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Evaluation of a multiplex flow immunoassay
versus conventional assays in detecting
autoantibodies in systemic lupus erythematosus
Elaine YL Au *, WK Ip, CS Lau, YT Chan

was poorest with CIEP, ranging from 85.6% (κ=0.33)
for anti-Sm antibodies to 93.9% (κ=0.88) for anti-Ro
antibodies. Overall, BioPlex and ELISA had the
highest sensitivity, whereas CIEP had the highest
specificity. In terms of disease association, anti-Sm
detected by CIEP had the best positive predictive
value and specificity for lupus nephritis.

ABSTRACT

Introduction: Conventional diagnostic assays are
being replaced with automated multiplex assays,
but their performance needs to be evaluated.
We compared a multiplex flow immunoassay
with conventional techniques in the detection of
antinuclear antibodies (ANAs) and antibodies to
specific extractable nuclear antigens (ENAs) in Conclusions: In a local lupus cohort, BioPlex
serum samples from patients with systemic lupus showed comparable sensitivity to indirect
immunofluorescence in detecting ANAs and
erythematosus.
comparable performance to ELISA in detecting
Methods: A total of 140 consecutive Chinese
anti-ENA antibodies. However, CIEP was the best
patients with systemic lupus erythematosus and
method in terms of disease specificity.
41 healthy controls were included. The automated
BioPlex 2200 ANA Screen assay (Bio-Rad
Laboratories, Hercules [CA], US) was compared
with indirect immunofluorescence. In addition, use Hong Kong Med J 2018;24:261–9
of BioPlex 2200 to detect anti-ENA antibodies was DOI: 10.12809/hkmj177007
compared with in-house assays of countercurrent
immunoelectrophoresis (CIEP), enzyme-linked 1 EYL Au *, MB, BS, FHKAM (Pathology)
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immunosorbent assay (ELISA), and line blot.
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Results: The sensitivity and specificity of BioPlex in
detecting ANAs (91.4% and 95.1%, respectively) were
comparable to those of indirect immunofluorescence
(90.7% and 85.4%, respectively). Overall, BioPlex
achieved the best agreement with ELISA in detecting
anti-ENA antibodies: agreement was >90% for most
antibody types (κ=0.79-0.94). In contrast, agreement
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New knowledge added by this study
• The sensitivity of the BioPlex 2200 ANA Screen was comparable to that of indirect immunofluorescence.
• The BioPlex 2200 multiplex platform has a comparable performance to the enzyme-linked immunosorbent
assay in the detection of antibodies to specific extractable nuclear antigens, but it is less specific than
conventional gel precipitation (countercurrent immunoelectrophoresis).
Implications for clinical practice or policy
• The performance of newer multiplex platforms for autoantibody detection may be different from that of
conventional methods, and disease specificity of autoantibodies may change according to the test method.
• This variation may have a significant impact on the interpretation of results and on patient management.

Introduction

Connective tissue disease is a group of disorders
characterised by the presence of antinuclear
antibodies (ANAs) and clinical autoimmune
phenomena. The investigations that are performed
depend on both purpose and performance
characteristics. For example, to rule out a diagnosis,
a test with high sensitivity is needed, such as testing
for the absence of ANAs to rule out systemic lupus
Hong Kong Medical Journal

erythematosus (SLE). In contrast, to establish
a diagnosis, a test with high specificity is more
desirable, such as testing for antibodies to doublestranded DNA (dsDNA) or anti-Sm antigens in SLE.
Therefore, after an initial positive ANA test result,
subsequent tests for specific antibodies, such as
those against dsDNA and certain extractable nuclear
antigens (ENAs), are necessary.
Conventionally, ANAs are detected by indirect
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對於多重流式免疫測定技術與常規性測定技術在
偵測系統性紅斑狼瘡病人中的自身抗體上的評鑑
區婉寧、葉偉基、劉澤星、陳育達
引言：常規性診斷測定技術正逐漸被多重流式自動免疫測定技術所取
代，然而這兩項技術的效能需要評鑑。我們把多重流式免疫測定技
術與常規性測定技術在偵測系統性紅斑狼瘡病人血清中的抗核抗體
（ANA）和特定可提取核抗原抗體（ENA）比作較。
方法：納入140名華籍系統性紅斑狼瘡患者和41名健康對照者參與研
究。本研究將Bio-Rad Laboratories生產的BioPlex 2200 ANA篩選測定
法與間接免疫熒光法進行比較。此外，BioPlex 2200檢測抗ENA也會
與對流免疫電泳（CIEP）、酶聯免疫吸附測定（ELISA）和線性印蹟
的內部測定進行比較。
結果：BioPlex檢測ANA的靈敏度和特異性（分別為91.4%和95.1%）
與間接免疫熒光法（分別為90.7%和85.4%）相當。總體而
言，BioPlex與ELISA檢測抗ENA方面達到最佳一致性：對於大多
數抗體類型，一致性超過90%（κ = 0.79-0.94）。相反，BioPlex與
CIEP的一致性最差，從抗Sm抗體的85.6%（κ = 0.33）到抗Ro抗體的
93.9%（κ = 0.88）。綜合以上，BioPlex和ELISA具最高靈敏度，而
CIEP具最高特異性。在疾病相關性方面，CIEP檢測到的抗Sm對狼瘡
性腎炎具有最佳陽性預測值和特異性。
結論：這項本地研究顯示BioPlex在檢測ANA時，表現與間接免疫熒光
法的靈敏度相若；在檢測抗ENA方面也與ELISA表現相當。然而，就
疾病特異性而言，CIEP卻是最好的方法。

