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Abstract Indirect immunofluorescence (IIF) plays an

important role in immunological and immunometric assays

for detecting and measuring autoantibodies. This technol-

ogy was the first multiplex method used to detect cardinal

autoantibodies for the diagnosis of autoimmune diseases.

Over the last 20 years, research has enabled the progressive

identification of cell and tissue autoantigens which are the

target of autoantibodies originally detected by IIF.

Accordingly, newer immunometric methods, capable of

measuring concentrations of specific autoantibodies direc-

ted against these autoantigens, allowed for a gradual

replacement of the IIF method in the autoimmunology

laboratory. Currently, IIF remains the method of choice

only in selected fields of autoimmune diagnostics. Fol-

lowing the recent statement by the American College of

Rheumatology that the IIF technique should be considered

as the standard screening method for the detection of ANA,

the biomedical industry has developed technological solu-

tions which significantly improve automation of the pro-

cedure, not only in the preparation of substrates and slides,

but also in microscope reading. This review summarizes

the general and specific features of new available com-

mercial systems (Aklides, Medipan; Nova View, Inova;

Zenit G Sight, A. Menarini Diagnostics; Europattern,

Euroimmun; Helios, Aesku.Diagnostics; Image Navigator,

Immuno Concepts; Cytospot, Autoimmun Diagnostika) for

automation of the IIF method. The expected advantages of

automated IIF are the reduction in frequency of false

negative and false positive results, the reduction of intra-

and inter-laboratory variability, the improvement of

correlation of staining patterns with corresponding auto-

antibody reactivities, and higher throughput in the labora-

tory workflow.

Keywords Autoimmune diseases � Indirect

immunofluorescence � Automation � Standardization

Introduction

Indirect immunofluorescence (IIF), a general method for

detecting and measuring antibodies and autoantibodies,

plays an important role within the immunological and

immunometric assays (IMA) (reviewed in [1]). This tech-

nology was the first multiplex method used to detect car-

dinal autoantibodies for the diagnosis of autoimmune

diseases (AIDs), beginning with antinuclear antibodies

(ANA) in 1957 to endomysium antibodies in 1984

(Table 1) [2–15]. In some applications however, (i.e., for

ANA, anti-thyroid antibodies, etc.) IIF is actually a mul-

tiplex method, given that it is able to detect from 2 to more

than 60 autoantibodies simultaneously; in the case of ANA,

it allows the identification of at least 26 different cellular

patterns [16]. Thanks to the use of various animal

and human tissues (liver, kidney, stomach, esophagus,
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pituitary, pancreas, bladder, nerve tissue, etc.) and isolated

cells (human laryngeal HEp-2 carcinoma cells, Crithidia

luciliae hemoflagellates, human neutrophil granulocytes,

fibroblasts, intestinal cells, VSM 47 cells, HEK-239 cells,

etc.), IIF has permitted the detection of an extensive series

of specific autoantibodies directed against cellular auto-

antigens. This method, in time, became a consolidated and

universally diffused procedure for detecting patients

affected by AIDs, with differentiated use in the different

pathologies, according to analytical sensitivity and speci-

ficity of the different types of substrates.

The current role of indirect immunofluorescence

Since the turn of the millennium, there has been a rapid

advance in diagnostic technology for detection and quan-

titation of autoantibodies [17]. The reasons for this tech-

nological revolution are (a) the increment of awareness of

the physiopathogenetic and diagnostic role of autoanti-

bodies in systemic and organ-specific autoimmune dis-

eases; (b) the refinement of procedures for identifying and

purifying the target autoantigens of the autoimmune reac-

tion; (c) the application of quantitative immunological

methods to automated analytic systems and platforms; and

(d) the development of proteomic multiplex technologies,

able to detect simultaneously a high number of autoanti-

bodies in the same sample.

Over the last 20 years, basic research has enabled the

progressive identification of cell and tissue autoantigens

which are the target of autoantibodies originally detected

by IIF. Accordingly, immunometric methods capable of

measuring concentrations of specific autoantibodies direc-

ted against these autoantigens have been introduced, with a

progressive replacement of the IIF method in the autoim-

munology laboratory [18]. Currently, IIF remains the

method of choice in selected fields of autoimmune diag-

nostics and its relationship with other IMA methods is

indicated in Table 2.

The IIF method is now considered the reference method

for ANA and anti-neutrophil cytoplasmic antibody (ANCA)

screening and a confirmatory test for anti-dsDNA antibody

detection [19–22]; other common uses relate to the detec-

tion of anti-mitochondria, anti-smooth muscle, anti-adrenal

cortex, anti-pituitary, and anti-skin autoantibodies.

