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A CRITICAL EVALUATION OF ENZYME IMMUNOASSAYS FOR
DETECTION OF ANTINUCLEAR AUTOANTIBODIES OF
DEFINED SPECIFICITIES

I. Precision, Sensitivity, and Specificity
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Objective. To determine the performance charac-
teristics of enzyme-based immunoassay (EIA) kits for
the detection of antinuclear and other autoantibodies of
defined specificities.
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Methods. Nine manufacturers of EIA kits to de-
tect antibodies of defined specificities participated in a
study in which they received coded sera from the
Centers for Disease Control and Prevention. These
coded sera contained different dilutions of antibody of
one specificity mixed with sera containing antibodies of
other specificities. The manufacturers were asked to use
their standard technology to determine antibody con-
tent and send the data to a committee of the Interna-
tional Union of Immunological Societies for analysis.
The data were analyzed for sensitivity and specificity in
the detection of anti-double-stranded DNA (anti-
dsDNA), anti-single-stranded DNA, antihistone, anti-
Sm, anti-Ul RNP, anti-SSA/Ro, anti-SSB/La, anti—
Scl-70 (DNA topoisomerase I), anticentromere, and
anti-Jo-1 antibodies. In addition, replicate samples
were included in the coded sera to evaluate the precision
of each EIA method.

Results. Lack of sensitivity and specificity was
most evident in the anti-dsDNA and anti-Sm Kits,
although 2 kits for anti-dsDNA achieved acceptable
sensitivity and specificity. Generally, anti-SSA/Ro, anti-
SSB/La, anti-Scl-70, anticentromere, and anti—Jo-1 Kits
performed well. Many false-positive results were ob-
tained with a multiple myeloma serum containing cryo-
precipitates, but multiple myeloma sera without cryo-
precipitates presented no problem in the EIA system.
Precision, based on evaluation of replicate samples,
varied from very good to poor.

Conclusion. No single manufacturer was clearly
superior to others in terms of their products’ overall
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sensitivity, specificity, and precision. Areas that needed
improvement were in Kkits for the detection of antibodies
to dsDNA and to Sm antigen. Some EIA kits achieved
good sensitivity and specificity. Individual manufactur-
ers were informed of the performance of their respective
kits so they could take measures to correct perceived
deficiencies and thus improve the reliability of a group
of important diagnostic assays used in the evaluation of
systemic rheumatic diseases.

The presence of autoantibodies reactive with
antigens located in the nucleoplasm, nucleolus, and
cytoplasm has been documented in many different dis-
ease conditions (1-3). The frequency of autoantibodies
is especially high in the systematic rheumatic diseases,
such as systemic lupus erythematosus (SLE), sclero-
derma, mixed connective tissue disease, and Sjogren’s
syndrome. Detection of such autoantibodies has gained
increasing acceptance by clinicians who use the informa-
tion to aid or confirm diagnosis and in treatment fol-
lowup.

Immunofluorescence microscopy (IFM) using
human tissue culture cells such as HEp-2 as the sub-
strate has been a widely used and standard assay for the
detection of most of these autoantibodies. The method
requires personal “hands-on” manipulation by the labo-
ratory technologist, and the interpretation is dependent
on the experience and knowledge of the microscopist.
Both of these factors can lead to variability and lack of
reproducibility between different laboratories. This was
documented in a recent study on the range of antinu-
clear antibodies (ANA) in “healthy” individuals, in
which the interlaboratory coefficients of variation
ranged from 36% to 51% (4).

