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CUT-OFF VALUES OF IMMUNOLOGICAL TESTS TO IDENTIFY PATIENTS AT
HIGH RISK OF SEVERE LUPUS NEPHRITIS
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Abstract  Cut-off values for anti-dsDNA, anti-nucleosome and anti-C1q antibodies tests and for complement-
mediated hemolytic activity (CH,,) were explored to identify patients with high risk of developing
severe lupus nephritis (LN). Forty-one patients with confirmed systemic lupus erythematosus (SLE) were identi-
fied; their levels for the three antibodies and complement had been measured on a same serum sample. These
patients were classified based on the presence of renal involvement; sixteen had active proliferative LN. With the
cut-off values accepted in the laboratory for SLE diagnosis (anti-dsDNA > 100 Ul/ml, anti-nucleosome > 50 U/
ml or CH,, < 190 UCH_, ) no significant differences were found between patients with and without LN. Anti-C1q
> 40 U/ml showed a statistically significant association with LN and had 80% of specificity. Cut-off values for LN
identified by Receiver Operating Characteristic curves (ROC) were higher for anti-dsDNA (> 455 1U/ml) and anti-
nucleosome (>107 U/ml), lower for CH,, (< 150 UCH,,) and, for anti-C1q (> 41 U/ml) coincided with the cut-off
values accepted for SLE. Anti-C1g > 134 U/ml had a 92% of specificity, 56% of sensibility and was associated
with a fifteen-fold increased risk of LN. The simultaneous presence of anti-nucleosome > 107 U/ml and anti-C1q
> 134 U/ml was associated with a 27-fold higher probability for LN. According to these results, the cut-off values
used to detect SLE activity could be inadequate to identify patients at high risk of severe LN.
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Resumen Valores de corte de pruebas inmunoldgicas para identificar pacientes con mayor riesgo de
nefritis lupica grave. Se exploraron valores de corte para los ensayos de anti-ADNdc, anti-
nucleosoma, anti-C1q y complemento hemolitico total (CH, ) capaces de identificar los casos con mayor riesgo
de nefritis lupica (NL) grave. Se seleccionaron 41 pacientes > 16 afos con lupus eritematoso sistémico (LES)
confirmado que tenian titulados los niveles de los tres anticuerpos y CH,, en una misma muestra de suero.
Fueron clasificados segun presencia de compromiso renal; 16 presentaron formas proliferativas de NL activa.
Con los valores de corte aceptados por el laboratorio para el diagndstico de LES (anti-ADNdc > 100 Ul/ml,
anti-nucleosoma > 50 U/ml o un CH,; < 190 UCH,,) no se encontraron diferencias significativas entre casos
con y sin NL. Un anti-C1q > 40 U/ml tuvo una especificidad del 80% y mostré una asociacion estadisticamente
significativa con NL. Al aplicar curvas Receiver Operating Characteristic (ROC) para NL, se identificaron valores
de corte mas altos para anti-ADNdc (> 455 1U/ml) y anti-nucleosoma (> 107 U/ml), mas bajo para CH, (< 150
UCH,,) y para el anti-C1q (> 41 U/ml) coincidi6 con el aceptado para diagndstico de LES. Un anti-C1q > 134
U/ml presenté una sensibilidad del 56%, una especificidad del 92% y se asoci6é con quince veces mas riesgo
de NL. La presencia simultanea de anti-C1q > 134 U/ml y anti-nucleosoma > 107 U/ml se asoci6 27 veces mas
riesgo de NL. De acuerdo a estos resultados los valores de corte empleados para actividad en pacientes con
LES podrian resultar inadecuados para identificar pacientes con mayor riesgo de NL grave.
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Systemic lupus erythematosus (SLE) is a complex
autoimmune disease with a variety of immunological and
clinical manifestations. Lupus nephritis (LN) is one of the
most severe complications that affect the survival in SLE
patients® 2. Early diagnosis and treatment of LN seek to
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prevent the progression of the disease to chronic renal
failure and renal transplant®. In a sample of Latin American
population, 5.3% of SLE patients presents LN at onset and
in about 50% of patients it appears later in the evolution
of the disease*.

