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Abstract
Objective

Antinuclear antibodies (ANA) are fundamental in the diagnosis of systemic autoimmune rheumatic diseases (SARDs). 
Different assays for ANA screening are available, such as indirect immunofluorescence (IIF) on HEp-2 cells and Multiplex 

fluorescent immunoassay (MFI). This study aimed to clarify the importance of ANA detected only by IIF in the future 
development of SARDs and to recommend a laboratory algorithm that integrates the available diagnostic approaches to 

optimise the diagnosis of ANA IIF+MFI- subjects.

Methods
A total of 9,291 subjects with clinical suspicion of SARDs were evaluated for ANA by IIF and MFI. One hundred and 

ninety-eight subjects (2.1%) were ANA IIF+MFI-, who were followed up for 2 years. ANA were evaluated using IIF on 
HEp-2 cells and MFI on the BioPlex 2200. 

Results
The ANA IIF+MFI- cohort included 106 subjects with SARDs, 26 subject with other autoimmune diseases (not-SARDs) 
and 66 subjects with minor symptoms or ANA requested in check-ups. Only 94 subjects underwent re-evaluation. After 
a 2-year follow-up, most re-evaluated subjects (51 patients) became ANA negative for both assays (mainly rheumatoid 
arthritis, polymyalgia and inflammatory bowel disease patients) and 35 subjects remained ANA IIF+MFI- (principally 

systemic sclerosis and systemic lupus erythematosus patients). A new algorithm for ANA evaluation was suggested. 

Conclusion
According to the proposed algorithm, ANA IIF+MFI- subjects should be screened by an alternative solid-phase assay 

such as line-immunoassay or ELISA.   
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Introduction
Antinuclear antibodies (ANA) are a 
group of autoantibodies that react with 
nuclear constituents of cells, such as the 
nuclear membrane, nucleoplasm and nu-
clear organelles. ANA can be detected in 
the sera of subjects with systemic autoim-
mune rheumatic diseases (SARDs), such 
as systemic lupus erythematosus (SLE), 
Sjögren’s syndrome (SS), systemic scle-
rosis (SSc), idiopathic inflammatory my-
opathies (IIMs) and rheumatoid arthritis 
(RA) (1). Therefore, ANA are essential in 
the diagnosis of SARDs (2).
In recent decades, several studies have 
reported that ANA could appear years 
before the clinical onset of the disease 
and the relevance of these autoantibod-
ies as predictors of autoimmunity has 
been demonstrated (3-15). Thus, it may 
help to predict the future development 
of SARD in subjects with arthralgia/
arthritis, photosensitive rash, muscle 
weakness, sicca symptoms or Raynaud’s 
phenomenon (8, 12, 14, 15). 
The first method used to detect ANA was 
the indirect immunofluorescence (IIF), 
described in 1950 by Coons and Kaplan 
(16). Nowadays, IIF assay is still one of 
the widely used methods for ANA de-
tection (17). The ability to detect a large 
number of nuclear and cytoplasmic an-
tigens is the main advantage of IIF (18). 
However, it has some significant limi-
tations. A major drawback is subjectiv-
ity in the interpretation of the results of 
this ANA assay (19-21). Moreover, the 
visual evaluation is time consuming and 
personnel require training. Furthermore, 
the results are often influenced by the 
variability of the morphology of HEp-
2 cells, which depend on the different 
manufacturing procedures (22-26). The 
lack of specificity is another limitation 
of IIF, given that up to 25% of healthy 
individuals may be ANA positive by IIF 
depending on the titre used for primary 
screening (17, 27-29). 
These limitations and the increased de-
mand for ANA detection have led to 
the development of new, more efficient 
and automated ANA screening tech-
niques (30, 31). In parallel to traditional 
Enzyme-Linked Immunosorbent Assay 
(ELISA), alternative solid-phase assays 
(SPAs) became widespread (32, 33). 
These include Multiplex Fluorescent 

