ratings;

The positive and negative agreement denoted as pa and
na, respectively. They measure the agreement relative to
each category, and they are defined as pa = 2a/
(2a + b + ¢) and na = 2d/(2d + b + ¢);

The Cohen’s kappa (k) [55]: it is defined as (oa — ca)/
(1 — ca), where ca is hypothetical probability of chance
agreement computed as [(a + ¢)(a + b) + (b + d)
(c + d)]/Nz. Although the k value varies from a lower
bound of —1 to an upper bound of 1, the usual region of

Table 2 Summary of binary ratings by two raters

Rater 2
Positive Negative Total
Rater 1
Positive a b a+b
Negative c d c+d
Total a+c b+d N
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interest is k > 0. In the literature, the following guide-
lines for interpreting kappa values are used: 0 < k < 0.2
implies slight agreement; 0.2 <k < 0.4 implies fair
agreement; 0.4 < k < 0.6 implies moderate agreement;
0.6 <k < 0.8 implies substantial agreement, and
0.8 <k <1 implies almost perfect agreement [56]. It
is worth noting that Cohen’s kappa copes with a
limitation of oa score: oa can be high even when
hypothetical raters randomly guess on each case accord-
ing to prior probabilities. For instance, two raters would
agree on the diagnosis if they simply guessed positive
the large majority of times.

We also improved the evaluation process by using the
Wilcoxon’s test for nonparametric data, with 95 % confi-
dence interval. Hence, p values lower than 0.05 were con-
sidered to indicate statistical significance. This test runs the
pairwise comparison between two sets of readings, and it aims
to detect significant differences between the two populations.
In comparison with the parametric 7 test, it is safer since it
does not assume normal distributions. Also, the outliers have
less effect on the Wilcoxon test than on the t test [57].

Results

We analyzed the agreement between sets of fluorescence
intensity classification. The readings we collected can be
divided into three sets, namely:

e Set (i): it contains the fluorescence intensity classifica-
tions achieved as consensus of IIF experts in visual
interpretation on samples prepared using the routinely
HEp-2 assay kits, as described in Sect. 1.1;

e Set (ii): it contains the fluorescence intensity classifica-
tions as consensus of IIF experts in visual interpretation
on samples prepared using the HEp-2 CAD Kkits, i.e., the
kits provided by each CAD manufacturer (Sect. 1.2);

e Set (iii): it contains the fluorescence intensity classifi-
cations provided by each CAD system using its own
substrate (Sect. 1.2).

These sets of readings were pairwise compared to
measure the agreement, and the results are reported in
Tables 3, 4 and 5. Table 3 reports the values of agreement
between human readings on samples prepared using both
the routinely HEp-2 assay kit and the assay kit provided by
each CAD manufacturer. Hence, this table compares the
readings in the aforementioned sets (i) and (ii). This
comparison permitted us to evaluate the intra-observer
variability in traditional visual interpretation induced by
different HEp-2 assay kits. We observed that the overall
positive and negative agreements ranged between 75.0%
and 91.3; 61.8 and 92.0 %; 78.2 and 90.5 %, respectively.

Interestingly, while in case B and C, the values of the
overall agreement, positive agreement and negative
agreement were approximately equal; in case A, we
observed a negative agreement larger than the positive. The
different values of agreement reflected also in the
Cohen’s kappa: indeed, for assay kits A and B, the kappa
value corresponded to substantial agreement, while in case
C the larger scores got to almost perfect agreement. Note
also that the readings on routinely and CAD assay kits were
statistically different only in case A (p < 0.001).

Table 4 compares the IIF experts’ readings with the
readings of CAD systems, when the samples were prepared
using CAD HEp-2 assay kits. Hence, this table compares
the readings in the aforementioned sets (ii) and (iii). With
these data, we evaluated the variability between the human
and the automated readings when they work on the same
substrate. We observed that the overall, positive and neg-
ative agreements ranged between 84.5 % and 89.4; 73.5
and 88.3 %; 80.6 and 90.3 %, respectively. In case A, we
observed again a negative agreement larger than the posi-
tive. This observation reflected also in the Cohen’s kappa
values that in cases A corresponded to substantial agree-
ment, whereas in cases B and C to almost perfect agree-
ment. Human and CAD readings were statistically different
only in case A (p < 0.001).

