Clinical Chemistry 51:5
848 – 855 (2005)

Proteomics and
Protein Markers

Comparison of Cardiac Troponin I Immunoassays
Variably Affected by Circulating Autoantibodies
Susann Eriksson,1* Tuomo Ilva,2 Charlotte Becker,3 Juha Lund,2 Pekka Porela,2
Kari Pulkki,4 Liisa-Maria Voipio-Pulkki,5 and Kim Pettersson1
Background: We recently provided evidence that circulating autoantibodies against cardiac troponin I (cTnI)
or the troponin complex cause negative interference in
cTnI immunoassays. By comparing three cTnI immunoassays, we further explored the phenomenon of circulating autoantibodies and their consequences in patient
samples.
Methods: We developed a cTnI immunoassay with a
novel assay design using three antibodies, two of which
bind epitopes outside the stable, central part of cTnI.
Samples from 541 chest pain patients were measured
with the new cTnI assay and with a first-generation cTnI
assay (Innotrac Aio cTnI) using a conventional midfragment assay design. Using another sample cohort, we
also compared the new assay with a second-generation
cTnI assay (Access AccuTnI).
Results: The analytical detection limit of the new cTnI
assay was 0.012 g/L, and the lowest concentration
giving a total imprecision (CV) of 10% was 0.060 g/L.
The mean difference (95% limits of agreement) between
the new cTnI and Aio cTnI assays was larger in admission samples (21.0%; ⴚ107.8% to 149.7%) than in samples taken 6 –12 h (12.8%; ⴚ61.5% to 87.2%) and 24 h
after admission (3.0%; ⴚ71.3% to 77.4%; P <0.001). With
the lowest concentrations giving 10% CV (0.22 g/L for
Aio cTnI) used as cutoffs, 14.3% (n ⴝ 76) of admission
samples were positive only with the new assay, whereas
13.5% (n ⴝ 72) were positive with both assays. Of
samples taken at 6 –12 and 24 h, 10.2% (n ⴝ 31) and 8.3%
(n ⴝ 29) were positive only with the new assay. ROC

curve analysis of admission samples showed a significantly higher area under the curve for the new cTnI
assay (0.940) than for the Aio cTnI assay (0.846; P
<0.001). The new cTnI assay gave generally lower results than the AccuTnI assay; the mean (95% limits of
agreement) differences were ⴚ58.9% (ⴚ151.8% to 34.0%)
in admission samples. In samples with severe interference from autoantibodies, median ratios between the
new assay and AccuTnI were higher than in samples
with no apparent troponin autoantibodies (0.875 vs
0.481; P<0.001).
Conclusions: The new cTnI assay, which is based on a
novel antibody combination different from the conventional midfragment antibody approach, offers improved
detection of cTnI in samples containing troponin
autoantibodies.
© 2005 American Association for Clinical Chemistry

