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Abstract

Background: The introduction of automated anti-nuclear
antibody (ANA) indirect immunofluorescence (IIF) analy-
sis may allow for more harmonized ANA IIF reporting,
provided that a thorough quality assurance program con-
trols this process. The aim of this study was to evaluate
various quality indicators used for ANA IIF analysis with
the final goal of optimizing the iQC program.

Methods: In an experimental setup, we introduced artifi-
cial errors, mimicking plausible problems during routine
practice on a QUANTA-Lyser-NOVA View® system (Inova
Diagnostics, San Diego, CA, USA). Predetermined quality
indicators were evaluated against predefined acceptance
criteria. In addition, we retrospectively investigated the
applicability of the selected quality indicators in the daily
routine practice during three pre-defined periods.
Results: Both the experimental as the retrospective study
revealed that pre-analytical, analytical and post-ana-
lytical errors were not highlighted by company internal
quality control (iQC) materials. The use of patient derived
iQC samples, median fluorescence intensity results per
run and the percentage of positive ANA IIF results as addi-
tional quality indicators ensured a more adequate ANA IIF
quality assurance. Furthermore, negative and moderate
positive sample iQC materials merit clinical validation,
as titer changes of >1 correspond to clinically important
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shifts. Traditional Westgard rules, including a clinically
defined stop limit, revealed to be useful in monitoring of
the supplemental quality indicators.

Conclusions: A thorough ANA IIF quality assurance for
daily routine practice necessitates the addition of sup-
plemental quality indicators in combination with well-
defined acceptance criteria.

Keywords: antinuclear antibodies; automation; indirect
immunofluorescence; quality control.

Introduction

The detection of anti-nuclear antibodies (ANA) is impor-
tant in the diagnosis of antibody-associated rheumatic
diseases (AARDs) [1, 2]. The gold standard screening
method for ANA, indirect immunofluorescence assay (IIF)
on human epithelial (HEp-2) cells [3], is hampered by a
number of disadvantages like a high workload, subjective
visual reading and a high intra- and inter-laboratory vari-
ance [4-6]. Most of the recent ANA IIF guidelines recom-
mend not only to report the presence of ANA as positive or
negative, but also to give an ANA IIF pattern together with
a semi-quantitative result [7, 8]. Through the introduction
of automated microscopic analysis more harmonized ANA
IIF reporting becomes feasible [9]. The latter was con-
firmed by a Belgian multicenter study among laboratories
performing ANA detection by NOVA View® (Inova Diag-
nostics, San Diego, CA, USA), demonstrating a lower ANA
IIF titer variability in comparison to manual ANA IIF [10].
However, for two laboratories that participated in the mul-
ticenter study clinically important deviations were found
due to pre-analytical (malfunction of the slide processor)
and analytical problems (a shift caused by instrument
calibration and conjugate lot switch). The local quality
assurance program did not detect these issues. In order to
realize harmonization in ANA testing a quality assurance
program monitoring the total testing process and detect-
ing clinically significant shifts of ANA IIF measurements
[11, 12] is a conditio sine qua non. The latter should cover
all steps of the process (from the pre- to the post-analytical
phase [13]). Appropriate iQC materials should be selected
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with relevant target values and be supported by well-
defined quality indicators and iQC acceptance criteria.
Adequate procedures for validation of instrument/reagent
calibration and lot switches should be in place. With their
ability to report fluorescence intensity as (semi-) quantita-
tive results, automated ANA IIF systems have an excellent
tool to define objective acceptance criteria supporting a
quality assurance program.

In addition, further efforts should be undertaken
to harmonize automated IIF analysis [9, 10]. This could
include the use of universal standards for the calibration
of the instruments and monitoring of the quality of the
slides and reagents.

In this study we assess the performance of an iQC
program designed for the QUANTA-Lyser-NOVA View®
system (Inova Diagnostics, San Diego, CA, USA). Although
the use of nominal light intensity units (LIU) values is not
intended for iQC purposes as defined by the company, we
investigate whether LIU could be integrated as a tool for
analytical process validation. Quality indicators and iQC
acceptance criteria were defined and evaluated in two
phases: first in an experimental setup, mimicking plausible
errors in routine ANA IIF practice, and secondly, in daily
routine laboratory practice.