However, the method is burdened by some unfavorable

features: the need for expert morphologists, the subjectivity

of interpretation, and the low degree of standardization and

automation [23, 24]. Because of these limitations and the

progressive increase of autoantibody test requests in

autoimmunology laboratories, particularly in the case of

ANA, over the last 15 years innovation in the technology

of analytical platforms has offered the availability of

alternative solutions to the IIF method, based on the

manual or automated monoplex IMA (mainly of the ELISA

type), with the use of solid phases coated by a mixture of

nuclear-cytoplasmic antigens. The literature reports have

demonstrated that these manual [25–36] or automated

[37–40] systems do not provide the same analytic accuracy

as IIF, in particular for the presence of false negative

results (up to 35 % of cases) in case of rare autoantibodies.

Therefore, it is maintained that the IMA monoplex methods

Table 1 Milestones of indirect immunofluorescence in the history of

autoantibody testing

Autoantibody Author

Antinuclear Friou [2]

Anti-thyroglobulin Nairn [3]

Anti-parietal cells Taylor [4]

Anti-intercellular substance Beutner [5]

Anti-mitochondria Walker [6]

Anti-smooth muscle Johnson [7]

Anti-adrenal cortex Irvine [8]

Anti-steroid cells Anderson [9]

Anti-reticulin Seah [10]

Anti-liver-kidney microsomes Rizzetto [11]

Anti-islet cells Bottazzo [12]

Anti-pituitary cells Bottazzo [13]

Anti-gliadin Unsworth [14]

Anti-endomysium Chorzelski [15]

Table 2 Current use of immunological methods for the detection of

autoantibodies in clinical laboratories

Autoantibody IIF IMA

ANA ??? ?

Anti-dsDNA ??? ???

Anti-ENA – ???

AMA ??? ???

PCA ??? ??

ASMA ??? ??

ACA ??? -/?

APA ?? –

ATA – ???

EmA ?? ???

ICA ? ???

ASA ??? ?

ASCA ? ???

ANCA ??? ??

IIF indirect immunofluorescence, IMA immunometric assays, ANA
antinuclear antibodies, ENA extractable nuclear antibodies, AMA anti-

mitochondrial antibodies, PCA parietal cells antibodies, ACA adrenal

cortex antibodies, APA anti-pituitary antibodies, ATA anti-thyroid

antibodies, EmA anti-endomysial antibodies, ICA islet cells antibod-

ies, ASA anti-skin antibodies, ASCA anti-Saccharomyces cerevisiae

antibodies, ANCA anti-neutrophil cytoplasmic antibodies
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do not represent a substitute for IIF, not even in unusual

analytic conditions or when faced with a high volume of

test requests.

The introduction of multiplex methods, able to simul-

taneously measure several ANA-related antibodies, gave

rise to the hypothesis that they can be used as a screening

platform for ANA testing as an alternative to IIF. However,

the sensitivity of the ANA screening test with multiplex

immunoassay is not yet adequate and the presence of false

negative results is similar to the previously discussed

monoplex IMA methods [1, 41–44], varying from 0.2 to

40.5 % depending on the population studied.

Automation in indirect immunofluorescence

Following the recent statement made by the American

College of Rheumatology that the IIF technique should be

considered as the standard screening method for the

detection of ANA [21], the biomedical industry has pro-

posed technological solutions which significantly improve

the automation of the procedure, not only in the preparation

of substrates and slides, but also in microscope reading.

This innovation is based on the principles of digitalization

of fluoroscopic images and on the classification of patterns

using standardized approaches (automated positive–nega-

tive screening and pattern interpretation). These systems

are based on the use of automated microscopes, robotized

slide trays, high-sensitivity video cameras, and softwares

dedicated to acquisition and analysis of digital images

[23, 45–47].

Currently, advanced stages of experimentation are tak-

ing place on seven commercial systems (Aklides, Medipan,

Berlin, Germany; Nova View, Inova, S. Diego, USA; Zenit

G Sight, A. Menarini Diagnostics, Florence, Italy;

Europattern, Euroimmun, Luebeck, Germany; Helios,

Aesku.Diagnostics, Wendelsheim, Germany; Image Navi-

gator, Immuno Concepts, Sacramento, USA; Cytospot,

Autoimmun Diagnostika, Strassberg, Germany). Their

characteristics are summarized in Tables 3 and 4.