Because of the lack of reproducibility and inher-
ent problems associated with IFM, alternative methods
such as enzyme immunoassay (EIA) have been under
investigation. The EIA method for detection of antibod-
ies, which was first introduced in 1972 (5), eliminates the
important variable of the expertise of the operator
viewing the specimens under the microscope as well as
other variables, such as differences in quality of instru-
mentation. Recent studies have compared the IFM
ANA method with certain EIA kits that have been
designated as ANA “screening” assays (6,7). These
studies led to somewhat different conclusions with re-
gard to the concordance between IFM ANA testing and
EIA ANA testing. The differences might be due to
noncomparable patient populations, as was pointed out
by Emlen and O’Neill (7), or to the fact that the
screening EIA ANA kits manufactured by different
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companies are coated with differing numbers and
amounts (concentrations) of nuclear, nucleolar, and
cytoplasmic antigens. In addition, IFM ANA kits are
capable of detecting a large repertoire of antigen—
antibody systems, whereas the EIA ANA screening
systems are capable of detecting only those antigen—
antibody systems for which they were designed.

The ANA Subcommittee of the International
Union of Immunological Societies (IUIS) Standardiza-
tion Committee has been instrumental in establishing a
bank of 10 different sera that have been designated as
reference reagents for autoantibodies of different anti-
genic specificities (8-10). These reference reagents, con-
taining antibodies of defined specificities, can be used to
critically evaluate the performance of commercial EIA
test kits that are marketed for the detection of single
antigen—antibody systems.

Many manufacturers and distributors of EIA
ANA kits were approached regarding their interest in
participating in a study to evaluate the performance of
their own EIA ANA kits. The specific aims of the study
were to determine 1) the sensitivity and specificity of
EIA ANA kits, 2) whether mixtures of antibodies of
different specificities would interfere with detection, 3)
whether multiple myeloma sera containing high concen-
trations of immunoglobulins would cause problems in
the assays, and 4) the intralaboratory reproducibility of
EIA ANA Kkits.

MATERIALS AND METHODS

Twenty companies that were known purveyors of EIA
kits were approached in order to determine their interest and
willingness to participate in this study. The manufacturers were
advised that they would be sent coded sera containing mixtures
of the Arthritis Foundation/Centers for Disease Control and
Prevention (AF/CDC) reference reagents, and that they were
to use their own test kits to analyze the antibody content of
these sera and report the data, preferably in optical density
(OD) units (or in lieu of that, in their own arbitrary units).
They were informed that this study was designed to critically
evaluate the performance of EIA-based methods for detection
of autoantibodies, and that the data would be published as a
comprehensive evaluation of this methodology without divul-
gence of the specific performance of any individual manufac-
turer. Initially, 11 manufacturers agreed to participate, but 2
manufacturers subsequently withdrew. The 9 participating
manufacturers were (in alphabetical order): Cambridge Life
Sciences (Cambs, UK), Elias (Freiburg, Germany), Helix
Diagnostics (Sacramento, CA), Immunoconcepts (Sacramen-
to, CA), Imtec Immunodiagnostika (Zepernick, Germany),
Incstar (Stillwater, MN), Inova Diagnostics (San Diego, CA),
MBL (Nagoya, Japan), and Shield Diagnostics (Dundee, Scot-
land).
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Table 1. Key to serum samples: relative volumes of reagents in each sample*

CDC3 CDCo CcbhbC8  CDC10 MM MM MM

Sample (dsDNA) (SSB/La) (Ul RNP) (Sm) (SSA/Ro) (Scl-70) (Speckled) (Nucleolar) (Centromere) (Jo-1) (Fz) (Ba) (Fr) NHS

CDC1 CDC2 CDC4 CDC5 CDC7 CDC9
A 4x 2% 1
B 2X 1x 4X
C 1x 4% 2%
D 4% 2X 1x
E 2% 4% 1X
F 2X 1X 4%
G 1x 4% 2%
H 1X 4% 2X
1 1X 2% 4%
J 2X 1X 4%
K 4%
L 2X
M 1
N
O 1
P 2X
Q
R
S
T
U

1x 2X
1% 4%
4x 2%
4x 1% 2%

2% 4%
1% 4%

TX
TX
TX
TX
TX

* CDC = Centers for Disease Control and Prevention; dsDNA = double-stranded DNA; MM = multiple myeloma; NHS = normal human serum.

