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Repeat Testing of Antibodies and Complements in
Systemic Lupus Erythematosus: When Is It Enough?
Thomas C. Raissi, Carly Hewson, and Janet E. Pope

ABSTRACT. Objective. Patients with systemic lupus erythematosus (SLE) frequently undergo repeat testing for
antibodies against extractable nuclear antigens (anti-ENA), but it is not known whether this is
necessary or cost-effective. This study characterized the frequencies of changes in anti-ENA, anti–
dsDNA, and complement C3 and C4 upon repeat testing.
Methods. Chart review was done at one site of 130 patients with SLE enrolled in the 1000 Canadian
Faces of Lupus prospective registry with annual antibody and complement testing. We determined
the frequency of seroconversion (changes) on the next test and over the entire followup given 1 or
multiple consistent results, and the cost to detect these changes.
Results. Overall, 89.4% of patients had no changes in anti-ENA screening results from the first
available test, 3.3% changed from negative to positive, and 7.3% from positive to negative. Following
a single anti-ENA test, 3.9% of negative tests changed to positive and 4.2% of positive changed to
negative on the next test. After multiple consistent tests, the frequencies of changes progressively
declined. No changes from the first test were observed in anti-dsDNA, C3, and C4 in 60.8%, 83.3%,
and 75.4% of patients, respectively. After 2 consistent anti-ENA tests, the cost to detect 1 change was
above US$2000.
Conclusion. Anti-ENA results change infrequently, especially following 1 or more negative tests.
The high cost and lack of evidence that changes affect management suggest that repeating anti-ENA
tests routinely is unnecessary. Anti-dsDNA and complements change more frequently after an
abnormal result, but less after a normal value. (J Rheumatol First Release April 15 2018; doi:10.3899/
jrheum.161365)
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Systemic lupus erythematosus (SLE) is an autoimmune
connective tissue disease that may affect virtually any organ
in the body. SLE autoimmunity is associated with antinuclear
antibodies (ANA)1. These react with antigens including
dsDNA, histone proteins, centromere proteins, and
extractable nuclear antigens (ENA). ENA commonly include
Sm antigen, La/SSB, RNP, and Scl-70, and often include
Ro/SSA.

    ANA, used for screening if SLE is suspected, are 95%
sensitive and often the first abnormal autoimmune result, but
they lack specificity2,3. Once found to be positive, there is no
value in serial measurements4. Anti-ENA and anti-dsDNA
are ordered to detect antibodies against specific nuclear
components if the ANA test is positive. Antibodies to
dsDNA, present in 40–60% of patients with SLE, are
associated with renal involvement3,5. Anti-dsDNA levels
correlated with or predicted flares in longitudinal
studies5,6,7,8. Anti-Sm antibodies are specific for SLE, and
are seen in 30–40% of patients3,9. Anti-Ro/SSA and
anti-La/SSB are associated with photosensitivity, subacute
cutaneous lupus erythematosus, neonatal SLE, and Sjögren
disease3.
    SLE involves immune complex formation. This consumes
complement components (C3, C4, CH50), which are
routinely measured in SLE. C3 and/or C4 are reduced and
CH50 is increased during flares, and complement is used in
addition to anti-dsDNA to monitor disease activity, particu-
larly renal involvement1,10,11,12.
    SLE is diagnosed by physician clinical judgment, and
classification criteria may be used [1997 American College
of Rheumatology (ACR) or 2012 Systemic Lupus
International Collaborating Clinics (SLICC) criteria]13,14,15.
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Both include ANA, anti-dsDNA, and anti-Sm; SLICC criteria
also include low complement13,14,15. Disease activity may be
followed using the SLE Disease Activity Index, which
includes anti-dsDNA and complement16.
    ANA and anti-ENA are commonly serially repeated after
diagnosis17,18. Evidence suggests that repeat ANA measure-
ments are not indicated in ANA-positive SLE; they neither
change significantly nor are helpful in monitoring disease
activity19. The utility of repeating anti-ENA is not estab-
lished. Widely varying frequencies of anti-ENA changes in
serially tested patients with SLE have been docu -
mented20,21,22. Anti-dsDNA and complement are routinely
repeated as markers of disease activity in SLE, but it is not
known how frequently these tests should be repeated if
normal initially.
    Immunologic testing contributes to the costs of SLE.
Clinical practice guidelines, including the Choosing Wisely
campaign’s guidance, advise against repeating ANA and
simultaneous ordering of ANA with anti-dsDNA and
anti-ENA19,20,23. Incremental costs of serially repeating
anti-ENA are unknown.
    This study investigated the frequency of changes of
anti-ENA at 1 center. We theorized, based on clinical
experience, that seroconversion of anti-ENA would be
uncommon and serial measurements would be unlikely to
change from baseline testing; therefore our intention was to
study when to stop reordering tests that may lack future
utility. We determined the frequency of changes in the next
test and over the entire followup after 1 or multiple consistent
results of anti-ENA, anti-dsDNA, and complement C3 and
C4, and calculated the cost of detecting each change.

