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Background: Measurement of cardiac Troponin-I (cTnI) has been designated the gold standard for diagnosis of acute 
myocardial infarction and as indicative of cardiac disease. Measurement of cTnI can be used for diagnosis of acute 
myocardial infarction and in the risk stratification of patients with non-ST segment elevation acute coronary syndromes, 
with respect to relative risk of mortality, myocardial infarction, or increased probability of ischemic events requiring 
urgent revascularization procedures. Recently a new ultra-sensitive assay for in vitro diagnostic measurement of cTnI has 
become available in the Singulex Clinical Laboratory (CLIA#:05D1092709, CLF#:338067). This assay utilizes the Erenna 
Immunoassay System, which is based on single-molecule detection. 

Objective: Evaluate the analytical performance of the Erenna cTnI assay for the Singulex Clinical Laboratory.

Methods:  Analytical accuracy and spike recovery were determined by preparing and testing spiked samples of EDTA 
plasma from a single donor. This plasma was spiked with cTnI standard from NIST (SRM 2921, Gaithersburg, MD) to 
generate a series of samples ranging from 5.2–52 pg/mL. Assay precision and lot-to-lot variability of assay reagents were 
assessed using two controls prepared by spiking two EDTA plasma samples to levels of 6 and 55 pg/mL, respectively, 
with a cTnI reference standard from HyTest (Turku, Finland). A reference range for the Erenna cTnI diagnostic assay was 
established using specimens from 153 apparently healthy blood donors (122 male, 31 female, average age 34.5 yrs, age 
range 19–63 yrs), and the 99th%, 10%CV and inter-quartile reference ranges were determined.

Results: Analytical sensitivity of the Erenna cTnI assay was 0.2 pg/mL (0.0002 ng/L) with a LLoQ of 1.0 pg/mL with good 
linearity (1–70 pg/mL, slope = 1.01, R2 = 0.999) and spike recovery (98–103%) of the HyTest cTnI material. Analytical 
accuracy, determined using NIST-spiked plasma, was >85% over a range of 6 pg/mL to 50 pg/mL (y = 0.9x – 0.3261, R2 = 
0.9993) with average spike recovery of 89.1% (range 85.4–91.5%). Within- and between-run precision varied between 
6–8%, with acceptable lot-to-lot variability (<15%) in testing of HyTest-spiked control plasma. Using donor plasma 
(n=153), the distribution of cTnI concentration was Gaussian, with a mean (±SD) of 1.97 (±1.85) pg/mL, and a calculated 
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Conclusions: The Erenna cTnI assay shows excellent analytical performance in the Singulex Clinical Laboratory, with a 
99th% cut-off value far below that of other clinically available in vitro diagnostic immunoassay systems. CLIA-regulated 
availability of this new, ultra-sensitive assay is an important step towards enabling early disease detection and clinical 
investigations into cardiac disease. 
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Detection of cardiac injury by measurement of cardiac troponin (cTn) is essential for diagnosis of acute myocardial 
infarction (AMI) and provides information for risk stratification.  Recent guidelines recommend use of the 99th 
percentile cutoff value with assay imprecision <10%1,2, which most commercial assays do not meet. In addition, cTnI 
values below the 99th% value provide diagnostic and prognostic information. 

The Erenna® Immunoassay System developed by Singulex leads the next generation of molecular diagnostic 
technologies capable of quantifying biomarkers at the sub-picogram level. The Erenna technology3, which utilizes single 
photon fluorescence detection and paramagnetic microparticles (MPs), has been demonstrated to increase sensitivity 
and precision by 1–3 logs over existing plate-based and other immunoassay methods, e.g., chemiluminescence.  The 
assay has been used in research laboratories to measure cTnI in human plasma samples to levels as low as 0.25 pg/mL 
with high specificity4. Here we present the analytical performance of the Erenna cTnI immunoassay. 
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Figure 1. Principles of the Erenna cTnI immunoassay. 
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Linearity and reportable assay range:  cTnI-spiked plasma samples were prepared at 0.46 and 71.4 pg/mL, and mixed in 
various ratios to cover the range between the low and high spikes. The resultant samples were assayed for cTnI levels, 
and analyte recovery and linearity were assessed.

Accuracy:  cTnI Standard from National Institute of Standards and Technology (NIST) was used to spike a single plasma 
sample with an endogenous concentration of 4.4 pg/mL to targeted levels between 5–50 pg/mL. % recovery was 
calculated from the expected and observed concentrations of cTnI.  

Assay precision:  For inter-assay (between-run) precision, 2 control samples with known concentrations were measured 
in 20 discrete runs. For intra-assay (within-run) precision, 2 control samples with known concentrations were tested in 
replicates of 20 in each assay experiment. 

Lot-to-lot variability:  2 control samples of known concentrations and two patient samples were assayed in replicates of 
3 using two different lots of kit reagents. Within lot mean, SD and %CV in addition to lot-to-lot %CV were calculated. 

Normal reference range of cTnI:  Plasma samples from 156 healthy human subjects were tested in triplicate and 
samples with mean value >20 pg/mL were excluded as outliers. Data from 153 healthy human subjects were used to 
generate the final reference distribution and the 99th% cutoff value.
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Figure 2: Linearity of the Erenna cTnI assay.  The 
correlation between observed and expected values of cTnI 
in linearly diluted samples at concentrations ranging from 
0.46–71.4 pg/mL has an R2 = 0.99 and a slope of 1.01.   

