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   Abstract:  If there is a suspicion of a systemic autoimmune 

disease, a two-step assessment of autoantibodies (AAb) is 

recommended for the serological diagnosis thereof. First, 

AAb will be determined using sensitive, cell-based indi-

rect immunofluorescence. Then, a positive result must be 

confirmed with a more specific test due to the possibility 

of false-positive results. This gradual approach is neces-

sary because there is currently no assay technique that 

fulfills the requirements for a one-stage procedure for sen-

sitivity and specificity. For effective AAb analysis, simulta-

neous determination of several AAb with multiparametric 

confirmatory assays significantly shortens serological 

diagnosis, compared with conventional monoparamet-

ric testing. Yet, currently available multiparametric AAb 

detection techniques do not offer the combination of 

screening and confirmatory testing. Thus, a new approach 

based on digital fluorescence was developed by applying 

a novel CytoBead technology that is presented here. The 

aim was to combine the recommended stepwise approach 

consisting of sensitive screening and confirmation of spe-

cific diagnosis in a reaction environment and thereafter 

the possibility of adaptation to the serological diagnosis 

of several autoimmune diseases. Using standard micro-

scopic glass slides and the combination of native cellular 

or tissue substrates with autoantigen-loaded fluorescent 

microparticles (beads) in a reaction environment, along 

with the possibility of manual and automatic evaluation 

by IIF and the quantitative measurement of fluorescent 

signals, the disadvantages of currently existing test sys-

tems could be overcome. This novel concept is applicable 

for the determination of various multiparametric AAb, 

e.g., the determination of antinuclear antibodies and the 

corresponding AAb in molecular cytoplasmic and nuclear 

autoantigenic structures. Further, this becomes the basis 

for the simultaneous multiparametric AAb determina-

tion for the serology of celiac disease or ANCA-associated 

vasculitides.  

   Keywords:    autoantibody;   confirmatory testing;   indirect 

immunofluorescence;   microparticle;   multiparametric 

diagnostics;   screening.     

   Introduction 
 The serological diagnostics of systemic autoimmune dis-

eases (SAD) includes the determination of inflammatory 

parameters and disease-specific autoantibodies (AAb) 

 [1 – 5] . While the former parameters point to inflammatory 

processes irrespective of their causes, disease-specific 

AAb can be seen as an important sign of the autoimmune 

pathogenesis. AAb can, therefore, serve as a benchmark 

for the diagnosis and therapy of SAD  [3, 4, 6] . In the major-

ity of known SAD, more than a few AAb with diagnostic 

and/or prognostic relevance can be detected, and their 

determination has been included in classification criteria 
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of corresponding SAD  [7 – 9] . For reasons of cost and time 

savings, there is an ongoing discussion about determin-

ing all disease relevant AAb by using multiparametric test 

approaches  [10 – 14] .  

  The significance of multiparametric 
biomarker analysis in autoimmune 
diseases 
 Regarding their large variability of clinical manifestations 

and the mostly long pre-clinical stage of SAD the analy-

sis of biomarkers is of special importance. The clinical 

diagnosis of SAD is often difficult due to the non-specific 

and variable onset of the disease. An early identification 

of disease-specific AAb (e.g., anti-CCP antibodies when 

rheumatoid arthritis is suspected) may point towards 

further diagnostics and therapy strategies ( Figure 1  ) 

 [4, 15, 16] . 

 A large number of diagnostic relevant AAb can be 

detected pre-clinically  [15 – 18] . In contrast to the conven-

tional stepwise diagnostics, multiparametric assays for 

the simultaneous determination of several AAb in one 

approach can reduce the time needed to get a medical 

diagnosis  [19, 20] . The higher number of relevant parame-

ters in one assay will correlate with the higher probability 

of confirmation or exclusion of a specific SAD  [1, 21] . 

 Apart from time savings, the automation and (rela-

tive to the technological solution) significant reduction of 

 Figure 1:      Schematic representation of the guideline for the diag-

nostics and theranostics of patient ’ s autoantibodies. 