MATERIALS AND METHODS
Our study included patients enrolled in the 1000 Canadian Faces of Lupus
study at St. Joseph’s Hospital in London, Ontario, Canada. Ethics approval
was obtained from the University of Western Ontario Health Sciences
Research Ethics Board (#11659E) and each subject signed a letter of infor-
mation. The 1000 Canadian Faces of Lupus is a national prospective obser-
vational cohort of patients with SLE, recruiting cases of SLE since 2005.
Inclusion criteria for subjects of this study were (1) meeting the ACR criteria
for SLE13, and (2) having at least 1 repeat test available for anti-ENA,
anti-dsDNA, or complement, at least 1 year after the initial test. From
January 1999 through February 2016, 137 patients were reviewed. Data were
prospectively collected annually as part of the protocol.
      The majority of tests were processed in the London Health Sciences
Centre immunology laboratory. However, some results were obtained from
private laboratories and other hospital laboratories throughout southwestern
Ontario using the Ontario Laboratories Information System.
      Our center uses an automated EUROIMMUN ELISA for both
anti-dsDNA and anti-ENA. The anti-dsDNA is a quantitative assay.
Anti-ENA is semiquantitative. Automated assays have been in use since
2012. Between 2005 and 2012, the EUROIMMUN assays were set up
manually. From 1999 to 2005, ELISA assays were completed manually using
Varelisa plates from Somagen. C3 and C4 levels between 1999 and the
present date were determined quantitatively using nephelometry (Beckman
Coulter). We do not have information about the specific tests used from other
external laboratories, but have the normal ranges for all tests.
      We determined the frequency of change in repeat measurements of
anti-ENA antibodies, anti-dsDNA, C3, and C4. Four patterns were possible