immunofluorescence (IIF). This method is sensitive
and essentially detects all antibodies against cellular
constituents, with antibody profile having varying
clinical significance. However, it is labour-intensive,
and technical interpretation of the results can be
subjective. The enzyme-linked immunosorbent
assay (ELISA), which can be automated and highthroughput–enabled, is gaining popularity over
IIF. When ELISA is used to screen for ANAs, the
source of antigens has major implications on the
sensitivity and specificity of the assay. Although the
ELISA technique has improved with time, concerns
over false-negative ANA cases persist. Therefore,
the American College of Rheumatology (ACR)
still recommends IIF as the gold standard in ANA
testing.1
To detect antibodies against ENAs, gel
precipitation assays have been used for more than five
decades, and countercurrent immunoelectrophoresis
(CIEP) has been accepted as the reference method
for anti-ENA antibody testing. Positive results
from CIEP are highly specific. The majority of the
literature on autoantibodies and disease association
has been established with this technique.2 However,
other methods such as ELISA, immunoblot, and line
blot are gradually replacing CIEP. In recent years,
multiplex assays have been introduced. The BioPlex
2200 ANA Screen assay (Bio-Rad Laboratories,
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Hercules [CA], US) is an automated multiplex
immunoassay using flow cytometry to detect a panel
of autoantibodies, including ANAs and antibodies
against ENAs. There are a few published studies
showing reasonable agreement between this system
and ELISA.3-7
Conventional assays are being replaced with
newer automated high-throughput assays. However,
the performance of the newer techniques may not
be equivalent to that of conventional assays. This
difference will have important implications to
clinicians, who may base their clinical judgement
on their knowledge of how conventional assays
perform.8-16 In this study, we evaluate the performance
of BioPlex 2200 using serum samples from a local
cohort of SLE patients, and compare it with the
performance of three established techniques (CIEP,
ELISA, line blot) in terms of anti-ENA antibody
detection. The sensitivity of BioPlex 2200 ANA
Screen assay was also compared with IIF.

Methods

Study setting and participant recruitment
This cross-sectional study was conducted at the
Queen Mary Hospital, Hong Kong, a tertiary
university teaching hospital. Patients were recruited
from the hospital’s lupus clinic from 1 December
2013 to 31 December 2013. All patients attending the
clinic underwent routine serology screening during
their visit. Of 160 consecutive patients, 140 with
adequate serum stored in the clinical immunology
laboratory were recruited. All patients had an
established diagnosis of SLE, according to the ACR
classification criteria.17 Patients who were <18 years
or >80 years and pregnant patients were excluded
from the study. Data of serum samples in 41 healthy
controls, who were mainly laboratory staff and had
given verbal consent for the blood donation were
also included; their age ranged from 18 to 54 years.
All stocked serum was stored at -70°C.

Assessment of clinical variables
Electronic and written medical records of the
recruited patients were reviewed, and relevant
clinical and laboratory data were collected. Global
disease activity was assessed according to the SLE
disease activity index,18,19 and cumulative organ
damage was assessed in terms of the Systemic Lupus
International Collaborating Clinics/ACR Damage
Index score.20

