
APRIL 2011  •  FEDERAL PRACTITIONER  •  11

Current Perspectives on  
Rheumatic Laboratory Tests

Bernard Ng, MBBS, MMed; and Qurat Ul-Ain Kamili, MD 

Clinicians face a considerable dilemma when deciding which tests to utilize  
for the diagnosis and management of rheumatic diseases. These authors  

describe some of the most commonly used rheumatic tests and offer their  
recommendations as to when they should be ordered.

Despite advances in rheumatic 
therapeutics over the past de-
cade, older tests continue to 
be used for diagnostic pur-

poses. Most rheumatic laboratory 
tests initially were described over 50 
years ago and are based on the de-
tection of autoantibodies. Although 
autoantibodies are associated with 
rheumatic diseases, their pathoge-
netic role remains unclear. In ad-
dition, they have been detected in 
individuals with unrelated disorders, 
such as infections and malignan-
cies, in the absence of any systemic 
autoimmune disorder. So, while 
autoantibody tests provide useful 
information, they require careful in-
terpretation in conjunction with de-
tailed history taking and physical 
examination. 

In this article, we briefly review 
the most commonly used rheumatic 
tests and the historical context in 
which they emerged. We discuss the 
clinical importance of each in the 
diagnosis and prognosis of various 
rheumatic disorders and make rec-
ommendations for their use in clini-
cal practice.

ANTINUCLEAR ANTIBODY  
(ANA) TESTING
The lupus erythematosus (LE) cell 
test—first described in 1948 by he-
matologists Malcolm Hargraves and 
Robert Morton at the Mayo Clinic—
led to the discovery of ANAs.1 The 
researchers observed that the LE cell 
phenomenon occurred only in the 
presence of what are now known as 
antihistone antibodies, which are part 
of the ANA family. 

The ANA test used most com-
monly is indirect immunofluores-
cence (IIF) using human epithelial or 
rodent liver cells as substrates (with 
human epithelial cells being the more 
sensitive of the 2). With more than 
30 nuclear antigens known to be as-
sociated with autoimmune disorders, 
traditional enzyme-linked immuno-
sorbent assay (ELISA), which detects 
a single antigen epitope, is less effi-
cient than IIF in testing for ANAs. 

IIF-ANA tests are highly sensitive 
for diagnosing systemic lupus erythe-
matosus (SLE) at the screening titer 
of 1:40 (sensitivity > 97%).2 Specific-
ity is sacrificed, however, because up 
to one-third of the general population 
may test positive for ANAs at that 
level, and positivity increases with 
age.2,3 Although the IIF-ANA test is 
an excellent tool for detecting SLE 
when there is a high degree of clinical 
suspicion for the condition, it is not a 
useful screening tool and should not 
be used to rule out other rheumatic 

diseases because ANAs are present in 
a variety of conditions2 (Table 1). 

In identifying SLE, the negative 
predictive value of the IIF-ANA test 
is estimated to be > 95%, but its posi-
tive predictive value (PPV) is only 
57%,4 which is even lower when the 
test is ordered inappropriately. In 1 
study, the PPV of IIF-ANA testing 
was only 29% for connective-tissue 
diseases because the test was being 
ordered inappropriately for large 
numbers of noninflammatory condi-
tions, including fibromyalgia and lo-
calized soft-tissue rheumatism.5

Although there are case reports 
of “ANA-negative” SLE, it remains 
unclear whether these represent 
a subgroup of SLE or whether they 
are technical artifacts.6 Defining 
positivity at a higher titer makes 
the IIF-ANA test more specific but 
less sensitive: At ANA titers of 1:80, 
1:160, and 1:320, the proportion of 
normal patients testing positive is 
13.3%, 5%, and 3.3%, respectively.2 

 The different types of ANAs 
are defined by their target antigen: 
double-stranded (ds) DNA; single-
stranded DNA; nuclear histones; nu-
cleoproteins; and such RNA-protein 
complexes as ribonucleoprotein 
(RNP), Smith, Scl-70, SSA, and SSB. 
In binding to nuclear antigens, ANAs 
produce different staining patterns on 
IIF, such as homogenous, speckled, 
nucleolar, and centromeric. These 
patterns, however, are not sufficiently 
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sensitive or specific to diagnose rheu-
matic disorders; for that, more spe-
cific tests are required.

