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Background: Antinuclear antibody (ANA)5 testing is routinely performed during evaluation of patients
with a suspected connective tissue disease (CTD), yet the question of which method is most appropri-
ate remains controversial. The purpose of this studywas to evaluate the clinical utility of ANA testing by
an enzyme immunoassay (EIA), an immunofluorescence assay (IFA), and a multiplex immunoassay
(MIA) in a routine laboratory population.
Methods:Samples (n=1000)werecollected fromspecimenssubmitted forANAtestingbyEIA (Bio-Rad).All
samples were subsequently analyzed by IFA (Zeus) andMIA (Bio-Rad). The sample cohort was weighted to
represent the routine testing population. Diagnostic information was obtained by chart review.
Results: For the diagnosis of a CTD, ROC curve analysis demonstrated no significant differences be-
tween IFA (area under the curve 0.81) and EIA (0.84) (P = 0.25), with overlay of a single point for theMIA.
When normalized to a specificity of approximately 90%, the sensitivities of the MIA, EIA, and IFA were
67%, 67%, and 56%, respectively. By varying the clinical cutoff, the IFA could achieve the highest
sensitivity of 94%; however, the corresponding specificity was only 43%. In contrast, a strongly positive
EIA had a specificity of 97%, although, at this cutoff, the sensitivity was only 40%.
Conclusions:Although the overall diagnostic performance of the IFA, EIA, andMIAwere not statistically
different, the clinical sensitivity and specificity varied dramatically based on the positive/negative cut-
off. Knowledge about the performance characteristics of each method will significantly aid in the
interpretation of ANA testing.
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IMPACT STATEMENT
Patients being tested for possible diagnosis of a connective tissue disease will benefit from the

information presented here. Evidence presented on the relative diagnostic sensitivity and specificity of
various methods used for ANA testing will allow better characterization of how this testing might
perform in a clinical laboratory. Knowledge in the field of diagnostic testing for connective tissue dis-
eases, specifically related to ANA methods and interpretations, will be advanced by the information
presented.

Dating to the late 1940s and early 1950s, testing
for antinuclear antibodies (ANAs) has remained
one of the first-line tests for evaluation of patients
with suspected connective tissue diseases (CTDs),
also referred to as ANA-associated rheumatic dis-
eases (1–4). ANAs are a heterogeneous group of
antibodies so-named because the majority are
specific for nuclear antigens, such as double-
stranded DNA (dsDNA) and ribonucleoproteins. A
variety of methods are currently available for ANA
testing in the clinical laboratory (2, 5, 6). The immu-
nofluorescence assay (IFA) was the first method
used for routine clinical ANA testing (7). This
method is still used by a large number of laborato-
ries, with most performed on an HEp-2 cellular
substrate. However, IFAs have some analytical dis-
advantages, including subjective interpretation
and limited automation. To overcome these is-
sues, enzyme immunoassays (EIAs) were devel-
oped (8–10). Although many variations exist, most
EIAs for ANA testing use an HEp-2 nuclear extract,
supplemented with certain purified antigens, in
place of the intact cell. The theory behind this
method is that the majority of antigens present in
the nucleus would be represented in the extract,
thereby maintaining the broad antigen sensitivity
required for an ANA screening test. Hundreds,
perhaps thousands, of potential antigens are pres-
ent in the nucleus of an HEp-2 cell. However, some
antigens show the highest sensitivity and specific-
ity for individual CTDs. These clinically relevant an-
tigens are the basis of the newest ANA method

available to the clinical lab, the multiplex immuno-
assay (MIA) (11–16). In this assay, a set of specific
antigens are coupled to fluorescent microbeads.
The patient sample is interrogated using a mixture
of these antigen-specific beads. In the case of an
MIA test for ANA, positivity for one of the antigen
specificities will result in the sample being identi-
fied as “ANA positive.”
From a laboratory process standpoint, EIAs and

MIAs offer many advantages over IFAs, particularly
for large-volume laboratories. For the last 15 years,
our laboratory has used the EIA as the primary
method for our general ANA test. In 2011, the
American College of Rheumatology released a po-
sition statement citing the opinion that IFA is the
gold standard for ANA testing, primarily because of
the sensitivity of the IFA for the diagnosis of various
CTDs. This opinion raised many questions from
our clinicians regarding the diagnostic perfor-
mance of our EIA method and the MIA method by
extension. The purpose of this study was to com-
pare the diagnostic sensitivity and specificity of an
IFA, EIA, andMIA in the representative patient pop-
ulation of a clinical laboratory.