Antinuclear antibody detection
BioPlex 2200 automated system

The BioPlex 2200 ANA Screen system was used to
detect 13 types of autoantibodies simultaneously in
one test—namely, those against dsDNA, chromatin,
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centromere B, Scl-70, RNP (RNP-A, RNP-68), Sm,
RNP/Sm, Ro (SSA-52, SSA-60), SSB/La, Jo-1, and
ribosomal P protein. For BioPlex results, anti-RNP
was reported separately from anti-RNP/Sm; the kit’s
RNP antigen is a recombinant antigen (RNP-A and
RNP-68) whereas RNP/Sm is an affinity-purified
antigen, which is similar to the antigen used for the
RNP test in ELISA and line blot in this study.
The presence of anti-dsDNA antibody was
classified as negative if levels were ≤4 IU/mL, indeterminate if 5 to 9 IU/mL, and positive if ≥10 IU/mL,
as recommended by the manufacturer. For the other
autoantibodies, the results were expressed as an
antibody index (AI). An AI of 1.0 was the cut-off
concentration that corresponded to approximately
the 99th percentile of values obtained from a nondiseased population in the manufacturer’s study.
Results of ≥1.0 were reported as positive (range,
0.2-8.0 AI). A test result was considered positive
for ANAs if one or more of the antibody tests in the
panel was positive.
Indirect immunofluorescence
The IIF assay was adopted as the reference method
for ANA detection. All serum samples were diluted in
1:80 in phosphate-buffered saline and tested on slides
pretreated with substrate from a human epithelial
cell line (Kallestad HEp-2 Cell Line Substrate Slides;
Bio-Rad Laboratories, Hercules [CA], US) according
to the manufacturer’s instructions. The slides were
read using the same microscope and setting as
routine clinical samples by a single observer. Slides
that were negative for ANA by IIF were reviewed
by an independent second observer to confirm
negativity. In cases of discrepancy, a third adjudicator
was sought.
Anti–extractable nuclear antigen antibody
detection
The performance of BioPlex in the detection of
anti-ENA antibodies was compared with that of the
following assays.
Countercurrent immunoelectrophoresis
The CIEP assay used in this study was optimised inhouse. Rabbit thymus extract (ImmunoVision Inc,
United States) was used for typing of anti-Sm, antiRNP, and anti-La, whereas human spleen extract
(ImmunoVision Inc) was used as a source of Ro
antigen.
Line blot
The EUROASSAY test kit (EUROIMMUN, Lübeck,
Germany) was used as the line blot immunoassay in
this study. The kit qualitatively assessed the presence
of human immunoglobulin G (IgG) autoantibodies
against six different antigens: RNP, Sm, SS-A, SS-B,

SCl-70, and Jo-1. On the basis of signal intensity, the
results were categorised as negative, borderline, and
positive.
Enzyme-linked immunosorbent assay
The QUANTA Lite ENA Profile EIA kit (INOVA
Diagnostics, San Diego [CA], US) was used for
ELISA in this study. The kit qualitatively screened for
the presence of IgG autoantibodies against specific
ENAs—namely, SSA (60 and 52 kDa), SSB, Sm, RNP/
Sm, Scl-70, and Jo-1. The results were calculated
using the following formula (where OD = optical
density at 450 nm):
Sample/positive control OD
x 10 = sample/control value (U/mL)
Cut-off control OD

Results of <8 U/mL were classified as negative,
8 to 12 U/mL as equivocal, and >12 U/mL as
positive.

Statistical analysis
The diagnostic performance of BioPlex versus that
of IIF was compared for the detection of ANAs in
the SLE cohort and controls. Assay sensitivity and
specificity were calculated and compared using a
paired McNemar’s test. Cohen’s kappa coefficient
and percentage of observed agreement were also
calculated for the two methods.
For individual anti-ENA antibodies (against
RNP, Sm, Ro, La, Scl-70, and Jo-1), agreement analysis
was calculated for the four laboratory methods.
Fleiss’ kappa coefficient with its 95% confidence
interval and the percentage of observed agreement
were calculated to assess overall agreement among
the four methods. Pairwise agreement analysis for
the four methods was also performed by calculating
Cohen’s kappa coefficient and percentage of
observed agreement. Weak and borderline results in
the ELISA and line blots were treated as negative in
the analysis.
The diagnostic value of anti-ENA antibody
detection to predict various disease manifestations
was examined, along with comparisons between
the different methods. In particular, we studied
diagnostic performance for the association of anti-Sm
antibodies with nephritis, anti-RNP antibodies with
Raynaud’s phenomenon, and anti-Ro/La antibodies
with photosensitivity, discoid rash, Sicca symptoms,
leukopenia, and lymphopenia.21-26 Sensitivity,
specificity, positive and negative predictive values,
and diagnostic accuracies were calculated.
The SPSS (Windows version 20.0; IBM Corp,
Armonk [NY], US) and Microsoft Excel 2010 for
Windows were used for statistical analysis and
calculation of confidence intervals, respectively.
P values of <0.05 were regarded as statistical
significance. The STARD 2015 guidelines were used
during the writing of this article.27
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Results

Patients and autoantibodies
All 140 SLE patients were local Chinese patients,
with a female predominance (n=128, 91.4%). The
mean age was 46.8 (range, 24-69) years and the
median disease duration was 17 years (Table 1).
The majority of our cohort had at least one antiENA antibody present (n=114, 81.4%) as detected
by the BioPlex method (Table 2). Anti-Ro antibody
was the most commonly detected antibody, ranging
from 50.7% to 62.9% of the cohort depending on the
assay method (Table 2). Methods other than CIEP
had a positivity rate of 1.4% to 5.0% for anti–Scl-70
antibody and 0.7% to 2.1% for anti–Jo-1 antibody.