Design of test samples. Serum samples (Table 1) were
prepared by a research technician (Martha Byrd, CDC). For
the sake of brevity, the AF/CDC standard reagents are desig-
nated CDC1, CDC2, etc. The relative volumes of the 21
samples are shown as multiples of 4X, 2X, and 1X the unit
volume. For example, the vertical column of CDCI1 (Table 1)
shows that this reference reagent was used in different relative
volumes of 4X, 2X, and 1X, and the horizontal line for sample
A shows that this sample contained 4 X unit volumes of CDC1,
2X unit volumes of CDC2, and 1X unit volume of CDC4. With
this system, the sensitivity, specificity, and dose-response of
different test kits could be evaluated, and it could be ascer-
tained whether antibodies of other specificities would interfere
with each other in the EIA system.

The study was designed so that mixtures of antibodies
would contain different proportions of anti-double-stranded
DNA (anti-dsDNA), anti-SSB/La, anti-U1 RNP, anti-Sm, and
anti-SSA/Ro (see first 5 columns of Table 1), because such
mixtures might be expected in diseases such as SLE. Mixtures
of anti-Scl-70 (CDC9), antinucleolar antigens (CDC6), and
anticentromere (CDCS8) might be seen in scleroderma. In
addition, use of antibody of a defined specificity (e.g., anti-
SSB/La [CDC2] at 4X, 2X, and 1X relative volumes) made it
possible to examine whether EIA could be used for quantita-
tion of antibody content.

As seen in Table 1, multiple myeloma sera, which were
used undiluted (7X), were included in samples R, S, and T.
These multiple myeloma sera were a gift from Dr. H. Spiegel-
berg (University of California, San Diego) and contained an
average of 35 mg/ml of IgG. Sera Fz and Ba were of the IgG1
subclass, and Fr was of the IgG3 subclass. Serum Ba was
known to contain cryoprecipitates, but the other 2 did not.
These multiple myeloma sera were included in the study to

determine whether high concentrations of immunoglobulin or
cryoprecipitates might lead to false-positive results. Serum
CDC10, containing anti-Jo-1, and normal human serum were
also used undiluted.

Each participating manufacturer received 26 samples
for analysis: 1 aliquot from each of samples A-U, plus 5
replicate samples. For each laboratory, 2 of the 5 replicate
samples were randomly selected from samples A-J, 2 were
randomly selected from samples K-P, and 1 was randomly
selected from samples Q-U. A coding scheme was adopted to
ensure that the manufacturers’ laboratory personnel remained
blinded to the identity of the serum samples. Only the biosta-
tistician (JAK) and the technician at the CDC knew details of
the randomization and coding scheme.

Report forms were prepared for use by the partici-
pants. For each test sample, manufacturers’ laboratory person-
nel were requested to determine (in duplicate) optical densi-
ties at serum dilutions of 1:100, 1:400, 1:1,600, and at the
manufacturer’s recommended dilution (if different). In addi-
tion, manufacturers were asked to indicate whether their Kkits
gave positive or negative results for each antibody at the
recommended dilution. Findings and interpretations could be
omitted if a manufacturer’s kit was not designed to identify a
particular autoantibody. For example, none of the test kits was
designed to detect antibodies to fibrillarin (contained in
CDC6), and only 2 manufacturers had test kits designed to
detect antibodies to centromere antigens (CDCS).

Individual characteristics of the ANA reference sera.
Rigorously defined reference sera are the gold standards for
autoantibody determinations. The CDC reference sera have
been widely used as standards since they were introduced in
1982, and the methods used to define and establish the
standards have been published (8,10). For example, the anti-
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Table 2. Operational definition of antibody content of Arthritis Foundation/Centers for Disease Control and Prevention reference sera

Antibody™
Reference Ul
serum dsDNA ssDNA Histone Sm RNP SSA/Ro SSB/La Scl-70 Centromere Jo-1
1 + + + +(weak)
2 +(weak) +
3 +(weak) + + +
4 +
5 + +
6
7 +
8 +
9 +
10 +

* dsDNA = double-stranded DNA; ssDNA = single-stranded DNA.