Types and degree of automation of commercial

platforms for indirect immunofluorescence methods

Aklides

The system consists of a fully motorized inverse micro-

scope (Olympus IX81) with a controllable motorized

scanning stage, 400/490 nm light-emitting diodes (LED)

and a gray level camera. The interpretation system is con-

trolled by the AKLIDES software. Additional di-amidino-

2-phenyl-indole (DAPI) stain is used for focusing of

objects. Aklides was the first commercially available sys-

tem. Several recent literature reports show that the system

has an excellent diagnostically relevant positive/negative

discrimination, with high agreement between automated

and visual interpretation: 94.6 % in the study of Hiemann

et al. [48] involving 502 samples/subjects; 91–93.0 % in the

study of Egerer [49], involving 1,222 patients; 90–95 % in

the study of Kivity [50] concerning 397 samples. In a study

of our group [51], the overall agreement was 99.0 % (182

samples). 91 % (44 samples), and 89.1 % (46 samples) for

ANA, anti-dsDNA, and ANCA testing, respectively.

Nova View

The platform consists of the same hardware of the previous

system, with different software. At present, there are no

published reports about this system. Preliminary data

Table 3 General features of

automated IIF commercial

platforms

System Company Neg/pos

automated

screening

Automated pattern

recognition no. (type)

Aklides Medipan, DE Yes 7 (homogeneous, speckled, nucleolar,

centromeric, nuclear dots, mitotic,

cytoplasmic)

Europattern Euroimmun, DE Yes 8 (homogeneous, speckled, nucleolar,

centromeric, nuclear dots, mitotic,

nuclear membrane, cytoplasmic)

Zenit

G-Sight

Menarini, IT Yes 5 (homogeneous, speckled, nucleolar,

centromeric, cytoplasmic/mitochondrial)

Nova View Inova, USA Yes 5 (homogeneous, speckled, nucleolar,

centromeric, nuclear dots)

Helios Aesku, DE Yes None

Image

Navigator

Immunoconcepts, USA Yes None

CytoSpot Autoimmun Diagnostika, DE Yes None
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demonstrate that the correlation between the Nova View

system and the conventional method ranges from

93–100 %, in the classification of negative–positive sam-

ples and in interpretation of fluorescence pattern. In a

recent unpublished study by our group, we were able to

confirm these data, with agreement between the Nova View

System and the manual IIF of 95 %.

Europattern

The instrument consists of a fully motorized microscope

that allows the automated processing of up to 500 analysis

positions in succession with identification of pattern com-

binations (including the corresponding titers). The inter-

pretation system is controlled by the EuroLabOffice (ELO)

Software, with a reference database containing 115,000

images of samples. In a recent study of our group (unpub-

lished data) aimed to validate this new system, we examined

116 unselected sera from outpatients. The agreement

between the automated and manual classification of these

sera was 100 % in the case of positive sera and 74 % in the

case of negative sera: the overall concordance was 94 %.

Zenit G-Sight

The system consists of a motorized automated fluorescence

microscope that allows a semi-quantitative analysis (with

different G-Sight indexes) and intelligent pattern recogni-

tion for ANA test by the use of a specific software. Pub-

lished reports are not yet available on the validation of the

system. In preliminary studies of different researchers,

the system demonstrates a good correlation between the

quantitative estimation of ANA intensity and manual ANA

titers as assessed by serial dilution and shows a sensitivity

of 64 % and a specificity of 97 % at index 24, with a

concordance between index-based and validated results of

96 % at index \14. In a recent study of our group (pre-

liminary data), we were able to confirm these results, but

we found a high percentage of uncertain results.

Helios

The system was developed based on the IIF processor

Helmed. An optical system to capture the respective IIF

images was implemented and a specific software algorithm

was developed for the differentiation between positive and

negative samples; the results can be recorded, saved and

transmitted to the laboratory information system and vali-

dated remotely. The in-house validation of the system with

over 1,000 serum samples showed a 98.4 % correlation of

results, when compared to the manual IIF procedure and

visual interpretation.

Image Navigator

The system consists of a motorized fluorescence micro-

scope that automates the scanning of patient samples on

Immuno Concepts fluorescent HEp-2000 assay by captur-

ing up to four images per field, and sorts them into positive

and negative folders for review by the technologist.

Unpublished data show a high between-reader agreement

(97 %).

Cytospot

The system consists of fully automated diagnostic micro-

scope for immunofluorescent images that scans all con-

ventional slides and allows a stand-alone differentiation of

positive and negative samples and a guided comparison of

the output image with images in the library of integrated

ANA patterns. For high throughput laboratories, a second

version of the system exists (Cytospot Robot) that allows

the automated imaging of 100 slides. Currently, the liter-

ature reports are not available on the diagnostic accuracy of

the system.