for each antibody: always negative, negative at initial testing with positive
seroconversion at any point thereafter, positive at initial testing with negative
seroconversion thereafter, and always positive. C3 and C4 were expressed
as always normal [including higher than the upper limit of normal (ULN)],
normal at initial testing with change to low, low at initial testing with sub -
sequent change to normal, and always low. Frequencies were calculated for
each possible pattern. We expected fluctuation in anti-dsDNA, C3, and C4,
so the proportion of patients with 2 or more consecutive initial normal results
who had a subsequent abnormal result at any point during followup was
calculated.
      To estimate the likelihood of change following multiple consistent test
results, for each test we identified all possible intervals during which a
patient had consistent results. If a test was performed more frequently than
once a year, we counted each calendar year as 1 test. We defined high-titer
anti-dsDNA as triple the threshold for positive anti-dsDNA specified by the
laboratory. Test results reported as “borderline positive” or “equivocal” were
classified as consistent with whatever result preceded them.
      We estimated the cost of detecting test changes in 2 ways (low and high
cost). We used the national limit from the US Medical Laboratory Fee
Schedule as the lower limit (codes 86235 for anti-ENA screen and each
subserology, 86225 for anti-dsDNA, and 86160 for C3 or C4)24. To estimate
the higher costs charged to individuals and private insurance, we also calcu-
lated costs to detect each change using prices obtained from a major US
commercial laboratory in which each antibody within the ENA is analyzed
and has its own cost. We calculated the cost of detecting a change given the
number of previous consistent years by dividing the total test cost (for each
serial measurement) by the fraction of tests changed. For example, after a
single negative anti-ENA screen result, 11 out of the subsequent 280 tests
were positive. If the test costs US$24.43, the cost to detect a change was
$24.43 ÷ (11 ÷ 280) = $621.85 (this is the same as multiplying the cost per
test by the number of tests done and dividing by the number of positive tests).
      The low cost estimate included only the cost of the specific test we aimed
to detect a change in, based on the assumption that all tests described here
are ordered independently. For example, the cost of detecting a change in
anti-ENA screening did not include costs of additional subserologies that
many laboratories automatically perform following a positive anti-ENA
screen. Calculating the cost to detect changes while accounting for bundled
tests, or for automatic subserology tests performed following positive
anti-ENA screen results, is complicated and the result may be misleading.
Our calculations therefore assume that each test is performed in isolation.
While we reported the frequency of changes regardless of how many test
results were available, we estimated costs only if there were 100 or more
test results. The high cost estimate would occur if a commercial laboratory
performed all subserologies without an overall screen for ENA. For instance,
if someone orders an ENA, it should not be further tested if the overall screen
is negative. However, some laboratories perform each serology separately
(SSA, SSB, Sm, RNP, and Scl-70). Other laboratories include Jo1 antibody,
and various subtypes of RNP (U1RNP) and 2 different anti-Ro tests. To be
conservative in our estimates, we concentrated on the 5-panel ENA even for
the high cost estimates. Therefore, in the high-cost scenario, 5 antibodies
within the ENA would be performed with each ENA screen and would cost
far more (adding the cost of each antibody each time an ENA was ordered).

RESULTS
Of 137 patients enrolled in the study at our site, complete
data were available for 131 patients. One patient was
excluded because no tests had been repeated, and 130
patients were included. Their characteristics at recruitment
to the 1000 Canadian Faces of Lupus study are shown in
Table 1. When the anti-ENA panel is ordered, a screen is
initially performed, and subserologies are measured only if
that screen is positive. The 123 patients with 2 or more anti-
ENA results available had a mean 5.4 (SD 1.9) measure-
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ments per patient (Figure 1). Every subsequent anti-ENA
screen result was the same as the first in 89.4%. Changes
occurred in a minority of patients: 3.3% of patients were
initially negative and seroconverted to positive while 7.3%
of patients were initially positive and seroconverted to
negative over the followup period.
    The most frequently detected anti-ENA autoantibodies
were anti-Ro (initially positive in 37.4%) and anti-RNP
(initially positive in 15.4%). Only 4.9% of patients had
changes (either negative or positive) in anti-Ro/SSA, 2.4%
in anti-La/SSB, 3.3% in anti-RNP, and 3.3% in anti-Sm. No
patients were positive for anti–Scl-70 at any time.
    There were higher rates of changes for anti-dsDNA. For
the 130 patients with 2 or more anti-dsDNA results available,

a mean of 7.2 (SD 3.1) measurements were available per
patient (Figure 1). During followup, 60.8% of patients experi-
enced no change in anti-dsDNA, 17.7% were initially
negative for anti-dsDNA and converted to positive at some
point, and 21.5% of patients were initially positive and
converted to negative.
    Complement C3 and C4 levels also showed fluctuations
in our study group. The majority of patients always had
normal complement levels. Of the 126 patients with 2 or
more complement tests available, a mean of 7.3 (SD 3.3)
measurements were available per patient (Figure 1). Results
did not change for C3 in 83.3% and for C4 in 75.4% of
patients over the followup period. For C3, 11.1% of patients
initially had normal values which became low and for C4 this
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Table 1. Baseline demographic and disease variables in patients with SLE included in this study compared to the entire “The 1000 Faces of Canadian Lupus”
cohort. Values are n (%) unless otherwise specified.