dsDNA standard (CDC1) was established using Millipore filter
assay methods, the Farr radioimmunoassay, and Crithidia
luciliae immunofluorescence assays (8). To confirm these
determinations, a separate study was undertaken, in which
each of the 10 reference sera (CDC1-CDC10) was sent to
the 9 manufacturers. The manufacturers were asked to
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Figure 1. Grouped box plots of manufacturer reproducibility. Each
box summarizes the reproducibility of results from a particular man-
ufacturer, as determined from coefficients of variation from the optical
densities (or units/ml) at that manufacturer’s recommended serum
dilution, using all of the replicate results with the 5 duplicate test
samples. In each box, the median is depicted by a horizontal line
segment within the rectangle, and the upper and lower quartiles of the
data are depicted by the top and bottom of the rectangle. The notches
in the rectangle approximate a 95% confidence region about the
median. The vertical lines at each end of the box approximate a central
95% confidence region for the entire sample values. Closed circles
denote observed values outside these limits. Also indicated at the
bottom of the figure is an ordering of the manufacturers into 3
subgroups on the basis of reproducibility: a group of 2 manufacturers
with relatively high reproducibility (I and II), a group with relatively
moderate reproducibility (III-VII), and a group with relatively poor
reproducibility (VIII and IX). This ordering was derived with the
method of Cox and Spjotvoll (11) (see Materials and Methods).

report the presence or absence of the ANAs listed above, as
well as the corresponding OD values at their respective
recommended dilution levels. Seven of the 9 complied with
this request. From these results, together with those ob-
tained previously (7,9), a consensus was established regard-
ing the specific autoantibody profiles of the reference sera;
this is shown in Table 2. Operating characteristics (sensitiv-
ity and specificity) of the various kits were determined
relative to these standards.

Data analysis. Intralaboratory variability was assessed
with coefficients of variation (CV). Within each manufactur-
er’s laboratory, CV were calculated from the OD (or units/ml)
at the recommended serum dilution, using the replicate results
with the duplicate test samples. Box plots were prepared
from the CV within each laboratory. In addition, the sets of
observed CV were used to partition the 9 manufacturers
into relatively homogeneous subgroups in terms of precision
(reproducibility), with smaller CV connoting greater preci-
sion. This partitioning was effected using the method of Cox
and Spjotvoll (11), as applied with the nonparametric
Kruskal-Wallis procedure (12) for comparison of CV across
laboratories.

For every kit, operating characteristics (i.e., sensitivity
and specificity for each ANA) were determined using the
pooled data of all test samples at the recommended dilution
level. The manufacturers’ interpretations were adopted for
designation of a positive assay result. A minority of the
manufacturers also reported results that were called “border-
line” or “weakly positive.” For purposes of statistical analysis,
it was decided to include as positive only those that were called
“definitely positive.” Overall sensitivity and specificity for each
manufacturer were calculated by pooling individual sensitivity
and specificity values across the ANAs tested by at least 8 of
the manufacturers. This analysis provides a global sense of the
sensitivity or specificity of a particular kit relative to others. As
before, the Cox-Spjotvoll method as applied with standard
chi-square statistics (since assay outcomes here are dichoto-
mous) was used to partition the 9 manufacturers into relatively
homogeneous subgroups, in terms of overall sensitivity and
overall specificity. Spearman’s nonparametric rank correlation
(13) was used to assess associations between the orderings of
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Figure 2. Individual sensitivity and specificity findings for the 9 manufacturers, designated I-IX as in Figure 1, for anti-double-stranded DNA
(anti-dsDNA) (A), anti-single-stranded DNA (anti-ssDNA) (B), anti-histone (C), anti-Sm (D), anti-U1-RNP (E), anti-SSA/Ro (F), anti-SSB/La
(G), anti-Scl-70 (H), anti-centromere (I), and anti-Jo-1 (J). Designation of assay positivity or negativity was made by each manufacturer, using
the recommended dilution level for that kit. Shaded bars denote percent sensitivity and solid black bars percent specificity.
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Figure 3. Specificity findings for the 9 manufacturers for multiple myeloma sera, Ba, Fz, and Fr, and normal human serum
(NHS). False-positive results were determined from the manufacturer’s designation of positivity for any antinuclear antibody,
at the recommended dilution level.
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Figure 4. Overall sensitivity and specificity findings for the 9 manufacturers. Overall values were calculated by
pooling each manufacturer’s results for assay positivity or negativity, for the antinuclear antibodies tested by at
least 8 of the manufacturers (see Figure 2).
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the manufacturers in terms of precision, sensitivity, and spec-
ificity.

