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Laboratory tests to assist in diagno-
sis and to guide therapy in autoimmune

diseases have been in use for decades.
One of the best-established autoimmunity
tests is the assay for ANA. Although the
ANA is a commonly ordered study, it is a
notoriously misunderstood test. In a re-
cent study, clinical house staff at a major
teaching hospital ranged in their estima-
tions of the sensitivity and specificity of
ANA positivity in the diagnosis of lupus
all the way between 0% and 100%.1 To
make matters worse, new methods have
been introduced within the past decade
for determining ANA results, so the test
performed when a clinician orders an ANA
may differ entirely from laboratory to lab-
oratory. To help reduce confusion, this
article will describe the methods available
to measure ANA, review the indications
for ANA testing, and guide the interpreta-
tion of ANA results.

Methods of ANA Testing
The traditional method for perform-

ing an ANA test is immunofluorescence.
This remains the gold standard technique.
At some centers, the immunofluorescent
test for antinuclear antibodies is known as
the FANA. Immunofluorescence testing
involves incubating dilutions of patient
sera with a monolayer of fixed, permeabi-
lized cells [F1]. Antibodies adherent to
the cell monolayer are visualized with an
anti-human immunoglobulin reagent that
has been conjugated to a fluorescent tag.
Trained technicians identify the presence
or absence of nuclear staining and the pat-
tern of nuclear staining by fluorescence
microscopy.

When performed in a proficient labora-
tory, immunofluorescence is a highly sensi-
tive assay for the presence of antinuclear
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� Antinuclear antibody (ANA) testing is
commonly used in the assessment of
patients who may have an
autoimmune disease.  

� This tutorial review discusses the
methods currently available to
perform ANA testing, the indications
for ANA tests, and the interpretation
of ANA results.

� While ANA testing can provide helpful
diagnostic information, it typically
does not provide information
regarding disease activity.  

� Given the significant rate of positive
ANA results in the general population,
a positive ANA test should not be
over-interpreted.
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antibodies.2 Since cells are being used as
the test substrate, a wide variety of char-
acterized and uncharacterized targets of
autoantibody binding can lead to a posi-
tive result. In comparison to other ANA
testing methods [T1], advantages of im-
munofluorescence include the high sensi-
tivity of the test, and the ability to
interpret the extensive body of published
data on the performance of FANA testing
in a wide variety of clinical scenarios.
Also, the FANA test provides information
that may be relevant to the ordering clini-
cian that other testing techniques may not
provide. This information includes the
pattern of nuclear staining, and the pres-
ence or absence of cytoplasmic staining.
Disadvantages of immunofluorescence
testing relate to the complexity of the proce-
dure. It is more time consuming, and more
dependent on highly trained laboratory

personnel than other test modalities. The
performance of the test also depends criti-
cally on having quality reagents. This can
be a challenge, since different laboratories
use different cell substrates, and even
standard cells from a single cell line (such
as the frequently used HEp-2 cell line)
prepared by a single manufacturer can
show significant variation from lot to lot.
For modern levels of test sensitivity, it is
necessary to use a human rather than an
animal-derived cell line.3 Given the inherent
variability in FANA testing, laboratories
performing FANA testing reliably must
perform a high volume of tests and have
an active program of quality control su-
pervised by experienced personnel to en-
sure valid results.4,5

The other common method for ANA
testing currently in use is the enzyme-
linked immunosorbent assay (ELISA)

[F1]. In this technique, the test manufac-
turer coats multi-well plates with a
homogenate of antigens. While the antigen
sources are proprietary, manufacturers
generally use either preparations derived
from cell nuclei, mixtures of purified char-
acterized nuclear autoantigen proteins, or
combinations of both. Dilutions of patient
sera are incubated in antigen-coated wells,
followed by incubation with an anti-
human immunoglobulin reagent linked to
an enzyme tag. Antibody binding is quan-
titated by colorimetry, adding a substrate
to the wells that changes color in the pres-
ence of the enzyme tag.