Detection of anti-nucleosome antibodies and antibod-
ies against the first component of the classical pathway
of complement (anti-C1q) has been recently proposed as
useful serological markers for the identification and follow
up of SLE patients with renal involvement®°.
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High levels of anti-double stranded DNA antibodies
(anti-dsDNA) and low values of complement components
are used as serological markers of SLE systemic activity
in clinical practice. However, the value of these assays
to identify a particular clinical manifestation of SLE is still
controversial'-'4,

The aim of the study was to explore cut-off values of
assays that measure complement-mediated hemolytic
activity (CH,,), anti-dsDNA, anti-nucleosome and anti-C1q
antibodies that would identify SLE patients with high risk
of developing severe LN.

Materials and methods

Patients over 16 years old who fulfilled at least four of the
American College of Rheumatology 1997 (ACR 1997) criteria
for SLE classification'®, with CH,;, anti-dsDNA, anti-C1q and
anti-nucleosome antibodies tests measured on a same serum
sample at the Immunology Unit of Instituto de Investigaciones
Médicas Alfredo Lanari (IDIM) were retrospectively identified.
In only one patient anti-nucleosome test had not been per-
formed. Patients without clinical record at the institution were
excluded. The Institutional Review Board approved the study.

Demographic data, clinical manifestations, and disease
activity defined according to Systemic Lupus Erythematosus
Disease Activity Index Score (SLEDAI) criteria'® at the time
of each serum sample were collected from medical records.
Patients with SLEDAI more than 4 were considered with
clinical activity.

Active LN was defined by 24-hour urine protein excretion
> 0.5 g/day and/or active urinary sediment and/or an increase
in serum creatinine levels of more than 25% from previous
determinations'. Active urinary sediment was considered
as the presence of hematic casts or > 5 red or white blood
cells (RBC/WBC) in the absence of other alternative causes.
Patients were classified according to the presence or not
of severe forms of active LN. Severe LN were defined as
proliferative forms of glomerulonephritis confirmed by biopsy
as LN class Ill or IV or class V associated to class Il or IV
according to world Health Organization (WHO)'® histological
classification. In LN patients, the serum sample obtained
within the period of three months before renal biopsy and
previous to start immunosuppressant treatment were cho-
sen. Medical records of the subjects included in the group
of patients without LN do not report any finding of clinical or
laboratory manifestations of renal involvement. SLE patients
with active LN but without confirmation by renal biopsy were
excluded from the study.

At the IDIM Laboratory of Immunology, the CH, test is
measured by the method of Kent and Fife (normal range 190
to 270 UCH,,,) All antibodies IgG- isotype are measured
by ELISA with commercial kits (INOVA Diagnostics for anti-
dsDNA, Generic Assays GmbH for anti-nucleosome antibod-
ies and Buhlmann Laboratories AG for anti-C1q). The cut-off
values provided by manufacturers for each kit are anti-dsDNA
> 75 1U/ml, anti-nucleosome > 50 U/ml and anti-C1q >15 U/
ml. These kits were acquired by IDIM Laboratory in 2000
and previous to being used for the first time, cut-off values
were calculated as the mean plus three standard deviations
(mean+3SD) from a group of 50 healthy subjects, according
with the manufacturer recommendation'®?'. The IDIM Labora-
tory cut-off were for anti-dsDNA > 100 Ul/ml, anti-nucleosome
> 50 U/ml and anti-C1q > 40 U/ml.
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To compare differences between two groups, Mann-Whit-
ney U test was used for numerical variables and Chi square
test, for proportions. Sensitivity, specificity and likelihood ratios
to identify LN in SLE patients for anti-dsDNA, anti-nucleosome
and anti-C1q antibodies and CH,; were calculated. Receiver
Operating Characteristic (ROC) curves and Youden Index
were applied to identify cut-off points. Area under the curve
(AUC) was used to assess discrimination power of each test.
To assess the strength of association between positive tests
and renal involvement, odds ratios (OR) were calculated with
95% confidence intervals (95% CI). Statistical analysis was
performed with Stata 11.0 and MedCalc. A p value < 0.05 was
considered statistically significant.

