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PAPER

Sensitivity and specificity of autoantibody tests in

the differential diagnosis of lupus nephritis
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Statistics, Informatics and Health Economics, Medical University Innsbruck, Innsbruck, Austria; and 5Department of Nephrology and
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Several studies have investigated the potential of various autoantibody tests in the diagnosis
of systemic lupus erythematosus (SLE). Many lupus patients initially present with glomeru-
lonephritis. In that clinical situation the main differential diagnosis are other forms of
glomerulonephritis. In this study the diagnostic value of nine test kits for autoantibody against
ANA, dsDNA, circulating immune complexes, C1q, nucleosomes, histones and Sm as well as
C3 and C4 levels was evaluated in 39 patients with biopsy-proven lupus nephritis in compar-
ison to 43 patients suffering from other forms of glomerulonephritis. The most useful test was
an anti-nucleosome antibody enzyme-linked immunosorbent assay (ELISA) with a sensitivity
of 90% and a specificity of 88%. All tests for anti-dsDNA antibodies (Crithidia luciliae
Anti-dsDNA, BINDAZYME Anti-dsDNA, FARRZYME high avidity Anti-dsDNA) were
of moderate sensitivity and very good specificity. Decreasing the cut-off for the conventional
anti-dsDNA ELISA (BINDAZYME) considerably increased its sensitivity (87%) without loss
of specificity (90%). Tests for anti-C1q and immune complexes performed worse than the anti-
dsDNA tests. As anti-histone and Sm antibodies are present only in a minority of lupus
nephritis patients they are of limited value in diagnosing the disease. In conclusion, testing
for anti-nucleosome antibodies and the conventional anti-dsDNA ELISA with lower cut-off
provide the best diagnostic aids for differentiation of lupus nephritis from other forms of
glomerulonephritis. Lupus (2009) 18, 1276–1280.
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Introduction

Systemic lupus erythematosus (SLE) is a multisys-
temic autoimmune disease mainly affecting young
women. It is characterized by various clinical symp-
toms and the presence of multiple autoantibo-
dies.1,2 One of the major and most threatening
manifestations of lupus is nephritis. Nephritis
may be a symptom at initial presentation in as
many as 40% of patients. In this situation, other
glomerulonephritic diseases such as Henoch
Schoenlein purpura, IgA nephropathy, ANCA-
associated vasculitis or membranoproliferative glo-
merulonephritis have to be excluded.

Detection of autoantibodies plays a central role
in the diagnosis of SLE and lupus nephritis.3

Sensitivity and specificity of many of these tests
have been investigated, mainly in the setting of pri-
mary diagnosis of SLE.4-14 In particular, anti-C1q
antibodies have been described to be associated
with nephritis, and their titres are associated with
disease activity.15-17 Other studies found an associ-
ation of lupus nephritis with anti-histone or anti-
nucleosome antibodies.14,18 Recently, a new test
that identifies high avidity anti-dsDNA antibodies
has been developed (FARRZYME, The Binding
Site, Birmingham, UK) and has been claimed to
be very specific for renal involvement in SLE.19

The aim of the present study was to determine the
performance of nine autoantibody tests including
the new high avidity test kit as well as of comple-
ment C3 and C4 levels in patients with biopsy-
proven lupus nephritis. As a control group we
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used patients suffering from other biopsy-proven
glomerulonephritides in order to evaluate the diag-
nostic capacity of antibody tests in the clinical set-
ting of glomerulonephritis. In addition we
determined optimal cut-off levels for all tests
using receiver operating characteristic (ROC)
analysis.

Patients

All patients with a histological diagnosis of lupus
nephritis biopsied between 1992 and 2007 at the
Division of Nephrology at Innsbruck Medical
University were included in the study. WHO class
II nephritis was present in 7, class III in 7, class IV
in 17, class V in 6 and class VI in 2 lupus patients.
As a control group we used 43 patients with other
biopsy-proven forms of glomerulonephritis that
may mimic lupus nephritis, notably Henoch
Schoenlein purpura nephritis, IgA nephropathy,
membranoproliferative glomerulonephritis and
ANCA-associated vasculitis. Histological diagno-
sis, clinical data and demography of patients and
controls are also shown in Table 1.