The first report of the use of cardiac troponin I (cTnI)6 for
diagnosis of myocardial infarction (MI) was published in
1987 by Cummins et al. (1 ). Since then, both cTnI and
cardiac troponin T (cTnT) have been shown to be sensitive
and specific biochemical markers of myocardial necrosis.
Consequently, scientific committees have advised that the
troponins be the preferred biomarkers for detection of
myocardial injury (2, 3 ). Today, more than 10 manufacturers produce cTnI assays, some producing several assays on different platforms (4, 5 ), whereas only 1 manufacturer produces cTnT assays (Roche Diagnostics).
Despite the widespread use of the troponins as cardiac
markers, the molecular nature of cardiac troponins in the
bloodstream has not been studied extensively or systematically. It is known that cTnI is susceptible to various
modifications, either in the myocardium before release or
in the bloodstream after release. These modifications
include proteolysis (6 – 8 ), phosphorylation (8, 9 ), and
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oxidation (10, 11 ). The main part of cTnI is found in
complex with the other troponins, mainly troponin C
(TnC), but also with cTnT (11–13 ). For optimal performance, cTnI assays should be capable of detecting all
circulating cTnI forms and at the same time be analytically very sensitive.
We have previously reported the existence of an interfering factor that can give false-negative results if antibodies against certain midfragment epitopes are used in
two-site immunoassays (14, 15 ). The existence of this
interfering component and the clinical importance of its
negative effect on cTnI measurements have been questioned (16 ). We have now provided evidence that the
observed interference is attributable to circulating autoantibodies against cTnI or the troponin complex (17 ).
These autoantibodies seem to principally block the binding of monoclonal or polyclonal anti-cTnI antibodies to
amino acid residues 41–91 (15 ), which constitute a substantial part of the stable midfragment region (amino acid
residues 30 –110) that has been recommended as the target
for cTnI assays (18 ). On the basis of our previous results,
we developed a new cTnI assay that uses antibodies that
are unaffected or affected to a lesser extent by the presence of troponin autoantibodies. Because we did not find
it feasible to construct such an assay using only antibodies
toward the most stable central region of cTnI, we were
obliged to also select antibodies outside this region.
In this report, we describe the analytical characteristics
of the new assay and compare its clinical performance
with a first-generation cTnI assay (Innotrac Aio) based on
a conventional design with antibodies against two midfragment epitopes. For this analysis, we assayed samples
from 541 consecutive patients presenting with chest pain.
Using a separate sample cohort, we also compared the
new assay with a second-generation cTnI assay (Access
AccuTnI; Beckman Coulter).

Materials and Methods
assay development
Immunoassay design. The new cTnI assay was designed to
be minimally affected by the presence of autoantibodies to
troponin (14, 15 ). Central antibody selection criteria were
a low influence of troponin autoantibodies, retained detection of the major cTnI degradation products, a low
analytical detection limit, and preferably, only one detection antibody. Two cTnI antibodies (HyTest Ltd.) were
used for capture: one detects an epitope at amino acids
41– 49 and the other an epitope after amino acid residue
110 in the C-terminal region. The detection antibody
(Spectral Diagnostics Inc.) recognizes an epitope after
amino acid 110 in the C-terminal region of cTnI. All
antibodies are specific for cTnI, with no cross-reactivity
with cTnT or TnC. The assay is a noncompetitive, onestep immunofluorometric sandwich assay based on the
all-in-one dry-chemistry concept (19 ).
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Labeling of antibodies. The intrinsically fluorescent europiumchelate,{2,2⬘,2⬙,2-{[2-(4-isothiocyanatophenyl)ethylimino]bis(methylene)bis{4-{[4-(␣-glucopyranoxy)phenyl]
ethynyl}pyridine-6,2-diyl}bis(methylenenitrilo)}tetrakis
(acetato)}europium(III) (20 ), used for labeling of the detection antibody, was kindly provided by Jaana Rosenberg (Department of Biotechnology, University of Turku,
Turku, Finland). The antibody was labeled overnight
(16 –20 h) at room temperature with a 35-fold molar excess
of chelate in 50 mmol/L sodium carbonate buffer (pH 9.8)
containing 250 mL/L ethylene glycol. Purification was
performed as described previously (14 ).
Capture antibodies were biotinylated as described previously (14 ), except that a 10-fold molar excess of biotinisothiocyanate was used.
Preparation of dry reagent wells. Biotinylated capture antibodies [150 ng each of two different antibodies in 50 L of
coating buffer (20 )] were attached to streptavidin-coated
single microtiter wells (Innotrac Diagnostics Oy) by incubation overnight at room temperature without shaking.
The wells were washed, and 40 L of a protective solution
(21 ) was added to the aspirated wells. The wells were
dried overnight in a dry-condition cabinet at 35 °C with
5% relative air humidity. The labeled detection antibody
(50 ng) was added on top of the protective layer in a 1-L
drop of an optimized buffer (20 ) and immediately dried
with warm air. The dry reagent wells were stored at 4 °C
in sealed containers with desiccant until use.
Immunoassay protocol. The cTnI immunoassay was performed on the fully automated Innotrac Aio Immunoanalyzer (Innotrac Diagnostics Oy). The assay started with
the addition of 20 L of sample and 10 L of a combined
assay/wash buffer (21 ) to the dry reagent well. The well
was incubated for 15 min with slow shaking at 36 °C,
washed six times with assay/wash buffer, and dried with
hot air. The time-resolved fluorescence from the europium chelate was measured by the Aio Immunoanalyzer directly from the solid phase, using the default
measurement settings.

