Upsala J Med Sci 99: 277-306, 1994

6. The Nordic Protein Project

Per Hyltoft Petersenl, Ole Blaabjergl, Kerttu IrjalaZ2,
Arto Icén3, Kristian Bjgrot

1. Department of Clinical Chemistry, Odense University Hospital, DK-5000 Odense C, Denmark.
2. Department of Clinical Chemistry, Turku University Hospital, SF-20520 Turku, Finland.
3. Department of Clinical Chemistry, Helsinki University Hospital, SF-00290 Helsinki, Finland.
4. Department of Clinical Chemistry, Rikshospitalet, N-0027 Oslo 1, Norway.

6.1 Aim of the Project

When the Nordic Protein Project was decided by the Nordic Control Committee in
1986 and supported by NORDKEM in 1987, the purpose of the project was to

1. Improve analytical quality of specific plasma protein measurements in the
Nordic countries, and

2 Develop a more general model for analytical quality management, which
could be applied to other laboratory analytes as well.

The basis for the project was the relationship between calibration and control, where
the idea was that external control was nothing but a registration of the current
situation, as long as calibration was dependent on a variety of commercial calibrators
with no - or questionable - documentation of standardization. The first aim was,
therefore to introduce a common and reliable calibrator (cf. chapter 5.3 and 5.4)
available to all participating laboratories - and then assess their analytical
performance with control samples of the same high quality as the calibrator. In other
words: 'you cannot control analytical quality inte your method’ - the quality depends
on calibration, analytical specificity etc. as described below.

For proteins (and other components to be measured by immunological metheds) the
identity between the measurand in calibrator, patient samples and controls is
essential. This ideal, however is not possible for plasma proteins, which are present in
a variety of forms, so the aim was ’to measure the average composition of proteins
from healthy adults correctly’. This concept, looks rather modest, but even at this low
level it can be very difficult, as seen from chapter 5.4 and chapter 7, and later in this
chapter.
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Specificity and interference are dependent on the analytical principle and on the
reagents used in the measurement procedure and the trueness of a measured value is
also dependent of these factors. Interference is defined as modification of the signal to
be measured, and a variety of blood substances are interfering with the protein
molecules and, thereby, modifying the signal - but for healthy individuals this effect is
assumed to be comparable in all samples and therefore, negligible for the
investigations in this project. The non-specificity due to turbidity in samples, however,
is a serious problem for many protein methods, as the reaction to be measured is the
increase in turbidity based on the formation of immunocomplexes, whether these are
measured photometrically (turbidimetric) or fluorimetrically (nephelometric). This
problem with turbid samples is the major specificity problem and, in consequence, the
aim was to design a control system, which could separate bias due to unspecificity
from bias due to the calibrator, and pointing to the methods which are sensible to
turbidity, and need clarification of samples before measurements.

Further, the aim was to assess the analytical performance in the individual

laboratories challenging their calibration function as well as the performance in

general.

ELEMENTS OF ANALYTICAL QUALITY

CONTROL OF
ANALYTICAL
QUALITY

CREATION OF
ANALYTICAL
QUALITY

During the project it became clear that a definition of good and poor quality was
needed. The most relevant concept would have been to estimate analytical quality
specifications from the clinical outcome of the results. This approach, however, could
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not be applied as there are no clear recommendations for interpretation of data from
measurements of plasma proteins in the Nordic countries. Interpretations were
generally based on the reference intervals and, consequently, a new aim was to define
analytical quality specifications according to the concept of sharing common reference
intervals. These quality specifications were evaluated as a general principle as
described in chapter 4.

Production of common reference intervals could not be directly integrated into the

project, but by co-operation with the Danish and the Finnish protein groups the
common reference intervals were established (cf. chapter 7).

COMMON REFERENCE INTERVALS

ESTABLISHMENT

THEORETICAL
REFERENCE VALUES, BACKGROUND

ANALYTICAL
QUALITY
SPECIFICATIONS

CREATION OF CONTROL OF
ANALYTICAL ANALYTICAL
QUALITY QUALITY

Based on the extensions of reference intervals and analytical quality specifications the
aim developed to analytical quality management in the sense that all elements were
integrated entirely, where clinical useful reference intervals were backed up by a
system of analytical quality improvement in order to establish the base for the
common reference intervals and the control system was designed to test whether each
laboratory could qualify for the use according to the analytical quality specifications
derived for this purpose, i.e. to share the common reference intervals established.

