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Measurement of Antinuclear Antibodies by Multiplex
Immunoassay: A Prospective, Multicenter Clinical
Evaluation
KEVIN G. MODER, MARK H. WENER, MICHAEL H. WEISMAN, MARIKO L. ISHIMORI, DANIEL J. WALLACE,
DAVID L. BUCKERIDGE, and HENRY A. HOMBURGER

ABSTRACT. Objective. We conducted a prospective, multicenter evaluation of autoantibody testing by multiplex
immunoassay in patients with known or suspected connective tissue diseases (CTD). We evaluated
agreement between multiplex immunoassay and enzyme immunoassay (EIA) and assessed the diag-
nostic utility of autoantibody profiles.
Methods. Samples from 908 patients with suspected CTD seen in rheumatology clinics were collected
prospectively at 3 tertiary care centers. Diagnoses were established according to recognized classifica-
tion criteria. Tests for autoantibodies were obtained by multiplex immunoassay and by EIA. The results
of the multiplex immunoassay were analyzed using a previously validated interpretative algorithm,
MDSS (Medical Decision Support Software), that suggests possible disease associations based on the
pattern of results for the autoantibodies.
Results. The median patient age was 49.7 years; 83% were female. The most common diagnoses were
rheumatoid arthritis in 352 patients and systemic lupus erythematosus (SLE) in 332 patients. Agreement
between multiplex and EIA testing ranged from a high of 99% (95% CI 98% to 100%) for Jo-1 to a low
of 79% (95% CI 76% to 82%) for antinuclear antibodies. The MDSS algorithm suggested an appropri-
ate disease association in 75% to 100% of patients with SLE. The results varied depending on the dis-
ease and the autoantibodies present.
Conclusion. These results suggest that patterns of autoantibodies detected by multiplex immunoassay
testing, when analyzed by an interpretative algorithm, are useful in the evaluation of patients with CTD
in situations of high disease prevalence. Further testing is necessary to determine its utility in settings
of low disease prevalence. (First Release April 1 2007; J Rheumatol 2007;34:978–86)
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The antinuclear antibodies (ANA) test performed by indirect
immunofluorescence or enzyme immunoassay (EIA) is well
accepted as clinically useful in the initial evaluation of

patients suspected of having a connective tissue disease
(CTD)1,2. Nevertheless, it is also widely recognized that many
positive ANA results are seen in patients without a CTD.
Identification of ANA-positive patients who have a CTD usu-
ally requires further testing for specific autoantibodies.
Clinicians are thus presented with the problem of deciding
which ANA-positive patients can best benefit from further
testing, a particularly problematic situation when the preva-
lence of disease is low and the “false-positive” rate of the test-
ing is high. Recent studies in the USA and Canada have
shown that patients with signs or symptoms compatible with
CTD are often difficult to characterize in the primary care set-
ting3,4. New technologies that yield multiple test results from
a single specimen may be useful to evaluate the significance
of positive results and for interpreting complex patterns of
autoantibodies. Patterns of test results may also be useful in
patients with definite CTD in the specialty setting for recog-
nizing phenotypes that are strongly associated with particular
diseases.

Multiplex immunoassay test methods have recently been
developed for use in the clinical laboratory. They utilize indi-
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vidually identifiable, fluorescent microspheres (beads), each
coupled with a different antigen or antigen mixture to test for
multiple autoantibodies simultaneously in the same tube.
Patient serum is incubated with the bead mixture and antihu-
man IgG antibody conjugated to a second fluorophore is added
to detect autoantibodies bound to the antigen-coated beads
(Figure 1)5-9. With current immunofluorescence or EIA tech-
nology it is necessary to perform multiple tests to obtain the
same profile of results available from a single multiplex test.

We present the results of a multicenter, prospective clinical
evaluation of a recently developed multiplex immunoassay
system for autoantibody testing10 performed at 3 tertiary care
rheumatology centers. The multiplex testing platform we
evaluated includes software that analyzes patterns of autoan-
tibody test results and compares the results to a database of
previously characterized sera11,12.