analytical and clinical characterization
Calibration curve and detection limit. Human cardiac troponin complex (native, tissue-derived cTnI-cTnT-TnC complex) from HyTest Ltd., prepared as described previously
(14 ), was used for assay calibration. The mean counts
from all measurements were used to construct a master
calibration curve, from which the cTnI concentrations of
patient samples were calculated. The mean (SD) background was calculated from the counts of calibrator buffer
without added cTnI measured twice a day for 29 days
(n ⫽ 58) on a single instrument.
Recognition of different forms of cTnI. A diversity reagent set
containing four pairs of antigen preparations (free cTnI/
binary cTnI-TnC complex, native/phosphorylated cTnI in
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ternary complex, native/proteolytically degraded ternary
troponin complex, cTnI in normal human serum/in the
presence of 10 IU/mL heparin) was kindly provided by
HyTest Ltd. (cat. no. K01) and used for testing the
reactivity of the assay against different cTnI forms.
Analyte stability. Seven matched EDTA- and heparinplasma samples containing various concentrations of endogenous cTnI (cTnI range, 0.056 – 6.222 g/L) were measured directly with the new cTnI assay or after storage for
24 h at room temperature or 4 °C.
Reference samples. We determined the upper reference
limit by testing 144 serum samples from patients without
cardiac-related symptoms from Turku University Central
Hospital (14 ). We also measured multiple matched samples from 20 healthy volunteers from our personnel
(serum, heparin-anticoagulated plasma and whole blood,
and EDTA-anticoagulated plasma and whole blood).
Three serum pools were prepared by pooling serum
samples from MI patients (14 ). The pools were divided
into aliquots and stored frozen at ⫺20 °C until use. The
serum pools were analyzed daily, and the results were
used for calculation of between-run imprecision.
Patient samples. We obtained samples from 541 consecutive patients who presented to Turku University Central
Hospital for evaluation of suspected MI between May
2000 and July 2001. Of these patients, 175 were discharged
and 366 were hospitalized after emergency room evaluation. On the basis of the criteria of the European Society of
Cardiology/American College of Cardiology Joint Committee consensus document (2 ), 199 patients were diagnosed with MI. The patients were treated according to the
routine clinical protocols of the hospital. The study protocol was in accordance with the Helsinki Declaration of
1975 as revised in 1996 and was accepted by the Ethics
Committee of Turku University Central Hospital. All
participants gave written informed consent to participate
in the study. EDTA-plasma samples were taken at the
time of presentation from all patients and 6 –12 and 24 h
later from patients admitted to hospital. The samples
were frozen immediately and stored at ⫺70 °C until
analysis by the new cTnI assay and the first-generation
Innotrac Aio cTnI assay at the same time.
Lithium-heparin-plasma samples from a separate set of
52 MI patients were collected at the Department of
Laboratory Medicine, Malmö University Hospital
(Malmö, Sweden). The admission samples and samples
taken 6 h after admission were immediately assayed by
the Access AccuTnI (Beckman Coulter), and then were
frozen within 8 h and stored at ⫺20/⫺70 °C until analysis
by the new cTnI assay. The samples were collected as part
of the routine sampling procedure at Malmö University
Hospital, and all identifying labels were removed at the
hospital to retain the anonymity of the patients.