 The early detection (early diagnosis) of antibodies sets the course 

for further theranostics  –  treatment, diagnostics and monitoring of 

the patient.    

costs are key arguments in favor to use multiparametric 

assays. In addition, there are numerous advantages from 

a clinical-diagnostic point of view. The increasing number 

of parameters which can be detected with one assay also 

increases the certainty of reaching a decision in the case of 

suspected SAD. The antigenic diversity of a multiparamet-

ric assay can be adapted to all diagnostic investigations, 

which allows an extensive way a more reliable identifica-

tion of certain overlapping syndromes.  

  The principle: screening and 
confirmation 
 The current standard in routine diagnostics where there is 

a suspicion of SAD (particularly an ANA-associated rheu-

matic disease, AARD) is the combination of a highly sensi-

tive screening assays followed by specific determination 

of marker antibodies  [22] . AARD, also known as connec-

tive tissue diseases (CTD), comprise systemic lupus ery-

thematosus (SLE), systemic sclerosis (SSc), the Sj ö gren ’ s 

syndrome (SjS), autoimmune myositis (AIM) and various 

mixed CTDs (e.g., Sharp syndrome). These systemic dis-

eases are characterized by the production of numerous 

non-organ-specific, predominantly antinuclear antibod-

ies (ANA) as well as anticytoplasmic antibodies, which, 

except for a few myositis-specific AAb, can be detected 

via immunofluorescence screening on HEp-2 cells  [23 – 27] . 

Depending on the clinical suspicion, a positive fluores-

cence patterns on HEp-2 cells should be confirmed with 

antigen-specific immunoassays. This gradual approach 

has several advantages in contrast to the solitary testing 

of disease-associated AAb specificities  [1, 28] : (a) Nega-

tive results of the screening assay can be used to exclude 

a number of AARD (especially SLE and Sharp syndrome) 

with high confidence. (b) The HEp-2 cell assay allows 

highly sensitive multiparametric screening for more than 

30 clinically relevant AAb specificities, and, therefore, 

increases the sensitivity for the diagnosis of AARD with 

independently expressed marker antibodies in the cell 

(e.g., SSc). (c) The pattern differentiation, aside from the 

specific AAb diagnostics (e.g., anti-centromere antibod-

ies), provides diverse indications about underlying clini-

cally relevant AAb specificities, such as dsDNA and DFS70 

antibodies  [29] . (d) It is possible to obtain clinically rel-

evant or even incidental findings (e.g., anti-mitochondrial 

antibodies in connection with primary biliary cirrhosis 

with initial rheumatic symptoms). (e) The screening results 

distinguish possible false-positive findings in the specific 

immunoassays (e.g., positive dsDNA antibodies with 
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negative ANA) and thus increase diagnostic confidence. 

Thus, the quality of medical diagnostics is improved by 

the combination of highly sensitive screening and highly 

specific confirmatory testing  [30, 31] . Essentially, a nega-

tive result obtained with a highly sensitive screening assay 

potentially exclude patients under suspicion of AARD due 

to its high negative predictive value  [32, 33] . However, a 

positive result provides an important indication, but does 

not prove the presence or allow a reliable diagnosis of an 

autoimmune disease. Screening is a test method to detect 

all AAb, where a certain proportion of false-positive find-

ings is accepted  [34] . Therefore, a positive test result of a 

screening assay-has to be confirmed with a specific immu-

noassay. The confirmation assay has a significantly higher 

diagnostic specificity and a higher positive predictive 

value than the screening assay, but does not rule out false-

positive findings completely  [35, 36] . In the case of emer-

gency situations like ANCA-associated vasculitis involving 

the kidneys, a maximum diagnostic confidence is needed 

which requires screening for C/P-ANCA via IIF on neutro-

phil granulocytes along with the specific determination 

of myeloperoxidase (MPO)- and proteinase 3 (PR3)-ANCA 

 [1, 4, 33] .  

  Multiparametric methods for 
detecting autoantibodies 
 Today, there are many multiparametric methods for 

detecting autoantibodies, which differ mainly in the test 

matrix and the measurement method ( Table 1  ). The basic 

principle is based on immobilized biomolecules which are 

detected employing different methods. 