Advantages and perspectives of automated IIF

cell/tissue assay

Automation of the IIF method can be used for a cost-

effective and accurate screening for diagnostically relevant

autoantibodies; this technology may play down errors and

problems caused by subjective image evaluation and low

expertise. The further development of classification algo-

rithms should allow the identification and differentiation of

a wide variety of cell and tissue staining patterns.

The expected advantages of an automated IIF method

are (a) the reduction in frequency of false negative and

false positive results due to the standardization of mea-

surement of fluorescence intensity; (b) the reduction of

intra- and inter-laboratory variability; (c) improvement in

the correlation of staining patterns with corresponding

autoantibody reactivities; and (d) higher throughput in the

laboratory workflow.

Conflict of interest None.

References

1. Tozzoli R, Bonaguri C, Melegari A, Antico A, Bassetti D,

Bizzaro N (2012) Current state of diagnostic technologies in the

autoimmunology laboratory. Clin Chem Lab Med (in press)

2. Friou GJ (1957) Clinical application of lupus serum-nucleopro-

tein reaction using fluorescent antibody technique. J Clin Invest

86:890–896

Autoimmun Highlights (2012) 3:59–65 63

123



3. Nairn RC, Ghose T, Porteous IB, Urquhart JA (1962) A routine

immunofluorescence method for detecting autoantibodies to

thyroid colloid. J Clin Pathol 15:594–595

4. Taylor KB, Roitt IM, Doniach D, Couchman KG, Shapland C

(1962) Autoimmune phenomena in pernicious anaemia: gastric

antibodies. Brit Med J 2:1347–1352

5. Beutner EH, Jordon RE (1964) Demonstration of skin antibodies

in sera of pemphigus vulgaris patients by immunofluorescent

staining. Proc Soc Exp Biol Med 117:505–510

6. Walker JG, Doniach D, Roitt IM, Sherlock S (1965) Serological

tests in diagnosis of primary biliary cyrrhosis. Lancet 1:827–831

7. Johnson GD, Holborow EJ, Glynn LE (1965) Antibody to smooth

muscle in patients with liver disease. Lancet 2:878–879

8. Irvine WJ, Stewart AG, Scarth L (1967) A clinical and immu-

nological study of adrenal insufficiency (Addison’s disease). Clin

Exp Immunol 2:31–70

9. Anderson JR, Goudie RB, Gray K, Stuart-Smith DA (1968)

Immunological features of idiopathic Addison’s disease: an

antibody to cells producing steroid hormones. Clin Exp Immunol

3:119–131

10. Seah PP, Fry L, Rossiter MA, Hoffbrand AV, Holborow EJ

(1971) Anti-reticulin antibodies in childhood celiac disease.

Lancet 7726:681–682

11. Rizzetto M, Swana G, Doniach D (1973) Microsomal antibodies

in active chronic hepatitis and other disorders. Clin Exp Immunol

15:331–344

12. Bottazzo GF, Florin-Christiansen A, Doniach D (1974) Islet-cell

antibodies in diabetes mellitus with autoimmune polyendocrine

deficiencies. Lancet 7892:1279–1283

13. Bottazzo GF, Pouplard A, Fiorin-Christiansen A, Doniach D

(1975) Autoantibodies to prolactin-secreting cells oh human

pituitary. Lancet 7925:97–101

14. Unsworth DJ, Leonard JN, McMinn RM, Swain AF, Holborow EJ,

Fry L (1981) Anti-gliadin antibodies and small intestinal mucosal

damage in dermatitis herpetiformis. Br J Dermatol 105:653–658

15. Chorzelski TP, Beutner EH, Sulej J, Tchorzewska H, Jablonska S,

Kumar V et al (1984) IgA anti-endomysium antibody. A new

immunological marker of dermatitis herpetiformis and celiac

disease. Br J Dermatol 111:395–402

16. Wiik A, Hoier-Madsen M, Forslid J, Charles P, Meyrowitsch J

(2010) Antinuclear antibodies: a contemporary nomenclature

using HEp-2 cells. J Autoimmun 35:276–290

17. Tozzoli R (2007) Recent advances in diagnostic technologies and

their impact in autoimmune diseases. Autoimmun Rev 6:334–340

18. Tozzoli R, Bizzaro N (2012) The clinical autoimmunologost

and the laboratory autoimmunologist: the two sides of the coin.

