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Troponin-Specific Autoantibody Interference in Different
Cardiac Troponin I Assay Configurations

Tanja Savukoski,’ Emilia Engstrém,"™ Janne Engblom,? Noora Ristiniemi," Saara Wittfooth,’
Bertil Lindahl,? Kai M. Eggers,® Per Venge,® and Kim Pettersson’

BACKGROUND: Autoantibodies to cardiac troponins
(cTnAADb) can interfere with the measurement of car-
diac troponin I (¢Tnl) by immunoassays. The aim of
this study was to explore the degree of cTnAAD inter-
ference in different cTnl assay configurations.

METHODS: Ternary troponin complex was added into
samples (serum or plasma, n = 132, 68% cTnAAb pos-
itive) from individuals without known cardiac condi-
tions. The recovery of ¢Tnl was then measured with 6
investigational cTnl assays (2, 3, or 4 antibodies per
assay). Three of these assays were then selected for fur-
ther comparison by use of samples (plasma, n = 210,
33% cTnAAb positive) from non—ST-elevation acute
coronary syndrome patients in the FRISC-II (FRag-
min/Fast Revascularisation during InStability in Coro-
nary artery disease) cohort. Finally, these results were
compared to those obtained with 3 commercial cTnl
assays.

RESULTS: Analytical recoveries varied widely among the 6
investigational assays. Notably the low recoveries (me-
dian 9%) of the midfragment-targeting reference assay
were normalized (median 103%) with the use of the
4-antibody assay construct (3 capture, 1 tracer antibody)
with only 1 antibody against a midfragment epitope. Re-
duced analytical recoveries correlated closely with mea-
sured autoantibody amounts. ¢Tnl concentrations from
cTnAAb-positive patient samples determined with 3 in-
vestigational assays confirmed the reduced concentra-
tions expected from the low analytical recoveries. The re-
sults from the commercial ¢Tnl assays with antibody
selections representative for contemporary assay con-
structs revealed a similar underestimation (up to 20-fold)
of cTnl in cTnAAb-positive samples.

concLusions: A novel cTnl assay deviating from the
conventional IFCC-recommended midfragment ap-
proach substantially improves cTnl detection in sam-
ples containing cTnAAbs.

© 2012 American Association for Clinical Chemistry

The troponin complex, consisting of subunits I, T and
G, is part of the myofibril contractile apparatus in mus-
cle cells. Of these, troponin I and troponin T exist as
differentisoforms in skeletal and cardiac muscle, which
has enabled the use of the cardiac-specific isoforms of
troponin (cardiac troponin) as biomarkers for myo-
cardial injury. Because of excellent cardiac specificity,
the determination of circulating cardiac troponins
along with patient symptoms and electrocardiographic
abnormalities currently constitutes a cornerstone in
the diagnosis of acute myocardial infarction (1). Be-
cause of the central role of cardiac troponins in clinical
assessment, it is important that the assays for cardiac
troponin I (¢Tnl)* measurement are highly reliable and
consistent.

The molecular heterogeneity of the cTnl molecule
causes challenges in the selection of antibodies for ¢Tnl
assays. For instance, the cTnl molecule undergoes dif-
ferent posttranslational modifications, and various
cardiac troponin complexes are found in the circula-
tion (2 ). Because both N- and C-terminal parts of cTnl
are sensitive to proteolytic degradation, the IFCC rec-
ommends the use of antibodies that recognize the mid-
fragment epitopes (amino acids 30—110) for the devel-
opment of new c¢Tnl assays (3 ).

It has recently been demonstrated that cardiac
troponin—specific autoantibodies (cTnAAb) are found
in 5%-20% of individuals with or without cardiac dis-
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eases (4—8 ). According to a previous report (9 ), circu-
lating cTnl-specific cTnAAbs are most commonly tar-
geted against the stable midfragment of the ¢Tnl
molecule, and especially to the C-terminal region of the
midfragment. Although the overall and practical im-
pacts are not well established, cTnAAbs remain a po-
tential confounder in cardiac troponin assays.