Materials and methods
QUANTA-Lyser-NOVA View® system

The QUANTA-Lyser 2 instrument (Inova Diagnostics, San Diego, CA,
USA) is a pre-analytical platform for ANA IIF which automatically
performs sample dilution and HEp-2 slide (NOVA Lite HEp-2 ANA
kit, Inova Diagnostics, San Diego, CA, USA) processing according to
the instructions of the manufacturer. NOVA View® is an automated
fluorescent microscope programmed to acquire, archive and man-
age digital images of fluorescent stained slides. The system encloses
an Olympus 1x81 inverted IIF microscope with 4x, 10x and 40x
objectives and dual band DAPI/FITC/HC filters, computer, LED light
source and a Kappa DX4 digital camera. The LED UV light source is a
CoolLed PreciseExcite with excitation wavelengths of 400 nm (DAPI)
and 490 nm (FITC). DAPI fluorescence is used by the NOVA View®
software for localizing the HEp-2 cells and focusing. Thereafter, the
image analysis is performed based on the FITC signal. For each well
on a slide, three to eight images (depending on the laboratory spe-
cific settings) are acquired with both the DAPI and the FITC filter.
Using FITC images, the system measures the average intensity in
units, named as LIU, enabling the discrimination between positive
and negative samples. The cut-off set by Inova for ANA IIF positivity
is 48 LIU. The NOVA View® is able to identify and propose five basic
fluorescent ANA patterns (homogeneous, speckled, centromere,
nucleolar and nuclear dots) based on software algorithms. Using
pattern-specific dilution curves, the measured LIU can be converted
in an estimated endpoint titer (single well titer [SWT]) [13].
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iQC materials and quality indicators

In addition to the company iQC materials of the NOVA Lite HEp-2
ANA Kkit, routine patient samples were selected as supplemental iQC
material (further referred to as ‘sample iQC’). For the negative sam-
ple iQC, anonymized negative ANA IIF (AC-0) [14] rest samples were
pooled. For the positive sample iQC, two different pools were made,
one with a speckled ANA IIF pattern (AC-4) and one with a homoge-
neous pattern (AC-1), both targeting a titer of 200 LIU, resulting in a
corresponding SWT of 1:160.

Next to the iQC materials, 16 routine ANA IIF left-over samples
were included. Those samples were retrospectively selected, to simu-
late a real-life routine ANA IIF run in terms of positive/negative ratio
and distribution of the different LIU-values and corresponding SWT
(Supplementary Data Table 1). For each of these samples a reference
LIU was obtained during an ANA IIF run under perfectly controlled
circumstances.

Median patient sample LIU per run and percentage ANA IIF
positive patient samples per run were defined as quality indicators.

All serum samples were obtained as part of routine screening
for ANA and anonymized after selection. No informed consent was
needed for this retrospective study, but the study was performed
according to the Declaration of Helsinki.

Acceptance criteria

Based on the total imprecision of the sample iQC materials, ana-
lyzed on the QUANTA-Lyser — NOVA View® system in accordance to
the CLSI EP5-A2 protocol (for the negative (mean LIU <49), positive
speckled (mean LIU=189.4) and positive homogeneous sample iQC
(mean LIU =264.8, CV% of, respectively 37%, 27% and 26%; cfr. Sup-
plementary data Table 2 and Supplementary data Figure 1) [15], we
defined a target CV for the iQC of 25%. Westgard rules 1., (a single
control measurement exceeds the mean +/ — 2*CV% target) and Ly
(a single control measurement exceeds the mean +/ — 3*CV% target)
were applied as, respectively, warning and stop limit. The lower limit
of the stop range for the positive speckled sample iQC, corresponded
to a clinically relevant change of >1 ANA IIF titer (target: 1:160;
>3CV%: <1:80). For a positive sample with LIU around 200 and
corresponding SWT of 1:160, a decrease of >3*CV%, can result in a
LIU below the diagnostics cut-off (LIU 48) and a change in titer to
<1:80. An overview of the target values and acceptance criteria for the
positive and negative iQC is given in Table 1.

These acceptance criteria were also adopted for the quality
indicators.