The advantages of ELISA testing in-
clude the speed and simplicity of the
assay. Also, there is the hope that mass-
produced coating antigen preparations
may be more consistent from lot to lot
than immunofluorescence cell substrates.
Based on published data, ELISA assays
vary in quality, but some approach
immunofluorescence in their sensitivity
and specificity for the identification of
antinuclear antibodies.6-10 Disadvantages
of ELISA testing include reduced antigen
diversity leading to decreased sensitivity
for the identification of antinuclear anti-
bodies, and reduced ability to assess the
quality of the antigen preparation by di-
rect inspection of results of the assay
compared to immunofluorescence. Since
antigen quality deteriorates over time as
ELISA plates are stored, even if the origi-
nal preparations are uniform, close quality
control is needed for this assay as well.
Indeed, since the assay itself is less likely
to reflect qualitative changes in antigen
condition, quality control procedures for
ELISA-based ANA determinations must
be even more rigorous than those for im-
munofluorescence testing. A strategy of
performing immunofluorescence testing to
confirm positive results on ELISA testing
is used by some laboratories and
clinicians, but this approach is inadequate
to prevent or identify potential false nega-
tive results on initial ELISA testing. Thus,
although in theory, performing an ELISA-
based ANA test requires less training and
experience, running an accurate ELISA-
based ANA testing laboratory requires at
least as high a level of expertise and scrutiny
as a fluorescence-based laboratory. Both

[F1] Diagram of immunofluorescence and ELISA techniques.

Characteristics of ANA Testing Methods

Immunofluorescence ELISA Nanotechnology

Time high low low
Training high low low
Oversight high very high very high
Sensitivity high slightly lower lower
Specificity low low higher
Information moderate low high

T1
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tests should only be performed at high
volume centers dedicated to
immunopathology assays. Since some
ELISA kits include supplementary tests to
test for antigens that correlate with the
nuclear pattern on immunofluorescence,
the clinician should not assume that im-
munofluorescence testing was performed
if a staining pattern is reported.

Most laboratories offering ANA tests
offer additional autoantibody tests as well.
Often, these tests are bundled together into
an “ANA profile” that clinicians order at
the same time as the antinuclear antibody
test. While the precise make-up of the
“ANA profile” varies from laboratory to
laboratory, typical components in such
panels include tests for antibodies recog-
nizing single-stranded and double-stranded
DNA, ribonucleoprotein antigens, and pro-
tein autoantigens including Ro, La, Sm,
and topoisomerase I (Scl-70). 

The “ANA profile” emerged to satisfy
2 interests on the part of clinicians. First,
an “ANA profile” has higher sensitivity for
identifying patients with autoimmune dis-
ease than an ANA test alone, even when
using immunofluorescence. As an exam-
ple, at our center, we find that 95% of all
lupus patients have positive FANA test
results, but 98% all lupus patients had pos-
itive ANA profiles.11 Second, the ANA
profile can provide additional diagnostic
and prognostic information about the na-
ture of the autoimmune process based on
the targeted antigens. For example, anti-
bodies to DNA are highly specific for
lupus,12 and antibodies to topoisomerase I
are specific for scleroderma.13 A variety of
assay techniques can be used to perform
the tests making up the ANA panel. A full
discussion of these methods is beyond the
scope of this article. Some ANA ELISA
kits offer antigen-specific ELISA tests
for “ANA profile” antigens. The published
performance of such tests has been
inconsistent.14-16 While ELISA assays for
some tests in the ANA profile may be
equal to more traditional assay methods,
performance of total kits has not yet matched
established gold standard techniques.

Even as ELISA assays continue to
improve, researchers are developing nan-
otechnology arrays of defined autoantigens
in the hope that these will supplant

traditional ANA testing in the future.17

These arrays would combine the homo-
geneity of antigen preparations and sim-
plicity of assay procedures of ELISAs
with the potential to provide even more
detailed information about the specific
antigens targeted by the immune response
than immunofluorescence. As immune
responses toward specific antigens become
correlated with clinical diagnoses (or even
clinical expressions of disease within the
same diagnosis), this information may be a
major advance in testing for laboratory
manifestations of autoimmune disease. To
date, nanotechnology is limited by techni-
cal and knowledge hurdles. Technically,
investigators have only been able to make
detectable antigen nanospots with an esti-
mated 50% of known autoantigens,18 lim-
iting the sensitivity of these assays to less
than that available by
immunofluorescence. From a knowledge
standpoint, few correlations between clini-
cal manifestations of disease and specific
autoantibodies have been rigorously made.
In the cases where such correlations have
been made, fewer still are known to con-
vey clinically useful information.19

