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2 Cembal et al.
ABSTRACT

Uncertainty is a parameter associated with the result of a measurement;
this parameter characterizes the dispersion of the values that could
reasonably be attributed to the sample. Data processing methods do not
take into account the influence of the imprecision and deviation of the
experimental points of the calibration system and their impact on the final
result of a sample analysis. The aim of this work is: (a) to propose, for
each run, a simple method to calculate the uncertainty due to the
calibration system (Uc); and (b) to present a method to determine the
“intra-assay total uncertainty” (Ut) and evaluate its impact on the final
result for an analyte. Ten replicates of standards, controls, and two serum-
male and female samples were measured in the same run with a manual
kit for determination of testosterone. To calculate Ut, random duplicate
responses were selected. For controls and samples, Ut was affected by Uc
(2.91% to 6.59%) and by the uncertainty of the measurement of the
sample (Us) (1.01 to 8.73%); this allowed us to determine that Ut had
values from 3.73% to 9.87%. While Us affects the result of a given
sample, Uc affects the result of all the samples with a similar response
(cpm). In the method proposed, Ut involves Us and Uc, both factors that
introduce variations into the result of a sample by random causes. Intra-
assay total uncertainty includes the most probable result for the analytical
methodology selected.

Key Words: Uncertainty; Immunoassay; Calibration; Curve fitting
method; Radioimmunoassay.

INTRODUCTION

When a magnitude is reported, it is necessary to indicate quantitatively
the quality of the result obtained. Therefore, its reliability could be evaluated.
Otherwise, the results of this magnitude could not be compared either with one
another or with reference values for such magnitude.!"! Uncertainty is a
parameter associated with the result of a measurement which characterizes the
dispersion of the values that could reasonably be attributed to the sample.*!

Quantitative immunoassays employing different labels, such as radio-
activity, fluorescence, chemiluminescence, enzymatic, etc., have long been
used in different bioanalytical applications. No matter what is the label type or
the kind of assay (competitive, non-competitive, manual, automated, etc.),
they all require a standard curve to determine the concentration of an analyte.
Data processing usually analyzes the imprecision of each sample measure-
ment to estimate its impact on the result, expressed as coefficient of variation

Copyright © Marcel Dekker, Inc. All rights reserved.
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(CV). However, they do not consider the influence of the imprecision and
deviation of the experimental points of the calibration system, and their impact
on the final result of the patients’ samples. Therefore, data processing methods
should take into account two important factors responsible for the dispersion
of the values that could reasonably be attributed to a sample. These factors are
uncertainty due to the calibration of the system (Uc) and uncertainty due to the
measurement of the sample (Us).

Since the dispersion of the responses for each standard run is due to the
random error in each point, the standard curve is, in fact, a group of calibration
curves giving a range of probable results.”* We have called this range
“uncertainty due to the calibration system” (Uc).

On the other hand, the uncertainty due to the measurement of a sample
(Us) is a consequence of the dispersion of the probable result because of the
random error in sample response determination.

Therefore, the “total intra-assay uncertainty of the result” (Ut) of an
analyte in a sample will be the statistical addition of Us and Uc.!

The aim of this work is:

a. To propose a simple method to calculate Uc for each run.
b. To present a method to determine Ut and evaluate its impact on the
final result of an analyte.

EXPERIMENTAL
Materials

Two human serum samples were obtained by venipuncture from one
healthy male and one healthy female in order to evaluate results at different
levels of the analytical range. Precautions were taken during venipuncture and
samples were neither hemolyzed nor lipemic.

Instruments

All reagents and samples were pipetted with micropippettes 10—100 nL
(Calibra 822 micropippette, Socorex ISBA SA CH-1020 Renens, Switzerland)
and a precision repeating pipette (Eppendorf® Repeater'™ 4780, Germany),
both calibrated with a coefficient of variation under 3.5%. Tubes were
incubated in a temperature-controlled water bath (37 + 2°C) (Vicking S.R.L.,
Model Masson N 6090, Argentina), and finally counted in a gamma counter

Copyright © Marcel Dekker, Inc. All rights reserved.
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4 Cembal et al.

(Perkin Elmer Life Sciences Wallac, Wallac 1470, Wizard™ Automatic
Gamma Counter Model 1470-020 and Software version 3.3, OY, Finland).