other immunoassays
The first-generation Innotrac Aio cTnI assay (Innotrac
Diagnostics Oy) is a rapid one-step immunofluorometric
sandwich assay (22 ) that uses antibodies against the
stable midfragment region of cTnI (with epitopes at
amino acid residues 41– 49 and 87–91). The assay is
calibrated against the human ternary cardiac troponin
complex (HyTest Ltd.). This assay, which is no longer
commercially available, has been replaced by a more
sensitive second-generation Aio cTnI assay (23 ), which in
essence is identical to the investigational assay described
in this report. The Innotrac Aio Immunoanalyzer was
used to analyze the EDTA-plasma samples according to
the manufacturer’s instructions.
The second-generation Access AccuTnI assay (Beckman Coulter) uses two monoclonal antibodies directed to
amino acid residues 24 – 40 and 41– 49 (24 ). Heparinplasma samples were assayed according to the manufacturer’s instructions.

recovery of cTnI
We evaluated the effect of troponin autoantibodies on the
new cTnI assay compared with the Aio cTnI and Access
AccuTnI assays by measuring the recovery of cTnI. Ternary troponin complex corresponding to 30 g/L cTnI
(final concentration) was added to three serum pools that
were prepared by pooling samples with known low
(⬍10%), medium (⬃50%), or normal (⬃100%) recovery of
cTnI as determined previously by the Mab 1/Mab 2 assay
(14 ). The pools were also measured without addition of
troponin complex (only the same amount of buffer was
added), and this concentration was subtracted from the
concentration in the pool with added troponin to correct
for any original cTnI. The recovery of cTnI in the pool
with normal recovery was assumed to be 100%, and the
recoveries in the low and medium recovery pools were
compared with this value. All measurements were performed in duplicate.

detection of troponin autoantibodies
We screened the admission samples from the set of 52 MI
patients for the presence of troponin autoantibodies by
measuring the recovery of cTnI with a capture antibody
binding to amino acid residues 41– 49 and a detection
antibody binding to amino acid residues 87–91. The
recovery was measured as described previously (14 )
except that ternary troponin complex corresponding to a
final cTnI concentration of 3 g/L was added to the
samples. Low recovery of cTnI with this antibody pair
indicates the presence of troponin autoantibodies.

statistical analysis
Statistical analyses were performed with the statistical
software SPSS for Windows, Ver. 11.0 (SPSS Inc.), except
for ROC curve analysis and Bland–Altman difference
calculations, which were performed with GraphPad
Prism for Windows, Ver. 4.02 (GraphPad Software). The
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Fig. 1. Difference plots comparing the new cTnI and Aio cTnI assays in samples taken at admission and 6 –12 or 24 h after admission with
detectable concentrations in both assays.
The x axis shows the mean of the two assays, and the y axis shows the percentage difference [100 ⫻ (new cTnI assay ⫺ Aio cTnI)/mean of the two assays]. Solid
line, mean difference; dotted lines, upper and lower 95% limits of agreement.

difference between methods was evaluated by the Bland–
Altman method (25 ), as modified by Pollock et al. (26 ).
The MultiCalcTM software (PerkinElmer Life and Analytical Sciences, Wallac Oy) was used for calculation of
imprecision profiles.

Results
calibration curve and detection limits
The master calibration curve for the new cTnI assay was
constructed from the mean counts of calibrators measured
during this study (see Fig. 1 in the Data Supplement that
accompanies the online version of this article at http://
www.clinchem.org/content/vol51/issue5/). The calibration curve was linear up to 100 g/L, and we observed no
high-dose hook effect with concentrations up to 1000
g/L. The analytical detection limit, calculated as the
mean background signal ⫹ 2 SD, was 0.012 g/L.
The detection limits of the first-generation Innotrac Aio
cTnI assay and Access AccuTnI were reported by the
manufacturers to be 0.05 and ⱕ0.01 g/L, respectively.
Thus, the detection limit of the new assay was lower than

that of the Aio cTnI assay and was comparable to that of
the AccuTnI assay.