Quality control for ANA testing is
essential and involves multiple steps. As
with any successful quality assurance pro-
gram, maintaining quality is the responsi-
bility of the entire laboratory, not just a
quality control officer. All measurements
must be accurate, all reagents fresh and
pure, and all substrates without evidence
of blemishes or spoilage. Careful inventory
control is necessary. New lots of substrate
should be tested extensively against older
established lots before being brought into
clinical use. All assays should be run, in-
cluding well-characterized positive and
negative control sera, and repeated if con-
trols fail to perform to established standards.
All subjective readings (such as immunoflu-
orescence titers and staining patterns)
should be validated by at least 2 trained
readers. All measurement equipment (such
as ELISA plate readers) should receive
frequent routine maintenance and calibra-
tion. The laboratory should routinely and
frequently process blinded positive and
negative test samples to validate laboratory
performance. Laboratory results should be
correlated with the clinical context and

prior laboratory studies. If incongruities
are identified, laboratory results should be
re-checked. Periodic monitoring of the
statistical performance of the laboratory
may also be performed. Variations
between similar patient populations in test
results between a baseline time period and
a new time period may identify
divergences in test quality related to
changes in substrate, reagent, or personnel.

Indications for ANA Testing
The major use of ANA testing is as a

diagnostic tool. If a diagnosis has already
been confidently established without ANA
testing, the test generally does not need to
be performed. It is notable that 57% of
ANA tests ordered by clinicians in one
prospective study were in patients whose
diagnoses were already established.1

In general, laboratory tests can help
clinicians in 3 ways. They can provide
insight regarding diagnosis, prognosis, or
disease activity. Weaknesses in the ability
of ANA testing to provide information
particularly regarding disease activity
limit the number of times when ANA test-
ing is indicated. Studies suggest that the
results of ANA tests provide no informa-
tion regarding disease activity. Changes in
ANA titers have not been associated with
autoimmune disease activity.20 Thus, in a
patient who has been previously found to
be ANA positive, there is seldom a reason
to reassess their ANA status.

While assays when performed at a
competent lab can identify antinuclear anti-
bodies with a high degree of accuracy,
ANA testing is also limited as a diagnostic
test. The problem relates to the frequency
with which people have antinuclear anti-
bodies even when they have no autoim-
mune disease. Using an ANA titer of 1:40
as a cut point between positive and nega-
tive, approximately 10% of normal indi-
viduals are ANA positive.21 Increasing the
cut point of the test to titers of 1:320 or
greater leaves 3% of normal people with
positive values, indicating a specificity of
ANA testing of 97%. While a test with
97% specificity may sound like it should
be able to give useful diagnostic informa-
tion, remember that autoimmune diseases
are relatively uncommon—lupus, for ex-
ample, has an estimated population
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prevalence of approximately 10 cases per
10,000 people.22 Thus, the positive predic-
tive value of ANA testing is often low. In
lupus, 95% of patients are ANA positive at
a titer of 1:40 or higher and 75% are ANA
positive at a titer of 1:320 or higher. How-
ever, given the rate of positive ANA tests in
the general population, an ANA result of
1:40 or higher in isolation has a positive
predictive value for the diagnosis of lupus
of only 0.9%. At a titer of 1:320 or higher,
a positive ANA test in isolation has a posi-
tive predictive value of only 2.4% for a
diagnosis of lupus. As these examples illus-
trate, a positive ANA result by itself is not
sufficient to lead to the diagnosis of an au-
toimmune disease.

Rather than being used to diagnose
autoimmune disease, one of the most effec-
tive uses of ANA testing is to exclude the
diagnosis of ANA-associated autoimmune
diseases. In the case of lupus, for example,
the absence of ANA positivity at a titer of
1:320 or higher has a negative predictive
value of over 99% in an unselected popu-
lation. In patients with manifestations of
disease that are potentially consistent with
lupus, a more aggressive screening strat-
egy is available to help exclude lupus. To
maximize the negative predictive value of
ANA testing in such patients, an “ANA
profile” can be performed. To be most use-
ful, such autoantibody panels should be
optimized for high sensitivity of detection
of autoantibodies. Under these conditions,
a completely negative ANA profile dra-
matically reduces the likelihood that the
patient has an ANA-associated disease,

allowing the clinician to focus on alterna-
tive potential diagnoses.

