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Abstract

Antinuclear antibodies (ANA) represent a family of autoantibodies targeting ubiquitous cellular constituents and are a hallmark of systemic in-
flammatory autoimmune rheumatic diseases named connective tissue diseases (CTD). The gold standard method for ANA determination is indirect 
immunofluorescence (IIF) on the human laryngeal epidermoid carcinoma cell line type 2 substrate (HEp-2), but with increasing demand for ANA 
testing, novel methods eased for automation emerged, which allows testing by staff less experienced in this specific field of laboratory diagnostic. 
In 2016 The working group (WG) for laboratory diagnostics of autoimmune diseases as part of the Committee for the Scientific Professional Deve-
lopment of the Croatian Society of Medical Biochemistry and Laboratory Medicine (CSMBLM) published the data of a survey regarding general prac-
tice in laboratory diagnostics of autoimmune diseases in Croatia. Results indicated high diversity in the performance of autoantibody testing as well 
as reporting of the results and indicated the need of creating recommendations for the assessment of ANA that would help harmonize diagnostics of 
systemic autoimmune rheumatic diseases in Croatia.
This document encompasses twenty-seven recommendations for ANA testing created concerning indications for ANA testing, preanalytical, analyti-
cal, and postanalytical issues, including rational algorithm and quality control assurance.
These recommendations are based on the relevant international recommendations and guidelines for the assessment of ANA testing and relevant 
literature search and should help to harmonize the approach in ANA testing and clarify differences in interpretation of the results obtained using 
different methods of determination.
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Review

Introduction

Autoantibodies are a hallmark of autoimmunity, of 
which antinuclear antibodies (ANA) have the his-
torically central role (1,2). Antinuclear antibodies 
comprise a diverse group of autoantibodies direct-
ed against multiple intra-cellular antigens at vari-
ous cellular compartments including nuclear con-
stituents (chromatin, nucleoli, and nucleoplasm), 
components of the nuclear envelope, mitotic spin-
dle apparatus, and cytosol (1). The growing num-
ber of newly characterized target autoantigens 

and evidence of their role in certain autoimmune 
diseases resulted in the continuing broadening of 
test panels with concomitant evolution of meth-
ods and analytical systems in this specific field of 
laboratory diagnostics. Unfortunately, as a draw-
back of this trend there is a huge heterogeneity in 
nomenclature in use, algorithms of ANA testing, 
analytical methodology, results reporting, and in-
terpretation. The results of the survey launched by 
the Working group (WG) for laboratory diagnos-
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tics of autoimmune diseases of the Croatian Socie-
ty of Medical Biochemistry and Laboratory Medi-
cine (CSMBLM) confirmed this heterogeneity 
throughout medical laboratories in Croatia and 
prompted the creation of the first national recom-
mendations for the assessment of ANA (3). 

These national recommendations are based on 
the International recommendations for the assess-
ment of anti-nuclear antibody testing published 
by the European Autoimmunity Standardization 
Initiative (EASI) and are directed to pre-analytical 
issues (including rationale algorithm), analytical is-
sues, and particularly to reporting and interpreta-
tion of the results (1).

Antinuclear antibodies are a hallmark of the sub-
group of systemic inflammatory autoimmune 
rheumatic diseases (SARD) named connective tis-
sue diseases (CTD) which includes: systemic lupus 
erythematosus (SLE), primary Sjögren syndrome 
(SjS), Systemic sclerosis (scleroderma, SSc), idio-
pathic inflammatory myopathies (IIMs), mixed con-
nective tissue disease (MCTD) and overlap syn-
dromes (4–6). Antinuclear antibodies represent 
classification criteria of most CTD while it is a fun-
damental parameter for diagnosis of autoimmune 
hepatitis (AIH) as an organ-specific autoimmune 
disease and validated risk factor for the develop-
ment of uveitis in patients with juvenile idiopathic 
arthritis (JIA) (7,8).

Nomenclature of ANA specificities originates from 
the biochemical properties of targeted antigen 
(e.g. anti-dsDNA), the name of the associated dis-
ease (e.g. anti-SS-A, as antigen A associated with 
Sjögren syndrome (SjS)) or the name of the first 
patient (e.g. anti-Sm as Smith). Within the ANA 
family, a group of physiological fluid-soluble mac-
romolecules that can be extracted from the nucle-
us is covered by the term extractable nuclear anti-
gens (ENA). Six antigens that represent ENA are 
SS-A (Ro60), SS-B (La), Sm, RNP, Scl-70, and Jo-1. Ex-
cept nuclear this term refers also to cytoplasmic 
proteins, therefore the nomenclature is not entire-
ly correct. Also, in the light of the constant broad-
ening of the spectrum of clinically relevant au-
toantibodies, this term became obsolete but is still 
in wide use by clinicians (1). 

In the presence of positive ANA, it is advisable to 
test for specific autoantibodies within the ANA 
family that are known to be related to certain CTDs 
in terms of clinical diagnosis, subsyndrome cate-
gorization, prognosis, or indication of the develop-
ment of overlapping syndromes. Due to their pres-
ence years before the appearance of evident dis-
ease, these antibodies, can provide useful prog-
nostic information regarding the clinical course or 
complications (9–19). Antinuclear antibodies spe-
cificities with these characteristics (but not limited 
to) are presented in Table 1.

Recently, an increasing number of myositis-specif-
ic autoantibodies (MSAs) and myositis-associated 
autoantibodies (MAAs) have been detected in 
IIMs, which are useful for the subclassification of 
phenotypes, predicting prognosis, and determin-
ing the management. Consequently, numerous 
line immunoassays (LIA) became commercially 
available comprising different panels of MSAs and 
MAAs to achieve higher sensitivity since most of 
these autoantibodies are highly specific but pre-
sent in up to 20% of patients (20–22). 

The autoantibodies detected in serum samples of 
patients with autoimmune disease are high-avidi-
ty pathogenic autoantibodies of IgG isotypes (10). 
Although IgA and IgM can also be present, the as-
sociation of these isotypes with CTD is less specific 
in comparison to IgG isotype (9).

1. Preanalytical issues

Indications for ANA testing

Testing for ANA should be performed only in pa-
tients with symptoms of autoimmune rheumatic 
disease because weak ANA reactivity can be pre-
sent in many non-rheumatic conditions (viral in-
fection, paraneoplastic neurologic syndromes 
(PNS), liver disease, chronic fatigue syndrome, vari-
ous cancers) and healthy individuals (in particular, 
pregnant women, women over 40 years, and el-
derly persons) (10).

The gold standard method for ANA detection is in-
direct immunofluorescence (IIF) using HEp-2 cells 
(human laryngeal epidermoid carcinoma cell line 
type 2) substrate and is referred to as the unique 
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Autoantibody Frequency of detection in different CTDs Clinical significance

anti-dsDNA

> 95% in active SLE with renal involvement
50–70% in active SLE without renal 

involvement
< 40% in inactive SLE

ACR and SLICC classification criterion for SLE
Prognostic marker for SLE (a marker of renal involvement, 

disease activity, use in therapy monitoring)

anti-SS-A (Ro60)

60–96% in primary SjS
40–60% in secondary SjS

25–60% SLE
60–100% SCLE

90% NLE

ACR/EULAR classification criterion for primary SjS
Associated with extraglandular manifestations

Found in mothers of children with NLE

anti-Ro52/TRIM21

17–63% SjS
23% SLE
20% SSc

30% of patients with the antisynthetase 
syndrome (in up to 72% of patients with 

positive anti-Jo1)
in non-CTD diseases (28% PBC, 17% AIH)

Found in various autoimmune diseases

anti-SS-B (La)

40–70% in primary SjS
5–50 % in secondary SjS

19–30% in SLE
25–80% in SCLE

70% NLE

Usually occur with SS-A antibodies
Co-occurrence with SS-A antibodies usually correlates with 

fewer renal manifestations

anti-Sm 5–10% SLE ACR and SLICC classification criterion for SLE
High specificity for SLE

anti-RNP 100% MCTD, 13–32% SLE Serological hallmark of MCTD (when present in high titer)

anti-Topo I/Scl70 65% in diffuse SSc ACR/EULAR classification criterion for SSc
Related to the more rapidly progressive systemic form of SSc

anti-CENP B 57–82% of patients with CREST syndrome
3–12% of patients with diffuse cutaneous Sc

ACR/EULAR classification criterion for SSc
Associated with slowly developing limited cutaneous form of 

SSc (CREST syndrome)

anti-RNA-Pol III 3–19% in SSc ACR/EULAR classification criterion for SSc
Associated with diffuse skin manifestations and renal crisis

anti-Jo-1 24–30% IIM ACR/EULAR classification criterion for adult and juvenile IIM
Associated with interstitial pulmonary fibrosis

anti-PM/Scl 24–55 % polymyositis/scleroderma overlap 
syndrome, 8–12% IIM, 1–16% SSc

Diagnostic marker for polymyositis/scleroderma overlap 
syndrome

anti-PCNA 3% SLE Previously considered to be very specific for SLE

anti-ribosomal P 10–35 % SLE High specificity for SLE

anti-histones 92–95% drug-induced lupus, 50–80% SLE High specificity for drug-induced lupus

anti-nucleosomes 56–90% SLE High specificity for SLE

dsDNA – double stranded DNA. CTDs – Connective tissue diseases. SLE – Systemic lupus erythematosus. ACR – American College of 
Rheumatology. SLICC – Systemic Lupus International. Collaborating Clinics Classification Criteria for Systemic Lupus Erythematosus. 
SS-A (Ro60) – antigen A associated with Sjögren syndrome (60 kDa ribonucleoprotein). SjS – Sjögren syndrome. EULAR – European 
League Against Rheumatism. SCLE – Subacute cutaneous lupus erythematosus.  NLE – Neonatal lupus erythematosus.  Ro52/
TRIM21 – 52 kDa ribonucleoprotein/ Tripartite motif-containing protein 21. SSc – Systemic sclerosis. PBC – Primary biliary cholangitis. 
AIH – Autoimmune hepatitis. CHB – Congenital heart block.   SS-B (La) – antigen B associated with Sjögren syndrome. Sm – Smith 
antigen. RNP – ribonucleoprotein complex. MCTD – Mixed connective tissue disease. Scl-70/Topo-I – 70kDa antigen associated with 
scleroderma/Topoisomerase I. CENP-B – centromere protein B. CREST – Calcinosis, Raynaud’s syndrome, Esophageal dysmotility, 
Sclerodactyly, and Telangiectasia. RNA-Pol-III – RNA polymerase III. Jo-1 – histidyl-tRNA synthetase. IIM – Idiopathic inflammatory 
myopathies. PM/Scl – antigen associated with Polymyositis / Scleroderma overlap syndrome. PCNA –proliferating cell nuclear 
antigen. ribosomal P – ribosomal P protein.

Table 1. Clinically most relevant ANA specificities in inflammatory connective tissue diseases
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ANA-screen assay. Its definition as the gold stand-
ard is primarily based on the high sensitivity for 
SLE, despite the limited specificity, and a role in 
classification criteria for various CTDs (1,23). 

It has been shown that ANA without any clinical 
significance may be found in 30% of healthy sub-
jects at a titre of 1:40, and in 5% at a titre of 1:160 
(9). Antinuclear antibodies screen assay shows 
high diagnostic sensitivity for certain CTDs (SLE 
(90-95%), primary Sjögren Syndrome (75%), sclero-
derma (85-90%), and MCTD (100%)), but it has rela-
tively low specificity (9). Accordingly, patient pre-
selection is very important to reduce the number 
of false-positive results and detection of autoanti-
bodies out of a logical clinical context.