imprecision
We determined the precision of the cTnI assay with seven
calibrators and three serum pools. The between-run CVs
for calibrators (n ⫽ 20) were 6.6 –11% (Fig. 1 in the online
Data Supplement). For serum pools run in duplicate on 20
separate days, the between-run CVs were 5.0 –10% (mean
cTnI concentrations of 5.391, 0.970, and 0.073 g/L). We
calculated the imprecision profile based on 12 replicates
of each calibrator and duplicates of consecutively measured samples (n ⬎400). For concentrations ⱖ0.06 g/L,
the total imprecision (CV) was ⱕ10% (Fig. 2 in the online
Data Supplement), which places the new assay approximately in the range of the Access AccuTnI assay (24 ).

recognition of different forms of cTnI
The assay signal for cTnI in binary complex with TnC was
1.62-fold higher than that for free cTnI. In vitro-phosphorylated cTnI gave signals 1.22-fold higher than native cTnI.
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The signal for cTnI extensively cleaved by proteases was
9.46% of the signal for intact cTnI. The addition of heparin
(10 IU/mL) increased the signal 1.24-fold compared with
sample without heparin.

Table 1. Concordance/discordance between cTnI assays at
different cutoff values.
A. Concordance with lowest concentrations with 10% CV in respective cTnI
assays used as cutoff values
New cTnI assay

analyte stability

upper reference limit and sample type
The upper reference limit, defined as the 99th percentile
value, was 0.015 g/L. In the 20 matched samples from
healthy individuals, the mean concentrations in all sample types (serum, EDTA plasma and whole blood, and
heparin plasma and whole blood) were below the detection limit of the assay.

recovery of cTnI
The new cTnI assay had considerably improved recovery
of cTnI in the low recovery pool (28.1%) compared with
both the Aio cTnI (0.2%) and Access AccuTnI (5.7%)
assays. The recoveries in the medium recovery pool were
108.0% (new cTnI assay), 73.0% (Aio cTnI), and 87.9%
(Access AccuTnI).

comparison with Aio cTnI assay
Comparisons of the new assay with the Innotrac Aio cTnI
assay are shown in Fig. 1. The difference between the
assays was larger (P ⬍0.001, one-way ANOVA post test
for linear trend), and the 95% limits of agreement were
wider in admission samples (mean difference, 21.0%; 95%
limits of agreement, ⫺107.8% to 149.7%) than in samples
taken 6 –12 h [12.8% (⫺61.5% to 87.2%)] and 24 h after
admission [3.0% (⫺71.3% to 77.4%)].
We then used the lowest concentrations corresponding
to a 10% CV (0.06 g/L for the new cTnI assay and 0.22
g/L for the Aio cTnI assay) as cutoff values. The new
assay was positive in considerably more samples than the
Aio cTnI assay at all time points (Table 1A). On the other
hand, none of the samples positive in the Aio cTnI assay
was negative in the new cTnI assay with these criteria
(Table 1A).
To investigate whether the increased number of positive samples with the new cTnI assay was a result only of
the lower detection limit, we used a cutoff of 0.12 g/L, at
which the Aio cTnI assay gave CVs of 12–13%, for both
assays. The concordance and discordance between the
new cTnI assay and Aio cTnI assay at the same cutoff is
shown in Table 1B. Of the 27 patients with admission

Samples

Aio cTnI

<0.06 g/L

Admission samples
(n ⫽ 533)

⬍0.22 g/L
ⱖ0.22 g/L

385 (72.2%)
0

76 (14.3%)
72 (13.5%)

6–12 h samples
(n ⫽ 303)

⬍0.22 g/L
ⱖ0.22 g/L

144 (47.5%)
0

31 (10.2%)
128 (42.2%)

24 h samples
(n ⫽ 350)

⬍0.22 g/L
ⱖ0.22 g/L

172 (49.1%)
0

29 (8.3%)
149 (42.6%)

>0.06 g/L

B. Concordance with cutoff value of 0.12 g/L for both assays
New cTnI assay
Samples

Aio cTnI

<0.12 g/L

Admission samples
(n ⫽ 533)