ANTI-dsDNA ANTIBODY
Autoantibodies to DNA were associ-
ated with SLE in the mid 1960s7 and 
with nephritis shortly thereafter.8 The 
accurate measurement of this anti-
body, however, was impeded by the 
lack of a good substrate for IIF. In 
1975, Aarden and colleagues reported 
that the dsDNA in the kinetoplast of 
Crithidia luciliae could be used as a 
substrate for determining anti-dsDNA 
antibodies.9 The ELISA technique for 
detecting immunoglobulin (Ig) G an-
tibodies to dsDNA is more sensitive 
but less specific than using C luciliae 
immunofluorescence (CLIF).10 

The sensitivity and specificity of 
the CLIF test for anti-dsDNA in SLE 
range from 61% to 79% and 73% to 
95%, respectively.10-12 The PPV for 
SLE is 50% with ELISA and 94% with 
CLIF,12 which is an important consid-
eration when evaluating a patient’s 
laboratory studies for SLE, especially 
if the patient belongs to a population 
with a low SLE prevalence. 

Anti-dsDNA testing is a useful 
complement to positive IIF-ANA re-
sults in patients with suspected SLE, 
but, because of its lower sensitivity, 
the test should not be ordered for pa-
tients with negative IIF-ANA results. 
Anti-dsDNA tests correlate modestly 
with SLE disease activity and renal 
involvement. Increasing titers may 
precede an SLE flare, but studies ad-
dressing this observation are not con-
clusive.

ANTI-SMITH AND ANTI-RNP 
ANTIBODIES
The anti-Smith antibody is named 
after the patient with SLE in whom 
it was first described in 1966.13 The 
extractable nuclear antigen it targeted 
was identified by immunodiffusion, 

using phosphate-buffered saline ex-
tract of calf thymus. The Smith anti-
gen consists of small nuclear RNPs. 
Anti-RNP antibodies react against 
proteins involved in the splicing of 
heterogeneous nuclear RNA to mes-
senger RNA. Anti-Smith and anti-
RNP antibodies typically are grouped 
together because their antigen targets 
are found on the spliceosomes and 
often coexist. Patients with anti-RNP 
antibodies eventually develop anti-
Smith antibodies, possibly as a result 
of epitope spreading.14

Anti-Smith antibodies have a low 
sensitivity but high specificity for SLE. 

Of patients with SLE, 25% to 47% 
have anti-RNP antibodies and 5% to 
30% have anti-Smith antibodies,15 
though the method used for mea-
surement affects both the sensitivity 
and specificity of these tests.16 Many 
laboratories use ELISA because it can 
be performed quickly and easily, but 
the early reports of sensitivity and 
specificity were based on immunopre-
cipitation techniques, such as coun-
tercurrent immunoelectrophoresis 
(CIE) or double diffusion (Table 2).16  

If these antibodies are present,  
SLE generally is diagnosed within a 
year.17 In patients with clinical fea-
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tures of SLE, whose IIF-ANA tests are 
positive, the anti-Smith antibody test 
is useful in confirming an SLE diag-
nosis, though a negative anti-Smith 
test does not exclude SLE, and the 
anti-Smith test is not recommended 
for distinguishing SLE from other au-
toimmune disorders. Several studies 
have shown that there is little corre-
lation between anti-RNP antibodies 
and SLE disease activity,18,19 and the 
anti-RNP test has proven unsuccess-
ful in predicting organ damage in 
SLE.20 

The anti-RNP test is, however, a 
diagnostic criterion for mixed con-
nective-tissue diseases (MCTD) be-
cause affected patients have higher 
levels of anti-RNP than patients with 
SLE. For MCTD, anti-RNP’s sensitiv-
ity ranges from 71% to 100%, and its 
specificity ranges from 84% to 100%. 
The Alarcon-Segovia criterion for 
MCTD specifies that the hemagglu-
tination titer of anti-RNP must be at 
least 1:1600 to be diagnostic.21