BioPlex antinuclear antibody screen versus
indirect immunofluorescence
The sensitivity of the BioPlex 2200 ANA Screen assay
in the SLE cohort was 91.4%, which was comparable
to that of IIF (90.7%; Table 3). The specificity of
BioPlex among healthy controls was high, reaching
95.1%, compared with 85.4% for IIF, although the
difference was not statistically significant. The
agreement between BioPlex and IIF was moderate

(κ=0.657). Eight patients tested positive by IIF,
but negative by BioPlex. The IIF patterns of these
cases were either weak homogeneous or weak finespeckled. Nine patients were negative by IIF, but
positive by BioPlex; these included two with a low
titre of anti-dsDNA antibodies, one with anti-Sm
antibodies, one with anti-RNP antibodies, and
five with anti-Ro antibodies. Four patients tested
ANA-negative by both methods; all four had a longstanding history of SLE (12-40 years). All had had
severe disease manifestations, including cerebral
lupus and lupus nephritis, and all had been taking
powerful immunosuppressants for years, although
the disease had become stable and inactive in recent
years. Interestingly, they had been ANA-positive in
the past. Possible changes in their serology after a
long period of heavy immunosuppression for disease
control may have accounted for the observed results.

Agreement between assays for antibodies to
extractable nuclear antigens
In terms of agreement between different methods,
BioPlex achieved the best agreement with ELISA,
of >90% for the detection of most of the antibodies
tested by ELISA (Table 4). The agreement between

TABLE 1. Baseline characteristics of participants
SLE patients (n=140)

Controls (n=41)

Overall (n=181)

Age, mean (SD), y

46.8 (11.3)

35.5 (13.3)

45.2 (12.2)

Female, No. (%)

128 (91.4)

23 (56)

151 (83.4)

Disease duration, median (IQR), y

17 (12.3)

Rheumatic manifestation, No. (%)
Photosensitivity

118 (84.3)

Malar rash

106 (75.7)

Discoid rash

14 (10.0)

Oral ulcers

21 (15.0)

Arthritis

91 (65.0)

Serositis

19 (13.6)

Nephritis

94 (67.1)

Class II/III

21 (15.0)

Class IV

42 (30.0)

Class V

31 (22.1)

Neurological

34 (24.3)

Haematological

96 (68.6)

AIHA

23 (16.4)

AITP

27 (19.3)

Leukopenia

53 (37.9)

Lymphopenia

76 (54.3)

Sicca symptoms

37 (26.4)

Raynaud’s phenomenon

33 (23.6)

–

–

–

–

Abbreviations: AIHA = autoimmune haemolytic anaemia; AITP = autoimmune thrombocytopenia purpura; IQR = interquartile range;
SD = standard deviation; SLE = systemic lupus erythematosus
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TABLE 2. Detection of anti-ENA antibodies for SLE patients and controls, by assay method*
SLE

Controls

ENA

CIEP

ELISA

Line blot‡

BioPlex

RNP

27 (19.3)

49 (35.0)

36 (25.7)

RNP: 55 (39.3)
RNP/Sm: 53 (37.9)

Sm

8 (5.7)

28 (20.0)

11 (7.9)

34 (24.3)

Ro

83 (59.3)

85 (60.7)

71 (50.7)

88 (62.9)

La

20 (14.3)

40 (28.6)

22 (15.7)

37 (26.4)

Scl-70

–

3 (2.1)

2 (1.4)

7 (5.0)

Jo-1

–

3 (2.1)

1 (0.7)

1 (0.7)

Others†

7 (5.0)

–

–

–

Any ENA

96 (68.6)

107 (76.4)

94 (67.1)

114 (81.4)

RNP

0

0

0

Sm

0

1 (2.4)

0

0

Ro

0

0

0

0

La

0

0

0

1 (2.4)

–

0

0

1 (2.4)

–

0

Scl-70
Jo-1

RNP: 0
RNP/Sm: 0

0

Others†

0

–

Any ENA

0

1 (2.4)

0
–

–

0

2 (4.9)