⬍0.12 g/L
ⱖ0.12 g/L

412 (77.3%)
4 (0.7%)

27 (5.1%)
90 (16.9%)

6–12 h samples
(n ⫽ 303)

⬍0.12 g/L
ⱖ0.12 g/L

155 (51.2%)
3 (1.0%)

6 (2.0%)
139 (45.9%)

24 h samples
(n ⫽ 350)

⬍0.12 g/L
ⱖ0.12 g/L

184 (52.6%)
5 (1.4%)

5 (1.4%)
156 (44.6%)

>0.12 g/L

samples ⬎0.12 g/L with the new assay, 20 patients had
at least one follow-up sample that was ⬎0.22 g/L with
the Aio cTnI assay and thus were classified as positive in
later samples if the 10% CV cutoff was used.
The cTnI concentrations measured by the new assay in
samples that gave results below the detection limit (0.05
g/L) of the Aio cTnI assay are shown in Fig. 2. The
number of positive (above the 10% CV concentration of
the new assay) samples decreased from 22 samples at
admission to 6 samples at 6 –12 h and 9 samples at 24 h
after admission, respectively. On the other hand, none of
0.60
0.55

n (total)=120
n (>0.06 µg/L)=22

n (total)=46
n (>0.06 µg/L)=6

n (total)=57
n (>0.06 µg/L)=9

0.50
0.45

New assay cTnI (µg/L)

The mean (SD) concentration measured in EDTA-plasma
samples (n ⫽ 7) after incubation for 24 h at room temperature was 83 (15)% of the original concentration and after
24 h at 4 °C was 91 (12)% of the original concentration. In
heparin-plasma samples (n ⫽ 7), the corresponding values were 93 (9)% and 100 (9)%. The mean concentration
was significantly different from the original concentration
in EDTA-plasma samples incubated at room temperature
(P ⫽ 0.020, one-sample t-test), but not for the other
samples (P ⫽ 0.093, 0.083, and 0.646, respectively).

0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05
0.00
Admission

6-12 h

24 h

Sample

Fig. 2. cTnI concentrations measured by the new assay in samples that
were below the detection limit of the Aio cTnI assay (0.05 g/L).
The horizontal line indicates the concentration giving a total CV of 10%.
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the 28 samples with detectable cTnI by the Aio cTnI assay
but below the detection limit of the new assay was above
the 10% CV concentration of 0.22 g/L of the Aio cTnI
assay at any time point.
We evaluated the diagnostic accuracy of the cTnI
assays by performing ROC curve analysis. For admission
samples, the areas under the curves (AUC) were 0.940
[95% confidence interval (CI), 0.916 – 0.964] for the new
cTnI assay and 0.846 (95% CI, 0.808 – 0.884) for the Aio
cTnI assay. For 6 –12 h specimens, the AUC (95% CI) were
0.985 (0.968 –1.001) and 0.969 (0.951– 0.988), and for 24 h
specimens, the AUC were 0.991 (0.983–1.000) and
0.976 (0.961– 0.991) for the new and Aio cTnI assays,
respectively. The AUC was significantly larger for the
new cTnI assay than for the Aio cTnI assay in admission
samples (P ⬍0.001).
We examined cTnI concentrations in samples from
individual MI patients to illustrate the presumed variable
effects of troponin autoantibodies on cTnI measurements
and found three main types of MI cases (Table 2). The
presumed presence of autoantibodies negatively affected
the Aio cTnI assay in samples from patients 1, 2, and 3,
giving cTnI concentrations below the 10% CV concentration in the admission samples. The admission samples
were all positive with the new cTnI assay, and the later
samples were also positive with the Aio cTnI assay. The
admission sample from patient 4 gave a 15-fold higher
measured concentration with the new cTnI assay than
with the Aio cTnI assay, although all concentrations were

Table 2. cTnI concentrations in samples from MI patients
showing the discrepancy or concordance between the new
cTnI assay and the Aio cTnI assay.
cTnI assay result,a g/L
Patient