In addition to MCTD, anti-RNP 
can be positive in patients with Rayn-
aud phenomenon, systemic sclero-
sis (SSc), and SLE. Anti-RNP and 
anti-Smith also can be found in the 
absence of systemic autoimmune dis-
order, though it is relatively uncom-
mon.22 

SJÖGREN’S SYNDROME (SS) 
ANTIBODIES
In the late 1950s, Jones discovered, 
in extracts from patients’ lacrimal and 
salivary glands, a pair of antibodies 
(later known as anti-SjD and anti-SjT) 
that precipitated the development of 
SS.23 In 1969, Clark and colleagues 
described Ro (SjD) and La (SjT) as 
cytoplasmic antigens.24 In 1975, SSA 
and SSB were identified as nuclear an-

tigens with properties similar to Ro 
and La, respectively.25 It was not until 
1979 that Tan and colleagues discov-
ered that Ro and La were identical to 
SSA and SSB, respectively.26 

Two closely related proteins con-
stitute the SSA/Ro antigen: 60 kDa—
which is associated with small human 
cytoplasmic RNAs, called hY RNAs—
and 52 kDa. The SSB/La antigen is 
a 48 kDa protein that binds to vari-

Table 1. Conditions associated with positive antinuclear 
antibodies

Systemic 
autoimmune 
disorders 

Organ-specific 
autoimmune 

disorders

 
Other Systemic 

Causes

• SLE
• Scleroderma 
• �Polymyositis/ 

dermatomyositis 
• MCTD
• RA
• �Pauciarticular 

juvenile  
chronic arthritis

• SS
• Drug-induced lupus 
• Discoid lupus

• �Hashimoto 
thyroiditis

• Graves disease 
• �Autoimmune 

hepatitis 
• �Primary biliary 

cirrhosis
• �Primary autoimmune 

cholangitis

• �Chronic infections: 
hepatitis C, HIV, 
tuberculosis, 
lepromatous 
leprosy, infectious 
mononucleosis, 
infective 
endocarditis 

• �Malignancies: 
chronic lymphocytic 
leukemia, lymphoma 

• Drugs
• Pregnancy

MCTD = mixed connective-tissue disease; RA = rheumatoid arthritis; SLE = systemic lupus 
erythematosus; SS = Sjögren’s syndrome.

Table 2. Sensitivity and specificity of anti-Smith and anti-RNP tests for SLE  
with different immunoprecipitation methods16

Test Method Sensitivity, % Specificity, % PPV, %

Anti-Smith Double diffusion 17-35 99-100 89-100

CIE 11-56 98-100 90-100

ELISA 34-45 88-100 73-100

Anti–U1-RNP Double diffusion 17-30 87-99 31-90

CIE 8-35 83-99 37-57

ELISA 39-64 84-97 70-95
CIE = countercurrent immunoelectrophoresis; ELISA = enzyme-linked immunosorbent assay; PPV = positive predictive value; RNP = ribonucleoprotein; 
SLE = systemic lupus erythematosus. Adapted with permission from Lock RJ, Unsworth DJ. Antibodies to extractable nuclear antigens. Has technological 
drift affected clinical interpretation? J Clin Pathol. 2001;54(3):187-190.
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ous components of RNA polymerase 
III and plays an important role in its 
expression.27 Although SSA/Ro and 
SSB/La initially were associated with 
SS, they also are associated with such 
other autoimmune disorders as SLE, 
subacute cutaneous LE, primary bili-
ary cirrhosis, neonatal lupus, sclero-
derma, polymyositis, MCTD, and 
rheumatoid arthritis (RA).