Results

Serum samples from 41 SLE patients (2 men) were ana-
lysed. The median age at the time of diagnosis was 23
years (range 12-49) and the median time from the LES
diagnosis to the serum sample was 10 years (range 0-34).
In 16 patients with LN (12 class IV, 2 class V + lll and 2
class Ill), the median values of creatinine and proteinuria
were, respectively, 1.24 mg/dl (range 0.70-5.95) and 2.30
mg/24 hours (range 0.59- 5.95). In 25 patients without
LN the median value of creatinine was 0.84 mg/dl (range
0.68-1.33) and 12 had SLEDAI more than 4. The sample
description is presented in Table 1.

Statistically significant differences were found in serum
levels of CH,, and antibodies (anti-dsDNA, anti-nucle-
osome and anti-C1q) between patients with and without
LN (Table 2).

Table 3 shows the sensitivity and specificity of CH,,
and anti-dsDNA, anti-nucleosome and anti-C1q tests to
detect LN using cut-off values accepted at IDIM Laborato-
ry. Anti-C1q was the only test with statistically significant
association with renal involvement.

Table 4 shows the cut-off values, identified by ROC
analyses, to detect LN in SLE patients. The cut-off values
were > 455 |U/ml for anti-dsDNA, > 107 U/ml for anti-nu-
cleosome, > 41U/ml for anti-C1q and < 150 UCH,, for
CH50. These values were different from those use at IDIM
in all tests except for the anti-C1q assay. It was observed
that a cut-off value for anti-C1q > 134 U/ml had a high pos-
itive likelihood ratio (7.03), with lower sensitivity (56.25%,
95% Cl: 29.9-80.2) and high specificity (92.00%, 95% Cl:
4.0-99.0) for the detection of LN. Thus, it was decided to
inform the following results using this cut-off value.

The frequency of positive antibodies and low CH,,
using cut-offs identified by ROC analysis, in patients
with and without LN is showed in Table 5. The four tests
(anti-dsDNA > 455 |U/ml; anti-nucleosome > 107 U/ml;
anti-C1g> 134 U/ml; CH, <150 UCH,,, ), were statistically
significant associated with the presence of LN.

Out of 14 patients with anti-dsDNA less than 455 U/
ml; anti-nucleosome < 107 U/ml; anti-C1q < 134U/ml
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TABLE 1.— Demographic data, clinical characteristics, and antibodies in 41 SLE patients

With LN Without LN
(n=16) (n =25)
SLEDAI > 4 SLEDAI < 4
(n=12) (n=13)
Demographics data
Sex (Female:Male), n 15:1 11:1 13:0

Age (years)a

Clinical characteristics
Time between SLE diagnosis to

19.7(13.7-49.6)

23.1 (12.0-46.6)  27.4 (13.0-43.5)

the time of serum sample (years)a 5.1 (0- 25.3) 7.5 (0-29) 13.1 (3.7-34.4)
SLEDAI scorea 8.5 (1-24) 9.5 (5-16) 0 (0-4)
Neuropsychiatric, n 3 6 0
Ocular involvement, n 0 1 0
Vasculitis, n 2 1 0
Skeletal muscle, n 13 6 1
Cutaneous-mucosal, n 13 11 1
Serositis, n 8 0 1
Fever, n 2 3 0
Hematological involvement, n 7 8 0
Laboratory data

Anti-dsDNA > 100 IU/ml, n 12 8 7
Anti-nucleosome > 50 U/ml, n 15 9/11* 8
Anti-C1q > 40 U/ml, n 11 4 1
CH,, < 190 UCH,,,, n 15 11 8

SLE: systemic lupus erythematosus; LN: lupus nephritis; SLEDAI: systemic lupus erythematosus disease activity

index; CH,,: complement-mediated hemolytic activity

All data are expressed as number (n) of observations. a Median (range). *No serum sample was available for anti-
nucleosome antibodies dosage in the case of a patient without LN