Serum Testosterone Measurements

We used a commercial coated tube radioimmunoassay manual kit for the
quantitative measurement of testosterone in human serum (Diagnostic
Systems Laboratories, Inc. Webster, Texas, USA). The assay procedure was
then followed as described in the technical instructions. Additionally, three
commercial controls were assayed: Biol (To = 0.38-0.68 ng/mL), Bio2
(To =4.4-6.4ng/mL), and Bio3 (To = 8.4-16.4ng/mL), (Bio-Rad Lab-
oratories, Irvine, CA, USA). Ten replicates of standards, controls, and samples
were run in the same assay.

Statistical Analysis'”’

The average (x), standard deviation (SD), coefficient of variation (CV),
and standard error (SE) were calculated, both for the ten replicates and for
duplicates of standards, controls, and sample results.

Data Processing

It was performed using Cembal 2.0®. To obtain the standard curve, two
methods of calibration were selected: the four logistical parameters method
(4P) and the point-to-point method (PP). Both agree with Egs. (1) and (2).[6’7]

_ [B—NSB]
B/Bo% _7[B0—NSB]*100 @))
1

where Bo is the binding in counts per minute (cpm) in the absence of
unlabeled analyte; B, the binding (cpm) in the presence of a given concen-
tration of unlabeled analyte; NSB, the binding (cpm) in the absence of a
specific antibody or the background radiation. The slope (m), is the

Copyright © Marcel Dekker, Inc. All rights reserved.
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slope/—2.3 of the curve in logit-log transformation and Csq is the
concentration of analyte for which

Bo — NSB
2

The 4P method calculates the Bo and NSB values in order to use only one
slope (m) and Cs, values along the entire calibration curve. Conversely, the PP
method calculates m and Cs, for each concentration range defined by the
standards, considering Bo and NSB experimental values.

B —NSB =

RESULTS AND DISCUSSION

Data of the calibration curves are shown in Table 1 and Fig. 1. Data of
controls and samples are also shown in Table 1.

Typically, calibration is performed while processing the standards in
duplicate. Although it is not possible to perform the determinations by
increasing the number of replicates, it would be necessary to express the
results with a range, including the true value. The calculation of this range
must take into account the principal error and imprecision factors that
determine the measured “intra-assay total uncertainty.” This range is called
“intra-assay uncertainty range.”

The true value is not available for this kind of technique due to the lack
of international standards which could be included as samples in the assay.'™
As we assayed each standard ten times, including control and sample, we can
take the average of those 10 replicates as the most probable value for each of
them in the methodology applied. If the system is calibrated with the mean
value of each standard and the mean values of controls and samples are
interpolated in this calibration curve, we can accept that the interpolated
responses obtained are the most probable results (MPR) for the samples and
controls.””! However, as the fitting method chosen for calibration introduces
additional differences in the calibration system, it is necessary to consider
this choice as another source of doubt on the final result."®! Table 2 shows
the most probable results for samples and controls calculated by 4P and PP
fitting methods.

To reproduce the standard assay conditions, we randomly selected two of
ten replicates (cpm) of each standard (“Curve A” in Table 3). We then selected
one fitting method (4P). There are no strong criteria to select the most
appropriate fitting method because they are based on different assumptions.
While the PP method accepts that the standards and responses are accurate, the
4P method admits the possibility that the standards could be wrongly
determined or that the value indicated may not be correct. Although we have

Copyright © Marcel Dekker, Inc. All rights reserved.

MARcEL DEKKER, INcC. m
270 Madison Avenue, New York, New York 10016 o



wv
-
4
[-3
a.
w
o«

ORDER

Cembal et al.

LLVE 995‘s 6TH 01 GVTLY SL6°TT 8L7'9C 5C = U NUWI[ 1m0
ST9°€ PEL'S 78901 ISS‘LY 66€4T £78°97 ,¢ = u ) oddp
61 ST Tl Tl 0¢ 01 oC = U %HAS
69 8 921 10T TIL LT pC = UdS
1€ 8¢ 9 06 8I¢ (44! 0L =uds
LT 1T LT 97 €y Sl qBAD
86 611 6L1 ¥8C LOO'T 8¢ «ds
9bs‘e 059°S sss‘or 0SE‘LY L8YET 1SS‘9T UBIA
865°¢ 009°S 1€€°01 LEV'LT 69€4CT 7£0°9T 01
8LY'E 18S°S 62501 999°L1 010°€T $ST9T 6
S0s°¢ L6¥'S 998°01 S08°LI €6¥'€T T85°9C 8
96¢'e L6SS LLS 0T PSSLT £99°¢T TIS'9T L
14S°XY SE9°S PESOT I181°L1 €LTET 6L1°9C 9
£69°¢ SIL'S 85€°01 YeT'L S9L€T 6¥1°9C S
00S°¢ LES'S 6£€°01 17891 1SL°0T €00°LT 4
S0s°¢ PES'S 6¥9°01 L60°LT 010%C 120°LT €
765°¢ 0S9°S 11901 LOE'LT L9S€T TL6'9T 4
6LS°€ £68°C 65L°01 06€°LT 1€0vT 878°9C I
Tui/3ugg Tui/3up Tu/Sugg Tu/3ugQ Tui/3u1Q og IoquinN
QAIND pIEpUBR)IS
‘sIsATeue [eonsnels (0] = u) sojdures pue ‘sjonuod ‘(0] = u) sI10JeIqI[Ed dU0INS0IsA) Jo (wdo) sasuodsay 7 qvy