Interpretation of ANA Tests
As described above, the most defini-

tive result from ANA testing is a negative
test. This result, especially when coupled
with negative tests on an ANA profile,
suggests that lupus or other strongly ANA-
associated diseases are unlikely to be pres-
ent. On the other hand, in the absence of
other clinical or laboratory data supporting
a diagnosis, a positive ANA test is seldom
useful.23 The most likely cause of a posi-
tive ANA test is the presence of no disease
at all. Even in subjects who are clinically
ill, a positive ANA test must be interpreted
with caution [T2]. While antinuclear anti-
bodies are common in relatively rare con-
ditions such as lupus, scleroderma, mixed
connective tissue disease, and Sjögren’s
syndrome,11,24-26 they also can be seen at
moderate frequency in more common dis-
orders including thyroid disease, rheuma-
toid arthritis, HIV disease, and hepatitis C
infection.27-30 The presence of ANA posi-
tivity and related findings can provide sig-
nificant additional information in specific
clinical situations, though. In these
circumstances, ANA titers at or above
1:320 are considered positive while lower
titers are considered indeterminate.

In patients with established
diagnoses of autoimmune diseases, ANA
positivity can subdivide patients with re-
gard to prognosis and response to therapy.
Examples include juvenile chronic arthri-
tis, where ANA positivity is associated

with an increased risk of uveitis,31 and
autoimmune hepatitis where ANA posi-
tivity defines a disease subtype.32

In patients with scleroderma, the pres-
ence of a centromere pattern of staining may
suggest the CREST syndrome, while a dif-
fuse or nucleolar pattern of staining would be
more consistent with diffuse cutaneous scle-
roderma.33 This distinction may be impor-
tant, since the incidence of major end organ
complications such as interstitial lung disease
is lower in CREST syndrome.34 In contrast,
scleroderma patients with anti-topoisomerase
I (Scl-70) antibodies (one of the causes of a
diffuse pattern of ANA staining) have in-
creased scleroderma lung disease.35

In some situations, the pattern of nu-
clear staining on FANA may be nonspe-
cific, but able to support the findings on
more specific autoantibody testing. Anti-
bodies to DNA, for example, are typically
associated with homogenous or rim pat-
tern nuclear staining. Antibodies to Sm
often are associated with a speckled pat-
tern of nuclear staining. Confirmation of
the presence of DNA or Sm antibodies is
strongly suggestive of a diagnosis of
lupus.12 Recent data suggest that the 3
major assays for anti-DNA antibodies—
immunofluorescence against Crithidia
luciliae, the Farr radioimmunoassay, and
ELISA tests—all have similar perform-
ance characteristics in clinical practice.36

If inflammatory myositis is
suspected, attention also should be paid
to the presence of anti-cytoplasmic anti-
bodies. While nonspecific, these can be
seen in patients with the anti-tRNA syn-
thetase myositis syndromes.37

One way that specific antigen testing
may constitute an advance over
traditional ANA testing could be the
“false” positive rate. As described above,
at least 3% of normal individuals have
positive results on traditional ANA test-
ing. These are “false” results not in the
sense of being inaccurate—these subjects
do have antinuclear antibodies. They are
“false” in the sense that they could mislead
the test interpreter into thinking that the
subject has an autoimmune disease or is at
risk for developing one. In contrast to ANA
tests, the likelihood of “false” positive re-
sults for individual autoantigen antibodies
may be lower.12,38 As nanotechnology

Conditions Associated With Antinuclear Antibodies

Frequency
Condition of ANA + References

Uncommon conditions with a high 
frequency of antinuclear antibodies Lupus 95% 11

Scleroderma (systemic) 95% 24
MCTD 95% 25
Sjögren’s syndrome 70% 26
Other rheumatic diseases <50%

Common conditions with a modest 
frequency of antinuclear antibodies Thyroiditis 45% 27

Rheumatoid Arthritis 40% 28
HIV 15% 29
Chronic Hepatitis C 10% 30

T2
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allows laboratories to screen for large ar-
rays of specific autoantigens, clinicians
may have additional information available
to help classify the clinical significance of
specific patterns of autoimmune reactivity.

Summary
Tests for autoantibodies are entering a

phase of evolution in medical practice.
New methodologies are emerging for old
tests, new understandings are developing
of current tests, and entirely new kinds of
tests are appearing on the horizon. How-
ever, the old established approaches to lab-
oratory medicine still apply to tests for
autoantibodies: tests must be performed
under rigorously controlled conditions to
ensure valid results, and tests should only
be ordered when clinically indicated in
order to yield relevant results. The
immunofluorescence test for antinuclear
antibodies remains a gold standard test for
the assessment of humoral autoimmunity.
The test can be most valuable diagnosti-
cally when a negative result is obtained.
The titer of an ANA result has not been
shown to correlate with disease activity.
Although new test methods make ANA
testing seem more accessible to smaller
laboratories, the quality control oversight
requirements for these newer tests are even
more exacting than for older tests. Use of
high-volume laboratories with extensive
experience performing ANA assays may
be the best way to ensure reliable results.