Abbreviations: CIEP = countercurrent immunoelectrophoresis; ELISA = enzyme-linked immunosorbent assay; ENA = extractable
nuclear antigen; SLE = systemic lupus erythematosus
* Data are shown as No. (%)
† Precipitation band with undefined specificity
‡ Weak borderline results were counted as negative

TABLE 3. Diagnostic accuracy of antinuclear antibody test by BioPlex versus indirect immunofluorescence as reference
BioPlex
SLE
Controls

Immunofluorescence

+

-

+

-

128/140

12/140

127/140

13/140

2/41

39/41

6/41

35/41

P value*

Sensitivity (95% CI), %

91.4 (85.2-95.3)

90.7 (84.3-94.8)

0.815

Specificity (95% CI), %

95.1 (82.2-99.2)

85.4 (70.1-93.9)

0.219

Agreement between methods (95% CI)

Cohen’s kappa = 0.657 (0.532-0.782)
Agreement = 86.2%

Abbreviations: CI = confidence interval; SLE = systemic lupus erythematosus
* McNemar’s test

BioPlex and ELISA was 95.6% for anti-RNP/Sm
antibodies (κ=0.89), 93.9% for anti-Sm (κ=0.79),
97.2% for anti-Ro (κ=0.94), and 95.6% for anti-La
(κ=0.87). In contrast, the agreement between BioPlex
and CIEP was not as strong. Agreement was 84.5%
for detection of anti-RNP antibodies (κ=0.57), 85.6%
for anti-Sm (κ=0.33), 93.9% for anti-Ro (κ=0.88), and
89.0% for anti-La (κ=0.6). Overall, the CIEP tended
to agree better with the line blot assay than with
ELISA or BioPlex.

in detecting autoantibodies in the SLE cohort than
the other two methods (Table 2). There were a few
positive cases of anti–Scl-70 and anti–Jo-1 antibody
detection in the cohort by all assays except CIEP,
although the clinical significance of these antibodies
in patients with SLE is uncertain.
In the healthy control group, CIEP had the
highest specificity; none of the healthy subjects
had anti-ENA autoantibodies when tested by CIEP
(Table 2). With BioPlex, however, 2.4% (1/41) of
the controls for each were positive for anti-La and
Performance of assays for antibodies to
anti–Scl-70 antibodies. For the line blot, if a weak
extractable nuclear antigens
borderline band were considered positive, then
Overall, BioPlex and ELISA had a higher sensitivity 4.9% (2/41) of the subjects were positive for anti-La
Hong Kong Med J ⎥ Volume 24 Number 3 ⎥ June 2018 ⎥ www.hkmj.org
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antibodies (data not shown). If a weak borderline
band were considered negative, then none of the
healthy controls tested positive. For ELISA, if
borderline results were counted negative then 2.4%
(1/41) of the healthy controls still tested positive for
anti-Sm antibodies.

Antibodies to extractable nuclear antigens
and disease manifestations

Among the panel of anti-ENA autoantibodies tested,
anti-Sm antibody had the best predictive value for the
presence of lupus nephritis. However, the predictive
value was method-dependent (Table 5). Anti-Sm

antibody detection by CIEP had the best positive
predictive value for lupus nephritis, reaching 87.5%.
The specificity of anti-Sm antibody detection by
CIEP for lupus nephritis was high, reaching 98.6%,
although the sensitivity was only 10.4%. Anti-Sm
antibody detection by BioPlex in nephritis had a
higher sensitivity of 26.9%, however, the specificity
and positive predictive value were lower than those
achieved by CIEP (78.1% and 52.9%, respectively).
Anti-RNP antibody detection by CIEP had
a specificity of 84.1% for Raynaud’s phenomenon,
whereas the specificity by other methods was
lower (69.2% for ELISA, 78.5% for line blot, and

TABLE 4. Agreement between four assay methods to detect anti-ENA antibodies
ENA

Overall Overall BioPlex vs CIEP BioPlex vs ELISA BioPlex vs line
ELISA vs CIEP ELISA vs line blot Line blot vs CIEP
kappa† agree,
blot
(95% CI)
%
Kappa‡ Agree, Kappa‡ Agree, Kappa‡ Agree, Kappa‡ Agree, Kappa‡ Agree, Kappa‡ Agree,
(95% CI)
%
(95% CI)
%
(95% CI)
%
(95% CI)
%
(95% CI)
%
(95% CI)
%

Sm

0.50
(0.44-0.56)

82.9

0.33
(0.09-0.57)

85.6

0.79
(0.67-0.91)

93.9

0.34
(0.11-0.57)

85.1

0.39
(0.14-0.64)

88.4

0.51
(0.29-0.73)

90.1

0.61
(0.33-0.89)

96.1

Ro

0.85
(0.79-0.91)

86.7

0.88
(0.81-0.95)