The antibodies to SSA/Ro and SSB/
La have low specificity for SS and SLE 
because they are present in other au-
toimmune disorders (Table 3).28 It has 
been estimated that they are present in 
3% to 15% of patients with RA,29 in 3% 
to 11% of patients with SSc,30-32 and in 
5% to 15% of patients with polymyosi-
tis/dermatomyositis.33-35 They also are 
found frequently in patients who test 
positive for cryoglobulin, rheumatoid 
factor (RF), or polyclonal hypergam-
maglobulinemia.36 

CIE is the gold standard for detect-
ing anti-SSA/Ro and anti-SSB/La in 
autoimmune disorders, with an over-
all sensitivity of 89% and a specificity 
of 100% for both antibodies.37 Due to 
budgetary and time constraints,28,38 
however, most laboratories use ELISA 
to measure these antibodies. There-
fore, it often is suggested that clini-

cians order CIE as a confirmatory 
test for patients who receive positive 
ELISA results.

Positivity to SSA/Ro or SSB/La is a 
criterion for SS diagnosis.38 In preg-
nant women with suspected autoim-
mune disorder, anti-SSA/Ro should 
be checked early in the pregnancy 
because its presence indicates an in-
creased risk of fetal heart block. In 1 
Italian study, 2 of 112 women with 
anti-SSA had newborns with congeni-
tal complete heart block.39 

ANTINUCLEOLAR ANTIBODIES 
Both antiscleroderma (anti-Scl) an-
tibodies and anticentromere anti-
bodies (ACAs) belong to the family 
of antinucleolar antibodies. Tan and 
colleagues described a histone-asso-
ciated basic 70 kDa protein antigen, 
isolated from the nuclei of rat liver, 
and demonstrated monospecific anti-
bodies for this protein antigen, called 
Scl-70, in 2 of 5 patients with sclero-
derma.40 Later, Scl-70 was identified 
as part of the DNA topoisomerase I.41 

Initially, antibodies to Scl-70 were 
identified using immunodiffusion 
technique, which had a sensitivity 
and specificity of 20.2% and 100%, 
respectively.42,43 Immunoblotting was 

more sensitive and just as specific 
at 41% and 99.4%, respectively.42,43 
Some studies suggest that ELISA may 
be even more sensitive than immuno-
diffusion or immunoblotting, with a 
sensitivity of 43% and a specificity of 
100%,44,45 though further evidence is 
required.

The high specificity of the anti-
body to Scl-70 only pertains to dis-
tinguishing diffuse SSc from normal 
individuals. However, it is not use-
ful in distinguishing SSc from other 
rheumatic diseases because there are 
subsets of patients with limited SSc, 
who also are positive for this antibody. 
The EULAR Scleroderma Trial and 
Research database reported the preva-
lence of anti–Scl-70 antibody in dif-
fuse SSc and limited SSc to be 60.8% 
and 23.4%, respectively (P < .001).46 

A year after describing the asso-
ciation between anti–Scl-70 and SSc, 
Tan and colleagues, using IIF with 
human epithelial cells, discovered 
that ACAs are even more selective 
for patients with limited SSc.47 Cur-
rently, there are at least 7 centromeric 
nuclear proteins (CENPs), A through 
F and O, known to be associated with 
SSc.48,49 Although all ACA-positive 
serum on IIF showed antibodies to 

Table 3. Sensitivities and specificities of tests for antibodies to SSA/Ro and  
SSB/La in SS and SLE34

 
Test

Major clinical 
associations

 
CIE

 
ELISA

Sensitivity, % Specificity, % Sensitivity, % Specificity, %

Anti-SSA/Ro SS 85-95 50-60 90-97 45-50

SLE 25-30 50-60 35-60 45-50

Anti-SSB/La SS 70-80 60-70 75-85 50-60

SLE 10-15 50-55 20-30 45-50

CIE = countercurrent immunoelectrophoresis; ELISA = enzyme-linked immunosorbent assay; SLE = systemic lupus erythematosus; SS = Sjögren’s 
syndrome. Adapted with permission from Phan TG, Wong RC, Adelstein S. Autoantibodies to extractable nuclear antigens: Making detection and 
interpretation more meaningful. Clin Diagn Lab Immunol. 2002;9(1):1-7.
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CENP-B on ELISA, the use of ELISA 
in detecting SSc has not been studied 
as thoroughly as the use of IIF.50