Immunoassay (MFI), mostly referred to 
as addressable laser bead assays (AL-
BIA) and line immunoassays (LIA) 
(34). The MFI is a multi-antigen tech-
nique that allows the simultaneous de-
tection of different autoantibodies in a 
single tube using an array of beads that 
incorporate purified or recombinant an-
tigens (35). 
Numerous studies have shown discrep-
ancies in the results obtained by the dif-
ferent ANA assays (9, 11, 35) and the 
optimal method for ANA screening re-
mains a hot topic of debate. However, 
it has been reported that the association 
of IIF and SPAs increased the sensitivity 
(from 89.2% to 97.4%) and the specific-
ity (from 64.6% to 98.4%) of serologi-
cal tests for ANA screening (36). 
In a previous study, Pérez et al. evalu-
ated the clinical significance of ANA 
detected only by MFI (with ANA nega-
tive by IIF), and a higher sensitivity of 
MFI in comparison with IIF has been 
reported. After a 3-year follow-up of the 
subjects from routine tests without auto-
immune diseases, the study showed that 
76% became ANA positive by IIF and 
MFI and 87% were finally diagnosed 
with an autoimmune disease. Besides, 
the positive predictive value of MFI 
when there are more than one autoan-
tibody was reported. After a 3-year fol-
low-up, 96.8% of subjects with three or 
more positive autoantibodies detected 
by MFI developed autoimmune diseas-
es (8). The above data indicate that these 
methods can complement each other 
leading to an increase in both sensitivity 
and specificity of ANA determination 
depending on each clinical situation. 
This study has two aims. The first is to 
clarify the importance of ANA detected 
only by IIF in the future development 
of SARDs. The second aim is to rec-
ommend a laboratory algorithm that 
integrates the available diagnostic ap-
proaches to optimise the diagnosis of 
ANA IIF+ MFI- subjects with suspected 
SARDs. 

Material and methods
Subjects
A total of 26,390 subjects were referred 
to the Autoimmunity Laboratory of 
Hospital 12 de Octubre (Madrid, Spain) 
to perform an ANA screening during 
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a 4-year period (from January 2012 to 
December 2015). For this study, 9,291 
subjects (70.3% women and 29.7% 
men, mean age 54.7±17.8 years) were 
selected according to the following se-
lection criteria: subjects not previously 
studied in the Autoimmunity Labora-
tory of Hospital 12 de Octubre and sub-
jects not evaluated for ANA for at least 
1 year before they were selected. More 
than 95% of the included patients were 
Mediterranean Caucasian. Subjects un-
der study during the last year with an ac-
tive autoimmune disease were excluded. 
The presence of ANA was evaluated 
simultaneously by two techniques: IIF 
and MFI. SARD diagnoses were deter-
mined according to internationally vali-
dated disease criteria (37-42). 

Methods
Autoantibody detection by 
IIF assay on HEp-2 cells
ANA detection was performed by IIF 
assay on HEp-2 cells (Inova Diagnos-
tics, Inc, San Diego, CA, USA). The 
results were analysed using a Nikon 
Eclipse fluorescence microscope with 
magnification ×400. The detection of 
any nuclear pattern (nuclear homoge-
neous AC-1, centromere AC-3, fine 
speckled AC-4, coarse speckled AC-
5, nuclear dots AC-6/AC-7, nucleolar 
AC-8/AC-9, etc.) at a dilution of 1:160 
or higher was considered a positive re-
sult (IIF+) (17, 43). New provisional 
classification criteria for SLE have been 
proposed, suggesting an ANA titre of at 
least 1:80 on HEp-2 cells or an equiva-
lent positive test (44, 45). In this work, 
a dilution of 1:160 was used, according 
to the recommendation of Agmon-Levi 
et al. for SARDs evaluation. MFI was 
performed in all patients as MFI is an 
equivalent test (and more sensitive), so 
the protocol meets the new EULAR/
ACR proposed recommendations. 