93.9

0.94
(0.89-0.99)

97.2

0.79
(0.70-0.88)

89.5

0.89
(0.82-0.96)

94.5

0.82
(0.74-0.90)

91.2

0.80
(0.71-0.89)

90.1

La

0.67
(0.61-0.73)

84.0

0.6
89.0
(0.43-0.77)

0.87
(0.78-0.96)

95.6

0.65
(0.49-0.81)

90.1

0.57
(0.40-0.74)

87.8

0.62
(0.46-0.78)

89.0

0.68
(0.5-0.86)

93.4

Any ENA

0.86
(0.80-0.92)

86.7

0.73
86.7
(0.63-0.83)

0.88
(0.81-0.95)

94.5

0.75
(0.65-0.85)

87.8

0.82
(0.74-0.9)

91.2

0.84
(0.76-0.92)

92.3

0.84
(0.76-0.92)

92.3

BioPlex
RNP/Sm

–

–

0.59
(0.45-0.73)

85.6

0.89
(0.82-0.96)

95.6

0.72
(0.60-0.84)

89.5

–

–

–

–

–

–

BioPlex
RNP

–

–

0.57
(0.43-0.72)

84.5

0.65
85.5
(0.52-0.77)

0.69
(0.56-0.82)

88.1

–

–

–

–

–

–

Abbreviations: CIEP = countercurrent immunoelectrophoresis; ELISA = enzyme-linked immunosorbent assay; ENA = extractable nuclear antigen
† Fleiss’ kappa
‡ Cohen’s kappa

TABLE 5. Diagnostic performance of predicting clinical manifestations of SLE by detection of anti-ENA antibodies, according to assay method*
CIEP

ELISA

Sn (95% CI)

Sp (95% CI)

PPV (95% CI) NPV (95% CI)

Sn (95% CI)

Sp (95% CI)

Nephritis vs Sm

10.4
(3.1-17.8)

98.6
(96-100)

87.5
(64.6-100)

Photosensitivity vs
Ro/La

57.6
(48.7-66.5)

27.3
(8.7-45.9)

Discoid rash vs
Ro/La

42.9
(16.9-68.8)

Sicca vs Ro/La
Raynaud vs RNP/
Sm

PPV (95% CI) NPV (95% CI)

54.5
(46.1-63.0)

22.4
(12.4-32.4)

82.2
(73.4-91.0)

53.6
(35.1-72.0)

53.6
(44.3-62.8)

81
(72.6-89.3)

10.7
(2.6-18.8)

59.3
(50.5-68.2)

18.2
(2.1-34.3)

79.5
(71.1-88.0)

7.7
(0.4-14.9)

38.1
(29.6-46.6)

7.1
(76.5-94.9)

42.9
(16.9-68.8)

34.9
(26.6-43.2)

6.8
(1.6-12.1)

84.6
(74.8-94.4)

28.6
(4.9-52.2)

75.7
(61.9-89.5)

45.6
(36.0-55.3)

33.3
(23.3-43.4)

83.9
(74.3-93.5)

81.1
(68.5-93.7)

43.7
(34.1-53.3)

34.1
(24.2-44.0)

86.5
(77.3-95.8)

30.3
(14.6-46.0)

84.1
(77.2-91.0)

37
(18.8-55.3)

79.6
(72.2-87.1)

48.5
(31.4-65.5)

69.2
(60.4-77.9)

32.7
(19.5-45.8)

81.3
(73.3-89.3)

Leukopenia vs
Ro/La

67.9
(55.4-80.5)

44.8
(34.4-55.3)

42.9
(32.3-53.4)

69.6
(57.6-81.7)

67.9
(55.4-80.5)

40.2
(29.9-50.5)

40.9
(30.6-51.2)

67.3
(54.6-80.1)

Lymphopenia vs
Ro/La

64.5
(53.7-75.2)

45.3
(33.1-57.5)

58.3
(47.8-68.9)

51.8
(38.7-64.9)

68.4
(58.0-78.9)

43.8
(31.6-55.9)

59.1
(48.8-69.4)

53.8
(40.3-67.4)

Raynaud vs RNP

Abbreviations: CI = confidence interval; CIEP = countercurrent immunoelectrophoresis; ELISA = enzyme-linked immunosorbent assay; ENA = extractable
nuclear antigen; NPV = negative predictive value; PPV = positive predictive value; SLE = systemic lupus erythematosus; Sn = sensitivity; Sp = specificity
* Data are shown as %
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65.4% for BioPlex). As the prevalence of Raynaud’s
phenomenon in the cohort was not high, the positive
predictive value was at best 37.0% only, by CIEP.
BioPlex generally had a higher sensitivity
than the other methods, with the trade-off of lower
specificity. However, CIEP generally performed
better than BioPlex in disease-antibody associations
(Table 6). The superiority of CIEP over BioPlex
was most obvious in the diagnostic accuracy of
linking anti-RNP antibody detection to Raynaud’s
phenomenon (71.4% for CIEP vs 62.9% for
BioPlex; P<0.001). Detection of antibodies to RNP
(recombinant) and RNP/Sm by BioPlex did not differ
significantly in diagnostic accuracy for association
with Raynaud’s phenomenon.