Our primary objective was to evaluate the agreement
between multiplex and EIA testing in a population of patients
with a high prevalence of CTD. We also sought to evaluate the
agreement between physician diagnosis and the suggested
diagnosis generated by the diagnostic software algorithm.

MATERIALS AND METHODS
Sera were collected from 908 patients at 3 rheumatology clinics (Mayo
Clinic, Rochester, MN; the University of Washington Medical Center, Seattle,
WA; and Cedars-Sinai Medical Center, Los Angeles, CA).

Samples collected by Dr. Moder at the Mayo Clinic were tested on the
BioPlex ANA Screen at the Mayo Clinic Immunology Laboratory. Samples
collected by Dr. Wener at the University of Washington were tested on the
BioPlex ANA Screen at the University of Washington Medical Center
Immunology Laboratory. Samples collected by Dr. Weisman at Cedars-Sinai
Medical Center were tested on the BioPlex ANA Screen at Rheumatology
Diagnostics Laboratory (RDL) in Los Angeles.

Consecutive patients with highly suspected or previously diagnosed CTD
were included; patients solely diagnosed with osteoarthritis, fibromyalgia,
and antiphospholipid syndrome were excluded. Patients with these conditions
and healthy controls were the subject of a previous report12.

All patients signed an informed consent to participate in the study. The
study was approved by the institutional review board at each institution.

Patients were assigned to one or more disease states according to
American College of Rheumatology (ACR) classification criteria. Other rec-
ognized classification criteria were used if no specific ACR criteria were
available13-19. Patients with dermatomyositis were classified according to the
Bohan and Peter criteria14.

Tests for autoantibodies were performed by multiplex immunoassay using
the BioPlex 2200® ANA screen kit (Bio-Rad Laboratories Inc., Hercules, CA,
USA). This ANA screen tests for the following autoantibodies simultaneous-
ly: dsDNA, chromatin, ribosomal P, SSA, SSB, Sm, SmRNP, RNP, Scl-70,
Jo-1, and centromere B. All samples were also tested for the same autoanti-
bodies using commercial, US Food and Drug Administration (FDA)-
approved EIA kits from Bio-Rad Laboratories, from Inova Diagnostics (San
Diego, CA, USA), and from Pharmacia (Freiburg, Germany; Table 1). More
information regarding these antigens has been reported12.

The serum was separated from the cells within 8 h of collection. The
serum was then aliquoted into separate tubes for the BioPlex testing and the
predicate testing (a separate aliquot for testing with the BioPlex and a sepa-

Figure 1.

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2007. All rights reserved.

 www.jrheum.orgDownloaded on April 18, 2024 from 

http://www.jrheum.org/


980 The Journal of Rheumatology 2007; 34:5

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2007. All rights reserved.

rate aliquot for testing with the predicates). All sample aliquots were stored at
Mayo Clinic at –20°C; at University of Washington at –70°C; and at RDL at
–20°C. Sample aliquots were thawed just prior to testing with either the
BioPlex or the predicate.

Positive test results obtained on the BioPlex 2200 were analyzed using a
software module based on a k-nearest neighbor (kNN) pattern recognition
method to identify antibody patterns associated with CTD. The software mod-
ule, called MDSS (Medical Decision Support Software), compares the results
for a test patient to a stored library of results from patients with clinically
characterized diseases, as well as non-disease patients11,12. For example, the
detection of elevated levels of both anti-SSA and anti-SSB is a typical find-

ing in primary Sjögren’s syndrome, but is also a common observation in sys-
temic lupus erythematosus (SLE), with or without secondary Sjögren’s syn-
drome20. When seen in combination with anti-dsDNA and/or anti-chromatin,
the pattern recognition algorithm will propose SLE; but in the absence of an
elevation of an SLE-specific antibody, it will generally propose “SLE or
Sjögren’s syndrome.”