1102 Alenuer 9T ¥2:0T

W p8peo jumog

"PRAIRSAI SIYSLI [ U] “IaR( [Q2IRIA O WSLIAdoD

MARcEL DEKKER, INcC.

270 Madison Avenue, New York, New York 10016

®



wv
-
4
[-3
a.
w
o«

ORDER

Intra-assay Total Uncertainty

*91edI[dNnp Ul PouIlLIg)OP SIN[BA UBIW Y] JO JIWI] Jomo] ay) sajedrpul {(wdd) 7 = u ‘S — UBSJA SB PAIR[NI[B)4
"ajedr[dnp ur pouruIelop sonfeA uedw dy jo Jrwi| seddn oy sojedrpur ‘(wdd) ¢ = u “HS + UBS SE PAR[IO[ED),

*91e21[dnp Ul PoUTULIDAP Ueaul AL} JO Juadiad JOLID pIepuels,
-ojeorrdnp ur pauruojep uedw ay) jo (wdo) o1 pIepuels,
'saeor[dar ()] YIIM PIUIULISSP uBaw dY) Jo (wdd) 10110 pIiepuels,
'(9) uoneLeA JO TUIYJA0D

"UOTJBIASP piepuels,

*9)ATeue pajoge[un jo 9oudsqe 9y ur wdo ur asuodsar [eyuowiIadxa oy ST 0g  SAION

86S°L 72081 STSy 000°L 6€T'ST 816°L 9€0°8T 5C = U JWI[ JomoT]
016°L TL'sT S99y SPE‘L ILS‘ST SPE'S TeSsI ;¢ = unuif reddp
0C 0¢ Sl ¥'e I'l ¥'e ¥l oC = U %HS
9¢1 09¢ 0L Ll 991 861 8¢ pC =UHdS
0L 191 1€ LL YL 68 IT1 NI =uds
8'C 8C [ ¥'e Sl y'e 6'1 qaBAD
0cc 60S 66 e See 18¢C 0s¢ «dS
pSLL 7881 S6S‘y ELT’L SO¥‘ST LY1‘8 ¥8T'8I uesjA
08LL 001°81 LEV'Y 99¢°L 085°ST LLT'8 SSLLT 01
L9SL T8T81 €09y 9069 9€€ST TILL YLT'81 6
998°L Y1581 9y 0St'L 8i1°Cl 8678 86LLI 8
LTI6°L 0881 697t S00°L 80¢°SI 9¥0°8 608°LI L
€60°8 68€°L1 8SLY 61€°L 0TsSI 17€°8 €Iv'81 9
LTS'L ST6'8I YOLY TEEL 48Ky (44 1LS81 S
LYL'L 8¥8°81 665V IGL°9 6Cr'SI 9118 Y181 14
S09°L SII'61 8TSYy 6169 85671 1€°8 08L'81 €
v6T'L L90°8T €LSY 66T°L ¥69°C1 €T9°L ¥81°81 C
SY8L 660°81 €S9y 16€°L 999°G1 00T'8 9181 I
ordwes ofely  ojdwies o[ewo] corg zoig jorg Z [0Quo) [ [0Huo) Joquunn

sordures pue sjonuo)

1102 Alenuer 9T $2:0T @I Papeo |umwog

"PRAIRSAI SIYSLI [ U] “IaR( [Q2IRIA O WSLIAdoD

MARcEL DEKKER, INcC.

270 Madison Avenue, New York, New York 10016

®



10: 24 16 January 2011

Downl oaded At:

8
(a)
(b)
Figure 1.

combinations of Table 1 values. (a) Point to point calculation; (b) four logistical

parameters.
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Table 2. Most probable results for controls and samples of
testosterone by two fitting methods: PP and 4P.