Most manufacturers declare that highly haemolyt-
ic, icteric, and lipaemic samples should not be 
used, however, without specifying interfering con-
centrations. Therefore, if the manufacturer sug-
gests avoiding haemolytic, icteric, or lipaemic 
samples, specific concentrations of interfering 
substances should be provided within package in-
serts or on-demand. Otherwise, it is advisable that 
each laboratory perform interference testing for 
the method in use.

Recommendations for ANA determination indi-
cations: 

1. Testing for ANA is recommended only in pa-
tients with symptoms related to CTD, in suspi-
cion of AIH, and follow-up of patients with JIA.

2. The ANA-screen assay should be used for di-
agnostic purposes only and not for follow up of 
disease activity or therapy response.

Sample type and stability

The specimen of choice is serum. It can be stored 
at 4 °C for two to three days and for a longer peri-
od it should be stored at - 70 °C (24). Storage at - 
20 °C is generally acceptable for up to six months. 
Repeated freezing and thawing cycles may cause 
denaturation of immunoglobulins and should be 
avoided. Numerous manufacturers of commercial 
tests for detection of ANA, ENA, or anti-dsDNA rec-
ommend equally serum and plasma as the accept-
able sample. There are no specific demands re-
garding transport conditions while respecting the 
above-mentioned stability requirements.

Only the standard patient preparation for routine 
laboratory analysis needs to be followed and, ac-
cording to available data, the sampling time is not 
influenced by therapy.

Recommendation for the sample type:

1. Serum is the recommended sample type for 
the detection of autoantibodies.

Quality control assessment

Special concern should be applied to quality con-
trol (QC) issues. Regarding the type of control ma-
terial, minimal requirements should follow the 
manufacturer recommendation that usually ad-
dresses the performance of QC with manufactur-
er-provided positive and negative control sam-
ples. In the case of line blot or western blot meth-
ods, internal control (iQC) of the complete proce-
dure is usually provided with the “control” line 
within each strip complemented with the lot spe-
cific QC sample usually applicable once per test 
kit. However, the use of manufacturer-independ-
ent control samples is highly encouraged. For the 
quantitative tests, a proper QC sample should be 
at the level close to the cut-off that is rarely met 
with the manufacturer recommended QC sam-
ples. Therefore, a native patient sample previously 
confirmed to be positive or negative for a specific 
antibody could be a good alternative. Further-
more, desired near cut-off or clinical decision level 
can be achieved by dilution of a positive patient 
sample with the negative one. The use of previ-
ously determined negative and positive patient 
sera as an intra-laboratory control sample is a 
more sensitive tool for the detection of lot-to-lot 
variation that can have a direct impact on clinical 
decision especially in the case of anti-dsDNA level 
used for monitor disease activity (25). 
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Potential disadvantages of a native patient sample 
use as an internal QC sample are instability and 
quantity issues. In contrast to commercial QC sam-
ples, native patient samples are not stabilized, and 
therefore stability under recommended storage 
conditions over time should be validated before 
use as a QC sample. Sodium azide (100-300 µg/
mL) can be used as the preservative for this pur-
pose (24). Before the implementation of the intra-
laboratory control sample, the acceptance criteria 
of the result must be established. It can be defined 
simply in terms of qualitative concordance with 
previous results or in terms of acceptable quantita-
tive deviation. 

In terms of the IIF method, the use of a native pa-
tient sample as QC allows at the same time the 
control of the repeatability of the ANA IIF pattern 
and the titre. Use of the QC sample with a prede-
fined titre is also recommended for the IIF meth-
od. It should be noted that the detectable differ-
ences of ANA IIF method are typical + or - 2 serial, 
twofold dilutions (24) and are recommended as 
criteria for acceptance of difference between two 
measurements of the control sample. For solid-
based assays, the acceptable difference between 
successive measurements of the control sample is 
defined by the inter-assay coefficient of variation 
(CV %) of the method, for example, for the en-
zyme-linked immunosorbent assay (ELISA) meth-
od it is + or - 2 standard deviations (SD) which ap-
proximate ± 30% to 40% based on the intra-assay 
CV of 15% to 20% (24).

Use of the borderline positive QC, whether com-
mercial or native patient sample, assures the check 
of the sensitivity of both microscope and the ob-
server (25). 

Another issue is the frequency of iQC. Internal con-
trol should be performed with every new reagent 
lot, irrespective of the method and frequency of 
patient samples testing. Regarding the same lot of 
reagent, ideally, iQC samples (positive/negative/
borderline titre control) should be included in eve-
ry batch of manually prepared slides for ANA de-
termination with the IIF method. The same goes 
for solid-based assays in the case of measurement 
performed in batches while in the case of random 

automated methods performed on a daily basis 
the control procedure should be performed once 
per day, preferably at the start of the measuring 
procedure. However, for laboratories with low–to-
medium sized throughput, this scheme is unlikely 
to be economically feasible. In line with it, the labo-
ratory can optimize the frequency of iQC proce-
dure by performing the analysis of retrospective 
data of iQC (in a respectable time frame, at least 6 
months) and estimation of the sigma quality level 
to prove the stability of the analytical process. The 
sigma quality level provides information on the fre-
quency of the occurrence of the various defects (in 
this case, the number of iQC results outside the de-
fined acceptable criteria/total number of iQC re-
sults for individual parameters) (26). Once the fre-
quency of the iQC has been established, the error 
rate needs to be regularly reviewed (at least annu-
ally) to verify the stability of the process and in the 
case of the observed decrease of the sigma quality 
level to increase the frequency of iQC. Another lev-
el of intra-analytical phase control is monitoring 
the proportion of negative results in the total num-
ber of the particular tests performed (both, ANA 
screen and specific antibodies). To achieve a proper 
insight into the performance of ANA testing within 
the laboratory, participation in an external quality 
assurance (EQA) scheme is mandatory.

Recommendations for quality control assurance:

1. Minimal requirements for quality control 
sample type should follow the manufactur-
er’s recommendation.

2. Use of the patient sample previously con-
firmed to be positive or negative for a spe-
cific antibody as the iQC sample is highly rec-
ommended.

3. iQC assurance should be performed with ev-
ery new reagent lot.

4. Minimal requirements for the frequency of 
the iQC assurance for the same lot of reagent: 

•	 once per batch of patient samples for the 
measurements not performed on a daily ba-
sis
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•	 once per day, at the start of the measure-
ment procedure, for the random automated 
methods performed on a daily basis.

An exception of minimal requirements for the 
frequency of iQC assurance can be made in 
the case of the acceptable sigma quality lev-
el estimated on data collected during a mini-
mum 6 months period.

5. Participation in an EQA scheme is mandato-
ry.

These assays are available in the form of ENA-
screen, comprising only classical ENA, or as a con-
nective tissue disease (CTD) screen which compris-
es a wider spectrum of clinically important au-
toantigens (32).

In case of a negative IIF test, selected specific anti-
body testing should nevertheless be carried out in 
the context of strong clinical suspicion on certain 
diagnoses (for example, anti-Jo-1 in the case of 
PM/DM, anti-SS-A (Ro60) in case of SjS, congenital 
heart block or neonatal lupus, anti-ribosomal P 
protein in the case of SLE) (32–34).

In case of clinical suspicion for distinct ANA-associ-
ated rheumatic diseases such as idiopathic inflam-
matory myopathies (IIM) and systemic sclerosis 
(SSc), it is advisable to perform immunoassays for 
disease-specific autoantibody profiles which are 
commercially available (35).

Detection of antibodies targeting 70 kDa antigen 
associated with dense fine speckled fluorescence 
pattern on HEp-2 cells (anti-DFS70) is recommend-
ed due to the added value in exclusion of autoim-
mune disease diagnosis (but only if no ENA is rec-
ognized) due to its negative association with SARD 
(36).

Since in real-life requests are usually not accompa-
nied by clinical information, recently it has been 
suggested to combine IIF with solid-based screen 
assay to gain maximum sensitivity and specificity 
for CTD diagnosis (32,37). The efficiency of such a 
strategy seems to be disease associated with the 
best efficiency observed for SLE and SjS while for 
SSc no added value was obtained in comparison 
to the algorithm with IIF as the first-line test and 
solid-based assay performed on IIF positive sam-
ples (38). 

Rational algorithm

The introduction of ANA reflex testing has been 
shown in clinical practice as a good way to im-
prove the efficiency of laboratory diagnostic of 
CTD with shortening the time to diagnosis while 
saving resources (27). Rational algorithms pro-
posed in the literature mostly suggest the “gold 
standard” method, IIF on HEp-2 cells, as the most 
optimal screening test. Accordingly, the choice of 
an optimal ANA reflex test should be guided by 
the IIF pattern and titre as well as clinical indica-
tion. If alternative screening immunoassay is used, 
like solid-phase assay based on a finite set of nu-
clear antigens, then the results of such test should 
be reported with a disclaimer reporting limits of 
such testing. 

Positive IIF test is intended to be followed by anti-
gen-specific immunoassay, depending on fluores-
cence ANA pattern (Figure 1). It is advisable to fo-
cus on those specific ANA that are known to be 
clinically important (10,28). The specific antibody 
testing should minimally involve the solid-based 
assays which include classical ENA antigens (SS-A 
(Ro60), SS-B (La), Sm, RNP, Scl-70, and Jo-1) and ds-
DNA (6,28–31). Multiplex bead assays (addressable 
laser bead immunoassay, ALBIA) allow the deter-
mination of different ANA specificities simultane-
ously (usually dsDNA, ENA, CENP B).

To further improve rationalization, assays with a 
mixture of nuclear autoantigens coupled to a solid 
matrix (solid-based screen assays) can precede in-
dividual tests which can then be neglected in the 
case of the negative result of the screen assay. 

Recommendations for rational algorithm:

1. The recommended first-line test in the de-
tection of ANA is the IIF screen test on HEp-2 
cells.

2. Testing for specific ANA should be per-
formed only in the cases of positive ANA IIF 
screen test with titre ≥ 1:160, guided by the 
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Figure 1. Algorithm of ANA IIF positive samples specific antibody testing depending on fluorescence pattern. Each pattern is desig-
nated with a corresponding alphanumerical code (see the following section for explanation). Minimally available specific antibody 
tests are designated with bold letters. *DFS70/LEGF reflex testing only if no ENA are confirmed; †CENP-B antibody testing is not 
obligatory since fluorescence pattern is highly specific. ANA – antinuclear antibodies. IIF – indirect immunofluorescence. HEp-2 – hu-
man laryngeal epidermoid carcinoma cell line type 2. PM/DM – polymyositis/dermatomyositis. Jo-1 – histidyl-tRNA synthetase. SLE 
– systemic lupus  erythematosus. SjS – Sjögren syndrome. SCLE – subacute lupus erythematosus. SS-A (Ro60) – antigen A associated 
with Sjögren syndrome (60 kDa ribonucleoprotein). dsDNA – double-stranded DNA. DFS70/LEGF – 70 kDa antigen associated with 
dense fine speckled fluorescence pattern on HEp-2 cells/ lens epithelium-derived growth factor. CENP-B – centromere protein B. 
Ro52/TRIM21 – 52 kDa ribonucleoprotein/ Tripartite motif-containing protein 21. SS-B (La) – antigen B associated with Sjögren syn-
drome. Sm – Smith antigen. RNP – ribonucleoprotein complex. Scl-70/Topo-I – 70kDa antigen associated with scleroderma/Topoi-
somerase I. RNA-Pol-III – RNA polymerase III. PM/Scl – polymyositis/scleroderma associated antigen. Th/To – nucleolar 7–2/8–2 RNA-
protein complex. SSc – Systemic sclerosis. Sp100 – soluble nuclear protein. PML proteins – Promyelocytic Leukemia proteins. gp-210 
– nucleoporin 210. PCNA – proliferating cell nuclear antigen. ASMA – anti-smooth muscle antibodies. AMA – antimitochondrial anti-
bodies.  M2 – E2 subunit of pyruvate dehydrogenase complex. ENA – extractable nuclear antigens.

fluorescence pattern. Exceptions are related 
to the aforementioned clinical indications 
(i.e. ant-SS-A or Jo-1 due to the low sensitivity 
of the IIF method for these antibodies).