TABLE 2.— Levels of CH,,, and antibodies between patients with and without lupus nephtritis

Serological With LN Without LN p value
markers (n=16) (n =25)

Anti-dsDNA? 559 (26-3280) 108 (18-1015) 0.0294
Anti-nucleosome? 164 (48-299) 94.5 (24-286)* 0.0012
Anti-C1g? 174 (9-540) 10 (0-277) 0.0003
CH,2 111 (30-205) 170 (87-290) 0.0012

CH,,: complement-mediated hemolytic activity

aMedian (range). *No serum sample was available for anti-nucleosome antibodies dosage in one patient without LN,

the reported values are for 24 patients

and CH,, > 150 UCHso%, only one had LN. In contrast,
out of 12 patients with three or more serological positive
markers (anti-dsDNA > 455 IU/ml; anti-nucleosome
> 107 U/ml; anti-C1q > 134U/ml) and/or CH,, < 150
UCH,,,,, 10 had LN. Table 6 shows the frequencies of

0%’

different combinations of two tests in patients with
and without LN. The simultaneous presence of anti-
nucleosome > 107 U/ml and anti-C1q >134 U/ml was
the combination with higher odds ratio to detect LN
in SLE patients.
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TABLE 3.— Sensitivity and specificity to identify LN of antibodies and CH,, with cut-off values used at Laboratory for
systemic lupus erythematosus diagnosis

With Without
LN LN

(n=16) (n =25)
Serological n n Sensitivity Specificity +LR -LR OR p value
markers (95% Cl) (95% CI) (95% CI)
Anti-dsDNA 12 15 75.00 24.00 0.99 1.04 2.00 0.5010
>100 1U/ml (47.6-92.7) (9.4-45.1) (0.50-8.00)
Anti-nucleosome 15 17* 93.75 25.00 1.25 0.25 6.18 0.1140
> 50 U/ml (69.8-99.8) (9.8-46.7) (0.68-56.19)
Anti-C1q 11 5 68.75 80.00 4.30 0.37 8.80 0.0030
> 40 U/ml (41.3-89.0)  (59.3-93.2) (2.08-37.21)
CH,, < 190 15 19 93.75 24.00 1.23 0.26 4.74
UCH,,., (69.8-99.8) (9.4-45.1) (0.51-43.75) 0.2151

LN: lupus nephritis; CH,,: complement-mediated hemolytic activity; LR:

likelihood ratio; OR: Odds ratio; CI: confidence intervals.

*No serum sample was available for anti-nucleosome antibodies dosage in one patient without LN, the reported value is for 24 patients.

TABLE 4.— Sensitivity and specificity to identify lupus nephritis of antibodies and CH50 with cut-off values obtained by ROC
analyses in 41 systemic lupus erythematosus patients

Serological AUC Cut-off Youden Sensitivity Specificity +LR -LR
markers (95% CI) identified Index (95% IC) (95% IC)
Anti-dsDNA 0.705 > 455 0.4425 56.25 88.00 4.69 0.50
(1U/ml) (0.542-0.837) (29.9-80.2) (68.8-97.5)
Anti-nucleosome 0.807 > 107 0.6250 87.50 75.00 3.50 0.17
(U/ml) (0.652-0.915) (61.7-98.4) (53.3-90.2)
Anti-C1q 0.843 > 41 0.5275 68.75 84.00 4.30 0.37
(U/ml) (0.695-0.937) (41.3-89.0) (63.9-95.5)
CH,, 0.804 < 150 0.555 87.50 68.00 2.73 0.18
(UCH,,..) (0.650-0.911) (61.7-98.4) (46.5-85.1)

CH,,: complement-mediated hemolytic activity; ROC: receiver operating characteristic curve; AUC: area under the curve; LR: likelihood ratio;

OR: Odds ratio; Cl: confidence intervals

*No serum sample was available for anti-nucleosome dosage in one patient without LN, the reported value is for 40 patients