Time after admission, h

New

Aio

1

0
6–12
24
0
6–12
24
0
6–12
24
0
6–12
24
0
6–12
24
0
6–12
24

0.306
0.335
1.337
0.182
1.369
0.477
0.334
20.43
37.78
8.263
179.5
41.86
0.047
0.434
1.601
⬍0.012
0.972
0.458

⬍0.05
⬍0.05
0.397
⬍0.05
0.768
0.277
0.078
6.915
22.93
0.546
228.2
33.65
⬍0.05
0.377
1.706
0.056
1.256
0.641

2

3

4

5

6

a

Values in bold indicate cTnI results above the cutoff concentrations (total CV
ⱕ10%), which were 0.06 g/L for the new assay and 0.22 g/L for the Aio cTnI
assay.

above the Aio cTnI cutoff. Finally, the samples from
patients 5 and 6 showed good agreement between the two
assays, illustrating the conformity between assays in the
absence of autoantibodies.

comparison with Access AccuTnI
Using a separate set of samples obtained early in the
course of MI, we compared the new assay with the Access
AccuTnI assay. For the new assay, the mean (95% limits of
agreement) difference was ⫺58.9% (⫺151.8% to 34.0%) in
admission samples and ⫺71.6% (⫺132.3% to ⫺10.8%) in
samples taken 6 h after admission (Fig. 3 in the online
Data Supplement; only samples with cTnI concentrations
detectable by both assays were included).
The mean (median) cTnI recovery at 3.0 g/L was
61.7 (65.0)% in the 52 admission samples with an assay
that is affected by the presence of autoantibodies (14 ).
Five patients had analytical recoveries of cTnI ⬍40% in
admission samples (see Fig. 3 in the online Data Supplement). The patients were then grouped according to the
recovery of cTnI in the admission sample (recovery ⬍40%
or ⬎40%), and the concentration ratios of the new assay to
Access AccuTnI were calculated for all samples (Fig. 4 in
the online Data Supplement), with the exclusion of 15
admission samples and 4 follow-up samples (recovery
⬎40%) with cTnI concentrations below the detection limit
of the new assay. The median (mean) ratio was
0.875 (1.038) in samples with recoveries ⬍40% (n ⫽ 10)
and 0.481 (0.477) in samples with recoveries ⬎40% (n ⫽
75; P ⬍0.001, Mann–Whitney U-test). The 25th and 75th
percentile ratios were 0.690 and 1.402 for samples with
recoveries ⬍40% and 0.350 and 0.549 for samples with
recoveries ⬎40%. Consequently, there are some differences in the detection of cTnI between the new cTnI assay
and Access AccuTnI in individual samples containing
troponin autoantibodies.