3. If the complete evaluation of ANA (screen 
and specificity confirmation) was not includ-
ed in the request, it is highly advisable to 
perform a complete evaluation or should be 
advised in the comment of the report, as a 
minimal request.

2. Analytical issues

ANA screen assay

It is well known that for tests with screening pur-
poses high sensitivity is mandatory, whereas for 
confirmatory tests the high specificity is primary. 
Antinuclear antibodies determination by IIF on 
HEp-2 cells or HEp2000 (transfected HEp-2 cells 
with SS-A cDNA) as a recommended substrate, 
possesses all the characteristics to be employed as 
a first-line screening test in the diagnosis of CTD 

For these patterns
report titer or

fluorescence intensity
(e.g., 1+ to 3+) at

screening dilution

ANA IIF on
Hep-2 cells

no

yes

Positive
≥ 1:160

Negative
(AC-0)

< 1:160

High clinical
suspicion

PM/DM: anti-Jo-1

SLE, SjS, SCLE, congenital heart
block, neonatal lupus:

anti-SS-A (Ro60)

SLE: anti-ribosomal-P protein

Other patterns without specific
antibody testing available –

pattern description, only

Sp-100, PML

gp210

PCNA

ASMA, F-actin

Ribosomal-P-protein,
myositis-panel

AMA, AMA-M2

Specific antibody testingpatterns

DFS/LEGF*

CENP-B†

SS-A (Ro60), Ro52/TRIM21, SS-B (La),
Sm, RNP, Scl70/Topo-I, RNA-Pol-III

Scl70/Topo-I, fibrillarin, PM/Scl, Th/To,
Ssc panel

dsDNA, histones

Cytoplasmic fibrillar (AC-15, -16, -17)

Cytoplasmic speckled (AC-18, -19, -20)

Cytoplasmic reticular/AMA (AC-21)

Speckled (AC-4, -5, -29)

Nucleolar (AC-8, -9, -10)

Discrete nuclear dots (AC-6, -7)

Nuclear envelope (AC-11, -12)

Pleomorphic (AC-13, -14)

Homogenous (AC-1)

Dense fine speckled (AC-2)

Centromere (AC-3)
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and is therefore considered as the “gold“ standard 
technique and a reference method for ANA screen-
ing. Fluorochrome (fluorescein isothiocyanate, 
FITC) – labeled anti-human-Ig conjugate used in 
the ANA IIF test should be IgG specific (polyvalent 
conjugates may also be used but they can detect 
increased percentages of clinically insignificant an-
tibodies) (1,2,23,32,39). Using the IIF on HEp-2 for 
ANA screening, more than 100 different autoanti-
bodies targets can be detected, far more than any 
other commercially available solid based assay 
(2,40).

In 2015 The International consensus on antinuclear 
antibody pattern (ICAP) defined and described 
three major groups of staining patterns: nuclear, 
cytoplasmic, and mitotic, that can be seen by IIF 
on HEp-2 cells. Each pattern is designated with a 
corresponding alphanumerical code (AC). Patterns 
within each group have been described in detail 

on the official website https://www.anapatterns.
org/.

By ICAP recommendation ANA screen performed 
by IIF should be reported as positive in cases of 
positive nuclear but also in cases of clear cytoplas-
mic and mitotic immunofluorescence patterns 
(2,41). The ICAP nomenclature and classification of 
ANA IIF patterns on HEp-2 cells is shown in Figure 2.

The ICAP intention/recommendation for pattern 
recognition is to differentiate them on two levels: 

Competent-level: patterns that are easily recogniz-
able and are strongly recommended for reporting. 
That also includes patterns whose clinical rele-
vance still isn’t clear/defined.

Expert-level: patterns that are more challenging to 
recognize and which can be recognized/reported 
only by observers that have expert-level experi-
ence.

Figure 2. ICAP Nomenclature and classification tree of ANA IIF patterns on HEp–2 cell substrate (https://www.anapatterns.org/). 
ICAP – The International consensus on antinuclear antibody pattern. HEp – 2 – human laryngeal epidermoid carcinoma cell line type 
2. ANA – antinuclear antibodies. IIF – indirect immunofluorescence. PCNA – proliferating cell nuclear antigen.  CENP-F – centromere 
protein F. AMA – antimitochondrial antibodies. 
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Like in other screening tests, when defining the 
cut-off titre it is important to ensure the appropri-
ate sensitivity and specificity of the test on defined 
dilution. It is well known that a positive ANA can 
be found not just in patients with autoimmune 
disease but also in healthy individuals. At a lower 
cut-off titre the sensitivity of the test is increasing 
but the specificity of the test, as a tool for diagno-
sis of CTD is lower and with a higher rate of posi-
tive results in healthy individuals. Few studies con-
firmed the use of cut-off titre at 1:160 as optimal 
for differentiation of healthy individuals from 
those with CTD (42–44). The International recom-
mendations for the assessment of ANA also rec-
ommend setting up a screening cut off for ANA IIF 
on HEp-2 cells at 1:160 for the adult population, 
but it also emphasizes that a negative result at cut 
off of 1:160 does not mean the complete exclusion 
of disease (1). No recommendation/consensus is 
made for the cut-off titre when ANA screen is per-
formed in children population (< 16 years) (45,46). 

According to the International recommendations 
for the assessment of ANA, a sample found to be 
positive on ANA IIF screening should be further di-
luted in twofold dilutions up to the highest dilu-
tion (titre) to which the fluorescence can be seen 
as a result of autoantibody reactivity (1). Our rec-
ommendation is that titration should be per-
formed at least up to the clinically significant titre 
of 1:640 or up to 1:5120 maximally since titre above 
the latter does not have added clinical value (32). 
Reporting of ANA titre is important for differentia-
tion of healthy individuals from patients with CTDs 
since there is an established preponderance of low 
titre reactivity among the ANA positive healthy in-
dividuals compared to patients with CTD (42). 
Along with the titre, a report on a positive ANA re-
sult should be accompanied with a description of 
fluorescence pattern according to ICAP AC-no-
menclature (Table B in the Appendix) since distinc-
tive pattern profiles have been associated with 
CTD but also with ANA positive healthy individu-
als. Some patterns, such as nuclear homogenous 
(AC-1), coarse speckled (AC-5), and centromere (AC-
3) IIF patterns are highly associated with disease-
restricted autoantibodies and are observed almost 
exclusively in samples of patients with CTD or indi-

viduals with high risk for CTD development. In 
contrast, nuclear dense fine speckled IIF pattern 
(AC-2) when present without a concurrent pattern, 
and usually in high titre, is almost exclusively ob-
served in apparently healthy individuals and pa-
tients with diverse non-CTD inflammatory condi-
tions (37). It should be kept in mind that despite 
the high correlation with specific autoantibodies, 
observed IIF patterns are used only as a guide to 
specific tests (exception is centromere pattern), ei-
ther as a further step in the algorithm (Figure 1) or 
simply as a recommendation on the report. 

Although considered as the gold standard meth-
od for the detection of ANA, IIF assay has numer-
ous disadvantages; it is prone to human bias, is la-
bor-intensive, time-consuming, and needs experi-
ence. It is important to note the low sensitivity of 
ANA IIF for some specific autoantibodies: SS-A, 
Ro52, ribosomal-P protein, Jo-1, and other myosi-
tis-specific autoantibodies (37). Also, components 
of the microscope such as light power or lens mag-
nification as well as methods used for HEp-2 cell 
preparation substantially contribute to the varia-
bility of the assay. Some of these disadvantages 
have been reduced with the introduction of auto-
mated microscopic systems based on digital ac-
quisition and analysis of IIF images by pattern rec-
ognition algorithms, but not all ANA patterns can 
be recognized with these systems (47,48).

The term “ANA screen” should be used exclusively 
for the IIF method since it is the only method that 
comprises all nuclear antigens, though some of 
them in a low level of expression (1). Solid-based 
assays, often used as an alternative to IIF, repre-
sents the mixture of defined autoantigens (native 
or recombinant) coupled to different solid sup-
ports, known under the term CTD screen assays. 
These assays cannot be considered as ANA screen 
due to a restricted number of autoantigens. If the 
assay comprises only antigens covered by the term 
ENA, this assay is called ENA screen assay. Novel 
technologies enabled the identification of numer-
ous new autoantigens in CTD. Widening the spec-
trum of included autoantigens improved sensitivi-
ty of the new generation of solid-based assays 
making them almost an IIF complementary tool 
for ANA detection. It is important to note that 
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these assays cannot be the alternative to the IIF as-
say when ANA testing is requested as part of the 
autoimmune hepatitis work up. Most commonly, 
solid-based immunoassays used as screening 
methods include standard ELISA which is increas-
ingly being replaced with novel technologies such 
as fluorescence enzyme immunoassay (FEIA) and 
more recent, chemiluminescent immunoassay 
(CLIA). The advantages of solid-based assays are 
based on high analytic specificity and sensitivity, 
better reproducibility, less labor-intensive and 
time-consuming, not subjective, and do not re-
quire training and expertise like IIF, all of which en-
sures reliability and consistency (36,47). Solid-
based screen assays are essentially qualitative and 
should be interpreted as such irrespective of the 
quantitative measurement in the background (ra-
tio). 

The major drawbacks of these methods are the 
use of a limited number of purified or recombi-
nant autoantigens, lack of standardization, and 
the prevalence of “false negative” ANA results, al-
though some of them with questionable clinical 
significance. A recent meta-analysis compared IIF 
with solid-based immunoassays used as an initial 
screening method (49). No significant difference 
between ELISA and IIF (cut-off 1:80) was found 
both in terms of sensitivity and specificity. The 
sensitivity of CLIA was also comparable to IIF while 
for FEIA it was significantly lower. On the other 
hand, the specificities of both CLIA and FEIA were 
higher than IIF. According to these data, the com-
bination of IIF (most sensitive) and CLIA or FEIA 
(most specific) should achieve the highest diag-
nostic accuracy. However, despite the benefits of 
using new automated technologies in the diagno-
sis of ANA-associated autoimmune rheumatic dis-
eases (AARD), the common view of the world’s 
leading organizations (ACR, EASI, WHO, Interna-
tional Union of Immunological Societies (IUIS)) is 
that the IIF is the reference method for ANA screen 
(47,48,50). 