Autoimmun Rev (in press)

19. Solomon DH, Kavanaugh AJ, Schur PH (2002) Evidence-based

guidelines for the use of immunologic tests: antinuclear antibody

testing. Arthritis Rheum 47:434–444

20. Tozzoli R, Bizzaro N, Tonutti E, Villalta D, Bassetti D, Manoni F

et al (2002) Guidelines for the laboratory use of autoantibody

tests in the diagnosis and monitoring of autoimmune rheumatic

diseases. Am J Clin Pathol 117:316–324

21. Meroni PL, Schur PH (2010) ANA screening: an old test with

new recommendations. Ann Rheum Dis 69:1420–1422

22. Savige JF, Gillis DF, Benson E, Davies D, Esnault V, Falk RJ

et al (1999) International Consensus Statement on testing and

reporting of antineutrophil cytoplasmic antibodies (ANCA). Am J

Clin Pathol 111:507–513

23. Rigon A, Soda P, Zennaro D, Iannello G, Afeltra A (2007)

Indirect immunofluorescence in autoimmune diseases: assess-

ment of digital images for diagnostic purpose. Cytometry B

72B:472–477

24. Fritzler MJ (2011) The antinuclear antibody test: last or lasting

gasp? Arthritis Rheum 63:19–22

25. Jaskowski TD, Schroder C, Martins TB, Mouritsen CL, Litwin

CM, Hill HR (1996) Screening of antinuclear antibodies by

enzyme immunoassay. Am J Clin Pathol 105:468–473

26. Emlen W, O’Neill L (1997) Clinical significance of antinuclear

antibodies. Arthritis Rheum 40:1612–1618

27. Gniewek RA, Stites DP, McHugh TM, Hilton JF, Nakagawa M

(1997) Comparison of antinuclear antibody testing: immunoflu-

orescence assay versus enzyme immunoassay. Clin Diagn Lab

Immunol 4:185–188

28. Homburger HA, Cahen YD, Griffiths J, Jacob GL (1998)

Detection of antinuclear antibodies: comparative evaluation of

enzyme immunoassay and indirect immunofluorescence methods.

Arch Pathol Lab Med 122:993–999

29. Rondeel JM, van Gelder W, van der Leeden H, Dinkelaar RB

(1999) Different strategies in the laboratory diagnosis of auto-

immune disease: immunofluorescence, enzyme-linked immuno-

sorbent assay or both? Ann Clin Biochem 36:189–195

30. Olaussen E, Rekvig OP (1999) Screening tests for antinuclear

antibodies: selective use of central nuclear antigens as a rational

basis for screening by ELISA. J Autoimmun 13:95–102

31. Ulvestad E (2001) Performance characteristics and clinical utility

of a hybrid ELISA for detection of ANA. APMIS 109:217–222

32. Bernardini S, Infantino M, Bellicampi L, Nuccetelli M, Afeltra A,

Lori R et al (2004) Screening of antinuclear antibodies: com-

parison between enzyme immunoassay based on nuclear

homogenates, purified or recombinant antigens and immunoflu-

orescence assay. Clin Chem Lab Med 42:1155–1160

33. Tonutti E, Bassetti D, Piazza A, Visentini D, Poletto M, Bassetto

F et al (2004) Diagnostic accuracy of ELISA methods as an

alternative screening test to indirect immunofluorescence for the

detection of antinuclear antibodies. Evaluation of five commer-

cial kits. Autoimmunity 37:171–176

34. Fenger M, Wiik A, Hoier-Madsen M, Lykkegaard JJ, Rozenfeld

T, Hansen MS et al (2004) Detection of antinuclear antibodies by

solid-phase immunoassays and immunofluorescence analysis.

Clin Chem 50:2141–2147

35. Sinclair D, Saas M, Williams D, Hart M, Goswami R (2007) Can

an ELISA replace immunofluorescence for the detection of anti-

nuclear antibodies? The routine use of anti-nuclear antibody

screening ELISAs. Clin Lab 53:183–191

36. Lopez-Hoyos M, Rodriguez-Valverde V, Martinez-Taboada V

(2007) Performance of antinuclear antibody connective tissue

disease screen. Ann NY Acad Sci 1109:322–329

37. Hayashi N, Kawamoto T, Mukai M, Morinobu A, Koshiba M,

Kondo S et al (2001) Detection of antinuclear antibodies by use

of an enzyme immunoassay with nuclear HEp-2 cell extract and

recombinant antigens: comparison with immunofluorescence

assay in 307 patients. Clin Chem 47:1649–1659

38. Gonzalez C, Garcia-Berrocal B, Perez J, Navajo JA, Herraez O,
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