In following the IFCC recommendation most
cTnl-assay manufacturers presently use antibodies
binding to the midfragment of the ¢Tnl molecule
(10, 11). We hypothesize that such ¢Tnl assays are
likely to suffer from cTnAADb interference and that this
interference can be counteracted by choosing the anti-
bodies differently. Therefore we constructed investiga-
tional cTnl assays using different epitopes across the
cTnl molecule. Plasma/serum samples with low, me-
dium, or normal cTnl recovery were identified with a
midfragment-targeting ¢Tnl assay and then analyzed
with other assays to monitor the extent of cTnAAD in-
terference. Finally, we compared the performance of 3
investigational ¢Tnl assays to the performance of 3
commercial assays that employ antibodies highly rep-
resentative for contemporary cTnl assays, with samples
from non-ST-elevation acute coronary syndrome
(ACS) patients.

Materials and Methods

The study protocols were approved by the local ethics
committee. Informed consent was obtained from all
participants and the study was conducted in accor-
dance with the Declaration of Helsinki of 1975 as re-
vised in 2006.

REAGENTS

Human cardiac troponin complex (ITC) and all ¢TnI-
specific monoclonal antibodies (Mab) except 817 [In-
ternational Point of Care (www.ipocdx.com)] were
kindly provided by HyTest Ltd. [Turku, Finland
(www.hytest.fi)]. Recombinant 4C2 antigen-binding
fragment (Fab) of Mab 4C2 was cloned from the hy-
bridoma cell line of HyTest Ltd. and produced at the
University of Turku as reported previously (12). Sim-
ilarly, 9707 Fab was cloned from the hybridoma cell
line of Medix Biochemica (www.medixbiochemica.
com) (University of Turku, unpublished data). Nor-
mal capacity streptavidin (SA) plates were purchased
from Kaivogen Oy (www.kaivogen.com). High-
capacity SH (sulphydryl)-SA plates were produced as
described earlier (13). Calibrators were prepared by
diluting ITC into Tris-buffered saline with azide (TSA)
(50 mmol/L Tris-HCI, pH 7.75; 150 mmol/L NaCl; and
0.5 g/L NaNj;) containing 75 g/L BSA [Sigma (www.
sigmaaldrich.com)]. The c¢Tnl concentration of the

ITC stock reported by the manufacturer was used to
assign the ¢Tnl concentrations of the dilutions.

LABELING OF MABS AND FAB FRAGMENTS WITH BIOTIN AND
LANTHANIDE CHELATE

Most Mabs were labeled with biotin or intrinsically
fluorescent europium (Eu) chelate as described
previously (4). Sugarbiotinylation of 19C7 Mab was
achieved by conjugating biotin-caproylhydrazine
(Sigma) covalently to aldehyde moieties produced on
its sugar residues. The hydroxyl moieties were first ox-
idized with 10 mmol/L sodium periodate (Sigma) in 10
mmol/L phosphate buffer, pH 7.4. After a 60-min in-
cubation, Mab was purified with an NAP-5 desalting
column [GE Healthcare Life Sciences/Amersham Bio-
sciences AB (www.gehealthcare.com)] with 5 mmol/L
phosphate buffer, pH 7.4, as an eluent. Biotinylation
was performed with a 200-fold molar excess of biotin-
caproylhydrazine by incubating the reaction for 2 h
and by removing free biotin with an NAP-10 column
and TSA. Unreacted aldehydes were removed with 33
mmol/L ethanolamine [Avantor Performance Materi-
als (www.avantormaterials.com)]. After a 30-min in-
cubation, biotinylated 19C7 was purified with a PD-10
column (GE Healthcare Life Sciences) by using TSA for
elution. All steps were performed protected from light
at room temperature.