ANA specific tests (ENA including)

Nowadays, many technologies are available for 
determining ANA (including ENA) specific tests, 

and they differ according to technology, as well as 
the ability to provide quantitative results. The 
most commonly used methods are (in alphabeti-
cal order): addressable laser bead immunoassay 
(ALBIA), CLIA, ELISA, FEIA, and line immunoassay 
(LIA). Depending on the technology, determina-
tion of ANA specificity can be performed by indi-
vidual assay or in the form of an assay which pro-
vides determination of several specificities at the 
same time (ELISA, LIA, and ALBIA). Simultaneous 
determination of defined, usually clinically most 
relevant ANA specificities saves time for diagnostic 
work out. ANA (ENA) specific assays can be qualita-
tive (LIA with the possibility of semi-quantitative 
interpretation by scanning the lines), semi-quanti-
tative or quantitative, although quantification is 
justified only for anti-RNP due to the clear associa-
tion with specific clinical entities (MCTD).

Antibodies to dsDNA

Antibodies to double-stranded DNA are highly 
specific for the diagnosis of SLE (51). Apart from di-
agnostic, these antibodies have also prognostic 
usefulness since the dynamic of titre is in direct 
proportion to disease activity. A rise in titre often 
precedes SLE exacerbation by several weeks. High 
titres have been associated with lupus nephritis 
(11,52). Even though there is an international 
standard available, different methods give differ-
ent concentrations of anti-dsDNA for the same 
samples. These differences could be attributed to 
the molecular properties of used dsDNA antigens, 
as well as the experimental conditions of the assay. 
Also, the complexity of the antigen elicits a highly 
diverse immunologic response. Considering the 
stated, it is very important to monitor patients at 
the same laboratory using the same method 
(53,54). 

The major difference between anti-dsDNA anti-
body subpopulations, regarding clinical signifi-
cance, is antibody avidity. In contrast to low avidity 
antibodies, those with high avidity proved to be 
specific for SLE, more closely associated with renal 
involvement and related to disease activity (55,56).

Detection of both high and low avidity anti-dsD-
NA in assays such as ELISA results in a lower speci-
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ficity for SLE than e.g. an immunofluorescence test 
for antibodies to native DNA (nDNA), using the ki-
netoplast of Crithidia luciliae as the substrate 
(CLIFT) or the CLIA (57).

Due to the high specificity and positive predictive 
value for the SLE, CLIFT is used for confirmation of 
a positive result obtained with a less specific meth-
od. The low diagnostic sensitivity of the CLIFT as-
say (20-35%), limits its utility in the SLE case find-
ing (56). Before choosing an anti-dsDNA assay, the 
testing environment (primary or secondary/ter-
tiary care) should be taken into consideration. In a 
secondary/tertiary care environment, where pri-
marily clinical immunologist or rheumatologist or-
ders the test, and the pre-test probability is high, a 
high sensitivity assay is preferred (52).

Interferences

Immunoassays are well known to be prone to in-
terferences due to the complexity of antigen-anti-
body interaction and low concentration of an ana-
lyte. Potential interferences include non-specific 
pre-analytical aspects (lipaemia, haemolysis) but 
what is more important and more challenging for 
detection, a significant number of analyte-de-
pendent interferences (58). In assays used in hu-
moral immunodiagnostics of autoimmune diseas-
es, the autoantibody is the analyte of interest (“an-
tigen“ in the context of antigen-antibody reaction) 
while the method can employ one antibody (de-
tection) or two antibodies (capture and detection). 
These assays are vulnerable to interferences from 
endogenous antibodies as heterophile antibodies 
(HA), autoantibodies, and human anti-animal anti-
bodies (HAAA). Among interfering autoantibodies, 
RF is of particular interest since it is present in the 
majority of CTD patients (for example, in up to 
80% of SjS patients) so the information provided 
by the manufacturer regarding the interfering cut-
off for RF is of utmost importance. With the grow-
ing use of novel therapies with monoclonal anti-
bodies, the impact of the interference of HAAA on 
immunoassays for autoantibody detection gained 
importance. The next interference to be thought 
of is the antigen excess (in this case autoantibody 
excess), the effect known as the high dose hook 

effect. Besides the solid-based assays, this effect 
can also occur in commonly used IIF assays such as 
ANA screen assay (59). One should suspect the in-
terference in the case of discrepancies of the test 
result with clinical condition or discrepancies be-
tween the two assays measuring the same ana-
lyte. The example for the last is the first line com-
bined testing with ANA IIF and ENA/CTD screen 
assay which yield negative ANA IIF result and posi-
tive result of the ENA/CTD screen further con-
firmed with positive individual ANA specificity as a 
second-line test. In this case, antigen excess inter-
ference in the IIF test should be excluded with fur-
ther serial dilutions of the sample. Due to its wider 
measuring range in comparison to other methods, 
this type of interference is unlikely in CLIA meth-
ods for ANA detection. It is essential for laboratory 
specialists to be aware of the limitations of the 
method in use as well as the vulnerability to po-
tential interferences. 

Recommendations for analytical issues:

1. The reference method for the detection of 
ANA is IIF on HEp-2 cells (or HEp2000) sub-
strate.

2. Antinuclear antibodies screen dilution can 
be adopted from the manufacturer recom-
mendation (usually 1:80 or 1:100) or be user-
defined provided it corresponds to the 95th 
percentile of healthy controls.

3. Titration of positive ANA IIF is recommended 
at least to a clinically significant titre of 1:640.

4. Anti-dsDNA has to be determined with quan-
titative assay and use of CLIFT assay is op-
tional, solely as a confirmation of avidity of 
positive anti-dsDNA antibodies determined 
with the quantitative assay.

5. In the context of the use of solid-based 
screen assays, specific confirmatory tests for 
antigens included in screen assay should be 
performed only in the case of a positive re-
sult, without exceptions.

6. Quantification of individual ENA specificities 
is mandatory only for RNP antibodies since 
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the presence of these antibodies at a high 
level is the hallmark of MCTD.

7. Interference in the assay, whether IIF or sol-
id-based, should be suspected in the case of 
discrepancy with a clinical condition or be-
tween the results of two assays measuring 
the same analyte. The investigation of pos-
sible interferences should include serial dilu-
tion of the sample or repeat analysis with an-
other method.

(particularly SmD3 subpopulation) is considered 
the most SLE-specific antigen while tests that in-
clude BB’ antigens fail to differentiate patients 
with SLE from those with other autoimmune dis-
eases. As in the case of anti-SS-A antibodies, speci-
fication of target protein within the same antibody 
family gives additional information regarding the 
test specificity and explains the origin of result dis-
crepancies between two different methods for Sm 
antibodies (60,61). 

This issue is particularly concerned with tests 
based on different mixtures of defined nuclear 
and cytoplasmic antigens that are commonly used 
instead of ANA IIF test. As mentioned before, this 
test cannot be considered equal to ANA IIF. Since 
clinicians need to be aware that the negative re-
sult of such a test does not necessarily mean a 
negative ANA but refers only to negative antibod-
ies that target antigens included in the mixture, 
these antigens should be clearly stated in the re-
port.

Units of measurement

It is recommended that the results of the ANA IIF 
screen assay are reported as a titre and not simply 
as positive or negative (1,28).

However, one should bear in mind that variation in 
ANA titre over time has no established clinical sig-
nificance and should not be used as guidance for 
therapy adjustment (62). Generally, antibodies as a 
measurand belong (as most of the proteins) to the 
group of analytes which are not well-defined chem-
ical entities traceable to the International System 
(SI) units but are rather heterogeneous in human 
samples. Therefore, the reference material, in this 
case, represents only a surrogate for the analyte 
measured in the patient sample and the result can-
not be expressed in SI units but rather in terms of 
arbitrary units for example WHO international units 
(IU/mL) (63,64). Within the ANA family, the reference 
standard is available only for anti-dsDNA antibod-
ies, and therefore it is the only ANA specific anti-
body which results should be reported in IU/ml.

The results for quantitative as well as for semi-
quantitative assays for other ANA specificities (oth-
er than anti-dsDNA) should be given in arbitrary 

3. Postanalytical issues 

Reporting of the result is equally important as the 
result itself. In the report several key points require 
particular attention: a) nomenclature; b) specifica-
tion of antigens included in the case of solid-based 
screen assays; c) units; d) cut-off; e) method in use, 
and f) comment.

Nomenclature

One of the first steps in harmonizing the laborato-
ry reports between laboratories is the use of uni-
fied nomenclature so that any confusion or misin-
terpretation by the clinician can be safely avoided. 
Recommended nomenclature is given in Table A 
and B in the Appendix and should be applied in 
the report of the result.

Specification of antigens

In the case of solid-based screen assays, included 
antigens need to be stated in the report. An exam-
ple is the ENA-screen assay that in sensu strictu en-
compasses 6 antigens: SS-A, SS-B, Sm, RNP, Scl-70 
(Topo-1), and Jo-1. Nowadays, it is well known that 
the distinction of SS-A antigens as Ro60 and Ro52 
(TRIM21) is clinically relevant since specific reactiv-
ity is associated with different clinical scenarios (1). 
In accordance with it, the report must contain in-
formation concerning the distinction between 
SS-A (Ro60) and Ro52 antibodies. Another exam-
ple is Sm antibodies which react with nine differ-
ent polypeptides, but mostly with BB’ and D poly-
peptides. Recent data confirmed that only SmD 
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units, AU/mL or relative units, RU/mL, or chemilu-
minescence units (CU) since there is no available 
reference material for these specificities. However, 
there is still no solid evidence that quantification 
of specific ANA antibodies other than anti-dsDNA 
and anti-RNP (also nucleosomes although not 
commonly included in routine practice) has added 
value in diagnostic workup or disease surveillance.

Cut-off level

Screening dilutions in use for ANA IIF assay on 
HEp-2 cells varies between manufacturers with 
1:80 and 1:100 being the most common. Laborato-
ries often interpret screening titre as the cut-off ti-
tre or use the most frequently recommended 1:160 
titre as the cut-off to increase the specificity of the 
test for autoimmune diseases (65,66).

The optimal cut-off is highly dependent on a 
screened population and differs between primary 
and secondary care. For example, for general prac-
titioners, the high negative predictive value (NPV) 
of ANA is of utmost interest so that exclusion of 
systemic rheumatic disease can be done with 
great certainty (67,68).

The capture antigen quality differs among manu-
facturers so that the cut-off values of solid-based 
assays greatly varies from one manufacturer to an-
other, both for screen and confirmatory assays. 
Even the applied cut-off for anti-dsDNA assays 
which are calibrated against the same standard 
vary widely (from 15 IU/ml to > 100 IU/ml). This is 
primarily due to the high heterogeneity of dsDNA 
antibodies among individual patients but also can 
be attributed to the aforementioned variability of 
capture antigen (69). 

Usually, the cut-off recommended by the manu-
facturer is used but verification on the local popu-
lation is strongly encouraged. While planning the 
cut-off verification, one should keep in mind the 
intended use of the assay in a routine setting. High 
sensitivity is mandatory for a screening assay to 
minimize the number of missed patients in con-
trast to confirmatory tests that should have high 
specificity (40). Verification of the cut-off value 
should be performed according to CLSI guidelines 
for semi/quantitative or qualitative tests depend-

ing on the performance of the test, and it is rec-
ommended to use age and sex-matched sera 
(70,71).

Methods in use

Within the report of the result of ANA testing, the 
laboratory should specify each method used. Cli-
nicians have to be aware of potential discrepancies 
between results for the same patient using differ-
ent methods.