Artificial induced errors

Artificial errors, mimicking plausible errors in routine ANA IIF prac-
tice, were introduced during the ANA IIF analytical process (one run
per error). An overview of these artificial errors is listed in Table 2. For
each of these runs the pattern, LIU and SWT results of the iQC mate-
rials and patient samples were recorded. iQC results were assessed
according to the Westgard rules and patient results were compared to
the pre-set target values and used to calculate the quality indicator
(median LIU and % positive).
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Table 1: Acceptance criteria for all quality indicators.
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Target value and coefficient of variation (CV)

Acceptance criteria

Process control
LIU? positive kit iQC®
— Target CV: 25%
LIU? negative kit iQC®
— Target CV: 25%
LIU® positive sample iQC® (speckled/
homogeneous)
— Target CV: 25%
LIU? negative sample iQC® (patient pool)
— Target LIU?-value: <48
— Target CV: 25%
Monitoring of patient results

% Positive ANA IIFe patient samples/run® - Target value: positive/negative ratio of a real-life routine run

— Target CV: 25%
Median patient sample LIU?/run¢

- Pattern of initial ANA IIFc analysis
- Negative on 1/80 dilution

- Pattern of initial ANA IIFc analysis
- Target LIU-value: +/ - 200

- Negative on 1/80 dilution

— Target value: overall median of the 16 study patient samples

- Exact match of target pattern
- Westgard rules?

— Negative

- Westgard rules®

- Exact match of target pattern
— Westgard rules?

— Negative
- Westgard rules?
— Westgard rules?

- Westgard rules?

(distribution of the LIU?-values of a real-life routine run)

— Target CV: 25%

aLIU, light intensity units; ®iQC, internal quality control; “ANA IIF, anti-nuclear antibodies indirect immunofluorescence test; conly for

screening dilution (1/80); 41

20V

(a single control measurement exceeds the mean +/- 2 CV% target) as a warning limit and 1

Lo (@ single

control measurement exceeds the mean +/- 3 CV% target) as stop limit.

Table 2: Overview of all errors introduced in the ANA IIF analytical process.

Pre-analytical problems
1. Needle obstruction

- 5 uL sample volume in 790 pL PBS-buffer, instead of 10 uL+incubation of 18 uL sample

dilution/kit iQC and 18 L conjugate on slide instead of 35 uL

Analytical problems

. PBS-buffer dilution

. Old PBS-buffer

. Old conjugate

. Contrad dilution

. Sample wash step error

. Conjugate wash step error
7. Needle contamination

Post-analytical problems
1. Final slide incubation >3 h
2. Rescanning slide

AN~ WN R

— 1 Bottle PBS-buffer in 2000 mL instead of one bottle in 1000 mL

- Use of PBS-buffer after 3 months. Insert claims 4 weeks stability after dilution
- Use of conjugate 3 months after opening

-8 mL Contrad in 1000 mL instead of 4 mLin 1000 mL

—1 Wash cycle with 1 mL instead of three wash cycles with 2 mL

-1 Wash cycle with 1 mL instead of three wash cycles with 2 mL

- Absence of Contrad buffer (no rinsing liquid)

- Slide more than 3 h in PBS-buffer on QUANTA-Lyser before NOVA View® reading
— 5x rescanning of same slide

Daily routine practice

In order to evaluate the relevance and performance of the designed
iQC program, the calculation of the quality indicators and the assess-
ment of IQC results according to Westgard rules was retrospectively
performed for three periods.

Period 1 was a stable period of 10 consecutive runs without any
technical instrument intervention. Period 2 contained a technical
intervention for the QUANTA-Lyser — NOVA View® system. Period 3
was derived from laboratory L6 of the Belgian multicenter study
in 2016. Period 1 and period 2 included runs with a minimum of
20 patient samples per run and using the same lot number of NOVA
Lite HEp-2 ANA kit and sample iQC materials.

Results

Evaluation of ANA IIF quality indicators in a
prospective experimental setup

An overview of the results obtained from the different
experiments is given in Table 3.

Three artificial errors had a manifest influence on the
ANA IIF LIU results: (1) needle contamination; (2) needle
obstruction; (3) incorrect dilution of the PBS buffer. In the
case of needle obstruction, 88% (n=21/24) of the samples
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Table 3: Impact of each error on the different quality indicators.
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Rescanning 5% Slide Old conjugate Needle

incubation>3 h 3 months contamination
Scan 2 Scan3 Scan 4 Scan 5
LIU? positive kit iQC® -11.1% -13.3% -19.7% -26.2% -9.4% -1.8% -0.8%
LIU? negative kit iQC® 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
LIU? positive sample iQC® speckled -35.1% -45.4% -50.2% -69.4% -40.5% -49.2% 194.7%
LIU? positive sample iQC* homogeneous  -17.7% -49.6% -39.5% -63.2% -25.6% -56.6% 134.9%
LIU? negative sample iQC® -16.7% -11.1% -33.3% -47.2% -11.1% -44.4% 1276.0%
% positive ANA IIFc Patient samples/run -8.6% -4.0% -10.0% -10.0% 0.0% -10.0% 50.0%
Median patient sample LIU?/run -14.9% -41.5% -54.9% -659% -24.7% -60.1% 166.6%
Needle Contrad PBS buffer Sample Conjugate Old buffer
obstruction dilution dilution wash step wash step