Fab fragments were site-specifically biotinylated
with 95 umol/L maleimide—PEO,-biotin [Thermo
Fisher Scientific (www.thermofisher.com)] during
protein purification performed essentially as described
previously (14), with 4 mL of running buffer (50
mmol/L phosphate, pH 7.5; 7.5 mmol/L imidazole; 80
g/L glycerol) containing maleimide—PEO,—biotin cir-
culated through an immobilized metal affinity chro-
matography column for 1.5 h at room temperature.
After the column was washed, biotinylated Fabs were
released with elution buffer (50 mmol/L phosphate,
pH 7; 300 mmol/L imidazole; 80 g/L glycerol) and
transferred to TSA. Biotinylated and Eu(III)-labeled
Mabs and Fabs were stabilized with BSA (1g/L) and
stored at 4 °C.

IMMUNOASSAYS FOR cTnl
Biotinylated capture antibodies (12.5-200 ng) were
first immobilized to SA- or SH-SA-coated microtiter
wells (cTnl assays 1-5 or 6, respectively) in 25 uL of
Kaivogen buffer solution (Kaivogen Oy) and incubated
for 60 min at room temperature. After washings, 20 L
of calibrator or serum and 100 ng of the Eu-labeled
tracer antibody in 20- L Insulation layer II (ILII) [Ra-
diometer/Innotrac Diagnostics (www.innotrac.fi)]
were added into triplicate wells. The wells were incu-
bated for 30 min at 36 °C, 900 rpm in a plate shaker
[iEMS incubator/shaker, Thermo Electron Corpora-
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tion/Labsystems, (www.thermoscientific.com)]. The
washed wells were dried and the time-resolved fluores-
cence was measured directly from the surface with a
Victor X4 Multilabel Counter [Perkin-Elmer/Wallac,
Turku, Finland (www.perkinelmer.com)].

We determined analytical recovery for cTnl assays
1-6 by measuring the fluorescence signal from each
sample with and without ITC addition (30 ug/L) and
by comparing the ITC-specific signal to the signal of
similarly spiked BSA-TSA (100%). Finally, the results
were normalized with the median of the normal recov-
ery (NR) group set to 100%. Full analytical perfor-
mance was determined only for ¢Tnl assays 1, 3, and 6
because these assays were further studied with clinical
samples. ITC calibrators (analyzed in duplicate for 8
days) with a specific signal higher than the analytical
sensitivity (3 SD of blank) of that assay were used in a
calibration curve [nonlinear allometric 1 fitting, Origin
8, OriginLab Corboration (www.originlab.com)]. The
obtained equations were used to calculate the cTnl
concentrations of individual non-ST-elevation ACS
samples.

COMPARISON OF CAPTURE EFFICIENCIES OF cTnl

ASSAYS 1 AND 6

The difference in the analytical sensitivities of ¢Tnl as-
says 1 and 6 was further studied by comparing the cap-
ture efficiencies of these assays for standards and cTnl-
containing samples. We added 20 pL calibrator or
plasma and 20 uL ILII on the capture surfaces of assay
1 and assay 6, respectively. After a 30-min incubation
(36 °C, 900 rpm), the solution with unbound calibra-
tor/endogenous cTnl was transferred to a second set of
assay 6 and assay 1 capture surfaces, respectively, and
incubated for another 30 min. Bound cTnl was de-
tected from both surfaces by incubating tracer antibod-
ies in 40 wL ILII for 30 min before the signal
measurements.

IMMUNOASSAY FOR HUMAN cTnAAbS

The cTnAAD status of the samples was determined with
the previously published cTnAAb assay (6, 15). A sam-
ple with a positive net signal (Student’s t-test, P < 0.05)
above the background control was considered cTnAAb
positive.