In our statistical analysis we estimated the agreement between EIA results
for individual autoantibodies, and we calculated the diagnostic accuracy of
the BioPlex MDSS as compared to clinical diagnosis. To estimate agreement,
we calculated for each autoantibody the proportion of individuals with a pos-
itive result, the percentage agreement between EIA, and also Cohen’s kappa

Table 1. Performance characteristics of BioPlex 2200 and comparison methods.
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statistic, which accounts for agreement by chance. We calculated 95% confi-
dence intervals (CI) for percentage agreement and for kappa21. To calculate
the diagnostic accuracy of BioPlex, we assumed clinical diagnosis as the gold
standard and calculated the sensitivity, specificity, and positive and negative
likelihood ratios of the BioPlex MDSS for the CTD prevalent in our study
population. We calculated 95% CI for the measures of accuracy22 and for the
likelihood ratios23. All analyses were performed using the R statistical pro-
gramming software (R Development Core Team 2005).

Those samples with discordant results were not retested. Retesting was
done if a known technical error occurred, or if there was an instrument mal-
function or an invalid assay. The BioPlex instrument gives error messages and
depending on the message, the sample may have been retested. The predicate
assay results were monitored to assure that all assays were valid and all cali-
brators and controls met acceptance criteria.

RESULTS
The study group of patients, their demographic characteris-
tics, and clinical diagnoses are summarized in Table 2.
Rheumatoid arthritis (RA, 39%), SLE (37%), and scleroderma
(5%) accounted for more than 80% of disease diagnoses in
these patients and 83% were female. The agreements between
all tests for autoantibodies performed by the multiplex
immunoassay and individual EIA are summarized in Table 3.
Taken together, the overall agreement for all tests was 79.2%.
Including the ANA screen test, observed agreement was
greater for negative results than for positive results (Table 3).
Stated differently, the multiplex immunoassay generated few
false-positive results for any of the autoantibodies tested com-
pared to the EIA methods. Across the entire study group, the
agreement for positive test results varied from more than 90%
for SSA and centromere B autoantibodies to less than 60% for
Scl-70 and Jo-1 autoantibodies. Agreement of positive test
results for the ANA screen test and dsDNA antibodies test was
70% and 77%, respectively (Table 3).

The intraassay reproducibility for the 13 antibodies, meas-
ured at 2× to 3× cutoff, was 1.9%–6.6%, and for the interassay

reproducibility it was 5.8%–12.8% at the principal author’s
site.

The test results in patients with defined CTD (excluding
RA) are summarized by disease in Table 4. Among patients
with SLE, the multiplex ANA screen result was less often pos-
itive than the ANA screen by EIA. This is because the multi-
plex assay considered only those sera that were positive for a
specific antibody to have a positive ANA; the ANA by EIA
recognizes other antigens not in the multiplex assay24.

In contrast to the ANA results, similar numbers of sera test-
ed positive for antibodies to dsDNA and chromatin using both
methods. However, individual sera from SLE patients with
positive results for dsDNA, chromatin, Sm, or ribosome P anti-
bodies by either method showed agreement between the 2
methods only about half the time (48% to 68%; Table 4). The
high rates (81% to 95%) of overall agreement of test results
between the 2 methods for these antibodies were due to the fact
that most specimens gave negative results with both methods.

Among patients with the other CTD, including Sjögren’s
syndrome, scleroderma, CREST (calcinosis, Raynaud’s phe-
nomenon, esophageal dysfunction, sclerodactyly, telangiecta-
sia), mixed connective tissue disease, and polymyositis, there
were high rates of agreement for the various disease-specific
autoantibodies overall and among positive sera. The only
exception to this generalization was the tendency to lower
rates of positivity for theANA screen by the multiplex method
compared to the EIA in scleroderma patients (Table 4).

The relationships between autoantibodies detected by the
multiplex method and diagnoses suggested by the interpreta-
tive algorithm are shown in Table 5 for 4 different autoanti-
bodies often found in patients with SLE. The relationships are
shown for the individual autoantibodies and for 6 combina-
tions of 2 autoantibodies. In each comparison, the interpreta-
tive algorithm suggested the expected diagnosis of SLE in at
least 84% of cases; and for several comparisons, the algorithm
suggested a diagnosis of SLE in 100% of cases. Conversely,
some patients with individual autoantibodies had a diagnosis
other than SLE, indicating that the presence of a single anti-
body was not absolutely disease-specific. In many such
instances, the interpretative algorithm correctly suggested the
possibility of a disease other than SLE. Analogous compar-
isons for the other autoantibodies and CTD are shown in Table
6. Once again, the interpretative algorithm suggested the cor-
rect clinical diagnosis in most instances in which one or more
results were positive.