  Test matrix 

 A test matrix is the substrate and format on which pro-

teins or peptides are immobilized. The most common are 

applications of proteins in the form of spots or lines on 

membranes  –  so-called line dot assays. Furthermore, it is 

also possible to immobilize proteins to multiwell plates 

or glass slides. The advantages of these protein-coated 

matrices are derived from the easy handling and very 

efficient manual or automated analysis reader systems 

with evaluation software. However, measurement accu-

racy due to the lack of calibrators (semi-quantitative) and 

low sensitivity due to the densitometric determination 

of a color change reaction are disadvantageous. Various 

manufacturers managed to improve the latter through the 

fluorescence labeling of detector molecules and the asso-

ciated light quantum detection. 

 Alternatively, microparticles (beads), consisting of 

polystyrene (PS) or polymethyl methacrylate (PMMA), 

with a diameter of up to 20  μ m are used as solid phase 

for the development of the reaction environment  [13, 14, 

19] . Polymerized fluorescence dyes and various sizes of 

beads allow the differentiation of individual populations. 

On the surface of the beads, there are immobilized highly 

purified autoantigens in native or recombinant form. They 

allow the specific detection of AAb. Furthermore, the pos-

sible individual surface modification of each bead popu-

lation, generates the optimal immobilization strategy for 

each autoantigen. This creates opportunities for adapting 

the reaction environment with respect to protein folding, 

as well as for the targeted modulation of other perfor-

mance parameters. Given their small sizes, many beads 

can be combined into individual measuring points and 

guarantee solid statistical distributions in calculating 

the measured value. The measurement of fluorescence, 

or also chemiluminescence, is very sensitive. Addition-

ally, attached calibrators allow real quantitative measure-

ments via lot-specific calibration curves. 

 A disadvantage in this context are manufacturer- 

specific proprietary measurement systems. Until now, 

manual analyses of bead-based assays were not possible.  

  Measuring systems 

 Measuring systems for antibody detection include scan-

ners for color change reactions on line dot assays, flow 

cytometers for beads, as well as fluorescence microscopes 

for protein spots and beads. 

 Scanner systems are easy to use and cost efficient but 

the documentation for line dot assays causes a problem. 

Semi-quantitative measurements and analyses are possi-

ble, but these systems cannot achieve the high precision 

of fluorescence or chemiluminescence-based systems due 

to their densitometric evaluation. 

 Cytometers detect and measure beads in terms of size 

and fluorescence intensity in the flow and allow accurate 

quantitative measurements. Measurements are taken in 

standard vials or special manufacturer-designed car-

tridges, sequentially as single beads or by parallel multi-

plex measurements of a bead mixture. The fluorescence 

on the bead surface is analyzed whereby the fluorescence 

intensity correlates with the concentration of bound AAb. 

However, the high acquisition costs for the measure-

ment system and the one-time bead measurement which 
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cannot be repeated are shortcomings. The possibility of 

using more complex autoantigenic substrates e.g., tissue 

sections, for the AAb determination has so far not been 

realized by using flow cytometry. 

 Microscopes that are either controlled manually 

or automatically via appropriate software are used for 

the analysis of fluorescence-based assays. Beads and 

protein spots are analyzed on planar surfaces in standard 

formats, such as multiwell plates and glass slides. Apart 

from artificial substrates, such as antigen-coated beads, 

native substrates like cells and tissues, which are used in 

autoantibody screening, can be detected and measured 

 [28, 38] . The wide availability of fluorescence microscopes 

and their manufacturer independent and flexible uses are 

the main benefits. Quantitative measurements as well as 

sample control by repeated measurements are possible. 

 However, all currently available multiparametric 

methods for detecting autoantibodies, given their limita-

tion to a single detection system, do not allow the com-

bined analysis of screening and confirmation assays.   

  The CytoBead principle 
 Based on experience with existing methods with respect 

to the advantages and disadvantages mentioned, the 

CytoBead principle was developed to be a more advanced 

diagnostic tool. The aim was to generate a simple detec-

tion system which combines the stepwise diagnostics 

of AAb with sensitive screening and specific confirma-

tory testing that furthermore is adaptable for various 

autoantibody determinations. By combining innovative 

and new approaches as described below, it is now possi-

ble to overcome the disadvantages of existing test systems. 