SAMPLES
To study cTnAAD interference with analytical recovery
tests, we used heparin plasma samples collected from
patients (n = 1100) admitted to S:t Gorans Hospital
[Stockholm, Sweden (www.capio.com)] for noncar-
diac conditions and 5 apparently healthy volunteers at
our department in 2007—2008. The analytical recover-
ies were first determined with the midfragment target-
ing cTnl assay 1. Two study groups with lowered ana-
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Iytical recoveries were selected: low recovery (LR)
(<10%, n = 49) and medium recover (MR) (10%-—
20%, n = 17). The NR group (n = 66) was randomly
chosen from the remaining samples. The analytical re-
coveries of these samples were then analyzed with ¢Tnl
assays 2—6.

The performance of the investigational cTnl assays
was studied with EDTA plasma samples collected in
1996-1998 from non—ST-elevation ACS patients for
the prospective Scandinavian multicenter trial, FRag-
min/Fast Revascularisation during InStability in Coro-
nary artery disease (FRISC-II) (16). Endogenous cTnl
was analyzed with c¢Tnl assays 1, 3, and 6 from 70
cTnAADb-positive and 140 cTnAAb-negative admission
samples randomly chosen from 857 patients who par-
ticipated in the previously reported FRISC-II substudy
(17). Investigational assays 1 and 3 were selected be-
cause they represented antibody configurations of con-
temporary commercial assays, whereas cTnl assay 6
was selected because of its apparent lack of dependence
on the cTnAAbD status of samples. Previously deter-
mined c¢Tnl concentrations were available from 3 com-
mercial assays of midfragment type design, the first-
generation AxSYM assay (Abbott Diagnostics), the
second-generation AccuTnl assay (Beckman Coulter),
and the Liaison c¢Tnl assay (Byk-Sangtec Diagnostica)
(18, 19). According to manufacturers, the analytical
sensitivities were 0.3, 0.01, and 0.005 ug/L for the
AxSYM cTnl, AccuTnl, and Liaison c¢Tnl, respectively.

For capture efficiency comparisons, we used 4
cTnl-containing heparin plasma samples from patients
admitted to Central Ostrobothnia Central Hospital
(Kokkola, Finland).

STATISTICAL ANALYSIS
In all statistical tests, P values <0.05 were considered
statistically significant. We analyzed differences in an-
alytical recoveries between study groups with Stat View
5.0 [SAS Institute (www.sas.com)] using Kruskall-
Wallis and Mann—Whitney U-tests. Statistical analyses
of endogenous c¢Tnl were performed using statistical
software SAS 9.2 (SAS Institute). Patients with a ¢Tnl
concentration lower than the analytical sensitivity of
the assay in question were excluded, and final analyses
were completed with 108 cTnAAb-negative and 53
cTnAAb-positive samples. Normalization equations
were constructed from the original ¢Tnl concentra-
tions of the cTnAAb-negative cohort by regression
analyses. Because of the heteroscedasticity of residuals,
cTnl values from the range with lower variance were
weighed. Dependence between cTnl assays 3 and 6 was
linear, and consequently a simple linear regression
model was used. Dependence between assays 3 and 1
was nonlinear. Therefore a quadratic term and a loga-
rithmic transformation were needed for constructing a
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Fig. 1. Schematic representation of the study design.

linear model used for the normalization of cTnl assay 1
values. We compared the original ¢Tnl assay 3 values
and the normalized values with ¢Tnl assays 1 and 6
using repeated measures ANOVA and Tukey—Kramer
adjustment.

Results

A schematic representation of the study design is pre-
sented in Fig. 1. To evaluate the effect of cTnAAbs on
different cTnl assay configurations, ITC recovery was
measured with the 6 investigational c¢Tnl assays (Fig.
2). Fig. 3A shows that the analytical interference of
cTnAAbs decreased when alternative epitope combi-
nations were used. Compared to the median of the NR
group (100%), the medians of assays 1-6 were 9%,
26%, 32%, 53%, 58%, and 103% in the LR group and
35%, 76%, 78%, 83%, 65%, and 102% in the MR
group, respectively. Differences between study groups
remained highly significant (P < 0.0001) in assays 2—5
but notin assay 6 (P = 0.1649). As shown in Fig. 3B, all
LR and MR and 24 NR samples were cTnAAb positive,
with the cTnAAD signals of each study group differing
significantly (P < 0.0001) from each other. Whereas
median signals in the LR and MR groups were 13 301
and 2690 counts, respectively, half of the cTnAAb-
positive samples in the NR group had cTnAAD signals
=100 counts.

