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Since the description of the lupus erythemato-
sis (LE) cell phenomenon by Hargraves et al,’
and with the realization by Haserick and Bortz?
that this phenomenon could be induced in nor-
mal cells by a component of plasma from patients
with systemic lupus erythematosus (SLE), the na-
ture of this “LE cell factor” has been clarified. It
is an IgG antlbody that reacts with deoxyrlbonu—
cleoprotein® and as such belongs to an increas-
ingly well-characterized group of antibodies that
combine with various components of cell nuclei.
Detection of certain of these antinuclear antibod-
ies (ANA) has assumed increasing importance in
the diagnosis and management of SLE and re-
lated diseases.

Among the serological tests for diagnosis of
SLE, the LE cell phenomenon was followed by
fluorescent assays for ANA with the use of var-
ious cellular substrates,*® tests for antibodies
against double- or single-stranded DNA,*® and
assays for antibodies against an acidic nuclear
glycoprotein referred to as Sm antigen.9 Al-
though these assays are in widespread use, and in
many institutions combinations of them are often
ordered as a “lupus battery,” little quantltatlve
information about the meaning and interpreta-
tion of positive or negative test results is available
in the literature. We reviewed the laboratory and
clinical records of The Cleveland Clinic Foun-
dation, including Haserick’s original work to up-
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date and evaluate serological tests for diagnosis
of SLE.

Methods

Antinuclear antibody (ANA) was assayed by
indirect immunofluorescence’ with the use of rat
kidney as substrate and a polyvalent, fluorescein-
ated rabbit anti-human immunoglobulin serum
as indicator; a titer = 1:40 was considered posi-
tive. Anti-native DNA (anti-nDNA) was assayed
by a modification of the Farr assay as previously
described'’; values = 10% binding were consid-
ered positive. Anti-Sm was assayed by double
diffusion in agarose with the use of ribonuclease-
treated rabbit thymus extract''; positive sera
formed a line of identity with a known positive
standard (kindly supplied by Carol Peebles, Na-
tional Jewish Hospital, Denver, Colorado). The
LE cell test was performed as previously de-
scribed by Haserick and Bortz®; positives were
ranked 1+ or greater.

Sensitivities (prevalence of true-positives in the
SLE population) were determined by performing
each of the tests on sera from a group of 102
well-studied SLE patients previously reported."'
Specificities (prevalence of true-negatives in the
non-SLE population) were determined by review-
ing clinical records of 573 patients selected for
test positivity or negativity in approximately
equal numbers for each test. These patients were
classified as SLE or non-SLE; from this informa-
tion together with the frequency of overall test
positivity, specificites were calculated. In most
cases data from more than one test were available
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on each patient. Sensitivities and specificities are
shown in the Table.

Results

Predictive values'? for positive and negative
results of each of the four tests are shown in
Figures 1 and 2, respectively. The predictive value
of a positive test is the prevalence of SLE among
all patients with a positive test result; the tests
with the highest positive predictive values were
anti-nDNA and anti-Sm. The predictive value of
a negative test result is the prevalence of non-
SLE among all patients with a negative test result;
the test with the highest negative predictive value
was ANA.

Test efficiency'” is defined as the prevalence
of true-positive and true-negative results among
all the tests performed. It measures the correla-
tion of test results with clinical situation (sum of
SLE patients with positive test and non-SLE pa-
tients with negative test divided by total number

Table. Sensitivity and specificity of serological tests
- - for SLE B 7
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LE l’l'(']) 704 946
ANA 990 690
Anti-nDNA 569 .993
Anti-Sm 220 1999

ANA = antinuclear antibodies.
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Figure 1.

positive test who actually have SLE.
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of tests done). Efficiency for tests examined is
shown in Figure 3; the most efficient test was the
LE cell preparation.

Quantitative correlations were drawn for ANA
titer and degree of positivity of LE preparation
with prevalence of SLE as well as with certain
other non-SLE diagnoses (Figs. 4 and 5, respec-
tively). In both tests the prevalence of SLE in-
creased as degree of test positivity increased,
although this relationship was clearer for LE cell
preparation.