Table 5 compares the readings of medical experts on
routinely HEp-2 assay kit with the output of the CAD
systems that worked using their own slides. This corre-
sponds to compare set (i) vs set (iii). In this case, the
variability can be induced by both the use of different HEp-
2 assay kits and by the use of a CAD system. We found that
the overall positive and negative agreements ranged
between 71.4 % and 76.1; 63.6 and 79.6 %; 71.1 and
76.5 %, respectively. Interestingly, in case A, we observed
again a negative agreement larger than the positive,
whereas in case of C the opposite situation happened. The
use of different HEp-2 assay kits for humans combined
with the use of a CAD system processing its own HEp-2
slides represented a case where the sources of variability
were combined each other. This produced Cohen’s kappa
values that were lower than the others: in fact, they only
implied substantial agreement between the readings. As a
consequence, the human and automated readings were not
statistically different for all the cases A, B and
C (p = 0.221, p = 0.221, p = 0.011, respectively).

Discussion
Standardization in HEp-2 cell preparation and in the other
factors responsible for the variability are the basis for a

successful reading of IIF pattern in ANA diagnosis,
therefore ensuring reliable results. The existing literature
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Table 3 Agreement between the human readings on routinely HEp-2 assay kit and human readings on CAD HEp-2 assay

HEp-2 assay kit Agreement Cohen’s k P value
Overall (%) Positive (%) Negative (%)

A 75.0 61.8 81.4 0.62 <0.001

B 71.7 77.1 78.2 0.72 0.491

C 91.3 92.0 90.5 0.89 0.289

Table 4 Agreement between the human readings on CAD HEp-2 assay kit and CAD reading on its own kit

HEp-2 assay kit Agreement Cohen’s k P value
Overall (%) Positive (%) Negative (%)

A 84.5 73.5 89.1 0.73 <0.001

B 89.4 88.3 90.3 0.86 0.508

C 84.8 87.5 80.6 0.82 0.057

Table 5 Agreement between the human readings on routinely HEp-2 assay kit and CAD reading on its own kit

HEp-2 assay kit Agreement Cohen’s k P value
Overall (%) Positive (%) Negative (%)

A 71.4 63.6 76.5 0.62 0.221

B 71.8 70.0 73.3 0.65 0.221

C 76.1 79.6 71.1 0.71 0.011

on inter-observer reading variability does not focus on
“real-life” autoimmunology laboratory. On the one side, it
is well known in common laboratory practice that the ANA
testing is subject to errors due to the HEp-2 assay kit used,
working conditions and operators. On the other side, the
previous studies showed great heterogeneity in the per-
formance of the HEp-2 commercial assay kits. Further-
more, few data on how all the factors influencing the IIF of
the ANA testing affect inter- and intra-observer reading
variability are available [8, 9, 14, 37]. In this respect, to the
best of our knowledge, this work is the first attempt to
study the inter-observer reading variability of positive/
negative fluorescence intensity classification in a “real-
life” autoimmunology laboratory, focusing its attention on
the burden introduced by the HEp-2 assay kits and by the
use of a CAD system.

The fixative used for cell preparation is the major source
of discrepancies [58, 59]. Copple et al. [14] comparing 5
assays for HEp-2 cell preparation in a SLE population
showed that the global agreement between such assays was
equal to 78 %. The authors claimed that the high variability
in cell and nuclear morphology depended mostly on the
fixative used. Another important cause of variability was
the conjugate used. The guidelines published by the
National Committee for Clinical Laboratory Standards
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offered a voluntary standard developed by consensus of the
clinical laboratory testing community [60]. These guideli-
nes compared antihuman IgG-specific conjugate, antihu-
man polyconjugate (G, A and M) and total IgG conjugate.
The use of an antihuman IgG (Fc)-specific conjugate is
preferred to enhance the positive predictive value of the
ANA test, given that a polyconjugate or an IgG heavy/light
chain conjugate might detect the IgM class antinuclear
antibodies, which are usually clinically insignificant.
According to the literature, our data confirmed how the
choice of the HEp-2 assay kit may induce variability in IIF
readings: indeed, the values of Cohen’s kappa, when the
IIF experts used both the routinely HEp-2 substrate and an
alternative substrate (i.e., A, B, and C), showed that the
agreement was satisfactory in two cases (k = 0.618 and
k = 0.718) and in one case was almost perfect (k = 0.894).
Interestingly, the rates of global, positive and negative
agreement were larger than 90 % only in the third case,
revealing the large impact of the assay kit in the decision-
making process.

Several CAD systems for automated analysis of ANA
testing have recently been developed, since the IIF test has
to be considered the reference method for ANA determi-
nation, as ACR stated®. These systems adopt different
materials and a different computational approach to
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support the IIF experts in the reading phase. Indeed, they
differ in the use of counterstain (DAPI, propidium iodide,
none), in the use of substrate (most of them work only with
one substrate), in the throughput, in the number of recog-
nized staining patterns and, obviously, in the image clas-
sification approach adopted (e.g., features, learning
algorithms). Although comparable performances between
automated and conventional ANA-IIF testing for the
interpretation of negative and positive samples have been
reported in literature, discrepancies have been found when
performing staining pattern recognition [46]. In fact, the
CAD systems may fail in this latter task for the inherent
difficulty to recognize mixed or “novel” fluorescence
patterns and for misinterpretation issues arising when
antibodies react with specific cell components. In addition,
there is a strong need for an automated quantitative score
assigned to the fluorescence intensity.