Comments 

The report of the results of ANA testing should be 
accompanied with corresponding comments 
wherever it may improve diagnostic workup. This 
primarily concerns suggestions to the clinician for 
follow up testing based on the result of the ANA 
IIF assay. For example, in the case of the homoge-
nous fluorescence of nucleoplasm with positive 
chromatin plate of metaphase cells, anti-dsDNA 
testing should be suggested but limited to clinical 
suspicion of SLE. In the case of speckled fluores-
cence, ENA testing should be advised. Another ex-
ample is finding coarse granular filamentous cyto-
plasmic staining that matches the pattern of anti-
bodies other than ANA, antimitochondrial anti-
bodies (AMA), in which case the clinician should 
be suggested for further testing. Another aspect 
of improvement with added comments is the in-
terpretation of results that might help a clinician in 
matching the puzzles of diagnosis. For example, a 
positive dense fine speckled pattern as a result of 
ANA IIF test followed with confirmed single reac-
tivity to DFS70 antigen indicates that the presence 
of the systemic autoimmune rheumatic disease is 
unlikely (40,72,73)

Also, the distinction between SS-A (Ro60) and 
Ro52 has been available only recently so that many 
clinicians are not familiar with the clinical signifi-
cance of Ro52 and interpretation of the positive 
result might be helpful. 

Repeated ANA measurements

Determination of ANA is a primarily a diagnostic 
test and serial monitoring of ANA titre is not indi-
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cated because changes in ANA titre do not corre-
late with disease activity and cannot be used for 
estimating the efficiency of therapy (1,62). In the 
case of negative or low positive ANA, it is useful to 
repeat measurement only in patients with persis-
tent or worsening clinical signs of CTD (9,74). Re-
peated requests for autoantibody determination 
represent a significant, unnecessary cost (75,76). 
Repeat requests for initially positive ANA in pa-
tients with clinically defined CTD are unnecessary 
unless there is a strong suspicion of disease phe-
notype change or appearance of another autoim-
mune rheumatic disease (9).

Seroconversion of the ENA, whether positive or 
negative, occurs infrequently. A recent study per-
formed among SLE patients confirmed this fre-
quency to be < 5% (77). The high-cost burden to-
gether with the lack of evidence that the initial re-
sult is prone to changes suggests that repeating 
ENA tests is unnecessary. In addition, the correla-
tion of ENA level with disease activity has not been 
confirmed (78). Exceptions to the rule are again 
previously ENA negative patients with persistent 
or worsening clinical signs which indicate the evo-
lution of CTD or previously positive ENA patients 
with clinical signs that indicate the appearance of 
another autoimmune rheumatic disease. Also, re-
peat determination of ENA is indicated as a part of 
preconception assessment of SLE patients be-
cause a positive SS-A and/or SS-B and Ro52 anti-
bodies would prompt fetal echocardiography in 
search for congenital heart block (79).

Anti-dsDNA concentration is known to correlate 
with the disease activity and predicts the flares of 
SLE, although this relationship can be individual 
and seems to be highly dependent on the method 
for anti-dsDNA detection (relates to high avidity 
antibodies!) (52). Monitoring of disease activity in 
SLE is commonly accomplished using the SLE Dis-
ease Activity Index (SLEDAI), which includes anti-
dsDNA and complement components (64). In line 
with this, repeat measurement of anti-dsDNA is 
clinically justified and the frequency of retesting is 
tailored according to the disease activity (1,52,62).

Recommendations for postanalytical issues:

1. IIF pattern should be reported along with ti-
tre according to recommended terminology 
given in Table B of the Appendix, along with 
the corresponding AC-number. Link to the 
ICAP website should be given in the com-
ment of the report. A competent level of pat-
tern recognition is the minimal requirement 
for reporting.

2. Solid-based screen assays that use a limited 
mixture of defined antigens should not be 
named as ANA screen test. Instead, the term 
given in Table A of the Appendix should be 
used together with the included antigens 
specified.

3. Results of solid-based screen assays that 
use a restricted mixture of defined antigens 
should be reported exclusively as qualitative.

4. Specification of the method used for ANA 
screen or screen on the restricted mixture of 
defined ANA antigens should be part of the 
report.

5. Specification of methods used for ANA spe-
cific antibodies (including ENA and dsDNA) 
should be part of the report.

6. Results of quantitative tests for ANA specific 
antibodies should be reported as follows: 

•	 anti-dsDNA in IU/mL 
•	 all other specificities in AU/mL or RU/mL or 

CU for CIA assays.
7. Repeat determination of ANA is justified:

•	 in initially negative or low titre positive pa-
tients, only in the case of persistent or 
worsening clinical symptoms.

•	 in the patient with clinically defined CTD, 
only if there is a change in the clinical man-
ifestations that raises the suspicion of a 
change in the underlying disease or the 
appearance of associated rheumatic dis-
ease (overlap syndrome).

8. Repeat determination of positive dsDNA an-
tibodies should be performed with the same 
quantitative method and in recommended 
intervals:
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•	 6-12 months for inactive disease
•	 2-4 months in SLE patients with renal in-

volvement, according to the estimation of 
disease activity (62).

9. Repeat determination of ENA: 

•	 as a part of preconception assessment in 
SLE patients due to the reevaluation of 
previously negative SS-A (Ro60), Ro52, and 
SS-B (La) antibodies which are associated 
with NLE and its most severe complication, 
congestive heart block.

•	 if there is a change in the clinical picture 
that can be related to changing of disease 
phenotype or occurrence of associated 
rheumatic disease.

Conclusion

The survey conducted in 2016 among Croatian 
laboratories performing diagnostic of autoim-
mune diseases shed a light on the huge diversity 
in all steps of the laboratory procedure for ANA 
testing. The reason partly lies in the different tech-
nologies in use but also in the lack of documented 
guidance for the preanalytical, analytical, and 
postanalytical phases of ANA testing. These rec-
ommendations have a goal to harmonize ANA 
testing on the national level concerning different 
technologies in use. One of the most valuable ex-
pected results of their application is the lack of 
confusion for clinicians produced by different al-
gorithms and different reports for the same test.  

Potential conflict of interest

None declared. 

References
1. Agmon-Levin N, Damoiseaux J, Kallenberg C, Sack U, Witte 

T, Herold M, et al. International recommendations for the 
assessment of autoantibodies to cellular antigens referred 
to as anti-nuclear antibodies. Ann Rheum Dis. 2014;73:17-
23. https://doi.org/10.1136/annrheumdis-2013-203863 

2. Chan EKL, Damoiseaux J, Carballo OG, Conrad K, de Melo 
Cruvinel W, Francescantonio PLC, et al. Report of the first 
international consensus on standardized nomenclatu-
re of antinuclear antibody HEp-2 cell patterns 2014-2015. 
Front Immunol. 2015;6:412. https://doi.org/10.3389/
fimmu.2015.00412 

3. Tešija Kuna A, Đerek L, Kozmar A, Drvar V. Current practice 
in laboratory diagnostics of autoimmune diseases in Croa-
tia. Survey of the Croatian Society of Medical Biochemistry 
and Laboratory Medicine Working group for laboratory di-
agnostics of autoimmune diseases. Biochem Med (Zagreb). 
2016;26:376-94. https://doi.org/10.11613/BM.2016.041

4. Damoiseaux J, von Mühlen CA, Garcia-De La Torre I, Car-
ballo OG, de Melo Cruvinel W, Carvalho FPL, et al. Interna-
tional consensus on ANA patterns (ICAP): the bumpy road 
towards a consensus on reporting ANA results. Auto Immun 
Highlights. 2016;7:1. https://doi.org/10.1007/s13317-016-
0075-0 

5. Conrad K, Schössler W, Hiepe F, Fritzler MJ, eds. Autoantibo-
dies in Systemic Autoimmune Diseases - A Diagnostic Refe-
rence. In: Conrad K, Sack U, eds. Autoantigens, Autoantibo-
dies, Autoimmunity. 3rd ed. Lengerich: Pabst Science Publis-
hers; 2015.

6. Pisetsky DS. Antinuclear antibody testing - misundersto-
od or misbegotten? Nat Rev Rheumatol. 2017;13:495-502. 
https://doi.org/10.1038/nrrheum.2017.74 

7. Liberal R, Grant CR, Longhi MS, Mieli-Vergani G, Verga-
ni D. Diagnostic criteria of autoimmune hepatitis. Auto-
immun Rev. 2014;13:435-40. https://doi.org/10.1016/j.
autrev.2013.11.009 

8. Mahmud SA, Binstadt BA. Autoantibodies in the Pathogene-
sis, Diagnosis, and Prognosis of Juvenile Idiopathic Arthri-
tis. Front Immunol. 2019;9:3168. https://doi.org/10.3389/
fimmu.2018.03168 

9. Tozzoli R, Bizzaro N, Tonutti E, Villalta D, Bassetti D, Mano-
ni F, et al. Guidelines for the laboratory use of autoantibody 
tests in the diagnosis and monitoring of autoimmune rheu-
matic diseases. Am J Clin Pathol. 2002;117:316-24. https://
doi.org/10.1309/Y5VF-C3DM-L8XV-U053

10. Hochberg MC. Updating the American College of Rheuma-
tology revised criteria for the classification of systemic lupus 
erythematosus. Arthritis Rheum. 1997;40:1725-34. https://
doi.org/10.1002/art.1780400928 

11. Petri M, Orbai AM, Alarcón GS, Gordon C, Merrill JT, For-
tin PR, et al. Derivation and Validation of Systemic Lu-
pus International Collaborating Clinics Classification Cri-
teria for Systemic Lupus Erythematosus. Arthritis Rheum. 
2012;64:2677-86. https://doi.org/10.1002/art.34473 

12. Maher J. Role of the clinical immunology laboratory in dise-
ase monitoring. World J Immunol. 2013;3:18-30. https://doi.
org/10.5411/wji.v3.i2.18 

13. Mohan C, Assassi S. Biomarkers in rheumatic diseases: how 
can they facilitate diagnosis and assessment of disease ac-
tivity? BMJ. 2015;351:h5079. https://doi.org/10.1136/bmj.
h5079 

14. Shiboski CH, Shiboski SC, Seror R, Criswell LA, Labetoulle 
M, Lietman TM, et al. 2016 American College of Rheuma-

https://doi.org/10.1136/annrheumdis-2013-203863
https://doi.org/10.3389/fimmu.2015.00412
https://doi.org/10.3389/fimmu.2015.00412
https://doi.org/10.11613/bm.2016.041
https://doi.org/10.1007/s13317-016-0075-0
https://doi.org/10.1007/s13317-016-0075-0
https://www.ncbi.nlm.nih.gov/pubmed/28541299
https://www.ncbi.nlm.nih.gov/pubmed/28541299
https://doi.org/10.1038/nrrheum.2017.74
https://doi.org/10.1016/j.autrev.2013.11.009
https://doi.org/10.1016/j.autrev.2013.11.009
https://doi.org/10.3389/fimmu.2018.03168
https://doi.org/10.3389/fimmu.2018.03168
https://www.ncbi.nlm.nih.gov/pubmed/11863229
https://www.ncbi.nlm.nih.gov/pubmed/11863229
https://www.ncbi.nlm.nih.gov/pubmed/11863229
https://doi.org/10.1309/y5vf-c3dm-l8xv-u053
https://doi.org/10.1309/y5vf-c3dm-l8xv-u053
https://doi.org/10.1002/art.1780400928
https://doi.org/10.1002/art.1780400928
https://doi.org/10.1002/art.34473
https://doi.org/10.5411/wji.v3.i2.18
https://doi.org/10.5411/wji.v3.i2.18
https://doi.org/10.1136/bmj.h5079
https://doi.org/10.1136/bmj.h5079


Biochem Med (Zagreb) 2021;31(2):020502  https://doi.org/10.11613/BM.2021.020502 

16

Tešija Kuna A. et al. Recommendations for assesment of antinuclear antibodies

tology/European League Against Rheumatism Classifica-
tion Criteria for Primary Sjogren’s Syndrome. A Consensus 
and Data-Driven Methodology Involving Three Internati-
onal Patient Cohorts. Arthritis Rheumatol. 2017;69:35-45. 
https://doi.org/10.1002/art.39859 

15. Lane SK, Gravel JW Jr. Clinical utility of common serum rhe-
umatologic tests. Am Fam Physician. 2002;65:1073-80. 

16. Hamaguchi Y. Autoantibody profiles in systemic sclero-
sis: Predictive value for clinical evaluation and prognosis. J 
Dermatol. 2010;37:42-53. https://doi.org/10.1111/j.1346-
8138.2009.00762.x 

17. van den Hoogen F, Khanna D, Fransen J, Johnson SR, Baron 
M, Tyndall A, et al. 2013 classification criteria for systemic 
sclerosis: an American College of Rheumatology/European 
League Against Rheumatism Collaborative Initiative. Arthritis 
Rheum. 2013;65:2737-47. https://doi.org/10.1002/art.38098

18. Tani C, Carli L, Vagnani S, Talarico R, Baldini C, Mosca M, 
et al. The diagnosis and classification of mixed connecti-
ve tissue disease. J Autoimm. 2014;48-49:46-9. https://doi.
org/10.1016/j.jaut.2014.01.008 

19. Bizzaro N, Wiik A. Appropriateness in anti-nuclear antibody 
testing: from clinical request to strategic laboratory practi-
ce. Clin Exp Rheumatol. 2004;22:349-55.