Characteristics                                                          Study Cohort, n = 130                     Entire Cohort, n = 789                                         p

Sex, n                                                                                       125                                                   784                                                         
     Female                                                                           117 (93.6)                                        707 (90.2)                                               0.270
     Male                                                                                 8 (6.4)                                             77 (9.8)                                                      
Age†, yrs, mean (SD)                                                 47.1 (14.8; n = 122)                         40.9 (17.3; n = 760)                                     < 0.0001
Age at diagnosis, yrs, mean (SD)                               37.5 (14.8; n = 126)                         30.8 (16.6; n = 758)                                     < 0.0001
Ethnicity                                                                               n = 126                                             n = 783                                                      
     White                                                                              92 (73.0)                                         476 (60.9)                                               0.007
     African American                                                             4 (3.2)                                             60 (7.7)                                                 0.082
     Asian                                                                                9 (7.1)                                           123 (15.7)                                               0.016
     Native American                                                              9 (7.1)                                             55 (7.0)                                                 0.868
SLEDAI†, yrs, mean (SD)                                            6.8 (4.4; n = 128)                             4.5 (4.3; n = 744)                                       < 0.0001
SLICC†, yrs, mean (SD)                                               1.1 (1.4; n = 128)                             1.2 (1.8; n = 689)                                          0.414
ACR criteria, yrs, mean (SD)                                       5.5 (1.6; n = 128)                             5.2 (1.5; n = 604)                                          0.069
Clinical manifestations, % of pts                                         n = 128                                             n = 604                                                      
     Malar rash                                                                      76 (59.4)                                         333 (55.1)                                               0.598
     Discoid rash                                                                   20 (15.6)                                           57 (9.4)                                                 0.084
     Photosensitivity                                                              63 (49.2)                                         265 (43.9)                                               0.318
     Mucosal ulcers                                                               65 (50.8)                                         268 (44.4)                                               0.120
     Arthritis                                                                          96 (75.0)                                           423 (70)                                                 0.108
     Serositis                                                                          46 (35.9)                                         168 (30.8)                                               0.365
         Pleural effusion                                                         38 (29.7)                                         142 (23.5)                                               0.244
          Pericardial effusion                                                   16 (12.5)                                          79 (13.1)                                                0.983
     Renal involvement                                                         41 (32.0)                                         202 (33.4)                                               0.843
         Proteinuria                                                                 32 (25.0)                                         168 (27.8)                                               0.554
         Casts                                                                          29 (22.7)                                         107 (17.7)                                               0.129
     Neurologic involvement                                                  8 (6.3)                                               42 (7)                                                   0.871
         Seizures                                                                        6 (4.7)                                             22 (3.6)                                                 0.516
     Psychosis                                                                          2 (1.6)                                             21 (3.5)                                                 0.285
Laboratory features                                                              n = 128                                             n = 604                                                      
     Hematological                                                               77 (60.2)                                         360 (59.6)                                               0.652
     Anemia                                                                             9 (7.0)                                            80 (13.2)                                                0.068
     Leukopenia                                                                    38 (29.7)                                         159 (26.3)                                               0.299
     Lymphopenia                                                                 59 (46.1)                                         238 (39.4)                                               0.078
     Thrombocytopenia                                                         23 (18.0)                                         118 (19.5)                                               0.672
     anti-dsDNA                                                                    59 (47.2)                                         363 (60.1)                                               0.271
     anti-Sm                                                                           23 (18.4)                                         142 (23.5)                                               0.570
     ANA                                                                              117 (91.4)                                        567 (99.8)                                               0.480