The analytical sensitivities of cTnl assays 1, 3, and
6, which were chosen for further studies with cardiac
patients, were 0.30, 0.06, and 0.02 ug/L, respectively.
Fig. 4, A and B show the scatter plots of the ¢Tnl con-
centrations of cTnAAb-positive and -negative ACS pa-
tients measured with cTnl assays 1 and 6 with assay 3 as
a reference. Assays 1 and 3 performed similarly,

whereas with assay 6 the majority of cTnAAb-positive
samples stand out from the scatter because of higher
cTnl results with ¢Tnl assay 6 than with assay 3. The
mean concentrations of ¢Tnl assays 1, 3, and 6 were
2.77,2.41, and 1.13 ug/L in the cTnAAb-negative co-
hort, and 2.21, 2.49, and 4.15 pg/L in the cTnAAb-
positive cohort, respectively. Similar scatter plots were
obtained when the investigational assays were com-
pared to 3 commercial assays. Fig. 4, Cand D show that
comparison to the second-generation AccuTnl assay
presents a scatter profile in relation to cTnl assay 6 that
is highly similar to that of investigational assay 3 (Fig.
4B).

There were significant differences in measured
cTnl concentrations in the cTnAAb-negative cohort.
Assay 1 gave on average 36% higher and assay 6 86%
lower concentrations than cTnl assay 3 (Bland—
Altman). When the measured ¢Tnl concentrations of
cTnAAb-negative samples of assays 1 and 6 were nor-
malized against cTnl assay 3 (see the linear regression
curves in Supplemental Figs. 1 and 2 in the Data Sup-
plement that accompanies the online version of this
article at http://www.clinchem.org/content/vol58/
issue6), the cTnl concentrations (mean) in the
cInAAb-positive cohort were not significantly differ-
ent (P =0.8781) between cTnl assays 1 (1.82 ug/L) and
3 (2.49 ug/L), but the concentration with assay 6 (9.19
pg/L) was 5.0- and 3.7-fold higher (P < 0.0001) than in
the other 2 assays. Although no significant correlation
(P > 0.05) was found between cTnl concentration ra-
tios [c(cTnl assay 6)/c(cTnl assay 1 or 3)] and cTnAAb
signals owing to an extensive scatter, it is apparent that
the higher ratios are found in samples with higher
cTnAAD signals (see online Supplemental Fig. 3). Thus
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2440 Mab* 41-49 Mab
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27-39 Pab* ~ 80110 Mab
cTnl assay 1
41-49 19C7 86-90 8E10*
cTnl assay 2
23-29 4C2 86-90 8E10* 190-196 MF4
cTnl assay 3
26-35 228 41—-49 19C7* 83-93 560
cTnl assay 4
1828 M18  41-49 19C7* 169178 267
cTnl assay 5
26-35 228" 137-148 817
cTnl assay 6
23-294C2 41-49 19C7 137-148 8I7* 190-195 9707*

antibody; #, sugar biotinylated.

Fig. 2. Epitope map of antibodies used in the 3 commercial and the 6 investigational cTnl assays.

The bar next to the assay name represents the linear amino acid sequence of cTnl. The antibody epitopes are marked with
shorter lines below the cTnl sequence with respective amino acid locations and Mab codes. Pab, polyclonal antibody; *, Tracer

cTnl assay 6 tended to give higher c¢Tnl results than
assays 1 or 3 in samples with higher cTnAAD signals.