20. McHugh NJ, Tansley SL. Autoantibodies in myositis. Nat Rev 
Rheumatol. 2018;14:290-302. https://doi.org/10.1038/nrr-
heum.2018.56 

21. Lundberg IE, Tjarnlund A, Bottai M, Werth VP, Pilkington C, 
de Visser M, et al. EULAR/ACR Classification Criteria for Adult 
and Juvenile Idiopathic Inflammatory Myopathies and their 
Major Subgroups. Ann Rheum Dis. 2018;76:e78. https://doi.
org/10.1136/annrheumdis-2017-211468

22. Nakashima R. Clinical significance of myositis-specific au-
toantibodies. Immunological Medicine. 2018;41:103-12. 
https://doi.org/10.1080/25785826.2018.1531188 

23. American College of Rheumatology. American College of 
Rheumatology Position Statement: Methodology of testing 
for antinuclear antibodies. Available at: https://www.rheu-
matology.org/Portals/0/Files/Methodology%20of%20Te-
sting%20Antinuclear%20Antibodies%20Position%20State-
ment.pdf. Accessed December 5th 2020.

24. Clinical and Laboratory Standards Institute (CLSI). Quality 
Assurance of Laboratory Tests for Autoantibodies to Nucle-
ar Antigens: (1) Indirect Fluorescence Assay for Microscopy 
and (2) Microtiter Enzyme Immunoassay Methods; Appro-
ved Guideline – Second Edition. CLSI document I/LA02-A2. 
Wayne, PA; CLSI: 2006.

25. Jacobs JFM, Bossuyt X. Standardization and harmoni-
zation of autoimmune diagnostics. Clin Chem Lab Med. 
2018;56:1563-7. https://doi.org/10.1515/cclm-2018-0807

26. Sciacovelli L, Lippi G, Sumarac Z, West J, Garcia Del Pino Ca-
stro I, Furtado Vieira K, et al. Quality Indicators in Labora-
tory Medicine: the status of the progress of IFCC Working 
Group “Laboratory Errors and Patient Safety” project. Clin 
Chem Lab Med. 2017;55:348-57. https://doi.org/10.1515/
cclm-2016-0929 

27. Tonutti E, Bizzaro N, Morozzi G, Radice A, Cinquanta L, Dani-
lo Villalta D, et al. The ANA-reflex test as a model for impro-
ving clinical appropriateness in autoimmune diagnostics. 

Auto Immun Highlights. 2016;7:9. https://doi.org/10.1007/
s13317-016-0080-3 

28. Van Blerk M, Bossuyt X, Humbel R, Mewis A, Servais G, Toma-
si JP, et al. Belgian recommendations on ANA, anti-dsDNA 
and anti-ENA antibody testing. Acta Clin Belg. 2014;69:83-6. 
https://doi.org/10.1179/2295333714Y.0000000010

29. Gunnarsson R, Hetlevik SO, Lilleby V, Molberg Ø. Mixed 
connective tissue disease. Best Pract Res Clin Rheumatol. 
2016;30:95-111. https://doi.org/10.1016/j.berh.2016.03.002 

30. Gunawardena H. The clinical features of myositis-associa-
ted autoantibodies: a review. Clin Rev Allergy Immunol. 
2017;52:45-57. https://doi.org/10.1007/s12016-015-8513-8 

31. Cozzani E, Drosera M, Gasparini G, Parodi A. Serology of 
lupus erythematosus: correlation between immunopat-
hological features and clinical aspects. Autoimmune Dis. 
2014;2014:321359. https://doi.org/10.1155/2014/321359 

32. Meroni PL, Borghi MO. Diagnostic laboratory tests for syste-
mic autoimmune rheumatic diseases: unmet needs towar-
ds harmonization. Clin Chem Lab Med. 2018;56:1743-8. 
https://doi.org/10.1515/cclm-2018-0066 

33. Hoffman IEA, Peene I, Veys EM, De Keyser F. Detection of 
specific antinuclear reactivities in patients with negative 
anti-nuclear antibody immunofluorescence screening te-
sts. Clin Chem. 2002;48:2171–6. https://doi.org/10.1093/
clinchem/48.12.2171 

34. Pasoto SG, Viana VST, Bonfa E. The clinical utility of anti-ri-
bosomal P autoantibodies in systemic lupus erythemato-
sus. Expert Rev Clin Immunol. 2014;10:1493-503. https://
doi.org/10.1586/1744666X.2014.966692

35. Damoiseaux J. The Perspective on Standardisation and 
Harmonisation: The Viewpoint of the EASI President. Auto 
Immun Highlights. 2020;11:4. https://doi.org/10.1186/
s13317-020-0127-3 

36. Ochs RL, Mahler M, Basu A, Rios-Colon L, Sanchez TW, An-
drade LE, et al. The significance of autoantibodies to DFS70/
LEDGFp75 in health and disease: integrating basic science 
with clinical understanding. Clin Exp Med. 2016;16:273-93. 
https://doi.org/10.1007/s10238-015-0367-0 

37. Bizzaro N, Brusca I, Previtali G, Alessio MG, Daves M, 
Platzgummer S, et al: The association of solid-phase assays 
to immunofluorescence increases the diagnostic accuracy 
for ANA screening in patients with autoimmune rheuma-
tic diseases. Autoimmun Rev. 2018;17:541-7. https://doi.
org/10.1016/j.autrev.2017.12.007 

38. Bossuyt X, Fieuws S. Detection of antinuclear anti-
bodies: added value of solid phase assay?. Ann Rhe-
um Dis. 2014;73:e10. https://doi.org/10.1136/annrheu-
mdis-2013-204793 

39. Meroni PL, Schur PH. ANA screening: an old test with new 
recommendations. Ann Rheum Dis. 2010;69:1420-2. https://
doi.org/10.1136/ard.2009.127100 

40. Mahler M, Meroni PL, Bossuyt X, Fritzler MJ. Current Con-
cepts and Future Directions for the Assessment of Autoan-
tibodies to Cellular Antigens Referred to as Anti-Nuclear 
Antibodies. J Immunol Res. 2014;2014:315179. https://doi.
org/10.1155/2014/315179 

https://doi.org/10.1002/art.39859
https://doi.org/10.1111/j.1346-8138.2009.00762.x
https://doi.org/10.1111/j.1346-8138.2009.00762.x
https://doi.org/10.1002/art.38098
https://doi.org/10.1016/j.jaut.2014.01.008
https://doi.org/10.1016/j.jaut.2014.01.008
https://www.ncbi.nlm.nih.gov/pubmed/15144133
https://www.ncbi.nlm.nih.gov/pubmed/15144133
https://www.ncbi.nlm.nih.gov/pubmed/15144133
https://doi.org/10.1038/nrrheum.2018.56
https://doi.org/10.1038/nrrheum.2018.56
https://doi.org/10.1080/25785826.2018.1531188
https://doi.org/10.1515/cclm-2018-0037
https://doi.org/10.1515/cclm-2016-0929
https://doi.org/10.1515/cclm-2016-0929
https://doi.org/10.1007/s13317-016-0080-3
https://doi.org/10.1007/s13317-016-0080-3
https://doi.org/10.1179/2295333714y.0000000010
https://doi.org/10.1016/j.berh.2016.03.002
https://doi.org/10.1007/s12016-015-8513-8
https://doi.org/10.1155/2014/321359
https://doi.org/10.1515/cclm-2018-0066
https://doi.org/10.1093/clinchem/48.12.2171
https://doi.org/10.1093/clinchem/48.12.2171
https://doi.org/10.1186/s13317-020-0127-3
https://doi.org/10.1186/s13317-020-0127-3
https://doi.org/10.1007/s10238-015-0367-0
https://doi.org/10.1016/j.autrev.2017.12.007
https://doi.org/10.1016/j.autrev.2017.12.007
https://doi.org/10.1136/annrheumdis-2013-204793
https://doi.org/10.1136/annrheumdis-2013-204793
https://doi.org/10.1136/ard.2009.127100
https://doi.org/10.1136/ard.2009.127100
https://doi.org/10.1155/2014/315179
https://doi.org/10.1155/2014/315179


https://doi.org/10.11613/BM.2021.020502 Biochem Med (Zagreb) 2021;31(2):020502 

  17

Tešija Kuna A. et al. Recommendations for assesment of antinuclear antibodies

41. International consensus on ANA patterns (ICAP). Available 
at: https://www.anapatterns.org/trees.php. Accessed June 
10th 2019.