Methods

Antibody and complement tests were performed
using patient sera taken at the time of renal biopsy
and stored at –80�C. A complete list of the tests
including manufacturers, applied methods, range
and cut-offs is depicted in Table 2. The panel
included the Hep-2 test for antinuclear antibodies
(ANA), the Crithidia luciliae test (CLIFT) and
two enzyme-linked immunosorbent assay (ELISA)
tests for detection of anti-dsDNA antibodies, one
test for circulating immune complexes, one for
anti-C1q and one test each for anti-nucleosome,

anti-histone and anti-Sm antibodies. In addition
complement C3 and C4 serum levels were
determined.

Statistical analysis

Binary logistic regression models together with
ROC curve analyses were used to determine opti-
mal cut-off points to discriminate between SLE
patients and controls. For these cut-off points, sen-
sitivity and specificity were given. In addition, in
order to demonstrate different test sensitivities for
a given specificity, cut-offs with a corresponding
specificity of 90% were selected. Continuous vari-
ables were expressed as mean� standard deviation.
Statistical analysis was performed using SPSS for
Windows 12.0 statistical software.

Results

Table 2 shows in addition to the cut-offs as stated by
the manufacturers those as determined in our
laboratory. In general, there was good agreement
between these levels. However, our cut-off for anti-
nucleosome antibodies was higher and those for the
anti-dsDNA and for anti-Sm antibodies lower than
given by the manufacturer. The numbers of positive
findings in SLE and glomerulonephritis patients,
sensitivity and specificity of all tests are summarized
in Table 3. The ANA Hep-2 test showed good sen-
sitivity for lupus nephritis but had rather low speci-
ficity. The three tests for anti-dsDNA all had
excellent specificity and moderate sensitivity, with
the CLIFT test having the lowest sensitivity. Using
the lower cut-off for the anti-dsDNA test
(BINDAZYMETM Human Anti-dsDNA) deter-
mined in our laboratory greatly increased the sensi-
tivity of that test while maintaining high specificity.

Table 1 Demographic characteristics and clinical parameters of lupus and control patients

Diagnosis n Female(%)

Age
mean�SD
(years)

Serum Crea
mean�SD
(mg/dl)

Prot/Crea
mean�SD
(mg/g)

Systemic lupus erythematosus 39 31 (80) 31� 11 1.31� 0.69 2413� 2655

Henoch-Schönlein purpura 9 2 (22) 42� 16 2.36� 2.77 2440� 2504

IgA Nephropathy 16 4 (25) 34� 9 1.85� 1.29 1530� 1390

Membranoproliferative glomerulonephritis 5 2 (40) 36� 20 1.07� 0.19 1900� 980

PR3-ANCA-associated vasculitis 8 1 (13) 52� 14 3.43� 2.73 640� 379

MPO-ANCA-associated vasculitis 5 4 (80) 59� 9 3.90� 3.33 1866� 977

SD, standard deviation; Crea, creatinine; Prot/Crea, urinary protein/creatinine ratio.
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Table 2 Assay characteristics

Assay
Company
(Article code) Measured Range

Cut-off
(company
delivered)

Cut-off
(determined
by authors)

Cut-off
(standardized
Spec. 90%) Method

HEp-2 ANA The Binding Site
Birmingham, UK
(FK001)

Dilution 1:40
to 1:2560

1:40 1:40 1:40 Indirect immuno-
fluorescence

Crithidia luciliae dsDNA The Binding Site
Birmingham, UK
(FK002)

Dilution 1:10
to 1:640

1:10 1:10 1:10 Indirect immuno-
fluorescence

BINDAZYMETM Human Anti dsDNA The Binding Site
Birmingham, UK
(MK017)

12.3–1000 IU/ml 30–75 IU/ml 29.6 U/ml 23.2 U/ml ELISA

FARRZYMETM Human
High Avidity Anti dsDNA

The Binding Site
Birmingham, UK
(MK072)

12.3–1000 IU/ml 30 IU/ml 24 U/ml 27.6 U/ml ELISA

BINDAZYMETM Circulating
Immune Complex

The Binding Site
Birmingham, UK
(MK021)