Mean" MPR 4P MPR PP
Sample (cpm) (ng/mL) (ng/mL)
Control 1 18,284 0.437 0.420
Control 2 8,147 4.90 4.64
Biol 15,405 0.899 0.804
Bio2 7,173 6.40 6.13
Bio3 4,595 15.1 15.1
Female sample 18,382 0.426 0.412
Male sample 7,754 5.44 5.18

“Mean value of the individual values of the 10 experimental
responses for each control and sample.

chosen the four logistical parameter 4P method to construct Curve A, the
calculation of uncertainty takes into account the doubt raised by the choice of
the data processing method selected. We also randomly selected two replicates
(cpm) of each control and sample (Selection, Table 4).

Table 3. Random selection of the standard duplicates for the calibration Curve A.
Calculation of the statistical limits for the means of the experimental responses of each
standard according to the imprecision with which they were determined (Curve A).

Curve A
Standard B* B? Mean®  SE© Mean + SE®Y  Mean — SE®*
(ng/mL)  (cpm) (cpm)  (cpm) (%) (cpm) (cpm)
0 26,512 26972 26,742  0.86 26,972 26,512
0.1 23,765 23,663 23,714 021 23,765 23,663
0.5 17,307 17,437 17,372 037 17,437 17,307
2.5 10,339 10,529 10,434 091 10,529 10,339
10 5,534 5837 5685 267 5,837 5,534
25 3,589 3356 3472 334 3,589 3,356

“B and B’ are the individual values of the experimental responses for each standard,
taken randomly from Table 1, as if they were determined in duplicate.

"Mean value of B and B’

“Standard error.

“Indicates the upper limit of the mean values determined in duplicate.

“Indicates the lower limit of the mean values determined in duplicate.
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Influence of Calibration Factors

In immunoassay results, differences can be observed, from the
interpolation of a sample response (cpm) in a calibration curve, that it is
different from the most probable one. These differences are aleatory and not
systematic, though they are a consequence of a calibration error."'” Thus, it
is necessary to estimate the spread in the dose result as a consequence of
Uc.

In this work, we propose a calculation method to estimate this error,
which is applicable to the determinations made in duplicate according to the
manufacturer’s instructions.

The duplicates of the standards give us an idea about the imprecision of
their measurement. On the other hand, two fitting methods are used to know
the random error observed, resulting from an error in the standard concen-
tration as well as from the dispersion of the response values found for each of
them. All these factors introduce an uncertainty in the result. This uncertainty,
which we have called Uc, is expressed as the percentage in which the value
calculated for a given response (cpm) can be modified.

The first step in the calculation of Uc is knowing the statistical limits for
the means of standard responses. We then calculated the mean curve A
(Curve A), and the obtained by adding or subtracting the absolute value of SE
(“Curve A + SE” and “Curve A — SE”) (Table 3).

We took the interpolated values of the “A + SE curve” as the upper limit
and those of the “A — SE curve” as the lower limit. Doses in the calibrations
are determined by both fitting methods for the different responses. Thus, for
the same response in cpm, we obtained four values. We then selected the
minimum and maximum value and used that for the response in “Curve A”
[Table 4 (D)].

For example, for 7200 cpm (Bio 2), the calculated value for the dose in
“Curve A” using the 4P method is 6.23 ng/mL. With the “A + SE curve,” the
results are 6.48 ng/mL (4P) and 6.33 ng/mL (PP). With the “A — SE curve”
the results are 6.00 ng/mL (4P) and 5.81 ng/mL (PP). Thus, the maximum and
minimum values are 6.48 ng/mL and 5.81 ng/mL. Uncertainty due to the
calibration of the system [shown in Table 4 (I)] was calculated with the
following equation:

Max value(Curve A 4+ SE) — Min value(Curve A — SE) y

Uncertainty =
neertainty Mean value(Curve A) x 2

In the example,

. 6.48 —5.81
Uncertainty% = 63 %2 x 100 = 5.38%

100
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Calculation of the Resultant Uncertainty by Factors Affecting
the Sample Response (cpm)

We calculate Us as follows:

1. The values of the individual responses of controls and samples and
their mean responses were interpolated in “Curve A.”

2. With these values, we calculated Us due to the imprecision in the
determination of the sample response. Results are shown in Table 4

1.

For example, for Bio 2, the mean response is 7200 cpm; the interpolated
value in “Curve A” is 6.23ng/mL. For the individual response values,
6949 cpm and 7450 cpm, the interpolated values in “Curve A” are: 6.70ng/
mL and 5.81 ng/mL, respectively.