Discussion

In recent years, the multiplex method has been
introduced in ANA testing. However, on the basis
of the existing literature, this method is considered
suboptimal in sensitivity compared with IIF, and its
false-negative rate is similar to that of ELISA, ranging
from 0.2% to 41.5% in the different populations
studied.4,7,28-30 When Tozzoli et al31 compared the
detection of ANAs between IIF using a 1:80 cut-off
and BioPlex 2200 ANA Screen in a cohort of 95 SLE
patients, they found that IIF had superior sensitivity
over BioPlex (85/95 [89.5%] positive vs 77/95
[81.1%] positive, respectively). Generally, multiplex
methods are considered to be simple to operate,
have potential for automated and high-throughput
processing, and can detect multiple specific
antibodies simultaneously. Nonetheless, the main
limitation is that such methods do not detect all the

autoantibodies that can be detected by IIF. Hence,
multiplex systems are considered to be insufficient
in sensitivity and negative predictive value, and IIF
remains the reference method of ANA testing.32,33
For our cohort, the BioPlex system demonstrated
good sensitivity (91.4%), comparable to that of IIF
(90.7%), with an agreement of 86.2% (κ=0.657). The
specificity of BioPlex was slightly higher than that
of IIF (95.1% vs 85.4%) but the difference did not
reach statistical significance, perhaps because of
the relatively small control group. Notably, a large
proportion (6 of 9 cases) of the BioPlex-positive
IIF-negative cases were actually positive for anti-Ro
antibodies. Although IIF is the preferred method for
ANA screening, as recommended by the ACR and the
European Autoimmunity Standardisation Initiative,
inconsistency among IIF assays exists.33 Slides from
different vendors vary in sensitivity, especially for
anti-SSA/Ro antibody detection.34 Moreover, the
reading and interpretation of slides are reader- and
skill-dependent.
Overall, BioPlex as used in our study showed
a higher performance when compared with other
studies. This difference could be due to different
cohort characteristics, disease activities, and
ethnicities. For example, the vast majority of
the literature reports on studies of Caucasian
populations, and studies of Chinese populations
are scarce. In addition, we recruited only patients
with SLE, but not other autoimmune diseases,
thereby precluding direct comparisons. We also
had a relatively small number of SLE cases; hence,
some ANA staining patterns (eg, nuclear dots,
proliferating cell nuclear antigen, nuclear lamina)

Line blot

BioPlex

Sn (95% CI)

Sp (95% CI)

PPV (95% CI)

NPV (95% CI)

Sn (95% CI)

Sp (95% CI)

PPV (95% CI)

NPV (95% CI)

11.9
(4.2-19.7)

95.9
(91.3-100)

72.7
(46.4-99.0)

54.3
(45.7-62.9)

26.9
(16.3-37.5)

78.1
(68.6-87.6)

52.9
(36.2-69.7)

53.8
(44.3-63.3)

54.2
(45.2-63.2)

40.9
(20.4-61.5)

83.1
(74.7-91.5)

14.3
(5.6-22.9)

60.2
(51.3-69.0)

18.2
(2.1-34.3)

79.8
(71.4-88.1)

7.8
(0.5-15.2)

42.1
(33.4-50.7)

5.2
(0.2-10.2)

84.1
(75.1-93.2)

42.9
(16.9-68.8)

34.1
(25.8-42.4)

6.7
(1.5-12.0)

84.3
(74.3-94.3)

70.3
(55.5-85.0)

50.5
(40.8-60.1)

33.8
(73.2-91.9)

83.8
(71.9-95.7)

43.7
(34.1-53.3)

34.8
(24.9-44.7)

88.2
(79.4-97.1)

39.4
(22.7-56.1)

78.5
(70.7-86.3)

36.1
(20.4-51.8)

80.8
(73.2-88.3)

RNP/Sm: 48.5
(31.4-65.5)

RNP/Sm: 65.4
(56.4-74.4)

RNP/Sm: 30.2
(17.8-42.5)

RNP/Sm: 80.5
(72.1-88.8)

RNP: 54.5
(37.6-71.5)

RNP: 65.4
(56.4-74.4)

RNP: 32.7
(20.3-45.1)