† At enrollment. Characteristics were calculated by measures of central tendency and proportions. Student t test or Mann-Whitney U test was applied for
comparison between continuous variables, as well as chi-square test for categorical variables. Significant data are in bold face. SLE: systemic lupus erythe-
matosus; SLEDAI: Systemic Lupus Erythematosus Disease Activity Index; SLICC: Systemic Lupus International Collaborating Clinics; ACR: American College
of Rheumatology; ANA: antinuclear antibodies.
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occurred in 8.7%. For C3, 5.6% initially had low levels that
normalized, and 15.9% for C4.
    Although there was variability on repeat testing of
anti-dsDNA and C3 and C4, in individuals with many
negative (normal) tests, there was a progressively decreasing
probability of a future positive test. In the 70 patients with 3
sequential negative anti-dsDNA tests, 78.6% remained
negative on repeat testing thereafter. In the 99 patients with
3 sequential normal C3 tests, 92.9% remained normal on
further repeat testing. Eighty-seven patients had 3 sequential
normal C4 tests, and 96.5% remained normal thereafter.
    An important clinical question is whether to repeat an
anti-ENA test given 2 or more previous consistent results,
especially if these results were normal. We determined the
frequency that the next result would be different after 1 or
more previous tests showed consistent results. Following any
single anti-ENA screen, 3.9% of negative anti-ENA tests
changed to positive (280 tests) and 4.2% of positive changed
to negative (263 tests) on the next test (Figure 2). These
frequencies became progressively lower after more years of
consecutive consistent tests. No changes in anti-ENA or any
subserology were observed after 5 or more consecutive
consistent tests.
    Quantifying the frequency of anti-dsDNA changes after
multiple consistent years showed that while 7.9% (573 tests)
and 24.5% (273 tests) of negative and positive anti-dsDNA
results changed respectively after 1 test; after 2 through 7
consistent years these frequencies never exceeded 4% and
16%, respectively (Figure 3). We investigated whether
anti-dsDNA would revert to normal less frequently after
multiple consistent tests with an anti-dsDNA titer 3-times the
ULN or higher. Unexpectedly, positive anti-dsDNA results

following 1 or more consistent years with a high titer
occurred less frequently than following any positive
anti-dsDNA result. While a majority of tests following a
single year of low complement tests reverted the following
year, there was a progressively lower frequency of tests
reverting to normal following multiple low results.
    We estimated, for each serology, the cost to detect 1
change following multiple normal results (Table 2). For the
cost of each test, we used the Medicare National Limit from
2016. The Medicare costs of each test were $24.43 for
anti-ENA screen, $18.71 for anti-dsDNA, and $16.35 for C3
or C424. To estimate the higher costs charged to individuals
and private insurance, we calculated costs to detect each
change using prices $124, $124, and $83, respectively. Table
2 contains estimates for the costs of detecting changes to
abnormal results using Medicare costs as well as the
commercial laboratory’s fees; but for clarity, only Medicare
costs are reported in the text below.
    At some institutions, the anti-ENA panel is ordered as 1
combined panel, while at others each subserology is ordered
and performed separately. If an anti-ENA screen is automat-
ically followed by 5 subserologies, this could potentially
increase the cost if a laboratory charges for each test.
    After a single negative anti-ENA screen, the expense
required to detect 1 anti-ENA change to positive the next year
was $621.85. After 2 or more consistent years, the costs to
Medicare exceeded $2000 and $3000, respectively. These
costs do not include those necessary to determine which
anti-ENA subserology was positive, because that will vary
according to the laboratory testing algorithm and whether
costs are separately charged for each antibody.
    Detecting 1 anti-dsDNA change from negative to positive
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Figure 1. Changes in anti-ENA and subserology, anti-dsDNA, and complement status compared to earliest available test. ENA:
extractable nuclear antigens; neg: negative; pos: positive; C3: complement factor 3; C4: complement factor 4.

 www.jrheum.orgDownloaded on April 19, 2024 from 

http://www.jrheum.org/


cost $238.24 after 1 anti-dsDNA test. Because of the more
consistent frequency of anti-dsDNA changes, the cost of
detecting 1 negative-to-positive anti-dsDNA change
remained below $700, even after 4 consistent years. The costs
of detecting low complement C3 or C4 following 1 normal
result were $218.79 and $216.12, respectively. Costs to
Medicare increased above $400 following 2 or more
consistent years, but even after 4 consecutive years did not
exceed $1300 (Table 2).