The accuracy and positive and negative likelihood ratios
for each CTD based upon results generated by the multiplex
assay and interpretative algorithm are shown in Table 7. For
these 5 CTD viewed collectively, the negative likelihood
ratios of the ANA screen test by the multiplex immunoassay
and EIA were 0.34 and 0.29, respectively.

DISCUSSION
Our objectives were to evaluate a new analytical method for

Table 2. Study group of patients: demographics and clinical diagnoses.

Median age 49 yrs (range 18–92)
Sex 750/908 female (83%)
Ethnicity, n (%) 744 (83) Caucasian

62 (7) Hispanic
45 (5) Asian
39 (4) African American
18 (2) Unknown or other

Diseases, n (%) Rheumatoid arthritis 352 (39)
Systemic lupus erythematosus 332 (37)
Scleroderma 41 (5)
Mixed connective tissue disease 16 (2)
Sjögren’s syndrome 16 (2)
Dermatomyositis 15 (2)
Polymyositis 12 (1)
CREST 6 (< 1)
No CTD 77 (8)
Raynaud’s 10 (1)
Other CTD 21 (2)

CREST: Calcinosis, Raynaud’s phenomenon, esophageal dysfunction,
sclerodactyly, telangiectasia; CTD: connective tissue disease.
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detecting autoantibodies associated with CTD in comparison
to commonly used FDA-approved tests. We also sought to
determine whether the detection of multiple autoantibodies
simultaneously by multiplex technology would enable accu-
rate classification of patients with known or suspected CTD
when compared to consensus clinical criteria. The results of
the multiplex immunoassay and individual comparative EIA
generated similar results for most autoantibodies.

A unique advantage to the multiplex system is the inclu-
sion of internal controls in each reaction for monitoring serum
addition, nonspecific binding, and tube to tube variation. This
is a powerful quality assurance measure not available in con-
ventional immunoassays.

The most frequent discordant results between the multiplex

method and the comparative EIA methods were obtained for
the generic ANA test. ANA screen results reported by multi-
plex immunoassay were derived from 11 specific antibodies
tested using individual antigen-coated beads. The EIA ANA
may detect antigens not tested in the multiplex panel24. It is
not surprising that some discordant results were obtained
between ANA measured by EIA and by the multiplex
immunoassay panel. In our study, the multiplex ANA dis-
played lower rates of positive results in patients with clinical
diagnoses of SLE and scleroderma than the ANA by EIA.
These data suggest that the lower sensitivity of the multiplex
ANA might limit its usefulness for excluding the diagnosis of
SLE or scleroderma in certain clinical settings as suggested in
a recent evidence-based guideline25.

Table 3. Agreement between Multiplex and EIA assays for screen and 11 autoantibodies.

Positive Result Multiplex Agreement with EIA
Autoantibody n Multiplex EIA Positive Negative Total (95% CI) Kappa (95% CI)

ANA screen 908 0.43 0.55 0.70 0.90 0.79 (0.76, 0.82) 0.59 (0.54, 0.64)
dsDNA 832 0.13 0.13 0.77 0.97 0.94 (0.92, 0.95) 0.73 (0.66, 0.80)
Chromatin 908 0.19 0.17 0.62 0.91 0.86 (0.83, 0.88) 0.51 (0.44, 0.59)
Ribosomal P 908 0.04 0.02 0.86 0.98 0.98 (0.96, 0.98) 0.61 (0.46, 0.76)
SSA 908 0.19 0.19 0.92 0.98 0.97 (0.95, 0.98) 0.89 (0.85, 0.93)
SSB 908 0.08 0.09 0.83 0.98 0.96 (0.95, 0.97) 0.75 (0.67, 0.83)
Sm 908 0.07 0.04 0.88 0.97 0.97 (0.95, 0.98) 0.68 (0.58, 0.79)
Sm-RNP 908 0.11 0.12 0.80 0.98 0.96 (0.94, 0.97) 0.81 (0.75, 0.87)
RNP 879 0.12 0.11 0.83 0.97 0.95 (0.94, 0.97) 0.77 (0.70, 0.84)
Scl-70 908 0.03 0.02 0.53 0.98 0.97 (0.96, 0.98) 0.40 (0.22, 0.59)
Jo-1 908 0.01 0.01 0.55 1.00 0.99 (0.98, 1.00) 0.66 (0.41, 0.92)
Centromere 908 0.04 0.04 0.97 0.99 0.99 (0.98, 1.00) 0.88 (0.80, 0.96)