1.23–100 mg Eq/ml 4.4–10.8 mg
Eq/ml

10.5 mg
Eq/ml

16.3 mg
Eq/ml

ELISA

Anti-C1q Orgentec
Mainz, Germany
(ORG 549)

0–100 U/ml 10 U/ml 8.2 U/ml 17.5 U/ml ELISA

Anti-Nucleosome Orgentec
Mainz, Germany
(ORG 528)

0–200 U/ml 20 U/ml 30.3 U/ml 30.3 U/ml ELISA

Anti-
Histone

Orgentec
Mainz, Germany
(ORG 507)

0–200 U/ml 40 U/ml 39.3 U/ml 14.8 U/ml ELISA

BINDAZYMETM Human Anti-Sm The Binding Site
Birmingham, UK
(MK305)

OD sample� 10/
OD control U/ml
Lab. adjusted

10 U/ml 3.0 U/ml 3.1 U/ml ELISA

Antiserum to Human
Complement Factor C3c

Dade Behring
Marburg, Germany
(OSAO G09 E0541)

Dilution 1:20
16–540mg/dl

90–180mg/dl 86.2mg/dl 165.0mg/dl Dade Behring
Nephelometer
DB II

Antiserum to Human Complement
Factor C4

Dade Behring
Marburg, Germany
(OSAO G09 E0541)

Dilution 1:20
6–490mg/dl

10–40mg/dl 9.3mg/dl 48.8mg/dl Dade Behring
Nephelometer
DB II

Table 3 Antibody profile and diagnostic utility of the assays

SI SLE Glomerular diseasea Sensitivity Specificity Sensitivity
Positive
findings

Positive
findings

at 90%
specificityb

Test (n¼ 39) (n¼ 43) (%) (%) (%)

ANA Hep-2 + 34 11 87.2 74.4 **

Chrithidia luciliae Anti-dsDNA + 26 1 66.7 97.7 **

BINDAZYMETM Human Anti-dsDNA IU/ml 31 [34] 1 [3] 79.5 [87.2] 97.7 [93.0] 89.7

FARRZYMETM Human HA Anti-dsDNA IU/ml 29 [30] 3 [4] 74.4 [76.9] 93.0 [90.7] 74.4

BINDAZYMETM CIC Human Anti-C1q mg/ml 23 6 59.0 86.0 46.2

Orgentec Anti-C1q U/ml 22 7 56.4 83.7 48.7

Orgentec Anti-Nucleosome U/ml 35 5 [4] 89.7 88.4 [90.7] 89.7

Orgentec Anti-Histone U/ml 11 1 28.2 97.7 56.4

BINDAZYMETM Human
ENA Anti-Sm

U/ml 6 [17] 0 [5] 15.4 [43.6] 100.0 [88.4] 41.0

C3c mg/dl 25 5 64.1 88.4 0

C4 mg/dl 20 2 51.3 95.3 5.1

aGlomerular disease other than SLE.
bSensitivity at standardized Specificity level of 90%.

**No standardized specificity level of 90% existent.

Values using authors’ cut-offs are enclosed in brackets [. . .].
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The circulating immune complexes and anti-C1q
tests had lower sensitivity and specificity in compar-
ison to the anti-dsDNA tests. The anti-nucleosome
test had good sensitivity and specificity. Application
of our cut-off further increased specificity of the test.
The tests for anti-histone and anti-Sm antibodies
had excellent specificity but lacked sensitivity.
Using our lower cut-off for anti-Sm increased the
sensitivity of the test considerably. Reduced levels
of complement proteins C3 and C4 were specific for
lupus nephritis, but also had low sensitivity.

Discussion

Testing for ANA plays an important role in the
diagnosis of SLE and lupus nephritis. Numerous
studies have investigated the performance of differ-
ent antibody tests in the diagnosis of lupus. In addi-
tion, it has been studied whether these antibodies are
markers for the presence or risk factors for the devel-
opment of lupus nephritis.14,15,17,18,20 However, in
an SLE patient the diagnosis of nephritis usually
can be made by urine analysis, and antibody tests
are of minor additional value. Nephritis is present in
up to 40% of lupus patients on first clinical presen-
tation. In that clinical situation the final diagnosis of
SLE is often not already established and the differ-
ential diagnosis mainly includes other forms of glo-
merulonephritis. We therefore studied the sensitivity
and specificity of various autoantibody tests and
complement in a group of patients with biopsy-
proven lupus nephritis using as a control group
patients with other biopsy-proven forms of glomer-
ulonephritis that may mimic lupus nephritis, such as
Henoch Schoenlein purpura nephritis or ANCA-
associated vasculitides. We reasoned that use of
the control group may have an impact especially
on the specificity of the applied tests.