RESULTS

Figure 1 depicts box plots of the CV calculated
from the replicate results with the 5 duplicate test
samples. The 9 manufacturers could be partitioned into
3 subgroups: an initial grouping of 2 manufacturers,
henceforth denoted I and II, with excellent precision
(reproducibility); a second grouping of 5 manufacturers,
denoted III-VII, with good precision; and a third group-
ing of 2 manufacturers, denoted VIII and IX, with
relatively poor precision compared with the others (Fig-
ure 1). The precision ordering of these test kits depends
on several factors, including the quality of the test Kits,
the experience of the technicians performing the assays,
and the number of different antigen—antibody specifici-
ties analyzed by the manufacturer.

The above reproducibility data were assessed
solely from the replicate samples. In contrast, sensitivity
and specificity assessments were based on different data,
obtained from test sera containing anti-dsDNA, anti—
single-stranded DNA (anti-ssDNA), antihistone, anti-
Sm, anti-U1l RNP, anti-SSA/Ro, anti-SSB/La, anti—Scl-
70, anticentromere, and anti-Jo-1 (Figures 2A-J). Not
all of the manufacturers had kits designed to assay all
ANAs: all manufacturers had kits capable of detecting
anti-Sm, 1 of 9 kits did not test for anti-dsDNA (Figure
2A), 6 of 9 did not test for anti-Ul RNP (Figure 2E),
and only 2 kits tested for anticentromere (Figure 2I).

The ideal kit would have 100% sensitivity and
100% specificity for the antigen—antibody reaction being
assessed. Poor performance of the kit would be mani-
fested by both low sensitivity and low specificity or by
substantial differences between sensitivity and specific-
ity, such as high sensitivity and low specificity or vice
versa.

Some test kits had both high sensitivity and high
specificity, e.g., manufacturer VII’s kit for anti-dsDNA
(100% sensitivity and 100% specificity; Figure 2A), but
this manufacturer’s test kits for anti-SSB/La and anti-
Scl-70 (Figures 2G and H) showed lower sensitivity
compared with test kits of several other manufacturers.
In general, many of the test kits performed exceptionally
well, such as those for anti-SSB/La, anti—Scl-70, anticen-
tromere, and anti-Jo-1 (Figures 2G-J). However, every
manufacturer showed deficiencies, to a greater or lesser
extent, in the performance of their test kits for some of
the antigen—antibody specificities.

Figure 3 shows the specificities of the kits relative

to multiple myeloma sera Ba, Fz, and Fr, and normal
human serum (test samples R, S, T, and U, respectively).
No corresponding sensitivity results are depicted, since
these serum samples do not contain ANA. The data in
this figure demonstrate that multiple myeloma sera with
high concentrations of IgG generally do not give false-
positive results in EIA systems except when a serum
contains cryoprecipitates (serum Ba). In this situation,
some manufacturers’ test kits (III and IV) gave false-
positive readings in the majority of their assay systems,
whereas other manufacturers (VI and VIII) registered
false-positive results in only 1 or 2 of their assay systems.

Overall sensitivities and specificities of the man-
ufacturers’ kits are plotted in Figure 4. Interpretation of
the data should focus on 2 important factors: 1) both
sensitivity and specificity should be high, and 2) the
differential between sensitivity and specificity should be
slight. The majority of manufacturers’ kits performed
relatively well in fulfilling these requirements, except for
kit IV (high sensitivity but low specificity) and kit V (low
sensitivity and high specificity). The former perfor-
mance characteristic would cause many false-positive
results, and the latter would cause many false-negative
results.