Acknowledgment
This work is dedicated to a pioneer in

the field of antinuclear antibody testing, Dr
Gordon C. Sharp on the occasion of his
70th birthday. This work was supported by
the Medical Research Service of the De-
partment of Veterans Affairs and by NIH
grant AR 43308, AR 48055 and AI 101842.

1. Solomon DH, Shmerling RH, Schur PH, et al.  A
computer based intervention to reduce unnecessary
serologic testing. J Rheumatol. 1999;26:2578-2584.

2. Ulvestad E. Performance characteristics and
clinical utility of a hybrid ELISA for detection of
ANA. APMIS. 2001;109:217-222.

3. Ulvestad E, Kanestrom A, Madland TM, et al.
Evaluation of diagnostic tests for antinuclear
antibodies in rheumatological practice. Scand J
Immunol. 2000;52:309-315.

4. Roberts-Thompson P, McEvoy R, Gale R, et al.
Quality assurance of immunodiagnostic tests in
Australasia. Pathology. 1991;23:125-129.

5. Bizzaro N, Tozzoli R, Tonutti E, et al.  Variability
between methods to determine ANA, anti-dsDNA
and anti-ENA autoantibodies: a collaborative
study with the biomedical industry. J Immunol
Methods. 1998;219(1-2):99-107.

6. Jaskowski TD, Schroder C, Martins TB, et al.
Screening for antinuclear antibodies by enzyme
immunoassay. Am J Clin Pathol. 1996;105:468-473.

7. Emlen W, O’Neill L. Clinical significance of
antinuclear antibodies: comparison of detection
with immunofluorescence and enzyme-linked
immunosorbent assays. Arthritis Rheum.
1997;40:1612-1618.

8. Homburger HA, Cahen YD, Griffiths J, et al.
Detection of antinuclear antibodies: comparative
evaluation of enzyme immunoassay and indirect
immunofluorescence methods. Arch Pathol Lab
Med. 1998;122:993-999.

9. Rondeel JM, van Gelder W, van der Leeden H, et
al.  Different strategies in the laboratory diagnosis
of autoimmune disease: immunofluorescence,
enzyme-linked immunosorbent assay or both? Ann
Clin Biochem. 1999;36 (Pt 2):189-195.

10. Bossuyt X. Evaluation of two automated enzyme
immunoassays for detection of antinuclear antibodies.
Clin Chem Lab Med. 2000;38:1033-1037.

11. Anderson JD, Wang GS, Johnson JC, et al.
Autoantibody profile testing by immunodiffusion
(ID) and hemagglutination (HA): comparison with
routine immunofluorescent antinuclear antibody
(FANA) testing. Arthritis Rheum. 1991;34 Suppl 1:8.

12. Weinstein A, Bordwell B, Stone B, et al.
Antibodies to native DNA and serum complement
(C3) levels. Application to diagnosis and
classification of systemic lupus erythematosus. Am
J Med. 1983;74:206-216.

13. Aeschlimann A, Meyer O, Bourgeois P, et al.
Anti-Scl-70 antibodies detected by
immunoblotting in progressive systemic sclerosis:
specificity and clinical correlations. Ann Rheum
Dis. 1989;48:992-997.

14. Avina-Zubieta JA, Galindo-Rodrigeuz G, Kwan-
Yeung L, et al.  Clinical evaluation of various
selected ELISA kits for the detection of anti-DNA
antibodies. Lupus. 1995;4:370-374.

15. Tan EM, Smolen JS, McDougal JS, et al.  A
critical evaluation of enzyme immunoassays for
detection of antinuclear autoantibodies of defined
specificities. I. Precision, sensitivity, and
specificity. Arthritis Rheum. 1999;42:455-464.

16. Tan EM, Smolen JS, McDougal JS, et al.  A
critical evaluation of enzyme immunoassay kits
for detection of antinuclear autoantibodies of
defined specificities. II. Potential for quantitation
of antibody content. J Rheumatol. 2002;29:68-74.

17. Robinson WH, DiGennaro C, Hueber W, et al.
Autoantigen microarrays for multiplex
characterization of autoantibody responses. Nat
Med. 2002;8:295-301.

18. Robinson WH, Steinman L, Utz PJ. Proteomics
technologies for the study of autoimmune disease.
Arthritis Rheum. 2002;46:885-893.