42. Mariz HA, Sato EI, Barbosa SH, Rodrigues SH, Dellavance A, 
Andrade LE. Pattern on the antinuclear antibody-HEp-2 test 
is a critical parameter for discriminating antinuclear anti-
body-positive healthy individuals and patients with auto-
immune rheumatic diseases. Arthritis Rheum. 2011;63:191-
200. https://doi.org/10.1002/art.30084 

43. Tan EM, Feltkamp TEW, Smolen JS, Butcher B, Dawkins R, 
Fritzler MJ, et al. Range of antinuclear antibodies in „he-
althy“ individuals. Arthritis Rheum. 1997;40:1601-11. 
https://doi.org/10.1002/art.1780400909 

44. Abeles AM, Abeles M. The clinical utility of a positive an-
tinuclear antibody test result. Am J Med. 2013;126:342-8. 
https://doi.org/10.1016/j.amjmed.2012.09.014 

45. Aksu G, Gulez N, Azarsiz E, Karaca N, Kutukçuler N. Determi-
nation of cut-off titers and agreement between immunoflu-
orescence and immunoblotting methods for detecting anti-
nuclear antibodies in children. J Clin Lab Anal. 2010;24:230-
6. https://doi.org/10.1002/jcla.20391 

46. Kang I, Siperstein R, Quan T, Breitenstein ML. Utility of age, 
gender, ANA titer and pattern as predictors of anti-ENA 
and -dsDNA antibodies. Clin Rheumatol. 2004;23:509-15. 
https://doi.org/10.1007/s10067-004-0937-0 

47. Willitzki A, Hiemann R, Peters V, Sack U, Schierack P, Rödiger 
S, et al. New platform technology for comprehensive serolo-
gical diagnostics of autoimmune diseases. Clin Dev Immunol. 
2012;2012:284740. https://doi.org/10.1155/2012/284740 

48. Pérez D, Gilburd B, Cabrera-Marante Ó, Martínez-Flores JA, 
Serrano M, Naranjo L, et al. Predictive autoimmunity using 
autoantibodies: screening for anti-nuclear antibodies. Clin 
Chem Lab Med. 2018;56:1771-7. https://doi.org/10.1515/
cclm-2017-0241 

49. Orme ME, Andalucia C, Sjölander S, Bossuyt X. A hierarchi-
cal bivariate meta-analysis of diagnostic test accuracy to 
provide direct comparisons of immunoassays vs. indirect 
immunofluorescence for initial screening of connective ti-
ssue diseases. Clin Chem Lab Med. 2020;59:547-61. https://
doi.org/10.1515/cclm-2020-0094 

50. Pérez D, Gilburd B, Azoulay D, Shovman O, Bizzaro N, Sho-
enfeld Y. Antinuclear antibodies: Is the indirect immunofluo-
rescence still the gold standard or should be replaced by so-
lid phase assays? Autoimmun Rev. 2018;17:548-52. https://
doi.org/10.1016/j.autrev.2017.12.008 

51. Pisetsky DS. Anti-DNA antibodies — quintessential biomar-
kers of SLE. Nat Rev Rheumatol. 2016;12:102-10. https://doi.
org/10.1038/nrrheum.2015.151 

52. Mummert E, Fritzler MJ, Sjöwall C, Bentow C, Mahler M. The 
clinical utility of anti-double-stranded DNA antibodies and 
the challenges of their determination. J Immunol Methods. 
2018;459:11-9. https://doi.org/10.1016/j.jim.2018.05.014 

53. Neogi T, Gladman DD, Ibanez D, Urowitz M. Anti-dsDNA an-
tibody testing by Farr and ELISA techniques is not equiva-
lent. J Rheumatol. 2006;33:1785-8. 

54. Bonroy C, Verfaillie C, De Witte E, De Keyser F. Relevance 
of different results of different anti-double-stranded DNA 
assays in reporting clinical studies: comment on the article 

by Petri et al. Arthritis Rheumatol. 2014;66:479-80. https://
doi.org/10.1002/art.38252 

55. Andrejevic S, Jeremic I, Sefik-Bukilica M, Nikolic M, Stojimi-
rovic B, Bonaci-Nikolic B. Immunoserological parameters 
in SLE: high-avidity anti-dsDNA detected by ELISA are the 
most closely associated with the disease activity. Clin Rhe-
umatol. 2013;32:1619-26. https://doi.org/10.1007/s10067-
013-2330-3 

56. Infantino M, Meacci F, Bentow C, Martis P, Benucci M, Afel-
tra A, et al. Clinical comparison of QUANTA Flash anti-dsDNA 
chemiluminescent immunoassay with four current assays for 
the detection of antidsDNA autoantibodies. J Immunol Res. 
2015;2015:902821. https://doi.org/10.1155/2015/902821 

57. Villalta D, Romelli PB, Savina C, Bizzaro N, Tozzoli R, To-
nutti E, et al. Anti-dsDNA antibody avidity determina-
tion by a simple reliable ELISA method for SLE diagno-
sis and monitoring. Lupus. 2003;12:31-6. https://doi.
org/10.1191/0961203303lu277oa 

58. Ward G, Simpson A, Boscato L, Hickman PE. The inve-
stigation of interferences in immunoassay. Clin Bio-
chem. 2017;50:1306-11. https://doi.org/10.1016/j.clinbio-
chem.2017.08.015 

59. Jacobs JFM, van der Molen RG, Bossuyt X, Damoiseaux J. 
Antigen excess in modern immunoassays: to anticipate on 
the unexpected. Autoimmun Rev. 2015;14:160-7. https://
doi.org/10.1016/j.autrev.2014.10.018 

60. Mahler M, Fritzler MJ, Blüthner M. Identification of a SmD3 
epitope with a single symmetrical dimethylation of an argi-
nine residue as a specific target of a subpopulation of anti-
Sm antibodies. Arthritis Res Ther. 2005;7:R19-R29. 

61. Mahler M. Sm peptides in differentiation of autoimmu-
ne diseases. Adv Clin Chem. 2011;54:109-28. https://doi.
org/10.1016/B978-0-12-387025-4.00005-4

62. Kavanaugh A, Tomar R, Reveille J, Solomon DH, Hombur-
ger HA. Guidelines for Clinical Use of the Antinuclear Anti-
body Test and Tests for Specific Autoantibodies to Nuclear 
Antigens. Arch Pathol Lab Med. 2000;124:71-81. https://doi.
org/10.5858/2000-124-0071-GFCUOT

63. Panteghini M. Traceability as a unique tool to impro-
ve standardization in laboratory medicine. Clin Bio-
chem. 2009;42:236-40. https://doi.org/10.1016/j.clinbio-
chem.2008.09.098 

64. Feltkamp TEW, Kirkwood TBL, Maini RN, Arden LA. The 
first international standard for antibodies to double stran-
ded DNA. Ann Rheum Dis. 1988;47:740-6. https://doi.
org/10.1136/ard.47.9.740 

65. Bonaguri C, Melegari A, Ballabio A, Parmeggiani M, Ru-
sso A, Battistelli L, et al. Italian multicentre study for appli-
cation of a diagnostic algorithm in autoantibody testing 
for autoimmune rheumatic disease: conclusive results. 
Autoimmun Rev. 2011;11:1-5. https://doi.org/10.1016/j.
autrev.2011.06.006 

66. Damoiseaux J, Agmon-Levin N, Van Blerk M, Chopyak V, 
Eriksson C, Heijnen I, et al. From ANA-screening to antigen-
specifity: an EASI-survey on the daily practice in European 
countries. Clin Exp Rheumatol. 2014;32:539-46. 

67. Avery TY, van de Cruys M, Austen J, Stals F, Damoisea-
ux JGMC. Anti-Nuclear Antibodies in Daily Clinical Prac-

https://doi.org/10.1002/art.30084
https://doi.org/10.1002/art.1780400909
https://doi.org/10.1016/j.amjmed.2012.09.014
https://doi.org/10.1002/jcla.20391
https://doi.org/10.1007/s10067-004-0937-0
https://doi.org/10.1155/2012/284740
https://doi.org/10.1515/cclm-2017-0241
https://doi.org/10.1515/cclm-2017-0241
https://doi.org/10.1515/cclm-2020-0094
https://doi.org/10.1515/cclm-2020-0094
https://doi.org/10.1016/j.autrev.2017.12.008
https://doi.org/10.1016/j.autrev.2017.12.008
https://doi.org/10.1038/nrrheum.2015.151
https://doi.org/10.1038/nrrheum.2015.151
https://doi.org/10.1016/j.jim.2018.05.014
https://doi.org/10.1002/art.38252
https://doi.org/10.1002/art.38252
https://doi.org/10.1007/s10067-013-2330-3
https://doi.org/10.1007/s10067-013-2330-3
https://doi.org/10.1155/2015/902821
https://doi.org/10.1191/0961203303lu277oa
https://doi.org/10.1191/0961203303lu277oa
https://doi.org/10.1016/j.clinbiochem.2017.08.015
https://doi.org/10.1016/j.clinbiochem.2017.08.015
https://doi.org/10.1016/j.autrev.2014.10.018
https://doi.org/10.1016/j.autrev.2014.10.018
https://doi.org/10.1016/j.clinbiochem.2008.09.098
https://doi.org/10.1016/j.clinbiochem.2008.09.098
https://doi.org/10.1136/ard.47.9.740
https://doi.org/10.1136/ard.47.9.740
https://doi.org/10.1016/j.autrev.2011.06.006
https://doi.org/10.1016/j.autrev.2011.06.006


Biochem Med (Zagreb) 2021;31(2):020502  https://doi.org/10.11613/BM.2021.020502 

18

Tešija Kuna A. et al. Recommendations for assesment of antinuclear antibodies

tice: Prevalence in Primary, Secondary, and Tertiary 
Care. J Immunol Res. 2014;2014:401739. https://doi.
org/10.1155/2014/401739

68. Soto ME, Hernández-Becerril N, Perez-Chiney AC, Hernán-
dez-Rizo A, Telich-Tarriba JE, Juárez-Orozco LE, et al. Predic-
tive value of antinuclear antibodies in autoimmune disea-
ses classified by clinical criteria: Analytical study in a speci-
alized health institute, one year follow-up. Results Immunol. 
2013;5:13-22. https://doi.org/10.1016/j.rinim.2013.10.003 

69. Meroni PL, Biggioggero M, Pierangeli SS, Sheldon J, Zegers 
I, Borghi MO. Standardization of autoantibody testing: a 
paradigm for serology in rheumatic diseases. Nat Rev Rhe-
umatol 2014;10:35-43. https://doi.org/10.1038/nrrhe-
um.2013.180 

70. Clinical and Laboratory Standards Institute (CLSI). User ve-
rification of precision and estimation of bias: approved gu-
ideline, 2nd ed. CLSI document EP15-A2. Wayne, PA: CLSI; 
2005.

71. Clinical and Laboratory Standards Institute (CLSI). User pro-
tocol for evaluation of qualitative test performance: appro-
ved guideline, 2nd ed. CLSI Document EP12-A2. Wayne, PA: 
CLSI; 2008.

72. Shovman O, Gilburd B, Chayat C, Amital H, Langevitz P, Wa-
tad A, et al. Prevalence of anti-DFS70 antibodies in patients 
with and without systemic autoimmune rheumatic disea-
ses. Clin Exp Rheumatol. 2018;36:121-6. 

73. Lee H, Kim Y, Han K, Oh EJ. Application of anti-DFS70 anti-
body and specific autoantibody test algorithms to patients 
with the dense fine speckled pattern on HEp-2 cells. Scand J 
Rheumatol. 2016;45:122-8. https://doi.org/10.3109/030097
42.2015.1060260 

74. BCGuidelines.ca: Antinuclear Antibody (ANA) Testing for 
Connective Tissue Disease (2013). Available at: https://
www2.gov.bc.ca/gov/content/health/practitioner-professi-

onal-resources/bc-guidelines/ana-testing?keyword=Antin
uclear&keyword=Antibody&keyword=(ANA)&keyword=Tes
ting&keyword=for&keyword=Connective&keyword=Tissue
&keyword=Disease. Accessed August 1st 2019.

75. Man A, Shojania K, Phoon C, Pal J, Hudoba de Badyn M, Pi 
D, Lacaille D. An evaluation of autoimmune antibody te-
sting patterns in a Canadian health region and an evalua-
tion of a laboratory algorithm aimed at reducing unnece-
ssary testing. Clin Rheumatol. 2013;32:601-8. https://doi.
org/10.1007/s10067-012-2141-y 

76. Amorese-O’Connell L, Vaidya P, Mahboob D, Gn C, Schwar-
tz S. Repetitive Requisition of Antinuclear Antibody Te-
sting (ANA) in Outpatient Multispecialty Clinics in Patients 
with a Known Positive ANA [abstract]. Arthritis Rheumatol. 
2016;68(Suppl 10). Available at https://acrabstracts.org/
abstract/repetitive-requisition-of-antinuclear-antibody-te-
sting-ana-in-outpatient-multispecialty-clinics-in-patients-
with-a-known-positive-ana/. Accessed July 2nd 2019.