Figure 5 depicts the relative orderings of the 9
manufacturers separately in terms of overall sensitivities
and overall specificities and the groupings established
with the Cox-Spjotvoll procedure. It is clear that the
patterns of overall sensitivity and specificity are remark-
ably different. The overall sensitivity of 1 subgroup (VI,
VIIIL, IV) was quite high, and that of the other kits was
reasonably high with the notable exception of kit V. The
manufacturers are grouped quite differently with regard
to overall specificity: 7 of the 9 kits were clustered
together, with overall specificity substantially higher
than that of kits III and IV. It should be noted that the
orderings bear little relationship to each other or to the
precision ordering shown in Figure 1. Spearman’s rank
correlation between the sensitivity and specificity order-
ings of the manufacturers was only 0.30; the rank
correlations between the precision ordering and the
sensitivity and specificity orderings, respectively, were
—0.53 and —0.49.

The manufacturers provided information on the
manner in which the autoantigens in their kits were
prepared, since it was possible that this might be a factor
in the performance characteristics. Seven of the 9 man-
ufacturers used animal tissue antigens, which were affin-
ity purified with autoantibodies. Only 2 manufacturers
(III and VII) used recombinant antigens obtained as
expression products from complementary DNA clones.
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Figure 5. Orderings of the manufacturers into 3 subgroups with
regard to overall sensitivity and overall specificity. Orderings were
effected by means of the method of Cox and Spjotvoll (11) (see
Materials and Methods). The horizontal line extending from the right
of each bar depicts 1 SD for the observed sensitivity or specificity.

As can be seen from Figure 4, the overall sensitivity and
specificity of the kits from manufacturers III and VII did
not differ significantly from the performance of the
larger group that used affinity-purified antigens.
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Analysis of the data showed that mixtures of
antibodies of different specificities (Table 1) did not
interfere with each other. This conclusion could be
reached by examining the OD readings for a particular
antibody such as anti-SSB/La at a fixed dilution, but
admixed with antibodies of other specificities (for exam-
ple, samples A, E, and J). The OD readings for anti-
SSB/La were similar in all 3 samples, and similar findings
were observed for other samples of mixed antibodies.

DISCUSSION

The present study had the full cooperation of 9
manufacturers of enzyme-based ANA test kits, and this
unprecedented international effort has allowed a critical
evaluation of EIA ANA test systems. With the informa-
tion gained, it is possible to answer many of the ques-
tions raised above and to address the specific aims of the
study. With regard to sensitivity and specificity of the
test kits, the performance data show that the kits can be
divided into 2 groups. For the first group of Kits,
designed to measure antibodies to dsDNA, ssDNA,
histones, and Sm, the majority of manufacturers need
improvement; for the second group, designed to mea-
sure antibodies to Ul RNP, SSA/Ro, SSB/La, Scl-70,
centromere, and Jo-1, the majority of the manufacturers
show good performance. It is of interest that the kits for
anti-dsDNA show great variations in sensitivity and
specificity among manufacturers I-VI (Figure 2A), but
the sensitivity and specificity data for kits VII and IX
reveal very good performance characteristics. These
latter 2 manufacturers reported that they used plasmid
DNA as the source of their antigens, but this clearly is
not the only factor influencing accuracy, because kit II1,
showing 100% sensitivity but poor specificity, also had
plasmid DNA as the antigen. The other manufacturers
used cellular DNA (e.g., from calf thymus) as the source
of antigen. Nevertheless, the data in Figure 2A show that
it is possible to achieve acceptable sensitivity and spec-
ificity for anti-dsDNA, as demonstrated with kits VII
and IX.