METHODS

Samples (n = 1000) were collected from speci-
mens submitted to the Antibody Immunology Lab-
oratory at theMayo Clinic. Samples were identified
based on the clinical ANA result obtained by EIA
(Bio-Rad). This testing was performed in accor-
dance with all manufacturers’ instructions on the
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Triturus semi-automated platform (Grifols). Using
a cutoff of ≤1.0 U, a total of 273 negative samples
were randomly selected for inclusion in this study
(the manufacturer’s recommended reference range
was <1.0 U). In addition, using ranges established
by the laboratory, 225 weak positive (1.1–2.9 U),
250 positive (3.0–5.9 U), and 252 strong positive
(≥6.0 U) samples were collected. At the time of col-
lection, no information regarding indication for
testing, differential diagnosis, or clinical symptoms
was accessed. This study was approved by the
Mayo Clinic Institutional Review Board.
All samples selected for this study were subse-

quently analyzed by IFA and MIA. The IFA testing
was performedbyMayoMedical LaboratoriesNew
England using HEp-2 cells (Zeus Scientific). All sam-
ples were screened at a dilution of 1:40; samples
positive at 1:40 were titered to a final dilution of
1:640. The MIA testing was performed by the Anti-
body Immunology Laboratory on the BioPlex®
2200 (Bio-Rad). A sample was identified as positive
for an ANA by the MIA if a positive result was ob-
tained for at least 1 of the 11 included antigens. No
samples were flagged for reagent blank bead or
internal standard errors.
Samples were selected for this study to be dis-

tributed uniformly across the reportable range of
the ANA EIA method. Clinical diagnoses for all pa-
tients in this study were obtained by chart review.
Diagnoses in the CTD group (total n = 227) in-
cluded systemic lupus erythematosus (n = 75), in-
flammatorymyopathy (n = 20), Sjögren’s syndrome
(n = 42), sclerotic disease (n = 26), overlap syn-
drome (n = 8), mixed CTD (n = 4), and undifferenti-
ated CTD (n = 52). However, this uniformly
distributed range of ANA EIA test results does not
reflect the typical distribution of the ANA EIA test
results for the overall patient population served by
the Antibody Immunology Laboratory. In a 6-week
period from September to October 2010, a total of
1590 ANA EIA tests were performed. The distribu-
tion of test results within that population was as
follows: 1202 (75.6%) negative (≤1.0 U); 216

(13.6%) weak positive (1.1–2.9 U); 79 (5.0%) posi-
tive (3.0–5.9 U); and 93 (5.9%) strong positive
(≥6.0 U). All analyses were weighted by the inverse
of the sampling probabilities to make the study
population representative of the overall patient
population (17). This step is necessary to accu-
rately estimate sensitivities and specificities of the
tests (18). For sensitivity and specificity calculations
in the weighted cohort, patients with a diagnosis of
a CTD (weighted n = 76) were compared to all other
diagnoses in the cohort (weighted n = 924). In ad-
dition, sensitivities and specificities were calcu-
lated in the unweighted cohort (CTD, n = 227; non-
CTD, n = 773). Sensitivities and specificities were
calculated using the cutoffs described above. ROC
curves were constructed for the 3 ANA methods
and the areas under the curve were calculated.
Positive and negative likelihood ratios (LRs) were
calculated. Interval LRs, defined as the probability
of obtaining a test result in a specific range when a
CTD is present divided by the probability of obtain-
ing that test result when a CTD is absent, were
calculated to capture the magnitude of abnormal-
ity of the test results (19). The 95% CIs were ob-
tained for the LRs (20). Analyses were performed
using SAS version 9.3 (SAS Institute) and R 3.0.2 (R
Foundation for Statistical Computing).