The prevalence of ACAs in diffuse 
SSc and limited SSc is reported to be 6% 
and 47.6%, respectively (P < .001).46 By 
contrast, the sensitivity and specific-
ity of ACAs for SSc are 33% and 99%, 
respectively, when affected patients 
are compared with healthy controls, 
and the overall sensitivity and speci-
ficity of ACAs for differentiating SSc 
from other connective tissue diseases 
are 31% and 97.4%, respectively.51 In 
a retrospective study of 120 patients 
with positive ACAs, 70% had SSc, 
and 30% had such other rheumatic 
diseases as RA, SLE, idiopathic in-
flammatory myopathy, primary bili-
ary cirrhosis, hepatitis C, and overlap 
syndromes.50

While ACAs measured by IIF is 
highly specific for limited SSc, and 
useful in diagnosing the condition, it 
is unhelpful in distinguishing it from 
other rheumatic diseases, and the di-
agnosis is questionable when anti–
CENP-B ELISA results occur in the 
presence of a negative centromeric 
ANA pattern. The presence of ACAs 
in patients without a definite diagno-
sis of SSc predicts an increased risk of 
progression to SSc.48

RF AND ANTICYCLIC 
CITRULLINATED PEPTIDE  
(ANTI-CCP)
Meyer first described the agglutina-
tion of sheep red blood cells with 
human serum in 1922.52 In 1940, 
Waaler associated the phenomenon 
with RA, though he did not consider 
it to be diagnostic of RA because of its 
sporadic occurrence.53 In 1948, Rose 
and colleagues observed the phenom-
enon in all patients with active RA, 
but in only 8 of 16 patients with in-
active RA at titers ≥ 16.54 He also ob-
served that there were 2 false-positives 
out of 26 patients without RA, but 

their titers were < 16. In 1956, Singer 
and Plotz described the IgG-coated 
latex granules agglutination test as 
an alternative method of diagnosing 
RA, which is easier to perform than 
the sheep red blood cell agglutination 
tests.55 The IgG-coated latex granules 
and the sheep red blood cell aggluti-
nation tests remain the principal bases 
of our current tests for RF today.

RF is an autoantibody that binds 
to the Fc component of IgG (particu-
larly in the Cγ2 and Cγ3 regions). In 
1967, Torrigiani and Roitt described 
the quantification of different Ig 
classes of RF.56 IgG and IgA RFs are 
not measured by agglutination meth-
ods because they do not agglutinate as 
well as IgM. The precise physiologic 
function of RF is unknown, but it is 
recognized as an excellent scavenger 
of immune complexes.57 As Rose ob-
served in 1948, other rheumatic and 
nonrheumatic diseases, besides RA, 
also are associated with RF54 (Table 
4).58-62 About 1% to 4% of healthy 
individuals are RF positive, and the 
presence of RF increases with age.

The anti-CCP antibody is directed 
against a synthetic peptide derived 
from the large protein filaggrin and 
expressed in the epidermis. It has 

been measured and verified by ELISA 
to be highly specific for RA.63 Anti-
perinuclear factor was discovered to 
be associated with serum of patients 
with RA in the 1960s.64 Although 
antiperinuclear factor was known to 
be specific for RA, it was not feasible 
to be used as a standardized labora-
tory test because of the need for 
buccal mucosa cell donors and IIF 
techniques. When the target antigen 
for antiperinuclear factor was discov-
ered to be filaggrin, it was renamed 
antikeratin antibody.65 Filaggrin ex-
tracted from the human epidermis, 
however, has heterogeneous amino 
acid sequences, and the variability of 
its charge and degree of deimination 
make it an unsuitable standardized 
substrate for ELISA. 