  Multiple parted wells 

 Stepwise diagnostics requires the detection of AAb on 

different autoantigenic substrates. To allow these test 

systems to be combined, wells on conventional glass 

slides were divided into compartments by Teflon barriers 

( Figure 2  A). This creates test environments for disease-

specific combinations allowing specific detection systems 

for profile diagnostics. Regarding the test performance, 

there are no differences compared to conventional IIF, as 

used for ANA and ANCA diagnostics  [11] . The fluidics of 

the serum and conjugate drop is equivalent to the stand-

ard glass slide with traditional wells. The regular distance 

in accordance with the 96-cavity grid enables manual and 

automated test processing.  

  Cells, tissues  +  beads 

 The creation of multiple compartments makes it possible 

to combine different methods. Regarding the detection of 

ANA, HEp-2 cells are used as a sensitive screening system 

with a repertoire of more than 30 clinically relevant 

autoantigens. In addition, granulocytes can be used as a 

substrate for ANCA detection, and  Crithidia luciliae  as a 

specific target for anti-dsDNA-AAb  [11, 20, 39, 40] . For the 

 Figure 2:      CytoBead slides with eight application points for different test profiles. 

 Combination of screening with native substrate of cells or tissue (center compartment) and artificial substrate through antigen-loaded 

fluorescent micro-particles (peripheral compartments). CytoBead ANA (left), ANCA (center) and celiac disease (right). SLR is the designation 

of reference beads for the manual bead classification.    
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detection of organ-specific AAb, primate or rat tissue sec-

tions from the esophagus, liver, stomach or kidney as well 

as recombinant autoantigens expressed in specific cell 

lines are used  [41, 42] . 

 Through adapted surface modifications, cells or 

tissue sections can be immobilized on to the center com-

partment, which, together with the beads at the outer 

compartments, create a test profile. As a result, the test 

system allows sensitive screening on native structures and 

specific confirmation by solid-phase assay, represented as 

protein-loaded beads ( Figure 2 B).  

  Manual and automated evaluation 

 New measurement methods are often based on new evalu-

ation systems, which enable the readout of measured data. 

High investment costs and a lack of laboratory space usually 

prevent the introduction of new methods. However, almost 

every diagnostic routine autoimmune laboratory has a 

fluorescence microscope with a green filter for fluorescein 

isothiocyanate (FITC), which is used for the manual, tradi-

tional analysis of the IIF tests developed in the 1970s. 

 For the first time, the newly established and unique 

CytoBead slide format allows the evaluation of bead reac-

tions with conventional manual routine microscopes due 

to its combination with green fluorescence (FITC wave-

length range) for signal detection. This qualitative to semi-

quantitative evaluation by eye does not require a special 

measurement system. The size differentiation of the red 

fluorescent, antigen-coated beads into different popu-

lations for manual evaluation is supported by reference 

beads. These beads of homogeneous green fluorescence 

serve as a size scale and enable reliable manual identifica-

tion and classification. 

 The interpretation systems developed in recent years 

for the automated analysis of IIF tests can also be used 

equally for the analysis of the CytoBead assays  [28, 43 – 46] .  

  Quantification 

 International comparability of test results requires cali-

brated systems which yield semi-quantitative or quantita-

tive results  [47, 48] . To compensate for any batch-specific 

and device-dependent fluctuations, it is necessary to use 

calibrators for quantitative analyses. It follows that man-

ually evaluated tests and tests without calibrators can 

produce, at best, semi-quantitative results. When evaluat-

ing CytoBead tests manually, semi-quantitative statements 

are comparable to statements obtained from line dot assays. 

 With measurements involving automated systems 

like Aklides (Medipan, Dahlewitz) and calibrators, lot-

specific master curves can be used to produce values in 

international units (IU/ml), comparable with conven-

tional ELISA  [11] . 

 In summary, the CytoBead principle combines the 

conventional stepwise diagnostic of different test systems 

in one single approach. Evaluation can be done manu-

ally by using conventional fluorescence microscopes, as 

well as automatically by modern microscopes. Through 

the inclusion of calibrators, automated evaluation allows 

the output of results in international units. The principle 

can be applied to a variety of autoantibody tests for the 

serological diagnosis of collagenoses (ANA screening plus 

determination of collagenose-associated ANA specifici-

ties), ANCA-associated vasculitis (ANCA screening plus 

determination of ANCA specificities), as well as organ-

specific autoimmune diseases ( Figure 2 ). 
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