RESULTS

Analytical comparison between ANA
methods

The analytical concordance between the ANA
IFA and EIA results are shown in Table 1. The IFA
and EIA results were each divided into 3 categories
based on titer and arbitrary units, respectively. A
total of 580 samples had a titer of ≤1:40 by IFA,
which would correspond to a negative interpreta-
tion. Of those, 515 (88.8%) were also negative by
EIA, with a quantitative result of ≤1.0 U. However, a
modest number of samples (n = 65; 11.2%) were
classified as positive based on the EIA method, de-
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spite having an IFA titer of ≤1:40. For samples in
which the ANA IFA titer was ≥1:320 (n = 149), 61
(40.9%) and 52 (34.9%) had EIA values of 1.1–5.9 U
or ≥6.0 U, respectively, with the remaining 36 sam-
ples (24.2%) having a negative EIA result of ≤1.0 U.
In contrast, at the more moderate titers of 1:80
and 1:160 (n = 271), the majority of samples (n =
205; 75.6%) had EIA results that were classified as
negative, with only 66 samples (24.4%) having a
confirmatory positive EIA.
The analytical correlation of the EIA and IFA with

the MIA was also assessed (Table 1). In samples
where the IFA was ≤1:40 and the EIA was ≤1.0 U
(n = 515), the majority (n = 490; 95.1%) were nega-
tive by MIA, whereas 25 samples (4.9%) were pos-
itive. This high frequency of negative MIA results
was observed consistently in samples with EIA re-
sults ≤1.0 U, despite IFA titers of 1:80/1:160 (n =
180; 87.8%) or ≥1:320 (n = 33; 91.7%). Further, the

frequency of positive MIA results correlated with
the EIA unit value. For samples with EIA results of
1.1–5.9 U, the frequency of positive MIA results
were 25.4% (IFA ≤1:40), 41.0% (IFA 1:80/1:60), and
37.7% (IFA ≥1:320). These frequencies increased
to 100% (IFA ≤1:40), 80% (IFA 1:80/1:60), and 88%
(IFA ≥1:320) for EIA results ≥6.0 U.

Diagnostic comparison between ANA
methods

The clinical sensitivity and specificity for each of
the 3 ANA methods were then compared in terms
of their ability to distinguish patients with a CTD
from all others within the cohort. ROC analysis is
shown in Fig. 1. EIA unit values were treated con-
tinuously, while the sensitivities and specificities
were calculated at the individual titers for the IFA.
Using the weighted data, which represents the
general testing population of the laboratory, the

Table 1. Analytical concordance between ANA results by IFA, EIA, and MIA methods.

IFA

EIAa MIAb

Units N (%) Result N (%)
≤1:40 (n = 580) ≤1.0 515 (88.8) Negative 490 (95.1)

Positive 25 (4.9)
1.1–5.9 63 (10.9) Negative 47 (74.6)

Positive 16 (25.4)
≥6.0 2 (0.3) Negative 0 (0)

Positive 2 (100)
1:80/1:160 (n = 271) ≤1.0 205 (75.6) Negative 180 (87.8)

Positive 25 (12.2)
1.1–5.9 61 (22.5) Negative 36 (59.0)

Positive 25 (41.0)
≥6.0 5 (1.9) Negative 1 (20.0)

Positive 4 (80.0)
≥1:320 (n = 149) ≤1.0 36 (24.2) Negative 33 (91.7)

Positive 3 (8.3)
1.1–5.9 61 (40.9) Negative 38 (62.3)

Positive 23 (37.7)
≥6.0 52 (34.9) Negative 6 (11.5)