Table 1. Reportable range and linearity data of the 
Erenna cTnI assay.  The assay has a reportable range 
of 1 – 70 pg/mL analyte. Preliminary results show 
that the assay has a high degree of linearity between 
0.46 – 71.4 pg/mL.  Percent recovery ranged from 
96.9 – 102%.

Expected 
(pg/mL)

Observed 
(pg/mL)

 SD % CV
% 

Recovery

0.46 0.46 0.26 56.5 100

18.2 17.64 1.20 6.8 96.9

35.93 35.79 2.54 7.1 99.6

53.66 54.76 2.43 4.4 102

71.4 70.02 2.58 3.7 98.3

  

Table 2: Accuracy and spike recovery for the Erenna cTnI assay.  Samples of known concentration were spiked with NIST 
material. Observed concentrations of cTnI in the samples were within 85.4 – 91.5% of those expected (mean = 88.7%).  

Sample
cTnI  in pg/mL

% Spike  
Recovery

Spike Neat Expected Observed

R1 5.2 4.4 9.6 8.2 85.4

R2 16.9 4.4 21.3 18.7 87.8

R3 28.6 4.4 33.0 29.4 89.1

R4 40.3 4.4 44.7 40.9 91.5

R5 52 4.4 56.4 50.4 89.4

Mean 88.7
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Figure 3: Inter-assay precision of the Erenna cTnI assay. 
Concentrations of 2 known controls (approx. 6 and 50 pg/mL) 
determined from 20 discrete experiments. The light orange 
shaded regions indicate ranges of mean ± 2 SD.        

Table 3. Summary statistics for the inter-assay 
precision results.

Control
C1  

(~6 pg/mL)
C2  

(~50 pg/mL)

# runs 20 20

Mean (pg/mL) 6.12 54.19

SD (pg/mL) 0.46 3.14

Range (pg/mL) 5.20–7.04 47.91–60.47

CV 7.5% 5.8%
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Figure 4: Intra-assay precision of the Erenna cTnI assay. 
Concentration of 2 known controls (approx. 6 and 50 pg/mL) 
determined from 20 replicate measurements. The light orange 
shaded regions indicate ranges of mean ± 2 SD.        

Table 4. Summary statistics for the intra-assay 
precision results.

Control
C1 

(~6 pg/mL)
C2 

(~50 pg/mL)

# runs 19* 20

Mean (pg/mL) 6.47 58.96

SD (pg/mL) 0.40 4.55

Range (pg/mL) 5.67–7.27 49.86–68.06

CV 6.2% 7.7%

* C1 data from replicate #4 was removed – outlier 
rule applied (Dixon Q test)

Table 5. Lot-to-lot variability of the Erenna cTnI assay.  The study consisted of quantifying two assay controls (C1 and 
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lower chart (see *). The high %CV in this case is attributable to the fact that cTnI level in this sample is below LLOQ(10%) 
for the assay. 

Sample
Lot 1 Lot 2

Lot-to-lot %CV
(N) Mean SD %CV (N) Mean SD %CV

C1 3 6.95 0.35 5.0 3 6.91 0.43 6.2 0.41

C2 3 58.71 6.59 11.2 3 58.46 1.44 2.5 0.30

S1 3 1.78 0.13 7.3 3 1.84 0.16 8.7 2.4

S2 3 15.04 1.07 7.1 3 16.46 0.43 2.6 6.7

Sample
Lot 3 Lot 4

Lot-to-lot %CV
(N) Mean SD %CV (N) Mean SD %CV

C1 3 4.51 0.25 5.5 3 4.78 0.16 3.3 4.1

C2 3 36.18 1.85 5.1 3 41.93 2.08 5.0 10.4

S1 3 1.82 0.09 4.9 3 1.75 0.09 5.1 2.8

S2 3 0.59 0.06 10.1 3 0.45 0.05 11.1 19.0*
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Figure 5: Distribution of cTnI levels in a population of 153 healthy human 
subjects.  The 99th percentile cutoff (6.28 pg/mL) was determined with an assay 
imprecision of <10 %CV.  

Table 6. Summary statistics of cTnI 
reference range.

Parameter Value

#  Healthy 
Subjects

153

Mean ± SD 
(pg/mL)

1.97 ± 1.85

Assay Range 
(pg/mL)

0.5 – 70

99th Percentile 
(pg/mL)

6.28
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�z	 The Erenna cTnI assay demonstrates excellent linearity between  1 – 70 pg/mL. 

Percent recovery ranged from 96.9 – 102%. When spiked with known amounts of cTnI 
Standard (NIST), the measured concentrations ranged from 85.4 – 91.5% of those 
expected (mean = 88.7%). 

�z	 The assay has good inter- and intra-assay precision. When known controls were 
measured between- and within-runs, %CVs were below 10% and most of the 
observed data points were within the range of mean ± 2 SD.
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�z	 The Erenna cTnI assay is the first diagnostic assay to measure healthy, normal cTnI 

concentrations, and to meet the 99th% decision limits for characterizing patients 
with cardiovascular disease as recommended by medical practice guidelines. Using 
this highly sensitive assay, the healthy reference range of cTnI concentration has been 
determined to be between 0.5 – 70 pg/mL with a 99th% cutoff of 6.28 pg/mL.
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