RNP: 82.4
(74.2-90.5)

60.4
(47.2-73.5)

48.3
(37.8-58.8)

41.6
(30.6-52.6)

66.7
(55.0-78.3)

67.9
(55.4-80.5)

39.1
(28.8-49.3)

40.4
(30.3-50.6)

66.7
(53.7-79.6)

57.9
(46.8-69.0)

48.4
(36.2-60.7)

57.1
(46.1-68.2)

49.2
(36.9-61.6)

67.1
(56.5-77.7)

40.6
(28.6-52.7)

57.3
(47.0-67.6)

51.0
(37.3-64.7)
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TABLE 6. Diagnostic accuracy of predicting clinical manifestations of SLE by detection of anti-ENA antibodies, according to assay method*
CIEP

ELISA

Line blot

BioPlex

P value
(BioPlex vs CIEP)†

Nephritis vs Sm

56.4 (48.2-64.6)

53.6 (45.3-61.8)

55.7 (47.5-63.9)

53.6 (45.3-61.8)

0.279

Photosensitivity vs Ro/La

52.9 (44.6-61.1)

52.9 (44.6-61.1)

52.1 (43.9-60.4)

53.6 (45.3-61.8)

0.500

Discoid rash vs Ro/La

38.6 (30.5-46.6)

35.7 (27.8-43.7)

40.7 (32.6-48.9)

35.0 (27.1-42.9)

0.002

Sicca vs Ro/La

53.6 (45.3-61.8)

53.6 (45.3-61.8)

55.7 (47.5-63.9)

54.3 (46.0-62.5)

0.400

Raynaud vs RNP/Sm

71.4 (63.9-78.9)

64.3 (56.3-72.2)

69.3 (61.6-76.9)

RNP/Sm: 61.4 (53.4-69.5)

0.001

RNP: 62.9 (54.9-70.9)

<0.001

Leukopenia vs Ro/La

53.6 (45.3-61.8)

50.7 (42.4-59.0)

52.9 (44.6-61.1)

50 (41.7-58.3)

0.731

Lymphopenia vs Ro/La

55.7 (47.5-63.9)

57.1 (48.9-65.3)

53.6 (45.3-61.8)

55 (46.8-63.2)

0.235

Raynaud vs RNP

Abbreviations: CIEP = countercurrent immunoelectrophoresis; ELISA = enzyme-linked immunosorbent assay; ENA = extractable nuclear antigen; SLE =
systemic lupus erythematosus
* Data are shown as % (95% confidence interval)
† McNemar’s test

were not encountered in the cohort, which limits
the evaluation. Given the available literature and
international recommendations, IIF remains the
preferred method for ANA test until more supportive
data for BioPlex are available.
In our study, CIEP performed best in terms of
specificity, with none of the healthy controls testing
positive for anti-ENA antibodies. In contrast, the
specificity of the other platforms, especially ELISA
and BioPlex, was less optimal, and positivity for
antibodies to Sm (ELISA), Scl-70 (BioPlex), and La
(BioPlex) was recorded. In addition, anti–Scl-70 and
anti–Jo-1 antibodies were detected in assays other
than CIEP in the SLE group. If appropriate disease
controls, such as vasculitis, rheumatoid arthritis, and
chronic infections are included, the performance of
these assays would be better characterised.
There were several important limitations in
our study. First, this was a cross-sectional study,
and the clinical features and manifestations were
retrospectively reviewed. The reviewer of the
medical records was not blinded to the results of
assays, which may have led to potential bias in record
review and data extraction. Second, the performance
of BioPlex was not evaluated in other rheumatic
or autoimmune disease groups, which limits the
generalisability of the results in other settings. Third,
the number of participants included, especially that
of healthy controls, was relatively small; disease
controls were not included; and the controls
were not age- and sex- matched with cases. These
limitations may have led to bias in the evaluation
of anti-ENA antibody assays. Finally, autoantibodies
may precede clinical manifestations for years. A
prospective study with parallel assessment of cases
referred to the laboratory for ANA and anti-ENA
antibody assessment by different techniques, as
well as follow-up of the clinical manifestations and
diagnosis, may provide a better assessment of the
BioPlex system.
268

Conclusions

The BioPlex 2200 ANA Screen demonstrated
comparable sensitivity to IIF in a local SLE cohort.
The detection of specific antibodies, including
those against ENAs, by the BioPlex system was
more sensitive than that by CIEP, although with
less specificity. Overall performance of BioPlex
resembled that of the conventional ELISA technique,
but with higher speed and turnaround time. Hence,
BioPlex can be considered as a high-throughput
ELISA-like assay for the detection of anti-ENA
antibodies in SLE.
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