Positive 46 (88.5)
a The frequency of EIA results in categories of ≤1.0, 1.1–5.9, and ≥6.0 U as a percentage of IFA results in the categories of ≤1:40, 1:80/1:160, and
≥1:320.
b The frequency of MIA results within the combination of EIA and IFA categories as described above.
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ROC curves for the EIA and IFA essentially overlay
one another, with no statistically significant differ-
ences between the areas under the curve for the
IFA (0.81) compared to the EIA (0.84) (P = 0.25) (Fig.
1A). Also shown in Fig. 1A is a single point (triangle)
representing the MIA. Because the MIA is purely
qualitative (positive or negative), ROC analysis is
not meaningful. However, it is important to note
that the single point representing theMIA also falls
on the EIA/IFA ROC curves. In Fig. 1B, ROC analysis
of the unweighted data is shown. Similar to the
weighted analysis, there is no statistical difference
in the areas under the curve between the EIA (0.82)
and the IFA (0.76).
Because ANA testing is interpreted as “positive”

or “negative” based on specific cutoff values, a
comparison of clinical sensitivities and specificities
at varying cutoffs were compared for the 3 meth-
ods (Table 2). For MIA, a strictly qualitative result, a
sensitivity of 67% was observed in the weighted
population, with a corresponding specificity of
87%. This step resulted in positive and negative
LRs of 5.28 and 0.38, respectively. In comparison,
in the unweighted analysis, the specificity de-
creased to 69% with an increase in the sensitivity
to 86%. In the weighted cohort, the IFA demon-
strated the highest sensitivity of 94% at a cutoff of
1:40, although this was in the context of a specific-
ity of 43%. As the titer cutoff was increased to 1:80
and 1:160, the sensitivity decreased to 84% and
70%, respectively, with a corresponding increase
in specificity of 62% at 1:80 and 77% at 1:160. Be-
cause of these lower specificities, the positive LRs
for the IFA only reached a modest 3.07 at a cutoff
of 1:160. Conversely, at the highest sensitivity, a
significant negative LR of 0.14 was achieved. In
contrast, using the weighted analysis, the EIA
achieved the highest specificity at 97% (at a cutoff
of 6.0 U). Even at the lowest cutoff of 1.1 U, the
specificity remained relatively high at 80%. How-
ever, this increased specificity for the EIA came at
the expense of sensitivity. At the cutoff of 1.1 U, the
observed sensitivity was 74%, which decreased to

Fig. 1. ROCcurve for IFA (solid line), EIA (dashed
line), and MIA (triangle).
Sensitivity and specificity calculations were performed
using the weighted data by comparing patients with a
diagnosis of a CTD (n = 76) to all other diagnoses in the
cohort (n = 924) (A). Similar calculations were performed
by comparing patients with a diagnosis of a CTD (n = 227)
to all other diagnoses in the cohort (n = 773) using the
unweighted data (B).
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40% at a cutoff of 6.0 U. Because of the high spec-
ificities, the positive LRs for the EIA exceeded that
of the IFA, ranging from 3.67 to 13.37. In contrast,
the negative LRs, ranging from 0.32 to 0.62, while
still moderate, did not reach the clinical signifi-
cance of the IFA. When assessing the unweighted
population, both the IFA and EIA showed trends
similar to the MIA, specifically an increase in
sensitivity with a decrease in specificity. In addition,
in the unweighted analysis, the EIA achieved the
highest specificity, while the IFA consistently showed
the highest sensitivity, consistent with the weighted
analysis.
To directly compare the MIA to other methods,

clinical sensitivities were calculated at a given spec-
ificity (Table 3). For the qualitative MIA, the specific-
ity was determined to be 87% in patients with no
autoimmune disease. To make an appropriate
comparison, cutoffs for the IFA and EIA were iden-
tified that resulted in a specificity of 90%, which
were 1:320 and 1.6 U, respectively. At this specific-
ity, the sensitivity of the EIA for diagnosis of a CTD
was 67%, which is comparable to the 67% sensitiv-
ity of the MIA. In contrast, the sensitivity of the IFA
at a specificity of 90% was significantly lower at
56% (P < 0.01). This analysis could not be per-
formed using the unweighted cohort, since some
tests did not reach the required specificity of 90%.
A similar analysis of sensitivity and specificity was