Van Venrooij and colleagues dis-
covered that the antikeratin anti-
body epitope on filaggrin contains 
citrulline residues formed by post-
translational deimination of arginine 
residues.66 They made synthetic pep-
tides that included cystine residues, 
which resulted in a cyclic peptide 
that mimics the b-turn conformation 
antikeratin antibody epitope on the 
parent protein, resulting in high an-
tibody affinity.67 The sensitivity and 

Table 4. Prevalence of positive RF in various  
rheumatic diseasesa

Disease RF-positive tests, %

RA58-60 65-80

Primary SS61 70-80

SSc62 20-40

Polymyositis/dermatomyositis61 10-20

MCTD62 40-50

SLE61 30-35

MCTD = mixed connective-tissue disease; RA = rheumatoid arthritis; RF = rheumatoid factor;  
SLE = systemic lupus erthematosus; SS = Sjögren’s syndrome; SSc = systemic sclerosis.  
aIn addition to the rheumatic diseases listed here, there are many other conditions associated 
with positive RF—in particular, chronic infections and lymphoproliferative malignancies.
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Table 5. Summary of recommendations 

Test When to order? Test advantages Test disadvantages

IIF-ANA Symptoms suggest:
• SLE
• SS
• SSc
• MCTD
• �Idiopathic inflammatory 

myopathy
• �Pauciarticular juvenile 

chronic arthritis

High sensitivity Low specificity

Anti-dsDNA ANA positive and to confirm 
SLE

High specificity Low sensitivity
Most laboratories use 
ELISA, which is less 
specific than IIF

Anti-Smith ANA positive and to confirm 
SLE

Higher specificity than 
anti-dsDNA

Lower sensitivity than 
anti-dsDNA

Anti-RNP ANA positive and symptoms 
suggest MCTD

Specific for MCTD at 
high positive titers

Low positive titers are 
nonspecific and not 
useful to distinguish 
MCTD from other 
rheumatic diseases

Anti-SSA (anti-Ro)/
anti-SSB (anti-La)

ANA positive and
• Symptoms suggest SS
• �Early in pregnancy for 

women with symptoms 
suggestive of autoimmune 
disorder

Sensitive for SS
Positive anti-SSA 
(anti-Ro) antibody 
associated with 
increased risk for 
congenital heart block

Moderate specificity and 
not useful to distinguish 
SS from other rheumatic 
diseases

Anti–Scl-70 Symptoms suggest diffuse 
SSc

High specificity for 
diffuse SSc

Moderate sensitivity

Anticentromere Symptoms suggest limited 
SSc (CREST)

High specificity for 
limited SSc

Moderate sensitivity

RF Symptoms suggest RA May reflect RA disease 
activity

Low specificity; many 
other diseases are 
associated with positive 
RF (such as hepatitis C 
infection)

Anti-CCP Symptoms suggest RA High specificity for RA
Useful to distinugish RA 
from other conditions 
with positive RF

Moderate sensitivity
May not reflect RA 
disease activity

ANA = antinuclear antibody; anti-CCP = anticyclic citrullinated peptide; anti-Scl = antiscleroderma; CREST = calcinosis, Raynaud phenomenon, 
esophageal disease, sclerodactyly, and telangiectasias; dsDNA = double-stranded DNA; ELISA = enzyme-linked immunosorbent assay; IIF = indirect 
immunofluorescence; MCTD = mixed connective-tissue diseases; RA = rheumatoid arthritis; RF = rheumatoid factor; RNP = ribonucleoprotein;  
SLE = systemic lupus erythematosus; SS = Sjögren’s syndrome; SSc = systemic sclerosis. 
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specificity of anti-CCP antibody for 
RA were found to be 66% to 85% and 
90% to 98%, respectively.58,59,63,68 As 
highly specific as it may be, anti-CCP 
also may be positive in nonrheumatic 
diseases. Unlike RF, for which titers 
change with treatment, anti-CCP ti-
ters typically do not.60 

GENE EXPRESSION PROFILING
The collection of rheumatic labora-
tory tests discussed herein is not ex-
haustive, but there is some consensus 
on when each should be ordered 
(Table 5). Gene expression profiling 
has provided new information regard-
ing disease pathogenesis in various 
immunologic disorders and has led to 
the development of novel treatment 
regimens. Describing the use and in-
terpretation of gene expression profil-
ing is beyond the scope of this article, 
but, in short, such tests are compli-
cated and limited in terms of sensitiv-
ity, specificity, and reproducibility. 

The field of personalized medicine 
currently is under active research. This 
is an exciting era in the field of rheu-
matology, in which, bedside-to-bench 
techniques are soon expected to gain 
popularity. � l
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