NB: Indeterminate and equivocal samples were excluded; EIA: enzyme immunoassay.

Table 4. Performance of the Multiplex and EIA methods for ANA and 11 specific antibodies (sorted by disease state).

Disease Result No. Antibody-Positive No. Antibody-Positive Agreement Between Overall Agreement
(Total no. of samples) by BioPlex 2200 by EIA Methods on Positive Between Methods

Samples (n) % (n) %

SLE, N = 332 ANA screen 220 270 (213/277) 77 (270/332) 81
dsDNA 84 87 (65/96) 68 (265/281) 93*
Chromatin 122 113 (86/147) 59 (269/332) 81
Sm 49 33 (30/52) 58 (310/332) 93
RiboP 30 19 (16/33) 48 (315/332) 95

Primary Sjögren’s ANA screen 15 15 (15/15) 100 (16/16) 100
syndrome, N = 16 SSA 15 15 (15/15) 100 (16/16) 100

SSB 14 13 (13/14) 93 (15/16) 94
Scleroderma, N = 41 ANA screen 26 35 (25/36) 69 (30/41) 73

Scl-70 7 7 (6/8) 75 (39/41) 95
Centromere 9 9 (9/9) 100 (41/41) 100

CREST, N = 6 ANA screen 6 6 (6/6) 100 (6/6) 100
Centromere 4 4 (4/4) 100 (6/6) 100

MCTD, N = 16 ANA screen 16 16 (16/16) 100 (16/16) 100
SmRNP 15 15 (15/15) 100 (16/16) 100
RNP 15 14 (14/15) 93 (15/16) 94

Polymyositis, N = 12 ANA screen 6 9 (6/9) 67 (9/12) 75
Jo-1 2 2 (2/2) 100 (12/12) 100

* Results that were in the equivocal/indeterminate range by either method were excluded; CREST: calcinosis, Raynaud’s phenomenon, esophageal dysfunc-
tion, sclerodactyly, telangiectasia; MCTD: mixed connective tissue disease.

 www.jrheum.orgDownloaded on April 18, 2024 from 

http://www.jrheum.org/


983Moder, et al: Measurement of ANA

It is unlikely that the multiplex analytical system missed
detecting clinically significant antibodies, in that the multi-
plex method had excellent analytical sensitivity (see below).
Conversely, the lower frequency of positive results for ANA
by the multiplex method may actually be advantageous, as it

might lead to fewer weakly-positive results not associated
with measurable disease-specific autoantibodies.

Discordant results were also noted with some frequency
for dsDNA antibody testing. Although the 2 methods actually
gave similar overall percentages of positive results in patients

Table 5. Pattern recognition results for antibody patterns with SLE (sorted according to physicians’ diagnosis).

Antibody Finding(s) N Expected No. of Patients % of kNN No. of Patients % of kNN Overall Ability of
Diagnosis with Expected Results Mentioning with Different Results Offering kNN to Offer

Diagnosis Expected Diagnosis Diagnoses Different Diagnoses an Appropriate
Association, %

dsDNA positive 119 SLE 92 94.6 27 74.1 89.9
Chromatin positive 168 SLE 122 84.2 46 50.0 74.8
Sm positive 60 SLE 49 100.0 11 45.5 90.0
Ribosomal P positive 37 SLE 30 96.7 7 28.6 83.8
dsDNA and chromatin 77 SLE 74 100.0 3 33.3 97.4
positive

dsDNA and Sm positive 36 SLE 34 100.0 2 100.0 100.0
dsDNA and ribosomal 22 SLE 22 100.0 0 NA 100.0
P positive
Chromatin and Sm 52 SLE 45 100.0 7 42.9 92.3
positive

Chromatin and ribosomal 27 SLE 27 100.0 5 20.0 87.5
P positive

Sm and ribosomal P positive 18 SLE 16 100.0 2 0.0 88.9

kNN: k-nearest neighbor pattern recognition method.