DISCUSSION
Frequent serologic monitoring in SLE contributes to
healthcare costs. Consistent with our clinical observations,
we documented a low frequency of changes (< 5% over the
study) among anti-ENA autoantibodies in patients with
SLE enrolled in a prospective cohort. These data suggest
that it is not necessary to repeat anti-ENA testing during
routine followup, because the initial test result is unlikely
to change. There were significant costs associated with
detecting infrequent changes. Although we did not inves-
tigate the clinical effect of anti-ENA changes, previous
authors have demonstrated the absence of correlation
between anti-ENA auto antibody concentrations and
changes in disease activity25.
    Exceptions could include pregnancy, where repeat
screening for anti-Ro/SSA may be indicated because a
positive test would prompt fetal cardiac ultrasound screening
to search for congenital heart block, and treatment of the
mother with dexamethasone if heart block occurs. Pregnancy
in a woman with SLE carries a risk for fetal mortality and
morbidity26. Repeat anti-ENA testing may also be useful
when the diagnosis is in question, because a small number of
patients with SLE are ANA-negative but Ro/SSA-positive27.
We did not study those patients.
    Based on clinical experience, we hypothesized that
changes in anti-ENA antibodies would be infrequent, which
was supported by our data. However, other authors have
described higher rates of seroconversion among anti-ENA
autoantibodies20,21,22. The largest study of 130 patients
showed rates of seroconversion of over 50% for some
anti-ENA autoantibodies over 10 years20. These high rates of
fluctuation were reported specifically in patients positive (at
any time over the followup period) for a given autoantibody.
Interestingly, our data reproduced their finding of more
frequent changes of positive anti-ENA to negative than vice
versa, even though changes were lower in both categories in
our patients. Differences in results could be related to
different laboratory techniques for anti-ENA measurement,
or different populations. Most with negative anti-ENA panels
remained negative over 10 years in 61 patients with SLE21.
There was some fluctuation among those patients positive for
anti-Ro/SSA and anti-La/SSB, but absolute numbers were
similar to those reported here. Praprotnik, et al studied 16
patients with SLE and 15 patients with Sjögren syndrome,
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Figure 2. Changes in anti-ENA and subserology status after multiple
consistent tests. For each patient, all possible intervals during which each
test result was consistent were tabulated. The result of the next test performed
is reported according to the number of years in that consistent interval in
which the test was performed. ENA: extractable nuclear antigens.
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all anti-Ro/SSA–positive with some changes in titers, but all
stayed anti-Ro/SSA–positive22. 
    Unlike the anti-ENA results, patients with abnormal
anti-dsDNA and complement results frequently reverted to
normal, and this persisted after many consistent years,
especially for anti-dsDNA. Interestingly, following an
anti-dsDNA test with a titer 3 or more times the ULN had a
higher chance of changing to negative — at least 25% even
after 7 consistent years. We hypothesize that this may reflect
escalation of therapy or that some patients with high
anti-dsDNA could have more fluctuations, although we did
not investigate whether test results correlated with any
relevant change in clinical SLE disease activity. Two reasons
could explain why anti-ENA is stable, but anti-dsDNA varies.
First, the underlying pathophysiologic changes occurring in

SLE may have a greater effect on anti-dsDNA than other
autoantibodies over time. Second, anti-dsDNA is usually
titered or given a numerical value whereas anti-ENA compo-
nents are often just reported as positive or negative. Changes
in anti-ENA from positive to negative were very infrequent;
perhaps future treatments may be able to normalize anti-ENA
subserologies, which is uncommon with current immuno -
 suppressives.
    We calculated costs of detecting 1 change in anti-ENA
screening in excess of $2000 after 2 consistent normal tests
as a low cost estimate using Medicare reimbursement. Private
laboratory fees for the tests we studied were about 5-times
Medicare reimbursement rates. Many laboratories, including
ours, perform this anti-ENA screen that can identify when
any subserology is positive, but not provide which sub -
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Figure 3. Changes in anti-dsDNA and complement status after multiple consistent tests. For each patient, all possible intervals during which each test result
was consistent were tabulated. The result of the next test performed is reported according to the number of years in that consistent interval in which the test was
performed. C3: complement factor 3; C4: complement factor 4.