Although only 4 kits were capable of testing for
antihistone antibodies, 1 of these (kit VII), using his-
tones purified from tissue antigens, showed high sensi-
tivity and specificity (Figure 2C). The greatest problem
encountered with all test kits was measurement of
anti-Sm antibody (Figure 2D). All test kits were defi-
cient in terms of sensitivity, but the specificity of some
kits was good. The problem associated with this antigen—
antibody system could not be attributed to the use of
either affinity-purified tissue antigens or recombinant
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antigens, since both were being used in different Kkits.
Since the Sm antigen system is a complex of many
proteins, it is possible that the sensitivity could be
enhanced by using recombinants of several antigens,
including the E-F-G complex of the Sm system (14). As
shown in Figure 2E, only 3 test kits were designed to
measure anti-U1 RNP antibodies. Kit III, using recombi-
nant protein, and kit VIII, using tissue antigens, performed
well in terms of both sensitivity and specificity.

In contrast to the variable performance of the test
kits described above, the performance of the kits de-
signed to detect anti-SSA/Ro, anti-SSB/La, anti-Scl-70,
anticentromere, and anti-Jo-1 was generally good in that
some kits in each category achieved 100% sensitivity and
specificity (Figures 2F-2H). There were a few excep-
tions, as can be seen in these figures.

Figure 3 demonstrates that the presence of high
levels of IgG in multiple myeloma sera does not neces-
sarily cause false-positive test results; several kits (I, II,
V, VI, VII, and VIII) showed almost perfect specificity.
However, cryoprecipitates caused problems: false-
positive results were recorded with every test kit when
specimen Ba, containing cryoprecipitates, was used.
Some kits (e.g., IV) registered false-positive results for
all antibody specificities, whereas others (e.g., VIII)
registered false positivity for only 1 antibody specificity.

Figure 1 shows the rank ordering of intralabora-
tory reproducibility when the data were evaluated with
regard to the replicate samples sent to each manufac-
turer. It can be seen that the range of coefficients of
variation from kit I to kit IX was quite considerable.
Many factors could be involved, including the expertise
of the technicians performing the tests, the quality of the
kits themselves, and the instrumentation used by each
manufacturer. More insight into the reasons for intra-
laboratory variability might be afforded by subsequent
analysis comparing the precision obtained by various
International Union of Immunological Societies labora-
tories, using the same test kits as those used by the
manufacturers in the present study. Analysis of these
data is under way.

It should be emphasized that the rank orderings
regarding precision (intralaboratory variability; Figure
1) and the rank orderings for sensitivity and specificity
(Figure 5) do not demonstrate any correlation that
might imply a definite overall superiority of test kits
from one manufacturer versus another. As noted above,
there was no direct correlation between the precision
ordering and the rank orderings of sensitivity and spec-
ificity.

In general, this study demonstrates that EIAs

need improvement for certain antigen—antibody systems,
especially anti-dsDNA and anti-Sm. However, the data
also show that for every one of the antigen—antibody
systems analyzed, some test kits achieved 100% sensitiv-
ity as well as 100% specificity. For several antigen—
antibody systems, the majority of the test kits performed
remarkably well. These data can be interpreted to mean
that the EIA system for detection of autoantibody has
the potential of being accurate and reliable. If intralabo-
ratory variability (i.e., precision) can be improved, per-
haps with better design of the test kits or advances in
instrumentation, future versions of this assay system
would be welcome. These improved versions would help
to standardize assays for antibodies for which other
detection systems introduce too much inaccuracy and
variability.

The manufacturers that participated in this study
have been informed of their own identities in the
numbering system so they can identify the deficiencies in
their own test kits. It is hoped that they will be able to
make use of this information to improve the perfor-
mance of their kits. It might be expected that investiga-
tors who use the immunoassay kits of a manufacturer
participating in this study would be interested in the
performance of the kits. We hope that when a manufac-
turer is approached for such information, the company
will be willing to volunteer the information and perhaps
be able to show that deficiencies have been corrected. If
this happens, a collaboration such as this between aca-
demia and industry would have achieved the purpose of
improving a group of important diagnostic assays.
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