LIU? positive kit iQC® 1.4% 6.2% -2.4% -10.5% -2.5% -4.2%
LIU? negative kit iQC® 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
LIU? positive sample iQC® speckled -85.7% -30.4% 105.9% -43.8% 43.1% -8.1%
LIU? positive sample iQC® homogeneous -92.2% -33.1% 123.6% -39.2% 64.6% -12.8%
LIU? negative sample iQC® -100.0% -25.0% 1430.6% -22.2% 1.9% 1.9%
% positive ANA IIF¢ Patient samples/run -62.5% 0.0% 60.0% 10.0% 25.0% 0.0%
Median patient sample LIU?/run -86.0% -33.2% 303.4% -37.5% 89.1% -9.1%

Results are expressed as relative deviation in LIU from the target values (iQC) or reference run (median LIU/run and % positive/run), with
LIU changes exceeding the warning limits highlighted in italic and changes exceeding the stop limits in italic and bold. °LIU, light intensity
units; *iQC, internal quality control; ANA IIF, anti-nuclear antibodies indirect immunofluorescence test.

revealed a relative change in LIU of more than 2*CV (50%)
and even 79% (n=19/24) of the samples had a relative dif-
ference of more than 3*CV (75%). Using an extra diluted
PBS buffer increased the LIU of 75% of the samples more
than 3*CV compared to the reference LIU. Simulating
needle contamination resulted in a relative change in LIU
of more than 75% compared to the reference LIU for 67%
(n=16/24) of the test samples. For every error described
above the LIU of the positive iQC sample (both homo-
geneous and speckled) and of the negative iQC sample
exceeded the stop limit. Also, the median LIU exceeded
the stop limit; the percentage of ANA IIF positive patients
per run exceeded the predefined warning limit. Of note,
LIU values of neither the positive nor the negative kit iQC
exceeded the warning limits.

Wash cycle reduction after conjugate incubation also
had an impact on the ANA IIF LIU of the patient samples.
The LIU of 58% (n=14/24) of the samples changed rela-
tively more than 2*CV (50%) compared to the reference
LIU, with even 25% (n=6/24) of the samples changing
more than 3*CV (75%). The evaluation of the positive
and negative kit iQC revealed no problem, in contrast to
the median LIU that exceeded the predefined stop limit
(>3*CV). All other quality indicators remained within
warning limits (<2*CV).

The ANA IIF LIU of almost half of the patient samples
was reduced by using an old conjugate and rescanning the

slide 5 times, but no stop limit was exceeded. The same
trend was observed for the positive sample iQC and the
median LIU.

For all other artificially introduced errors (old PBS
buffer, concentrated Contrad solution, wash cycle reduc-
tion after sample incubation and delayed IIF reading), no
significant difference in ANA IIF LIU could be observed for
the study samples and none of the evaluated quality indi-
cators exceeded warning or stop limits.

Retrospective evaluation of ANA IIF quality
indicators in daily routine laboratory practice

The imprecision data obtained by a retrospective analy-
sis of the iQC data and quality indicators for 10 consecu-
tive, stable routine ANA IIF runs are shown in Table 4 and
Figure 1A. In this period, the positive and negative kit iQC
revealed a low and a high imprecision, respectively. As the
negative kit iQC only generates LIU results of ‘0’ or ‘1’, a
high CV% was to be expected. The variation of the positive
speckled sample iQC (CV 34.7%) exceeded the variation
found in the experimental setup (CV 27.1%) and was more
in concordance with the CV% of the negative sample iQC
(CV 33.1%). Our retrospective analysis revealed a relatively
high variation (CV 47.1%) for the median patient sample
LIU per run.
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Figure 1B and C show a graphical representation of
the imprecision data obtained during a period with tech-
nical issues in two different laboratories.