Autoantibody detection by MFI
ANA screening was performed using 
the BioPlex 2200 ANA Screen kit (Bio-
Rad Laboratories, Hercules, CA, USA). 
It employs fluorescently dyed magnetic 
beads for the simultaneous detection of 
the levels of 13 autoantibodies (anti-
double-strand DNA (dsDNA), anti-
chromatin, anti-ribosomal P, anti-Ro52 

(SS-A), anti-Ro60 (SS-A), anti-La 
(SS-B), anti-Sm, anti-Sm-RNP com-
plex, anti-ribonucleoprotein 68 (RNP 
68), anti-topoisomerase I (Scl-70), anti-
centromere B and anti-Jo-1) within a 
single serum sample. The BioPlex 2200 
ANA Screen is run on the BioPlex 2200 
System, a fully-automated, random ac-
cess multiplex testing platform. IgG is 
the primary antibody isotype detected 
by this assay. The cut-off values were 
established based on the 99th percentile 
for a non-disease population in Spain 
(blood donors). The cut-off values for 

autoantibodies detected by BioPlex co-
incide with the manufacturer’s recom-
mended values (1.0 AI), except for anti-
RNP 68 and anti-dsDNA antibodies (2.0 
AI and 20 AI, respectively). BioPlex 
ANA Screen positive results (MFI+) 
were considered when at least one au-
toantibody was detected by this assay.

Ethical approval
The study was approved by the Ethics 
Committee for Clinical Research of Hos-
pital 12 de Octubre (ref. no. CEIC-16/ 
383). No informed consent was required. 

Table I. Results of ANA screening by IIF and MFI in the studied population.

n=9,291 subjects   ANA IIF
  Negative Positive

ANA MFI Negative 5,717 (61.6%) 198 (2.1%)
 Positive 2,455 (26.4%) 921 (9.9%)

ANA: antinuclear antibodies; IIF: Indirect Immunofluorescence; MFI: multiplex fluorescent immunoassay. 

Table II. Clinical manifestations of 198 ANA IIF+MFI- subjects and 94 followed-up      
subjects.
 
Pathology ANA IIF+ MFI-  ANA IIF+ MFI-
 subjects  followed-up
 n=198 subjects
  n=94 (47%)

 n % of total n  % of total 
  subjects  subjects
    with this  
    pathology

Group 1: SARDs
SLE 18 9% 12 67%
SSc 14 7% 10 71%
Fibromyalgia 4 2% 2 50%
RA 48 24% 21  44%
Inflammatory myopathy 2 1%  2  100%
Polymyalgia 8 4% 5  63%
Other SARDs 12 6% 5  42%
Total  106 54% 57 54%

Group 2: Other autoimmune diseases (not-SARDs)
Inflammatory bowel disease 13 7% 9  69%
Psoriasis 7 4% 2 29%
Hepatopathy  6 3% 3  50%
Total  26 13% 14  54%

Group 3: Minor symptoms or health check-ups
Polyarthritis-Osteoarthritis 13 7% 5  38%
Non autoimmune diseases found during health check-ups 39 20 % 12 31 %
No rheumatic diseases found during health check-ups 14 7 % 6 43 %
Total  66 33 % 23 35 %

The total 198 ANA IIF+ MFI- subjects are shown in the second column, while the 94 ANA IIF+ MFI- 
subjects who were followed-up for two years are indicated in the third column. The table indicates 
the number and percentage that subjects represent over the total number of ANA IIF+ MIF- subjects 
(second column) or over the total number of these subjects who presented the pathology in the first 
evaluation (third column). 
ANA: antinuclear antibodies; IIF: indirect immunofluorescence; MFI: multiplex fluorescent immu-
noassay; SARD: systemic autoimmune rheumatic diseases; SLE: systemic lupus erythematosus; SSc: 
systemic sclerosis; RA: rheumatoid arthritis. 
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Statistical analysis
Data from subjects and ANA results 
were included in randomised databases 
that were processed and analysed us-
ing MedCalc for Windows v. 14.12 
(MedCalc Software, Ostend, Belgium). 
Association between qualitative vari-
ables was determined with Pearson’s 
Chi-square test (or Fisher’s exact test 
when appropriate). In scaled variables 
with two categories, the comparisons 
were performed using Mann-Whitney 
U-test. p-values less than 0.05 were 
considered significant.