Table 2. Cost of detecting a change in serologic tests after previous normal results. Costs in US dollars. Total
numbers of tests used to calculate these estimates are shown in Figure 2.

Variables                                          Yrs after a Normal Test
Negative test at a point in time       1                               2                                3                                   4

Medicare costs
     Anti-ENA neg to pos            621.85                     2540.72                     3713.36                       2516.29
     Anti-DNA neg to pos            238.24                      596.05                       505.17                         619.77
     C3 normal to low                  218.79                      577.70                       415.90                        1213.99
     C4 normal to low                  216.12                      503.22                       880.86                        1062.75
Commercial laboratory costs
     Anti-ENA neg to pos           3156.36                     12,896                       18,848                         12,772
     Anti-DNA neg to pos           1578.93                    3950.29                     3348.00                       4107.50
     C3 normal to low                 1110.69                    2932.67                     2111.31                        6162.75
     C4 normal to low                 1097.11                    2554.56                     4471.62                       5395.00

ENA: extractable nuclear antigens; neg: negative; pos: positive; C3: complement factor 3; C4: complement factor 4.
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serology is positive; the cost is the same as for 1 subserology
alone. We reasoned that using this screen might increase the
cost-effectiveness of detecting positive anti-ENA screens in
patients with previously negative anti-ENA screens. After a
single negative anti-ENA screen result, subsequently, 11 out
of 280 (3.9%) tests were positive, so 96% of the tests are
uninformative (could be considered a waste of money
because there is no value in serially negative tests). The costs
are even greater if they are performed more than twice
because the likelihood of seroconversion becomes even
lower. At centers that do not perform an anti-ENA screen, but
immediately perform all subserologies, costs to detect
changes are higher.
    An important potential cause of variations in serocon-
version rates between institutions and points in time is
laboratory methodology. The anti-ENA and anti-dsDNA
results reported here are derived from manual, and later in
the series, automated ELISA. Our study was not designed to
compare seroconversion rates across these methods. This is
a limitation of real-world data. However, most of the ELISA
were performed at the same university hospital laboratory for
ENA and anti-dsDNA. There were no obvious predictors of
those who seroconverted regarding ENA and those who did
not, but we do not know whether positive ENA that became
negative were more borderline positives and vice versa
because antibodies in general were not titered. This study
includes data derived from automated ELISA, which may
have improved reliability and reduced random fluctuations
compared to previous reports using older techniques20,21,22.
    Our study has limitations. The data were from a single site.
They included both incident and prevalent cases; it is
plausible that test results would be most likely to change soon
after SLE diagnosis. We did not assess whether changes in
test results correlated with any clinical or treatment event,
which precludes us from estimating the clinical utility of a
changed test. The cost data must be interpreted by clinicians
regarding the value that a change in a test could provide. We
did not study anticardiolipin antibodies, which can be used
to fulfill 1 criterion in the ACR and SLICC classification
criteria, but require repeating (2 positives)13,14,15. Most but
not all the tests were performed at a single laboratory, a factor
that may have reduced variability, but may limit applicability
to patients whose tests are performed in multiple laboratories.
    Overall, we found that SLE patients with normal immuno-
logic tests experienced infrequent changes over time and that
the cost associated with detecting these changes was high.
Following a normal result, the frequency of anti-dsDNA and
complement changes was somewhat higher than the very low
frequency of anti-ENA changes. While positive (abnormal)
anti-ENA results also rarely changed, abnormal anti-dsDNA
and complement results frequently reverted to normal, even
after multiple consistent abnormal years. While we did not
investigate the clinical implications of changes, published
data show little predictive value of anti-ENA. Routine annual

anti-ENA testing is likely not necessary in SLE patients with
consistent results, especially if they are negative.
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