Discussion

Anti-dsDNA, anti-nucleosome, anti-C1q antibodies and
complement activation, all serological markers of systemic
activity, would play an important role in the inflammation
and glomerular damage described in SLE patients??2¢. In
the present study, antibodies and CH, levels had different
median among patients with LN compared to patients with-
out LN. These results are consistent with other studies that
measured antibodies and complement levels in patients
with active renal disease and proliferative forms of LN2729,

When cut-off values accepted for SLE diagnosis at
IDIM Laboratory were used, there were not statistically sig-

nificant differences among anti-dsDNA, anti-nucleosome
or CH,,in comparison between patients with and without
LN. Anti-C1q antibody was the only one with significant
statistically association to LN. These results are consistent
with the anti-C1q antibody good performance to detect
nephritis. Several authors proposed anti-C1q antibody as a
serological marker of SLE with active renal involvement?®1°,

Although these immunological markers are not diag-
nostic tests for LN and do not replace renal biopsy, a
contribution of this study was the identification of cut-off
values to detect patients with high risk of severe LN dif-
ferent that those used to detect SLE activity. The cut-off
values identified with ROC analysis to detect LN patients
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TABLE 5.— Frequency of positive antibodies and low complement-mediated hemolytic activity with the cut-off values
identified in the present study in groups with and without lupus nephritis (LN)

With LN Without LN
(n=16) (n = 25) OR p value
Serological n % n % (95% ClI)
markers
Anti-dsDNA > 455 1U/ml 9 56.25 3 12.00 9.43 0.0043
(1.99-44.84)
Anti-nucleosome > 14 87.50 6* 24.00 22.17 < 0.0001
107 U/ml (3.88-126.71)
Anti-C1q > 134 U/ml 9 56.25 2 8.00 14.79 0.0012
(2.57-85.14)
CH,, <150 UCH,,, 13 81.25 8 32.00 9.21 0.0036
(2.03-41.73)

OR: Odds ratio; Cl: confidence intervals

*No serum sample was available for anti-nucleosome dosage in one patient without LN, the reported value is for 40 patients.

TABLE 6.— Frequency of different combinations of serological markers in groups with and without lupus nephritis

With LN Without LN

(n=16) (n = 25) OR p value
Combination of tests n % n % (95% CI)
Anti-dsDNA > 455 Ul/ml and 8 50.00 2" 8.33 10.25 0.0090
anti-nucleosome > 107 U/ml (1.98-83.52)
Anti-dsDNA > 455 Ul/ml and 6 37.50 1 4.00 13.43 0.0188
anti-C1q > 134 U/ml (1.711-345.5)
Anti-nucleosome>107U/ml 9 56.25 1* 4.16 26.66 0.0006
and anti-C1q > 134 U/ml (8.57-677.2)
Anti-dsDNA > 455 Ul/ml and 9 56.25 2 8.00 14.2 0.0018

CH,, < 150 UCH,,

(2.689-115.6)

LN: lupus nephritis; OR: Odds ratio; Cl: confidence intervals

*No serum sample was available for anti-nucleosome dosage in one patient without LN, the reported value is for 40 patients

were lower for CHso, higher for anti-dsDNA and anti-
nucleosome, but was the same for anti-C1q. The cut-off
values identified presented higher specificity and positive
Likelihood Ratios (+LR) than those used to detect SLE
activity. In this study, predictive values were not informed
as they change in groups accordingly to the prevalence.
Instead, LR were informed that allow to calculating post-
test probability independently of prevalence.