Figure 1B describes a decreasing trend for all ANA
IIF quality indicators except for the kit iQC during a
2-week period (period 2). A root cause analysis was ini-
tiated after the stop limit of 3*CV (75%) was exceeded
(May 23rd). Different corrective actions (needle replace-
ment and extensive flushing) remained unsuccessfully.

Internal quality control program of automated ANA IIF analysis =—— 5

Eventually, a technical intervention by the company
revealed a reduction of the LED source intensity. After
recalibration of the LED source, all quality indicators
were restored to normal. During this whole period,
the traditional positive and negative kit iQC remained
normal.

Figure 1C shows the quality indicator data that could
be retrieved from L6 during the Belgian multicenter study
in 2016 [13]. The study revealed for L6 a remarkably larger
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Figure 1: Levey-Jennings graph for the different quality indicators.
(A) Period 1: consecutive series (n=10) of stable ANA IIF runs with no

iQC violations (Lab 1). (B) Period 2: consecutive series (n=19) of ANA

IIF runs during a 2-week period with a technical error concerning the LED light source. During root cause analysis different corrective actions
were undertaken (marked by arrows) (Lab 1). (C) Period 3: data from 26 ANA IIF runs performed in L6 before, during and after the Belgian
multicenter study in which a problem concerning the wash module of the slide processor was revealed [13].
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Figure 1: (continued)
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ANA IIF LIU variation and higher median LIU values com-
pared to the other laboratories. This was due to a problem
of the washing module of the pre-analytical slide proces-
sor [13]. As shown in Figure 1C, these problems were not
highlighted by the routine positive kit iQC. At that time
the laboratory did not use sample iQCs. However, the
% positive ANA IIF samples and the median LIU were
markedly increased during the period of the multicenter
study. After technical intervention of the slide processor
of L6, new study samples were re-analyzed and showed
a good concordance with the other laboratories and an
improved inter-run CV [13].

Discussion

ANA IIF analysis intrinsically bears important analyti-
cal variables (e.g. lot number related differences in sub-
strate and conjugate, the subjective result interpretation),
which contribute to the large inter-assay variability [5, 9].
The replacement of the IIF-based ANA screening test by
solid phase assays (SPA) has been topic of debate since the
initial recommendation by the American College Rheu-
matology (ACR) Task Force in 2010. However, advantages
and disadvantages of the two methodological platforms
have been reviewed and discussed, and none of the two
immunoassays appears to completely satisfy the required
demands [6]. Nowadays, the combination the ANA IIF
as a screening assay and the use of new antigen-specific
multiplex immunoassays in the context of a specific
clinical setting, optimizes the diagnostic power [16-21].
Nevertheless, the shortcomings of the ANA IIF assay indis-
putably urge attention.

The aim of the implementation of automated ANA
IIF microscopes, was to reduce the workload on the one
hand, and to harmonize the ANA IIF analytical process
on the other hand [5, 9, 22, 23]. Unfortunately, recent
multicenter studies showed that even with the automated
ANA IIF microscopes, ANA testing in clinical practice
remains challenging [10-13]. Besides the persisting
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large inter-assay variability inherent to the analysis, the
study of Van den Bremt et al. also revealed pre-analytical
(problems with the washing unit of the pipetting system)
and analytical (calibration) errors, which were not
uncovered by the iQC program in place. iQC programs
should never rely solely on the kit iQC materials. For a
robust program internal quality material should be added
[13]. The routinely obtained CV% results of the kit iQC
materials (Table 4) revealed that both the positive kit iQC
(low CV%) and negative kit iQC (high CV%) are of little
significance as a quality indicator. This was confirmed
by the experimental set up as well as by the retrospec-
tive survey, in which none of the (artificially introduced)
errors was highlighted by an iQC violation of the LIU of the
kit iQC materials. To perform adequate quality assurance
of the daily routine ANA IIF by automated instruments,
additional quality indicators covering the entire ANA IIF
process are necessary. Herein, the selection of adequate
control materials is the most critical aspect in getting a
thorough quality assurance program. First, it is important
that the iQC material assures the whole ANA IIF process,
from dilution up to result interpretation, which is not
always the case for company iQC, which in many cases are
‘ready for use’ and do not require pre-dilution as routine
patient samples do. Secondly, variations in LIU of patient-
derived iQC materials revealed an important contribution
to the whole quality assurance process, as titer changes
of >1 correspond to clinically important shifts [23]. From
this perspective, negative and moderate positive sample
iQC materials (LIU +/- 200, for speckled and homoge-
neous IIF patterns corresponding to an ANA IIF titer of
1:160) revealed useful information. For positive sample
iQC material, samples with an isolated homogeneous or
speckled ANA IIF pattern are preferred, as they show the
best inter-assay variability [24].