19. Swaak AJ, Huysen V, Smeek RJ. Antinuclear
antibodies in routine analysis: the relevance of
putative clinical associations. Ann Rheum Dis.
1993;52:110-114.

20. Mirzayan MJ, Schmidt RE, Witte T. Prognostic
parameters for flare in systemic lupus
erythematosus. Rheumatology (Oxford).
2000;39:1316-1319.

21. Tan EM, Feltkamp TE, Smolen JS, et al. Range of
antinuclear antibodies in “healthy” individuals.
Arthritis Rheum. 1997;40:1601-1611.

22. Uramoto KM, Michet CJ Jr, Thumboo J, et al.
Trends in the incidence and mortality of systemic
lupus erythematosus, 1950-1992. Arthritis Rheum.
1999;42:46-50.

23. Richardson B, Epstein WV. Utility of the fluorescent
antinuclear antibody test in a single patient. Ann
Intern Med. 1981;95:333-338.  Review.

24. Barnett AJ, McNeilage LJ. Antinuclear antibodies
in patients with scleroderma (systemic sclerosis)
and in their blood relatives and spouses. Ann
Rheum Dis. 1993;52:365-368.

25. Burdt MA, Hoffman RW, Deutscher SL, et al.
Long-term outcome in mixed connective tissue
disease: longitudinal clinical and serologic
findings. Arthritis Rheum. 1999;42:899-909.

26. Cervera R, Font J, Ramos-Casals M, et al. Primary
Sjogren’s syndrome in men: clinical and immuno-
logical characteristics. Lupus. 2000;9:61-64.

27. Petri M, Karlson EW, Cooper DS, et al.  Autoanti-
body tests in autoimmune thyroid disease: a case-
control study. J Rheumatol. 1991;18:1529-1531.

28. Charles PJ, Smeenk RJT, DeJong J, et al.
Assessment of antibodies to double-stranded DNA
induced in rheumatoid arthritis patients following
treatment with infliximab, a monoclonal antibody
to tumor necrosis factor alpha: Findings in open-
label and randomized placebo-controlled trials.
Arthritis Rheum. 2000;43:2383-2390.

29. Cassani F, Cataleta M, Valentini P, et al.  Serum
autoantibodies in chronic hepatitis C: comparison
with autoimmune hepatitis and impact on the
disease profile. Hepatology. 1997;26:561-566.

30. Medina-Rodriguez F, Guzman C, Jara LJ, et al.
Rheumatic manifestations in human
immunodeficiency virus positive and negative
individuals: a study of 2 populations with similar
risk factors. J Rheumatol. 1993;20:1880-1884.

31. Cassidy JT, Sullivan DB, Petty RE. Clinical
patterns of chronic iridocyclitis in children with
juvenile rheumatoid arthritis. Arthritis Rheum.
1977;20(2 Suppl): 224-227.

32. Obermayer-Straub P, Strassburg CP, Manns MP.
Autoimmune hepatitis. J Hepatol. 2000;32(1
Suppl):181-197.

33. Giordano M, Valentini G, Migliaresi S, et al.
Different antibody patterns and different
prognoses in patients with scleroderma with
various extent of skin sclerosis. J Rheumatol.
1986;13:911-916.

34. Vlachoyiannopoulos PG, Drosos AA, Wiik A, et
al. Patients with anticentromere antibodies,
clinical features, diagnoses and evolution. Br J
Rheumatol. 1993;32:297-301.

35. Greidinger EL, Flaherty KT, White B, et al.
African-American race and antibodies to
topoisomerase I are associated with increased
severity of scleroderma lung disease. Chest.
1998;114:801-807.

36. Ho A, Magder LS, Barr SG, et al. Decreases in
anti-double-stranded DNA levels are associated
with concurrent flares in patients with systemic
lupus erythematosus. Arthritis Rheum.
2001;44:2342-2349.

37. Koh WH, Dunphy J, Whyte J, et al.  Characterisation
of anticytoplasmic antibodies and their clinical
associations. Ann Rheum Dis. 1995;54:269-273.

38. Sanchez-Guerrero J, Lew RA, Fossel AH, et al.
Utility of anti-Sm, anti-RNP, anti-Ro/SS-A, and
anti-La/SS-B (extractable nuclear antigens)
detected by enzyme-linked immunosorbent assay
for the diagnosis of systemic lupus erythematosus.
Arthritis Rheum. 1996;39:1055-1061.

D
ow

nloaded from
 https://academ

ic.oup.com
/labm

ed/article/34/2/113/2504279 by guest on 24 M
ay 2023