Our study focused on positive/negative classification
since not all of the systems were able to recognize the same
patterns and to predict image titer. On the one hand, when
using the same assay kit (Table 4), we found an almost
perfect concordance between CAD system and human
readings for systems B and C (k = 0.818; k = 0.857),
which reduced to substantial for system A (k = 0.729). On
the other hand, the results of the experiments reported in
Table 5 permitted us to observe the effects of introducing a
CAD system in a laboratory that routinely uses an assay kit
different from the assay kit of the CAD system. We found
that their combined effect worsened the performance of
agreement, thus confirming their burden. This work wants
to be the first burdens comparison between the variability
introduced by the assay kit and by the CAD system in IIF
ANA testing.

Our data comparing visual and automated systems par-
tially agreed with the global literature [42, 61, 62], and our
concordance rates were found to be lower than those
reported by Gorgi et al. [63] (CyclopusCADImmuno®
versus visual IIF reading: overall agreement 90.5 %;
k = 0.8). These differences could be expected since, unlike
Gorgi et al. who considered AARDs cohorts and healthy
donors, we used a routinely consecutive population of
patients with suspected autoimmune diseases. This choice
introduced more samples with borderline fluorescence
intensity, although it is well known that CAD systems have
lower recognition performance on such samples [64, 65].
The basis of a “real-life” study is also to work on a large
population in order to consider possible human mistakes in
the global IIF variability, as they can be rarer when con-
sidering small study population. This motivated the dif-
ferences we found with respect to the results reported in the
French national external quality assessment (EQA) on
ANA detection [8]. In fact, this work could not be con-
sidered as a “real-life” study because it included mainly

strong titer sera and not borderline positive samples and
because human tendency of a morphologist at microscope
is to pay more attention for a small population or for an
EQA sample, if compared to an unknown routine sample.
This focus on few samples or on “special samples,” as we
could consider the EQA automatically may exclude human
distraction mistakes and makes a study far from the normal
working conditions.

Moreover, this work could be considered a “real-life”
study for one more relevant issue: readers were people
working in a laboratory, while in some previous studies IIF
readers were not laboratory personnel but manufacturer
laboratories or clinicians [9, 37]. Involving manufacturer
laboratories or clinicians could introduce a bias because,
for instance, a clinician who knows clinical features of the
patients generally will find more easily what she/he is
looking for at microscope.

With reference to the performance of the CAD systems
we measured in this work, it is worth observing that we set
the cutoff at the values provided by the manufacturer since
we wanted to compare the different CAD systems perfor-
mances at the same conditions. Nevertheless, the perfor-
mance of each CAD system could be optimized by
modifying the manufacturer cutoff according to sensitivity/
specificity balance (clinical efficacy) opted by the labora-
tory. Considering that nowadays the ANA testing is no
longer only a specialist request from immunology and
rheumatology clinicians, leading to a decreased pre- and
posttest probability and furthering misdiagnosis, it should
be optimal to have a preference for the specificity in the
CAD system cutoff setting, in order to reduce the false-
positive results. With reference to positive/negative dis-
crimination, the results achieved in this work suggested us
that in a laboratory the change of assay kit and/or the
introduction of a CAD system affect the laboratory
reporting, with an evident impact on the autoimmune lab-
oratory routinely reading.

Conclusion

Standardization of ANA testing is far from being com-
pleted. In fact the IFA method is labor intensive, sub-
jective and prone to reader bias. A proposal of tight
procedures both for users (working protocol) and for
manufacturers (assay kits production) and a large use of
international standards and independent calibrators could
make easily the standardization process. Therefore, an
international standardization of the HEp-2 assay kit (fix-
ative used, conjugate etc.) and the introduction of a CAD
system may represent two important elements of this
process.
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Actually CAD systems are defined as a virtual operator
suggesting a very probable result that has to be validated to
video by an expert in a second step of work. They cannot
still replace human evaluation in any step of the work.
Given the promising performance of the CAD systems in
ANA positive/negative discrimination, our data lead us to
hope that in the near future these systems, with further fine-
tuning and/or further development, may become a reliable
tool of IIF ANA screening. The operator will be involved
only in the second step of workflow for the characterization
of the positive samples and for the titration via serial
dilutions. As a result, they will reduce operator time of
work improving the diagnostic efficacy. In conclusion, the
CAD systems may represent one of the most important
novel elements of harmonization in the autoimmunity field,
reducing intra- and inter-laboratory variability in a new
vision of the diagnostic autoimmune platform.
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