Table 6. Pattern recognition results for antibody patterns with other connective tissue diseases (sorted according to physicians’ diagnosis).

Antibody Finding(s) N Expected No. of Patients % of kNN No. of Patients % of kNN Overall Ability of
Diagnosis with Expected Results Mentioning with Different Results Offering kNN to Offer

Diagnosis Expected Diagnosis Diagnoses Different Diagnoses an Appropriate
Association, %

Jo-1 positive 6 Polymyositis 3 100.0 3 100.0 100.0
Scl-70 positive 23 Scleroderma 7 71.4 16 56.3 60.9
SSA and SSB positive 60 Sjögren’s syndrome 13 100.0

SLE 39 100.0
(neither of these) 8 0.0 86.7

RNP and Sm-RNP 73 MCTD 15 86.7
positive SLE 48 100.0

(neither of these) 10 0.0 86.3
Centromere positive 38 SLE 11 81.8

Scleroderma 9 100.0
CREST 3 100.0

(None of these) 15 6.7 57.9

kNN: k-nearest neighbor pattern recognition method.

Table 7. Accuracy and likelihood ratios for multiplex software as compared to clinical diagnosis for selected
diseases.

Disease Prevalence Sensitivity Specificity LR Positive LR Negative

SLE 0.37 0.56 (0.51, 0.62) 0.82 (0.79, 0.85) 3.1 (2.6, 3.8) 0.53 (0.47, 0.61)
MCTD 0.02 0.81 (0.54, 0.95) 0.98 (0.96, 0.98) 32.9 (20.5, 53.0) 0.19 (0.07, 0.53)
Polymyositis 0.01 0.17 (0.03, 0.49) 1.00 (0.99, 1.00) 149.3 (14.51, 537.8) 0.83 (0.65, 1.07)
Scleroderma 0.05 0.34 (0.21, 0.51) 0.97 (0.95, 0.98) 10.6 (6.0, 18.5) 0.68 (0.55, 0.85)
Sjögren’s Syndrome 0.03 0.54 (0.34, 0.72) 0.97 (0.96, 0.98) 17.5 (10.5, 29.0) 0.48 (0.32, 0.71)
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with SLE, this is likely the result of inclusion of large num-
bers of SLE patients in the clinical study group. The 2 test
methods may have different analytical sensitivities for dsDNA
antibodies of lower versus higher affinities. This conclusion is
supported by the differences in reference ranges and cutoffs
for positive results for dsDNA testing, since both methods
trace their calibration to the same reference preparation
(Wo/80) and it is probable that differences can be accounted
for by methodological variables. Because the positive cutoff
for the multiplex assay is considerably lower than for the com-
parative EIA, it is possible that the multiplex assay may be
less susceptible to positive results caused by lower affinity
antibodies.

Specimens in our study were collected on consecutive
patients. Blood draws were not necessarily triggered by suspi-
cions of change in disease activity and may differ from blood
draws performed as part of the standard of care. This is impor-
tant to consider for the following reasons. Antibodies such as
dsDNA antibody can correlate with disease activity. Rising
dsDNA antibody levels may help predict SLE flares26,27 and
may decrease after the flare has resolved28. Antibodies to
dsDNA are associated with active disease, especially active
nephritis29. Testing of patients with a pretest likelihood of
active SLE has been recommended as the optimal usage of
dsDNA antibody testing, and many study samples collected
do not fit that description30.