In addition, adequate procedures to ensure valida-
tion of calibration (reagent/instrument) and reagent lot
switches should be in place.

To evaluate the predefined acceptance criteria and
quality indicators of the experimental study with daily

Table 4: Retrospective imprecision analysis of quality indicators during routine ANA IIF analysis during a stable period.

Imprecision quality indicators (10 stable routine runs)

LIU? Positive kit LIU? Negative kit LIU? Positive sample LIU? Negative

% Positive ANA IIF©  Median patient

iQct iQct iQC® speckled sample iQC® patient samples/run sample LIU?/run
Mean 2089.2 0.2 269.6 33.3 0.6 79.1
Standard deviation 148.0 0.4 93.5 11.0 0.2 37.3
Coefficient of variation, % 7.1% 210.8% 34.7% 33.1% 26.4% 47.1%

aLIU, light intensity units; ®iQC, internal quality control; “ANA IIF, anti-nuclear antibodies indirect immunofluorescence test.
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practice, routinely-derived iQC data were retrospectively
investigated. In general, the variation of most quality con-
trols exceeded the variation found in the experimental
setup. This finding confirms the persisting high inter-assay
variability inherent to the ANA IIF analysis despite auto-
mation in the pre-analytical (QUANTA Lyser) and analyti-
cal (NOVA View®) phase and underlines the need for more
efforts in harmonizing automated ANA IIF analysis [9].
However, the evaluation of the different quality indicators
in the experimental setup revealed that the follow-up of LIU
values by applying traditional Westgard multi-rules (1, as
a warning limit and 1, , as stop limit) assisted in the ana-
lytical and clinical assurance of an ANA IIF run. Neverthe-
less, the high intrinsic CV% of the ANA IIF analysis does
not allow for the application of the 2*CV (50%) for the FI of
sample iQC materials as a quality control limit. At the most,
this 2*CV limit can be regarded as a warning signal and
encourage iQC trend analysis. However, a clinically defined
75% stop limit should result in root cause analysis and
review of acceptance of the whole ANA IIF analytical run,
most definitely if different quality indicators are exceeding
this limit at the same time. In the retrospective analysis of
the two unstable periods, many of our predefined quality
indicators exceeded the 1, -rule on the day or during the
period the problem occurred, indicating that the accuracy
of the ANA IIF results was no longer guaranteed.

As indicated by Maenhout and colleagues, it is worth-
while to include iQC monitoring based on whole run
ANA IIF patient results in the daily routine iQC analysis
[11]. The experimental study as well as the retrospective
study revealed that the percentage ANA positive samples
per run confirmed in most cases the findings of the other
quality indicators. Both studies showed that the use of the
median LIU of the patient samples per run yield relevant
information. The introduction of an artificial error, which
had an impact on patient results, was always accom-
panied by a violation of the median LIU of the patient
samples per run. However, our retrospective analysis
revealed a relatively high variability of the median patient
sample LIU per run. Several 1, stop limit violations of
the median LIU per run were found over a period of time,
without violation of any other quality indicator. Variations
in demographic features of patients (e.g. age, gender,
hospitalization status, clinical discipline of requester)
involved in the ANA IIF analysis run, can be attributed to
this large inter-run variability of the median LIU. A further
refinement of median LIU calculations is warranted.
Awareness is important so that in daily routine practice
decisions are never taken by interpreting only one quality
indicator. Furthermore, a thorough pre-analytical stabil-
ity study should be performed to safeguard the stability of
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iQC materials and a correct interpretation of the total iQC
program. Finally, an extension of this study to other ANA
IIF detection platforms, including automated systems but
also manual procedures, is warranted.

In conclusion, our study revealed the necessity and
feasibility of the implementation of extra quality indica-
tors to ensure a thorough process control of automated
ANA IIF analysis. Negative and moderate ANA IIF positive
patient iQC samples evince the most useful information
and make clinically quality acceptance of an ANA IIF run
plausible.
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