performed using a combination of the IFA and EIA
methods, with interval LRs used for comparison
(Table 4). If both the EIA and IFA were negative
(≤1.1 U and ≤1:40, respectively), the likelihood of a
CTD was low, as indicated by the positive LR of
0.19. Interestingly, if the EIA was ≤1.0 U, a positive
IFA result of 1:80/1:160 or ≥1:320 only increased
the positive LR to 0.50 and 1.12. If the EIA fell into
the weak positive or positive range, with a corre-
sponding negative IFA, an insignificant positive LR
of 0.61 was observed. In this same EIA range, a
positive IFA increased the positive LR from 2.66 to
3.08. Lastly, a strong positive EIA result (≥6.0U)was
associated with the highest positive LRs, ranging
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from 6.17 to 18.50. Interestingly, a clinically rele-
vant positive LR was observed for a strong positive
EIA result, even if the IFA resulted at a titer of ≤1:40.

DISCUSSION

In 2011, the American College of Rheumatology
released a position statement titled “Methodology
of Testing for Antinuclear Antibodies.” This state-
ment included a review of the literature related to
clinical testing for ANAs, along with several recom-
mendations for laboratories. One of these recom-
mendations is that laboratories using newer
methods need to provide data to physicians re-
garding clinical sensitivity and specificity of the
chosen method in comparison to the traditional
IFA. This study fulfills this recommendation by as-
sessing the clinical performance of ANA testing by
IFA, EIA, and MIA in our laboratory patient popula-
tion. With this approach, rather than testing well-
defined populations of patients with CTDs and

disease controls, patients were selected at ran-
dom from samples submitted to the clinical labo-
ratory for ANA testing, presumably for a variety of
clinical indications. Although the initial cohort was
selected to equally represent negative, weak posi-
tive, positive, and strong positive ANA results,
weighting of the group allowed for definition of a
patient group that reflects the population for
whom testing is ordered. It is important to recog-
nize that this approach is meant to represent the
laboratory’s testing population and not the general
population. Although each individual disease is rel-
atively rare, the prevalence of CTDs as a group is
approximately 1%–2%. Without weighting, the
prevalence of a CTD diagnosis in our cohort is
22.7%. After the weighting algorithm is applied,
which is based on the frequency of test results in
our laboratory, the prevalence of CTDs drops to
7.6%. While still higher than in the general popula-
tion, this is to be expected, as testing is likely ordered
in patients with some clinical indication of a CTD,
therefore driving a higher disease prevalence.
The weighting algorithm was an important step

because, although generally thought otherwise, di-
agnostic sensitivity and specificity of a test does
vary with disease prevalence. When the analysis
was performed in the cohort without weighting,
the sensitivity of the ANA testing increased with a
corresponding decrease in specificity. This is simi-
lar to the observations of Brenner and Gefeller,
who showed the sensitivity increases and specific-
ity decreases when the prevalence of a disease
increases (18). Because the prevalence of CTDs is
relatively low, it would be extremely difficult to col-
lect enough samples to represent the entire pop-

Table 3. Sensitivity of EIA, IFA, and MIA at cutoffs that normalize specificity at approximately 90%
within the weighted cohort.

Test Cutoff Specificity, % Sensitivity, % Positive LR (95% CI) Negative LR (95% CI)
IFA 1:320 89 56 4.93 (1.05, 23.08) 0.49 (0.07, 3.32)
EIA 1.6 U 90 67 6.59 (1.88, 23.09) 0.36 (0.01, 20.52)
MIA 1+ 87 67 5.28 (1.27, 22.00) 0.38 (0.02, 6.56)

Table 4. Interval LRs and 95% CI for various
combinations of EIA and IFA results.