Discussion
We evaluated the performance of a new investigational
cTnI assay designed to circumvent the inhibiting effect of
circulating troponin autoantibodies in serum and plasma.
Because the interference can be related to the use of
antibodies against the midfragment region of the cTnI
molecule (15 ), the novel assay uses antibodies both within
and outside the stable midfragment portion of cTnI. We
assayed a large panel of samples from patients with chest
pain and suspected MI with the new assay and with a
first-generation cTnI assay that uses antibodies against
amino acid residues 41– 49 and 87–91, the latter of which
is severely affected by troponin autoantibodies (14, 15 ).
We used a separate panel of samples from patients in the
early phases of MI for a preliminary evaluation of the new
assay in comparison with a sensitive second-generation
cTnI assay, Access AccuTnI, which uses antibodies
against amino acid residues 24 – 40 and 41– 49 (24 ).
The detection limit of the new assay was approximately fivefold lower than the detection limit of the
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Innotrac Aio cTnI assay, which is based on the same
all-in-one dry-chemistry concept (19 ) as the new cTnI
assay. The lower detection limit was mainly a result of
changes in antibody selection, because both assays were
calibrated against the same cardiac troponin complex
preparation. The lowest cTnI concentration that gave a
total CV of 10% was 0.06 g/L, which is the same as has
been reported for the Access AccuTnI assay (24 ). The 99th
percentile reference limit was 0.015 g/L, meaning that
the requirement of a CV of 10% at the 99th percentile of a
reference population (2 ) was still not achieved. Only a
few commercial cTnI assays have been reported to fulfill
this requirement (27, 28 ).
The selection of antibodies against epitopes outside the
stable, central part of cTnI is a novel approach to improve
the sensitivity and performance of cTnI assays by avoiding the inhibiting effect of troponin autoantibodies. Because the influence of the saturable autoantibodies is
greatest when the amount of cTnI is low, the largest
discrepancy between assay results is expected to occur
early after myocardial injury. ROC curve analysis showed
a higher AUC for the new cTnI assay than for the Aio cTnI
assay in admission samples, whereas the difference in
AUC values decreased in later samples. Other examples
of this are shown in Table 2 for patients 1– 4, whose
admission samples gave very discrepant results with the
two assays. Difference analysis showed that the mean
difference between the new cTnI and Aio cTnI assays was
largest in the admission samples and decreased in later
samples.
The concentrations at which a 10% CV could be
achieved differed substantially between the new assay
and the Aio cTnI as a result of the poorer analytical
performance of the Aio cTnI assay. Thus, although ROC
curve analysis showed the improved clinical performance
of the new assay in admission samples, it could have
mainly been a result of its improved functional sensitivity.
For this reason, for both assays we also classified samples
as positive or negative based on the same cutoff concentration of 0.12 g/L, at which the imprecision of the Aio
cTnI was still quite acceptable; we found that the new
assay detected more admission samples with concentrations above this cutoff than the Aio cTnI assay (Table 1B).
Thus, the main advantage of the new cTnI assay is gained
in early samples.
In the Access AccuTnI assay, the selected antibodies
react with epitopes between amino acid residues 24 and
49; consequently, on the basis of our previous results (15 ),
the negative effect of troponin autoantibodies would be
expected to be less pronounced than for the Aio cTnI
assay. As we have pointed out previously (14 ), the
negative interference of autoantibodies can be reduced if
the cTnI assay is analytically very sensitive. The antibody
selection and the functional sensitivity of the Access
AccuTnI may make the assay less prone to interference by
autoantibodies, a possibility that deserves further study in
larger patient cohorts. However, many of the samples

with discrepant results in the new cTnI assay and the
AccuTnI were from patients whose samples had given
falsely low cTnI values in an assay known to be affected
by troponin autoantibodies. These results, together with
the results from the low recovery pool, indicate that our
new cTnI assay and the AccuTnI assay detect cTnI differently as a result of the differences in antibody selection.
One current recommendation is that antibodies with
epitopes in the midfragment region of cTnI be used
because that region is more stable to proteolytic degradation than the N- and C-terminal regions (6 ). Two of the
antibodies used in our new cTnI assay are not directed
toward the stable region, meaning that samples with
extensive cTnI fragmentation may not be fully detected.
This was observed with the in vitro proteolytically
cleaved troponin complex, of which only ⬃9.5% was
detected by the new assay. However, endogenous cTnI in
patient samples was found to be considerably more
stable, with ⬎80% detected after storage for 24 h at room
temperature. Therefore, cTnI extensively cleaved in vitro
is obviously not similar to cTnI in patient samples. Furthermore, cTnI degradation did not seem to be a problem
for the new assay in the samples of the large panel, which
were measured at the same time with both the new and
Aio cTnI assays: no samples gave results that were above
the 10% CV concentration of 0.22 g/L in the Aio cTnI
assay and ⬍0.06 g/L in the new assay.
In conclusion, our study provides further insight into the
significance of the variable impact of troponin autoantibodies on the clinical performance of three differently
designed immunoassays. To thoroughly evaluate the clinical importance of avoiding the effects of troponin autoantibodies, the new cTnI assay should be investigated in a
prospective study with particular attention paid to its
improved clinical sensitivity as an early marker of cardiac
injury.
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