Because of the clear signal differences seen, espe-
cially with ¢Tnl assays 1 and 6, we compared the rela-
tive capture efficiencies of assays 1 (19C7) and 6 (4C2,
19C7, 9707). After preincubation on the cTnl assay 6
capture surface, the assay 1 configuration detected only
4%-5% of the ITC calibrator while in the reverse situ-
ation, cTnl assay 6 configuration detected almost 40%
of the ITC (see online Supplemental Table 1). Simi-
larly, for endogenous cTnl-containing patient samples,
assays 1 and 6 detected 16%—31% and 48%—83% of the
cTnl, respectively.

Discussion

The aim of this study was to explore the extent of
cTnAAb interference in ¢Tnl assay configurations by
use of different epitopes and to identify antibody
combinations that would be minimally affected by
this analytical interference. Our results show that
several antibody configurations deviating from the
conventional midfragment approach improve the
cTnl detection in cTnAAb-positive samples. The auto-
antibody interferences demonstrated by our investiga-
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tional assays are equally seen with the 3 commercial
cTnl kits studied. The analytical recovery tests per-
formed with 6 investigational cTnl assay designs dem-
onstrate that the epitope selection profoundly affects
the degree of negative ¢cTnAAb interference, which
confirms and extends the conclusions from previous
reports (9, 20 ). Thus, selecting a novel 3 + 1-type an-
tibody configuration (assay 6) with the detector anti-
body recognizing the N-terminal part of the
C-terminal region and 3 capture antibodies for
epitopes on the N-terminus, the midfragment, and
the C-terminus decisively reduces the cTnAAb
interference.

Because the standard material used does not truly
represent the endogenous cTnl found in circulation, 3
assay configurations (1, 3, and 6) were selected for
more detailed characterization with clinical samples
obtained from non-ST-elevation ACS patients. Al-
though assay 6 was selected owing to low cTnAAb in-
terference, assays 1 and 3 were selected to exemplify
first-generation cTnl assays and more contemporary
assays, respectively.

Although cTnl assays 1, 3, and 6 were calibrated
against the same tissue-derived ITC preparation when
the cTnl concentrations of the ACS patients were mea-
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sured, assay 6 gave lower ¢Tnl concentrations in the
cTnAAb-negative group but higher concentrations in
the cTnAAb-positive group compared to assays 1 and
3. This was because the ITC calibrator is poorly recog-
nized by assay 1 relative to assay 6, whereas the differ-
ences with patient samples were much lower. To cor-
rect the obtained results for this calibrator artifact and
enable a comparison of the effect of cTnAAbs, the data
were normalized against the ¢Tnl concentrations ob-
tained by cTnl assay 3 for the cTnAAb-negative cohort.

In this manner, the difference between assays 1 and 3,
both targeting the midfragment epitopes, was not sta-
tistically significant in detecting ¢Tnl in the cTnAADb-
positive group. In contrast, cTnl assay 6 provided sig-
nificantly higher recognition of cTnl in this group.
Our results with the investigational assays were
also compared to results from 3 commercial ¢Tnl as-
says, which have been extensively documented
both analytically and clinically (18, 19, 21-24). The
cTnAAb-associated interference is as obvious and sig-
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nificant in these assays as in the investigational assays 1
and 3 when compared to the new assay 6. In essence
this means that significant cTnl concentration under-
estimations are seen in individual cTnAAb-positive
samples in relation to the new assay (Fig. 4D). Tang et
al. (25) recently reported serious underestimations
with 5 commercial cTnl assays in patients having cTnl-
specific cTnAAbs, even to the extent that these patients
were falsely designated as cTnl negative in relation to
the recommended cutoffs. In the light of our results,
the possibility for serious underestimation of circulat-
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ing ¢Tnl amounts remains a valid and reasonable
notion.