Nucleosomes are repeating subunits of chromatin
consisting of a DNA chain coiled around a core
of basic histone molecules. Anti-nucleosome antibo-
dies have been reported to be associated with lupus
nephritis.21 Recently a central role for these antibo-
dies in the pathogenesis of that condition has been
established.22,23 In our group of patients a positive
anti-nucleosome test had good sensitivity and speci-
ficity. We would therefore recommend a test for
anti-nucleosome antibodies as first choice in patients
with glomerulonephritis and suspected SLE.

All three tests for anti-dsDNA are very specific
for lupus nephritis. They also have reasonable sen-
sitivity for the diagnosis of lupus nephritis, but
lower sensitivity compared with anti-nucleosome

antibodies. The conventional anti-dsDNA ELISA
had the highest sensitivity, with the values for the
high avidity ELISA and the CLIFT test being
somewhat weaker. Applying a lower cut-off as
determined in our laboratory greatly increased the
sensitivity of the anti-dsDNA ELISA, making it the
best alternative for the anti-nucleosome test. All
three tests can be used in the differential diagnosis
of lupus nephritis. The test for high avidity auto-
antibodies does not offer any advantage over the
two other anti-dsDNA tests, because they are
already very specific for lupus nephritis. In contrast
to Jaekell et al.,19 we were unable to confirm
increased sensitivity of the high avidity anti-
dsDNA ELISA in patients with lupus nephritis.
In addition, we observed higher specificity of all
anti-dsDNA tests, possibly due to the different con-
trol groups (patients with glomerulonephritis
versus patients with other connective tissue diseases
and autoimmune liver disease).

The conventional ANA test on Hep-2 cells has
good sensitivity for the diagnosis of lupus nephritis
but lacks specificity and can therefore only be
recommended as a first screening test. If positive,
the diagnosis should be confirmed with a highly spe-
cific test, for example one of the anti-dsDNA tests.

Anti-C1q antibodies have repeatedly been
reported to be a marker of lupus nephritis and to
predispose lupus patients to nephritis.15-17 In our
patient population the sensitivity of the anti-C1q
antibody test was lower than described by others.
This discrepancy may be explained by a probably
lower disease activity in some of our patients with
class II or VI nephropathy. The circulating immune
complex test performed almost identical to the anti-
C1q test. The test is based on binding of circulating
immune complexes to C1q. It is known that this test
in addition to immune complexes also detects anti-
C1q autoantibodies, whichmay explain the identical
performance of both methods. We conclude that
both tests should not be used as a first line test for
the differential diagnosis of lupus nephritis.

In addition to anti-C1q antibodies anti-histone
and anti-Sm antibodies are very specific for lupus
nephritis, but due to their lack of sensitivity are not
suitable for differential diagnosis. The role of anti-
histone antibodies in lupus nephritis is unclear at
present. Whereas some propose an association of
these antibodies with renal disease, others hypoth-
esize that these antibodies may actually be nephro-
protective.18,24 The frequency of anti-histone
antibodies in our population was lower compared
with other lupus nephritis populations.20 Our
observation is in accordance with the theory that
these antibodies, by neutralizing the positive charge
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of histones, may interfere with histone binding to
the glomerular basement membrane and therefore
are nephroprotective.

In conclusion, in patients with glomerulonephri-
tis a test for anti-nucleosome antibodies is the opti-
mal choice to establish or refute the diagnosis of
lupus nephritis. This finding underlines the central
role of anti-nucleosome antibodies in the pathogen-
esis of that disease. Alternatively, the conventional
anti-dsDNA ELISA, when applied with a lower
cut-off than recommended by the manufacturer,
provides equally high specificity and sensitivity for
lupus nephritis.
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