Results
Percentage of ANA IIF+ MFI- 
subjects in the studied population
Among the 9,291 subjects included in 
the study, 921 (9.9%) were ANA IIF+ 
MFI+, 5,717 (61.6%) were ANA IIF- 
MFI-, 2,455 (26.4%) were ANA IFI- 
MFI+ and 198 (2.1%) were ANA IIF+ 
MFI- (Table I). 
Subjects in the ANA IIF+ MFI- group 
were slightly older in comparison with 
the ANA IIF+ MFI+ group (56.4 vs. 
53.1 years, p=0.018), and the propor-
tion of women was significantly lower 
(77.8% vs. 85.5%, p = 0.007).
The 198 ANA IIF+ MFI- subjects were 
classified into three different groups ac-
cording to their clinical manifestations 
(Table II): 106 (54%) were subjects 
with high clinical suspicion of SARDs 
(group 1); 26 (13%) were subjects 
with other autoimmune diseases (not-
SARDs) that were referred to labora-
tory requesting systemic autoimmunity 
studies (group 2); and 66 (33%) were 
subjects with minor symptoms, mostly 
polyarthritis and osteoarthritis, that 
may be related to SARDs but without 
a final diagnosis of these disorders, or 
with this ANA evaluation requested in 
the context of health check-ups (group 
3). 
Within group 1, almost half of the sub-
jects had RA (48 patients) and 80% 
were seropositive for anti-citrullinated 
cyclic peptide or rheumatoid factor.

Follow-up of ANA IIF+ MFI- subjects
Out of the 198 ANA IIF+ MFI- sub-
jects, only 94 (47%) were re-evaluated 
and followed-up for two years. In the 
context of the above-mentioned clini-

cal groups, this re-evaluation included 
57 subjects (54%) in group 1, 14 sub-
jects (54%) in group 2 and 23 subjects 
(35%) in group 3 (Table II). 
After the re-evaluation, most subjects 
(51, 54%) were ANA negative by both 
assays (ANA IIF- MFI-); 8 subjects 
(9%) changed to ANA positive by MFI, 
becoming positive for both assays 
(ANA IIF+ MFI+); and 35 subjects 
(37%) preserved the positivity of ANA 
IIF with negative MFI. 
The majority of patients with SSc and 
SLE maintained their status of ANA 
IIF+ MFI-. In contrast, most RA pa-
tients and patients with polymyalgia 
and inflammatory bowel disease be-
come ANA negative by IIF and MFI. 
For a large proportion of patients with 
psoriasis and inflammatory myopathy 
as well as for some patients with RA, 
ANA MFI became positive (maintain-
ing IIF positivity) (Table III).
Furthermore, the conversion of ANA 
IIF+ MFI- subjects to ANA-negative 

by both assays is not dependent of the 
titre of ANA by IIF (Table IV).

Laboratory algorithm
A new laboratory algorithm (Fig. 1) is 
proposed for ANA screening in sub-
jects with clinical suspicion of SARDs. 
Initially, performing both assays (MFI 
and IIF) is suggested. The clinical sus-
picion may be confirmed in subjects 
with autoantibodies detected by MFI 
(ANA MFI+), having either negative or 
positive ANA IIF. In subjects without 
ANA detected by MFI (ANA MFI-), an 
alternative method of SPAs should be 
performed where appropriate antigens 
for the diagnosis of suspected diseases 
are represented, especially in patients 
with suspected SSc, SLE or inflamma-
tory myopathy. A positive result by the 
alternative method will support the di-
agnosis of SARD. If a negative result 
by the alternative method is obtained, 
it can help to exclude the diagnosis of 
SARDs.

Table III. Evolution of 94 ANA IIF+MFI- followed-up subjects after ANA re-evaluation. 