Us% was calculated with the following equation:

Max value(Curve A) — Min value(Curve A)
Mean value(Curve A) x 2

Us% = x 100

In the example,

6.70 — 5.81

Calculation of the Total Intra-assay Uncertainty of the Result

Total intra-assay uncertainty is the statistical addition of Uc and Us.
Table 5 shows the values of the calculated doses, Uc, Us, and Ut. For our
example, Bio 2 control, Ut is 8.94%. With Ut expressed as a percentage and
the value of the calculated dose, we calculated the “intra-assay total
uncertainty,” expressed in ng/mL. This value indicates the limits of the dose
(Dose Range) in which the calculated value may be found. The last column
shows the most probable result (MPR) for each sample according to the values
in Table 2 for the four parameter method.

The purpose of setting limits of the dose, including Uc and Us, is to make
sure that the most probable value lies between these limits (1 Ut) with 68% of
probability (Table 5).

The magnitude of Ut allows the calculation of the reasonable limits of the
sample result and also enables us to express this result with the adequate
number of significant digits.””! Table 5 shows the expression of the results
obtained with significant digits. For example, the result of the Bio 2 by the 4P
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Table 5. Calculation of Ut expression of the results with significant digits.

Curve A

4p? Uc®  Us® Ut Ut Dose range®  MPR'
Sample ng/mL % % %  ng/mL ng/mL ng/mL
Control 1 0429 291 233 373 0.02 0.41-0.45 0.44
Control 2 4.65 5.81 4.09 7.10 0.3 43-50 4.9
Biol 0.851 6.59 2.06 6.90 0.06 0.79-0.91 0.90
Bio2 6.23 538 7.14 894 0.6 5.6-6.8 6.4
Bio3 14.8 6.08 1.01 6.16 0.9 13.9-15.7 15.1
Female sample 0.508 4.61 8.73 9.87 0.05 0.46-0.56 0.43
Male sample 5.21 374 6.62 7.61 0.4 4.8-5.6 54

“Doses obtained by the interpolation of the mean responses of duplicates in Curve A
using 4P fitting method (Tables 3 and 4).

®Uncertainty due to the calibration.

“Uncertainty due to the determination of the sample.

Inter-assay total Uncertainty: statistical sum of Uc and Us.

“Dose range where the most probable result is expected to be found.

"Mean responses of duplicates interpolated in Curve A, using four logistic parameters
(4P) fitting method (Tables 3 and 4).

method was 6.23ng/mL (Table 5). This result is affected by 8.94% of Ut;
thus, the absolute uncertainty is: Ut = (6.23ng/mL x 8.94)/100 = 0.557 ng/
mL, and is expressed as + 0.6 ng/mL.

If we apply this interval to 6.23 ng/mL, this number must be expressed as
6.2ng/mL. The lower and higher limits should be expressed as:

Lower limit = 6.2ng/mL — 0.6 ng/mL = 5.6 ng/mL
and
Higher limit = 6.2ng/mL 4 0.6 ng/mL = 6.8 ng/mL (Table 5)

The calculation method for the “range of uncertainty” proposed in this
work fulfills the premise that the most probable value (Table 2) can be found
within this range with 68% confidence, and this can be verified in most cases
(Table 5). However, the range calculated for the female sample is 0.46—
0.56 ng/mL and does not include the most probable value = 0.43 ng/mL. In
this case, sample duplicates determine a mean response value of 17,728 cpm
[Table 4(I)]. This value is outside the range including 68% of the probable
responses determined in duplicate for this sample (18,022-18,742 cpm)
(Table 1), but is included in 2 Ut (95% probability) (Table 5).
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CONCLUSIONS

Total intra-assay uncertainty is a suitable parameter to express the range
in which the result of a measurement could be found in immunoassays
techniques. If Uc is not considered, the range of uncertainty could be
underestimated in comparison to the one calculated with Ut. This difference
could be very important for the values found near the limits of normal ranges.
When the mean response (cpm) of a control or sample determined in duplicate
is not included in the range that includes 68% of the probable responses, the
most probable value (determined with the analytical methodology utilized)
might not be found within the Ut range. The same could have happened if the
calibration curve had not been included within the range including 68% of the
probable curves. Therefore, for 95% confidence, the 2 Ut range should be
used.

The range of Ut allows the definition of the number of significant digits
for the correct expression of the result.

This simple and practical method allows us to know the performance of a
chosen analytical procedure and if it is adequate for the precision that clinical
diagnosis requires in each case.
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