IFA

EIA

Units LR (95% CI)
≤1:40 ≤1.0 0.19 (0.07, 0.57)

1.1–5.9 0.61 (0.33, 1.11)
≥6.0 6.17 (1.61, 23.66)

1:80/1:160 ≤1.0 0.50 (0.17, 1.49)
1.1–5.9 2.66 (1.83, 3.86)
≥6.0 18.50 (7.73, 44.27)

≥1:320 ≤1.0 1.12 (0.15, 8.28)
1.1–5.9 3.08 (2.26, 4.20)
≥6.0 13.88 (10.93, 17.61)
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ulation and acquire a reasonable number of
samples from affected patients. Collection of a
population including an overrepresentation of the
disease group, followed by application of the
weighting algorithm, is a viable option (17).
Strictly analytical comparisons between ANA

methods are challenging. Quantitative compari-
sons are not possible because different methods,
specifically IFA and EIA, report results by vastly
different mechanisms (titer and arbitrary units, re-
spectively). Qualitative (positive/negative) agree-
ment is also a challenge, since it requires that a
single cutoff be established for each assay. For this
study, qualitative agreement between methods
was assessed by grouping results into negative,
weak positive/positive, and strong positive catego-
ries. For results in which the IFA was ≤1:40, 88.8%
also had a negative EIA result (≤1.0 U). Corre-
spondingly, for samples with an IFA of ≥1:320,
75.8% had an EIA that would have been inter-
preted as weak positive, positive, or strong posi-
tive. These two categories represent the
concordant negative and concordant positive
groups, respectively. However, this same ap-
proach demonstrates that there are samples that
fall into the categories of “IFA positive/EIA negative”
and “IFA negative/EIA positive.” Results that are “IFA
positive/EIA negative” are not unexpected. These
results have generally been explained by the in-
creased number of antigens in the HEp-2 cells
compared to that in the lysates used for EIAs. In
contrast, the finding of “IFA negative/EIA positive”
may be surprising. In many studies, IFA has been
used to define cohorts of CTD patients, potentially
excluding patients with a CTD who are ANA nega-
tive by IFA (21, 22). Our data suggest that theremay
be some antibodies that react with antigens not
well represented or “hidden” in the HEp-2 cells,
such as SS-A, or that may bind to specific epitopes
with increased exposure in the solid-phase EIA
(23–26). To further complicate the comparison, ap-
proximately 5% of samples negative by both IFA
(≤1:40) and EIA (≤1.0 U) were found to be positive

on theMIAmethod. This is quite curious, given that
the primary concern regarding multiplex assays
has focused on the limited antigen repertoire.
Again, whether this is related to how some anti-
bodies recognize different epitopes between sol-
id-phase assays using purified antigens compared
to cellular substrates remains to be clarified. It
would be interesting to know if certain antigen
specificities are enriched in this group, or if these
antibodies are associated with a CTD. Unfortu-
nately, the number of these samples in our
weighted cohort (n = 25) was not sufficient to ad-
dress these questions. A study that targets this
antibody phenotype and the corresponding clini-
cal presentations would be an important addition
to the field.
Because the analytical comparison has signifi-

cant limitations, diagnostic utility for the three
methods was assessed in our testing population,
which presents its own challenges. Although diag-
nosis of a CTD is largely based on clinical evalua-
tion, ANA and other specific autoantibody testing
may provide supporting information, particularly
in patients with compatible clinical symptoms. This
scenario raises the question of how to assess sen-
sitivity and specificity of a test when it is, in part,
used to make the diagnosis. Although this issue
cannot be entirely discarded, ANA testing plays
only a small role in the diagnosis of a CTD, and a
positive result would never be diagnostic for any
specific CTD. In addition, the purpose of this study
was only to compare ANA testing by different
methods, with a relative comparison of their diag-
nostic utilities. Overall, no statistically significant
differences in the clinical utility of the IFA, EIA, or
MIAmethodswere identified, as based on compar-
ison of the AUCs from the ROC analysis. However,
depending on which specific cutoff is used by a
laboratory, differences in the sensitivities and
specificities of the various methods were noted.
These differences could have significant clinical im-
plications when interpreting a “positive” or “nega-
tive” ANA result.
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A positive ANA result, while not diagnostic, may
increase the likelihood for a diagnosis of a CTD. The
utility of a positive result is determined largely by the
specificity of the given test. For ANA testing, the EIA
demonstrated relatively high specificities, resulting in
thehighestpositiveLRsof the3methods. Incontrast,
the IFA showedmoremodest positive LRs, which are
reflecting the comparatively poor specificities of this
method, evenat relativelyhigh titers. TheMIA,with its
qualitative interpretation, showed a positive LR of
5.28. Taken together, these data suggest that a pos-
itive result by EIA or MIA increases the likelihood of a
CTD more significantly than that of a positive IFA re-
sult, although this is heavily influenced by the diag-
nostic cutoff used for interpretation.
A negative ANA, on the other hand, is considered