In the present study, all individual samples did not
behave similarly. The change of antibody configura-
tion had a stronger effect on the cTnAAb interference
of some samples than others. This finding suggests that
cTnl-specific cTnAAbs are conceivably even more het-
erogenous than initially reported (9). In addition to the
measured autoantibody titers, intraindividual varia-
tion in cTnAAb epitope specificities probably affects
the degree of interference. In addition, the fine speci-
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ficity of circulating ¢cTnAAbs calls for more precise
characterization in the light of a recently reported
study (26 ) in which antibodies targeting different cTnl
epitopes were associated with different pathological ef-
fects in mice.

Although a number of manufacturers currently
provide immunoassays for cTnl measurement, the re-
sults of these assays are not always interchangeable be-
cause of the differences in antibody reactivity, calibra-
tion materials, and assay formats, and because of the
pronounced heterogeneity of the cTnl molecule in the
bloodstream. The use of a common calibrator has been
found to reduce the bias in measured cTnl values but
has notbeen able to provide acceptable cTnl assay stan-
dardization (27, 28). Similarly, in our study, despite
the use of a common calibrator, the nonnormalized
cTnl concentrations deviated significantly in the
cTnAAb-negative patient cohort. Although the analyt-
ical sensitivities may explain part of this variation, the
differences in the epitope specificities, affinities, and
formats of chosen antibodies probably have a more sig-
nificant effect. This is supported by the results of the
experiments in which the binding of ITC or endoge-
nous cTnl was studied by transferring them from one
capture surface to another before signal measurement.
The ITC standard was efficiently bound by the assay 6
capture surface, whereas a remarkable proportion of
ITC remained free after preincubation on the assay 1
capture surface. Thus these surfaces recognize the cal-
ibrator in a highly variable manner. The results also
indicate that the standard material does not truly re-
flect the cTnl forms in samples of cardiac patients be-
cause the difference in signals between the assays for
endogenous ¢Tnl was much smaller than for the cali-
brator. This observation is yet another illustration of
the well-known complexity of cTnl standardization.

With regard to the different ¢Tnl forms found in
the circulation, one limitation of this study may have
been the use of plasma samples that had been stored
frozen for a substantial length of time and thawed a few
times before analysis. Therefore, changes in the cTnl
molecular structure affecting the antibody recognition
may have occurred. Because our ¢Tnl assay 6 does not
recognize the midfragment of ¢Tnl, samples with ex-
tensive ¢Inl fragmentation would not be fully de-
tected. However, as reported recently (20 ), only minor
losses of immunoreactivity were seen with clinical sam-
ples incubated for 24 h at room temperature using a
2 + 1-type assay (Radiometer) (11, 29) unable to gen-
erate signal from the stable midfragment. It is conceiv-
able that the immunoreactivity of archival samples may
have altered during storage. However, samples for a
critical care marker such as cTnl are not to be stored for
extended periods. This study is also limited to a com-

parison of measured cTnl concentrations in the ranges
considered analytically reliable by all the included as-
says. This means that very low cTnl concentrations
could not be investigated in this study, although highly
sensitive cardiac troponin assays have recently been
studied extensively for their clinical use in the triage of
ACS and as long-term risk markers (30). Because the
risk for clinical misclassification due to cTnAAD inter-
ference may be even more pronounced at lower cTnl
concentrations, a highly sensitive assay suitable for
routine clinical use of the novel assay 6 design is pres-
ently under development to enable comparison of its
clinical utility in relation to contemporary or ultrasen-
sitive commercial cardiac troponin assays.

In conclusion, this study establishes the significant
interference of circulating cTnAAbs in representative
cTnl assays used in clinical practice. The novel assay 6
design of this study circumvents this particular analyt-
ical interference and challenges the official reccommen-
dation for cTnl assay development. In light of the high
frequency of autoantibody-positive individuals also re-
ported elsewhere and the dramatic inhibitory effect
they may exert, we strongly feel that future recommen-
dations on cTnl assay designs will have to acknowledge
these facts.
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