Further, antibodies to dsDNA have been shown to be
affected by treatment of SLE. Two studies of patients with
SLE treated solely on the basis of increasing dsDNA antibody
(regardless of disease activity) with the addition of prednisone
30 mg per day or mycophenolate mofetil 2000 mg per day to
a conventional regimen resulted in significant decreases in
dsDNA antibody31,32. Patients who were previously positive
for dsDNA antibody with active nephritis treated with cyto-
toxic drugs, corticosteroids, and mycophenolate might subse-
quently have a negative dsDNA test result. This would affect
results based on the MDSS. The pattern recognition reported
in Table 4 would prove to be problematic if accurate SLE cat-
egorization relied on the presence of DNA positivity.

In patients with SLE, published data suggest that clustering
of autoantibodies is predictive of clinical subsets and disease
damage33. Having the full autoantibody pattern from multi-
plex testing in patients with SLE initially may influence diag-
nosis, treatment, and clinical outcomes. Data from this evalu-
ation suggest that the detection of certain SLE-specific
autoantibodies such as chromatin, Sm, and ribosomal P is
enhanced using multiplex technology compared to EIA(Table 4).

A limitation of the current multiplex assay is that it does
not include tests commonly ordered in patients with suspect-
ed RA, such as rheumatoid factor or cyclic citrullinated pep-
tide antibodies. These tests are of documented value in the
diagnosis and prognostic assessment of patients with RA34.
RA was the most common CTD at each of the 3 participating
centers.

A unique feature of this multiplex system is the MDSS
algorithm for comparing results in individual patients to a
database of patients previously studied and characterized.
Overall the MDSS system performed well in suggesting the
appropriate clinical diagnoses. The presence of dsDNA anti-
bodies in addition to 3 other autoantibodies (Sm, ribosome P,
and chromatin) each increased the likelihood that the pattern
would be reported as being associated with SLE (Table 5).
The MDSS did not make incorrect associations based solely
on the presence of one autoantibody. For example, Jo-1 is an
autoantibody associated with dermatomyositis and polymyo-
sitis35. The presence of Jo-1 antibody was associated by the
MDSS with polymyositis only 50% of the time (3 of 6 sam-
ples), with the algorithm correctly assigning patterns involv-
ing Jo-1 antibody to other diseases in the other 3 cases. The
presence of additional autoantibodies in the same specimens
as anti-Jo-1 served as an indicator of a non-myositis pattern in
these instances.

For the remaining antibodies listed in Table 6, the asso-
ciation of antibody patterns with disease was not as strong
as observed for patterns associated with SLE (Table 5).
Several specimens with weakly-reactive Scl-70 antibodies
had other diagnoses. These results can be explained by not-
ing that the positive results were close to the positive cut-
offs in each case. The 3 other patterns listed in Table 5, anti-
bodies to SSA and SSB, to RNP and SmRNP, and to cen-
tromere, also showed good associations with the expected
diagnoses.

With the exception of SLE, the likelihood ratios reported in
Table 7 compare favorably with the results of a recent meta-
analysis25. The high positive likelihood ratios for MDSS
results benefit from both the improved specificity of the anti-
body results and the ability of pattern recognition to identify
nonspecific patterns. The positive likelihood ratio for SLE is
slightly lower, because a possible SLE association must be
proposed for many antibody patterns that do not contain any
SLE-specific antibodies (Table 6). Summary data for all the
autoantibodies can be found in Table 8.

It is important to consider that this testing was done at only
one point in time. It is recognized that patterns of autoanti-
bodies evolve over time in individual patients, similar to the
evolution of their clinical manifestations. That these tests
were performed cross-sectionally, in a group of subjects with
different disease durations has to be considered a weakness in
the interpretation and extrapolation of the results.

In summary, the multiplex immunoassay displayed excel-
lent overall comparability to established enzyme immunoas-
says for several different autoantibodies. Results obtained
with the multiplex method displayed excellent analytical sen-
sitivity and negligible rates of false-positive test results, sug-
gesting that the multiplex method should have very good clin-
ical usefulness in appropriate clinical settings. The ability to
associate results with appropriate clinical diagnoses is an
added feature that may have considerable clinical value.
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