to be useful for ruling out a CTD. The utility of a neg-
ative result to exclude a diagnosis relies on high sen-
sitivity of the test. The American College of
Rheumatology position statement indicates that IFA
testing “should remain the gold standard for ANA
testing,” which is based largely on studies that have
demonstrated that this method displays the highest
sensitivity for most CTDs, and for systemic lupus er-
ythematosus in particular. Data in this patient cohort
corroborate these findings, with the IFA demonstrat-
ing the highest sensitivity, although this was only ob-
served at relatively low titers. In contrast, the
sensitivities of theMIA and EIA did not reach those of
the IFA. As a result, the IFA showed the best negative
LR of 0.14 compared to both the EIA and MIA. How-
ever, it should be noted that even the negative LR of
anegative IFA result usinga low-titer cutoff onlymod-
erately decreases the likelihood of a CTD. Based on
the analysis in this testing cohort, it seems that none
of the three methods included have sufficient sensi-
tivity such thatanegative result conclusivelyexcludes
a diagnosis of a CTD.
In an attempt to improve the positive andnegative

predictive value of ANA testing, a combination of EIA
and IFAwasassessed. Results≥1:320by IFAand≥6.0
U by EIA had the highest positive LR (13.88) for a
diagnosis of a CTD. However, this appears to be no

different than the positive LR of 13.3 for an isolated
EIA result of ≥6.0 U. In addition, for patients with a
strongpositive EIA result andanegativeorweakpos-
itive IFA result, there is still amoderate increase in the
likelihood of the individual having a CTD. These data
suggest that if a patient has a positive ANAby this EIA
method, additionof an IFA is unlikely to rule out (neg-
ative IFA) or significantly add to thepositivepredictive
value (positive IFA) of a CTD. In contrast, if a patient
has a positive IFA, additional testing by EIA may be
useful. In this scenario, if the EIA is positive, the pre-
dictive value of the results is enhanced over the IFA
alone, whereas if the EIA is negative, the likelihood of
a CTD is substantially decreased.
There are several limitations to this study that

should be taken into account. A single kit or assay
was included to represent each of the 3methodolo-
gies. Given that there may be some kit-to-kit varia-
tion, results from the EIA in this study, for example,
maynotbegeneralizable to all EIA kits on themarket.
As an extension of this, the diagnostic utility deter-
mined in this study is a reflection of our patient co-
hort. For laboratories with different testing
populations, the observed sensitivities and specifici-
ties, particularly at the different cutoffs, may vary sig-
nificantly. Laboratories may consider similar studies,
the results of whichmay be amore accurate assess-
ment of ANA testing in their patient population using
their specific kit and method of interest.
This study compared the clinical sensitivity,

specificity, and overall diagnostic performance of
the three primary ANAmethods currently available
to the clinical laboratory. Although, overall, the
methods displayed similar diagnostic utility, differ-
ences in sensitivity and specificity were observed.
All methodologies for ANA testing have limitations,
and the performance of a given method will be
affected by the patient population (rheumatologic
compared to general population) and how the
testing will be used (to confirm or rule out a diag-
nosis). Laboratories must take these consider-
ations into account when choosing the method to
be implemented for ANA screening.
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