Discussion

We examined the results of four tests (LE cell
preparation, ANA, anti-nDNA, and anti-Sm) in
675 patients, 102 of whom were selected because
they were diagnosed on clinical grounds as hav-
ing SLE; the remainder were selected from lab-
oratory records of the four tests. The results
permit calculation of sensitivity and specificity
figures (Table), of predictive values of positive
and negative results (Figs. I and 2), and of test
efficiency (Fig. 3) for each test. These figures
show how strongly a positive or negative test
result standing alone, without other data, indi-
cates a diagnosis of SLE. The specificity figures
in the Table are probably conservative (underes-
timate specificity) since the results are biased by
the fact that the test was ordered in the first
place; non-SLE patients on whom ANA was or-
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Predictive value of positive results for 4 serological tests used in the diagnosis of SLE; value is the percent of patients with a

Figure 2. Predictive value of negative results for 4 serological tests used in the diagnosis of SLE; value is the percent of patients with

a negative test who do not have SLE.
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Figure 3. Efficiency of 4 serological tests used in diagnosis of

SLE; value is the percent of patients in whom the outcome of the
test agrees with the diagnosis.
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dered, for example, may be more likely to have
positive. ANA than non-SLE patients in whom
this was not even considered. However, the tests
are valuable as discriminators only within the
population on which they are performed, so this
bias is probably not especially important.

The results illustrate the principle that for a
highly specific test (such as anti-nDNA or anti-
Sm) the predictive value of a positive result is
high whereas for a highly sensitive test (such as
ANA) the predictive value of a negative test is
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Figure 4.
(RA), and all other diagnoses (miscellaneous).

Figure 5.

arthritis (RA), and all other diagnoses (miscellaneous).
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high. The LE cell prep was intermediate in spec-
ificity and sensitivity, but as a single test had the
greatest efficiency.

It is clear, however, that these test results are
never considered in a vacuum. The tests are
ordered because of suspicion based on clinical
grounds that they may be positive, and the result
obtained exerts either a positive or negative ef-
fect on the clinician’s estimation of the likelihood
that the patient has lupus. This clinical estimation
of likelihood can be quantitated with a scoring
system based on the American Rheumatism As-
sociation (ARA) criteria for the classification of
SLE, according to the sensitivity and specificity
of the criteria for diagnosis of SLE as we have
previously reported.” This allows establishment
of pretest probability of SLE in a given patient.
If this probability is low, a positive outcome of a
test with a high positive predictive value (e.g.,
anti-nDNA, anti-Sm) would have the most pro-
found effect on the diagnostic likelihood. On the
other hand, for a patient with a high pretest
probability of SLE, the greatest effect on proba-
bility would be exerted by a negative outcome of
a test with a high negative predictive value (e.g.,
ANA). Because of its nonspecificity, a positive
ANA exerts little effect on the likelihood of SLE,
and, because of relatively low sensitivity, negative
anti-DNA and anti-Sm results do not greatly in-
fluence the likelihoed of SLE. Thus, as often
happens in mild or inactive SLE, the combination
of positive ANA, negative anti-nDNA, and neg-
ative anti-Sm is not especially helpful. If this
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Predictive value of positive results of ANA at different titers for idiopathic SLE, drug-induced LE, rheumatoid arthritis

Predictive value of different levels of positivity of LE cell preparation for idiopathic SLE, drug-induced LE, rheumatoid
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combination of results occurs in an individual for
whom the pretest probability of SLE is low (e.g.,
a patient with fibrositis), the clinician is simply
faced with the unpleasant task of explaining a
positive ANA to someone in whom SLE was not
strongly suspected initially. This realization
might affect the decision to order ANA in this
setting.

However, ant-nDNA and possibly anti-Sm
have values in addition to their importance in
diagnosis. Anti-nDNA levels correlate well with
activity of SLE® and, indeed, antinDNA is
thought to be an important pathogenic antibody
in SLE, particularly with glomerulonephritis.'*"
Furthermore, the combination of positive anti-
nDNA and positive anti-Sm has in our experience
been associated with a more severe form of lupus
in which diffuse, proliferative glomerulonephritis
is common (occurring in 73% of such patients) as
opposed to patients in whom these antibodies are
not found together, where severe renal disease is
considerably less common (23%, p < 0.001)."
Thus, adequate monitoring of disease activity
requires serial determinations of anti-nDNA
along with certain other tests (complement, cre-
atinine, urinalysis, blood count), and determina-
tions of anti-nDNA and anti-Sm may be helpful
In estimating prognosis.
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