Pathology ANA IIF+ MFI- followed-up subjects

 n Remain IIF+ Became IIF+ Became IIF-
 total MFI- MFI+ MFI-
 (n=94)  (n=35)  (n=8) (n=51)

Group 1: SARDs  
SLE 12 7 - 5
SSc 10 6 1 3
Fibromyalgia 2 1 - 1
RA 21 5 3 13
Inflammatory myopathy 2 1 1 -
Polymyalgia 5 1 - 4
Other SARDs 5 3 1 1
Total 57 24 6 27

Group 2: Other autoimmune diseases (not-SARDs)  
Inflammatory bowel disease 9 2 - 7
Psoriasis 2 1 1 -
Hepatopathy  3 - - 3
Total 14 3 1 10

Group 3: Minor symptoms or health check-ups  
Polyarthritis-Osteoarthritis 5 1 - 4
Non autoimmune diseases found 12 4 1 7 
   during health check-ups 
No rheumatic diseases found 6 3 - 3 
   during health check-ups 
Total 23 8 1 14

After the 2-year follow-up, most patients with RA, polymyalgia and inflammatory bowel disease 
change to negative ANA IIF (blue), becoming negative for both assays. Among the subjects who main-
tain the state of ANA IIF+ MFI- (orange) those who suffer from SSc and SLE stand out. For a consid-
erable proportion of patients with psoriasis, inflammatory myopathy and for some patients with RA, 
ANA MFI became positive (yellow), with both ANA assays positive. 
IIF: indirect immunofluorescence; MFI: multiplex fluorescent immunoassay; SARD: systemic autoimmune 
rheumatic diseases; SLE: systemic lupus erythematosus; SSc: systemic sclerosis; RA: rheumatoid arthritis. 
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Discussion
In the present study, 2.1% of subjects 
with suspected SARDs were IIF posi-
tive and MFI negative. This data is sim-
ilar to our previous study carried out in 
2011 with a similar cohort of patients in 
the same hospital (46), which reported 
a rate of 1.7%. 
Of the re-evaluated ANA IFI+ MFI- sub-
jects, 54% became negative by both as-
says (ANA IIF- MFI-) and most subjects 
who remained ANA IFI+ MFI- were pa-
tients with SSc and SLE. In the recom-

mended algorithm, these patients would 
be diagnosed by the alternative method 
since MFI is not an appropriate assay 
for ANA evaluation in these diseases. 
The percentage of ANA IIF+ MFI- sub-
jects who became positive for both as-
says (ANA IIF+ MFI+) in the follow-
up evaluation is clearly lower (9%) 
than that previously described for ANA 
IIF- MFI+ subjects (76%) (8). These 
data suggest that the positive predictive 
value of MFI is greater than IIF.
In the group of subjects with minor 

symptoms that could be related to 
SARDs, 61% became negative for ANA 
IIF, which can be explained by the fluc-
tuations of ANA determinations or may 
represent the percentage of the general 
population that is ANA positive by IIF. 
Several studies have investigated the 
diagnostic utility of IIF versus other 
systems such as SPAs (34, 36, 47) and 
recently we reported a higher sensitiv-
ity of MFI for ANA detection in com-
parison with IIF on HEp-2 cells (8). 
Furthermore, it has been reported that 
the combination of IIF and SPAs adds 
value to ANA detection in subjects with 
suspicion of SARDs (36, 47-52). Biz-
zaro et al. compared IIF vs. SPAs in 
the detection of ANA and described 
that the association of both methods in-
creased the sensitivity (from 89.2% to 
97.4%) and the specificity (from 64.6% 
to 98.4%) of serological test for ANA 
screening. This combination was also 
cost-effective, reducing global costs for 
the serological diagnosis of SARD by 
22% (36).
The choice of the best possible assay 
for ANA screening depends on the dis-
ease to be diagnosed. The inability to 
detect several autoantibodies related to 
SSc or IIM has been described as the 
major limitation of autoantibody detec-
tion by MFI (8, 53). Anti-centromere B, 
anti-topoisomerase I (Scl70) and anti-
Jo1 autoantibodies are included in the 
BioPlex ANA Screen. However, other 
important autoantibodies such as anti-
RNApol-III, anti-fibrilarin, anti-SRP, 
anti-Mi2, anti-MDA5 and anti-TIF1-γ 
(54, 55) are missed by this screen (56). 
Due to this low representation of au-
toantigens associated with IIM and SSc 
in the MFI system, the proposed algo-
rithm uses an alternative method when 
SSc or IIM are suspected. In addition, 
SLE patients should also be confirmed 
by an alternative method since many of 
them are not detected by MFI according 
to our results.
An important limitation is that only 94 
of the 194 patients were followed up for 
2 years, and therefore the results need 
to be confirmed by larger studies. An 
additional limitation of MFI is the high 
prevalence of anti-RNP-A antibodies 
in healthy subjects and its low posi-
tive predictive value (8, 11). Since a 