77. Raissi TC, Hewson C, Pope JE. Repeat Testing of Antibodies 
and Complements in Systemic Lupus Erythematosus: When 
Is It Enough? J Rheumatol. 2018;45:827-34. https://doi.
org/10.3899/jrheum.161365 

78. Agarwal S, Harper J, Kiely PD. Concentration of antibo-
dies to extractable nuclear antigens and disease activity 
in systemic lupus erythematosus. Lupus. 2009;18:407-12. 
https://doi.org/10.1177/0961203308097784 

79. Andreoli L, Bertsias GK, Agmon-Levin N, Brown S, Cerve-
ra R, Costedoat-Chalumeau N, et al. EULAR recommenda-
tions for women’s health and the management of family 
planning, assisted reproduction, pregnancy and menopau-
se in patients with systemic lupus erythematosus and/or 
antiphospholipid syndrome Ann Rheum Dis. 2017;76:476-
85. https://doi.org/10.1136/annrheumdis-2016-209770 

https://doi.org/10.1155/2014/401739
https://doi.org/10.1155/2014/401739
https://doi.org/10.1016/j.rinim.2013.10.003
https://doi.org/10.1038/nrrheum.2013.180
https://doi.org/10.1038/nrrheum.2013.180
https://doi.org/10.3109/03009742.2015.1060260
https://doi.org/10.3109/03009742.2015.1060260
https://www2.gov.bc.ca/gov/content/health/practitioner-professional-resources/bc-guidelines/ana-testing?keyword=Antinuclear&keyword=Antibody&keyword=(ANA)&keyword=Testing&keyword=for&keyword=Connective&keyword=Tissue&keyword=Disease. Accessed
https://www2.gov.bc.ca/gov/content/health/practitioner-professional-resources/bc-guidelines/ana-testing?keyword=Antinuclear&keyword=Antibody&keyword=(ANA)&keyword=Testing&keyword=for&keyword=Connective&keyword=Tissue&keyword=Disease. Accessed
https://www2.gov.bc.ca/gov/content/health/practitioner-professional-resources/bc-guidelines/ana-testing?keyword=Antinuclear&keyword=Antibody&keyword=(ANA)&keyword=Testing&keyword=for&keyword=Connective&keyword=Tissue&keyword=Disease. Accessed
https://www2.gov.bc.ca/gov/content/health/practitioner-professional-resources/bc-guidelines/ana-testing?keyword=Antinuclear&keyword=Antibody&keyword=(ANA)&keyword=Testing&keyword=for&keyword=Connective&keyword=Tissue&keyword=Disease. Accessed
https://www2.gov.bc.ca/gov/content/health/practitioner-professional-resources/bc-guidelines/ana-testing?keyword=Antinuclear&keyword=Antibody&keyword=(ANA)&keyword=Testing&keyword=for&keyword=Connective&keyword=Tissue&keyword=Disease. Accessed
https://www2.gov.bc.ca/gov/content/health/practitioner-professional-resources/bc-guidelines/ana-testing?keyword=Antinuclear&keyword=Antibody&keyword=(ANA)&keyword=Testing&keyword=for&keyword=Connective&keyword=Tissue&keyword=Disease. Accessed
https://doi.org/10.1007/s10067-012-2141-y
https://doi.org/10.1007/s10067-012-2141-y
https://doi.org/10.3899/jrheum.161365
https://doi.org/10.3899/jrheum.161365
https://doi.org/10.1177/0961203308097784
https://doi.org/10.1136/annrheumdis-2016-209770


https://doi.org/10.11613/BM.2021.020502 Biochem Med (Zagreb) 2021;31(2):020502 

  19

Tešija Kuna A. et al. Recommendations for assesment of antinuclear antibodies

Appendix

Screen testsa

1. Antinuclear antibodies (ANA) – screen testb 

2. Screen test for the restricted number of specific antinuclear antibodies (ANA): specify included antigensc

3. ENA screen test: specify included antigensd 

Tests for specific antibodiesa

1. Antibodies to double-stranded DNA (anti-dsDNA)

2. Antibodies to SS-A (Ro) antigen (anti-SS-A (Ro))e

3. Antibodies to SS-A (Ro60) antigen (anti-SS-A (Ro60))

4. Antibodies to Ro52 antigen (anti-Ro52)

5. Antibodies to SS-B (La) antigen (anti-SS-B (La))

6. Antibodies to Smith antigen (anti-Sm)e

7. Antibodies to RNP antigen (anti-RNP)f

8. Antibodies to Topoisomerase I (anti-Topo I/Scl70)

9. Antibodies to Jo-1 antigen (anti-Jo-1)

10. Antibodies to centromere protein B (anti-CENP B)

11. Antibodies to PM/Scl antigen (anti-PM/Scl)

12. Antibodies to proliferating cell nuclear antigen (anti-PCNA) 

13. Antibodies to ribosomal P protein (anti-ribosomal P) 

14. Antibodies to histones 

15. Antibodies to nucleosomes 

16. Antibodies to RNA-polymerase III (anti-RNA-Pol III)

17. Antibodies to DFS70 antigen (anti-DFS70)
aMethod should be specified either along with the test name or in the legend of the report. bRefers exclusively on IIF test on 
HEp-2 or HEp-2000 substrate. cRefers to solid-based screen tests commercially available under the common name CTD-screen. 
dENA screen test refers exclusively on test comprising following antigens: SS-A (Ro) (when there is no distinction between Ro52 
and Ro 60) or SS-A (Ro60) and Ro52 (TRIM21), separately; SS-B (La); Sm (or SmD according to manufacturer specification); RNP 
(U1-RNP or Sm/RNP, according to manufacturer specification); Scl-70 (Topo-1) and Jo-1. In the case that the screen test includes 
additional antigens that are not included in ENA term, use the nomenclature given under number 2. eSS-A (Ro) – if there is no 
distinction between Ro52 and Ro60; e Alternatively, anti-SmD in the case that manufacturer declares specificity exclusively for 
SmD antigen. fanti-RNP term comprises both anti-U1-RNP and anti-Sm/RNP. IIF – indirect immunofluorescence. HEp-2 – human 
laryngeal epidermoid carcinoma cell line type 2 substrate. CTD – connective tissue diseases. ENA – extractable nuclear antigens. 
RNP – ribonucleoprotein complex.

Table a. Nomenclature on the report

Table b. ICAP nomenclature for the description of fluorescence patterns and corresponding clinical significance

ICAP code Fluorescence pattern Clinical significance*

Nuclear

AC-1 Nuclear homogenous fluorescence SLE, drug-induced lupus, JIA

AC-2 Nuclear dense fine speckled Rare in SjS, SSc, and SLE, more often in healthy individuals and different 
non-autoimmune inflammatory diseases (atopic dermatitis, asthma, etc.) 



Biochem Med (Zagreb) 2021;31(2):020502  https://doi.org/10.11613/BM.2021.020502 

20

Tešija Kuna A. et al. Recommendations for assesment of antinuclear antibodies

ICAP code Fluorescence pattern Clinical significance*

AC-3 Centromere fluorescence Limited cutaneous SSc, PBC

AC-4 Nuclear fine speckled fluorescence SjS, SLE, dermatomyositis

AC-5 Nuclear large/coarse speckled MCTD, SLE, SSc

AC-6 Fluorescence of multiple nuclear dots PBC, SARDs, dermatomyositis

AC-7 Fluorescence of few nuclear dots SjS, SLE, SSc, polymyositis, asymptomatic individuals 

AC-8 Homogenous nucleolar fluorescence SSc, SSc/PM overlap syndrome

AC-9 Clumpy nucleolar fluorescence SSc

AC-10 Punctate nucleolar fluorescence SSc, SjS

AC-11 Smooth nuclear envelope fluorescence SLE, SjS, seronegative arthritis 

AC-12 Punctate nuclear envelope fluorescence PBC

AC-13 PCNA-like fluorescence SLE, other disorders

AC-14 CENP-F – like fluorescence Carcinomas, other disorders

AC-29 Topo-I like fluorescence SSc

Cytoplasmic

AC-15 Cytoplasmic fibrillar linear fluorescence MCTD, chronic active hepatitis, cirrhosis, myasthenia gravis, Morbus 
Crohn, PBC, long-term haemodialysis, rare in SARDs 

AC-16 Cytoplasmic fibrillar filamentous 
fluorescence 

Infective or inflammatory disorders, long-term haemodialysis, alcoholic 
liver disease, SARDs, psoriasis, healthy individuals 

AC-17 Cytoplasmic fibrillar segmental 
fluorescence Myasthenia gravis, Morbus Crohn, ulcerative colitis  

AC-18 Fluorescence of cytoplasmic discrete 
dots/GW body-like PBC, SARDs, different neurologic and autoimmune disorders 

AC-19 Cytoplasmic dense fine speckled 
fluorescence 

Anti-synthetase syndrome, polymyositis/dermatomyositis, SLE, juvenile 
SLE, neuropsychiatry SLE

AC-20 Cytoplasmic speckled fluorescence Anti-synthetase syndrome, polymyositis/dermatomyositis, limited SSc, 
idiopathic pleural effusion 

AC-21 Cytoplasmic reticular fluorescence/AMA Often in PBC and SSc, rare in other SARDs

AC-22 Cytoplasmic polar/Golgi like fluorescence Rare in SjS, SLE, RA, MCTD, GPA, idiopathic cerebral ataxia, 
paraneoplastic cerebral degeneration, virus infections

AC-23 “Rods & Rings “ fluorescence HCV patients after IFN-γ/ribavirin therapy, rare in SLE, Hashimoto 
thyroiditis and healthy individuals

Mitotic

AC-24 Centrosome fluorescence Rare in SSc, Raynaud syndrome, infection with viruses and mycoplasmas 

AC-25 Fluorescence of spindle fiber Rare in SjS, SLE, and other CTDs

AC-26 NuMA-like fluorescence SjS, SLE, other disorders

AC-27 Fluorescence of intercellular bridge Rare in SSc, Raynaud syndrome and malignancies

AC-28 Mitotic chromosomal fluorescence Rare in discoid lupus erythematosus, chronic lymphatic leukemia, SjS, 
and polymyalgia rheumatica 

*Report should contain description of fluorescence pattern with corresponding AC number, without clinical significance. Instead, 
link to the ICAP web site where corresponding clinical significance can be found should be given in the comment of the report.
ICAP – International consensus on antinuclear antibody pattern. SLE – Systemic lupus erythematosus. JIA – juvenile idiopathic 
arthritis. SjS – Sjögren syndrome. SSc – Systemic sclerosis. PBC – Primary biliary cholangitis. MCTD – mixed connective tissue disease. 
SARD – systemic autoimmune rheumatic diseases. PCNA – Antibodies to proliferating cell nuclear antigen. CENP-F – centromere 
protein F. Scl-70 – 70kDa antigen associated with scleroderma. PM – polymyositis. GW body – G (glycine) and W (tryptophan) 
containing body. AMA – antimitochondrial antibodies. HCV – hepatitis C virus. GPA – granulomatosis with polyangiitis. IFN-γ – 
interferon gamma. CTD – connective tissue diseases. NuMA – nuclear mitotic apparatus protein.