Subjects with anti-C1q levels above 40 U/ml had eight
times high risk of had LN. An anti-C1q value higher than
> 134 U/ml had higher specificity and it was associated
with a fifteen-fold increased risk for active kidney disease.
These results suggest, in agreement with other studies,

that the detection of anti-C1q antibodies alone or in com-
bination with other serological markers of SLE activity
could contribute useful information to identify patients at
high risk of LN&10.30.31,

Several studies proposed combining different serologi-
cal markers to improve detection of patients at increased
risk of proliferative LN2® 2% 3% Moroni et al*®?° described
that the combination of anti-C1q and low complement
was associated with active LN. Yang et al®?found that the
simultaneous presence of anti-C1q and anti-dsDNA were
associated with higher LN activity and poor renal outcome
compared to only one or none of these antibodies. Orbai
et al*reported a strong association between combination
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of anti-C1q, anti-dsDNA and low complement with renal
involvement. The present study showed low probability
for LN when the combination of anti-dsDNA < 455 |U/ml;
anti-nucleosome < 107 U/ml; anti-C1q < 134U/mland CH,_,
> 150 UCH,,, was present. The simultaneous detection
of anti-nucleosome >107 U/ml and anti-C1q > 134U/ml,
was associated with a 27-fold higher probability for LN.
The combination of CH,j > 150 UCH,,, and anti-dsDNA
> 455 |U/ml showed a 14-fold higher probability for LN.
This last observation is important since most laboratories
may determine these two markers although the measure-
ment of anti-nucleosome or anti-C1q may not be available.

This study has several limitations; one of them is the
sample size because it was possible to identify only 41
SLE patients with determinations of the three antibodies
and CH, in the same serum sample. Prospective studies
with a greater number of patients are required to analyze
the consistency of this exploratory study. In addition, there
was a lack of data about ethnic characteristics of the pa-
tients that might have some influence on the results of the
antibodies and could explain differences with other studies.

Another important limitation is related with the tech-
nical diversity available to measure autoantibodies in
serum sample. There is not universal standardized
assay used by all laboratories to detect anti-dsDNA,
anti-nucleosome, anti-C1q and CH,; Currently, there
are guidelines for defining, establishing and verifying
reference intervals in the clinical laboratory. These
recommendations include specific and standardized
procedures that can be used to establish and verify reli-
able reference intervals between different laboratory3?,
for assessment of the diagnostic accuracy of laboratory
tests using ROC analysis®* or for evaluation of qualitative
test performance®.

In a multicenter study®® that measured anti- C1q with
purified collagenous C1q fragments as antigen in the ELI-
SA technique, the cut-off value was defined as < 16 AU/I
based on analysis of 96 healthy blood donors. Although,
this cut-off value was a different and no comparable from
those of this study, also reported an anti-C1q specificity of
85% for the detection of NL. Like Mok et al.®¢, the present
study measured anti-dsDNA, anti-nucleosome and anti-
C1q antibodies in the same serum sample and reported
that anti-C1q was the most specific test. However, they
found that anti-dsDNA was more sensitive than anti-
nucleosome antibodies to detect LN. The discrepancy
between studies results could be a consequence of the
nature of the antigens and types of assays used in anti-
nucleosome tests, which may determine cross-reactions
with anti-dsDNA. Nucleosomes are repeating subunits of
chromatin consisting of DNA molecules coiled around a
core of basic histone and non-histone proteins'. The term
“anti-nucleosome antibodies” includes various antibod-
ies of different specificities that may react with histones,
histone variants, modified histones, non-histone proteins,
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dsDNA structures, or diverse conformational determinants
unique to the complex structure in chromatin. There is not
a single uniform criterion to define the antigenic target of
anti-nucleosome antibodies, so it is difficult to standard-
ize laboratory tests and the use of this antibody in clinical
practice is questionable®¥. Some authors have described
the advantages of using as antigen DNA-loaded nucleo-
somes (anti-dsDNA-NcX) ELISA test3® %,

The present study explored the possibility to detect
quickly and with non-invasive methods patients with
high risk of LN. The results suggest that anti-dsDNA,
anti-nucleosome, anti-C1q and CH, cut-off values used
for the detection of SLE activity could be inadequate to
identify patients with a high risk of severe LN. Each center
laboratory would consider set up cut-off values different
from those established for SLE diagnosis to evaluate the
risk of severe renal involvement and select their best
combination of serological markers, including anti-C1q
test, if possible, due to its high specificity.
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