Table IV. Conversion of ANA IIF+MFI- subjects after re-evaluation according to the titre 
of ANA IIF. 

Conversion of ANA IIF+ MFI- subjects Titre of ANA IIF Titre of ANA IIF Titre of ANA IIF 
 1:160 1:320 ≥1:640

  n %          n %                   n   %
    (n=147)                  (n=33)                    (n=18) 

Remain IIF+ MFI-    24 16.3                   6 18.2                    5  27.8
SLE  1    2    3  
SSc  3    4    0  
Fibromyalgia  1    0    0  
RA  5    0    0  
Inflammatory myopathy  1    0    0  
Polymyalgia  2    0    0  
Other SARDs  3    0    0  
Inflammatory bowel disease  2    0    0  
Psoriasis  1    0    0  
Polyarthritis-Osteoarthritis  1    0    0  
Non-autoimmune diseases found during  2    0    2 
    health check-ups   
No rheumatic diseases found during health  2    0    0 
   check-ups   

Became IIF+ MFI+                5 3.4                    2 6.1                    1  5.6
SSc  1    0    0  
RA  2    1    0  
Inflammatory myopathy  0    1    0  
Other SARDs  0    0    1  
Psoriasis  1    0    0  
Non-autoimmune diseases found during  1    0    0 
   health check-ups   

Became IIF- MFI-              38 25.9                   8 24.2                    5 27.8
SLE  5    0    1  
SSc  2    0    0  
Fibromyalgia  1    0    0  
RA  8    2    3  
Polymyalgia  3    0    0  
Other SARDs  1    0    0  
Inflammatory bowel disease  4    2    1  
Hepatopathy   2    1    0  
Polyarthritis-Osteoarthritis  3    1    0  
Non-autoimmune diseases found during  6    1    0 
   health check-ups   
No rheumatic diseases found during  3    1    0 
   health check-ups   

Not re-evaluated              80 54.5                  17 51.5                    7 38.8

The number and percentage that subjects represent over the total number of subjects with a determined 
titre are shown. ANA: antinuclear antibodies; IIF: indirect immunofluorescence; MFI: multiplex fluo-
rescent immunoassay.
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consensus about their clear association 
with SARDs is still missing, anti-RNP-
A antibodies were not evaluated and are 
not considered when the recommended 
algorithm is performed. 
The proposed algorithm suggests that 
ANA IIF+ MFI- subjects should be 
screened by an alternative SPAs such as 
line immunoassay or ELISA. Because 
a higher MFI sensitivity compared to 
IIF was reported for ANA detection, an 
early diagnosis of autoimmune diseases 
can be done, treating subjects immedi-
ately upon first clinical manifestations 
and limiting the clinical impact of the 
disease (2, 57). Since an individualised 
approach of autoantibody measurement 
in patients with ANA-associated auto-
immune rheumatic diseases suspicion 
is cost-effective, the algorithm needs to 
be related to the degree of the clinical 
suspicion (low or high). In summary, 
as laboratory techniques for detecting 
autoantibodies are improving, labora-
tory diagnosis algorithms should be ad-
justed according to the method and the 
antibodies panel used for a more effec-
tive diagnosis and treatment of patients.  
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