A number of problems which are related to genetical variants and pathological
changes are not taken into consideration in the project. The most relevant are:
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The influence of genetic phenotypes on the quantifications

e.g. Haptoglobin and «;-Antitrypsin

Varying composition of immunoglobulins

e.g. oligoclonal and monoclonal immunoglobulins

Binding of components to proteins

e.g. Bilirubin to Albumin and Haemoglobin to Haptoglobin

Extreme concentrations

e.g. Detectability for Haptoglobin and extreme values of immunoglobulins



6.2 Analytical Quality Specifications

The analytical quality specifications were achieved according to the concept of sharing
common reference intervals, and were based on an average of published reference
intervals, assuming log-Gaussian distributions. This assumption was confirmed by the
actual distributions obtained from the reference values as described in chapter 7. The
actual curves for maximum allowable combined analytical bias and imprecision are
displayed in Fig. 6.2.1.
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Fig. 62.1. Combined analytical quality specifications as used in the beginning

of the project. From Hyltoft Petersen et al. (3) with permission.

It is interesting to see that the acceptable variations and errors are very wide for S-
Haptoglobin and the two immunoglobulins IgA and IgM, with acceptable imprecision
about 25 % (with negligible bias). The acceptable values for bias are about half of this
value (when imprecision is negligible). Most of the proteins have acceptable
imprecisions (with negligible bias) of about 10 % and corresponding bias of 4 to 5 %.
The most demanding criteria are for S-Albumin with maximum allowable values of 4
and 2 % for imprecision and bias, respectively. These criteria are hardly fulfilled by
any laboratory, and this protein illustrates that the variation of homeostatic set-points
is narrow.
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In the beginning of the project the two analytical specifications for bias and
imprecision were used separately allowing the maximum of both simultanecusly, but
at the end where the new specifications were introduced based on the estimated
reference intervals (cf. chapter 7) the combined criteria were taken into consideration.

These criteria are shown in Fig, 6.2.2.
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Fig. 6.2.2, Combined analytical quality specifications as used at the end of the

project, based on the estimated reference intervals (chapter 7).

The new analytical quality specifications are very close to the first ones. This was not
expected as the separation of the reference intervals into subgroups due to the
biological differences according to age, sex and the use of estrogens, might have
resulted in more demanding specifications (chapter 7).
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6.3 Creation of Analytical Quality

The calibrator. As mentioned under aim of the project, a very important element of
the project was to supply all participants with the same high quality calibrator for
daily use in order to create that element of quality in the project. In the first survey,
however, the laboratories should use their own calibrator for comparison, and the
calibrator was sent together with the control samples in the first mail. The calibrator
is described in chapter 5.3 and the traceability to [IFCC/CAP/BCR 470 is documented
in chapter 5.4 (A new production of calibrator is available from The Danish Society of
Clinical Chemistry).

The calibration function. Calibration functions are related to analytical principles and
to equipments, and each calibration function should fit the points of dilutions of the
calibrator in an x-y plot or transformations of data. This problem has not been
investigated in the project, but beside instructions from producers of equipment and
reagents, DAKO has developed a number of recommendations for analytical
performance at different instruments, which are well documented.

( BCR CRM 470
ALIBRATION DAILY
CFUNCTION ) [ CALIBRATOR

T~

ANALYTICAL
QUALITY
CALIBRATION SPECIFICATIONS
CREATION OF CONTROL OF
ANALYTICAL ANALYTICAL
QUALITY QUALITY

EQUIPMENT V
REAGENTS
IMPLEMENTATION
PERFORMANCE
LABORATORY
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Analytical procedure. When buying an equipment for measurements of plasma
proteins the analytical principle is already decided. Some instruments are designed for
the purpose whereas, others can be used for kinetic as well as for endpoint
measurements. The two dominating analytical principles are turbidimetry and
nephelometry, whereas, the gel-methods are too time consuming for routine work.

The key reagents for protein measurements are the antisera, where the commercial
available products for the main plasma proteins all are of a quality, without cross
reacting immunoglobulins.

The individual laboratory is without influence on equipment and antibodies (except
from the first choice of buying), whereas, it is responsible for the implementation and
the current performance. These, include instructions education and training of
technicians as well as maintenance and an internal control system for stability and
imprecision.
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6.4 Principles for Control

As outlined above the analytical quality of the measurements are determined by
external factors and internal factors. The external factors, equipment, calibrator and
reagents, are outside the laboratory’s influence. The internal factors are
implementation and performance, and here the laboratory is responsible for the
process.

Another approach is to divide the factors into permanent and variable factors. This,
makes the concept of control easier to grasp.

The permanent factors are the external: equipment (analytical principle), type of
calibrator (traceability), and the internal: implementation.

The variable factors are the external: batches of calibrator and reagents, and the
internal: daily performance.

Internal control. An average internal control system can only disclose variations and
errors in the variable factors, and these will show up as systematic changes (change in
concentration level) and changes in random variation (imprecision). (With special
designs other problems, like detection limit, changes in specificity can be controlled
internally, but this is not done in general). In consequence, the internal control
systems are capable of monitoring stability and imprecision only.

VARIABLE FACTORS INTERNAL CONTROL
N I

SYSTEMATIC | - —- COTOF ¥
CHANGES STABILITY

CREATION OF CONTROL OF
ANALYTICAL J - [ ANALYTICAL

QUALITY QUALITY

RANDOM e ——— CONTROL
VARIATION mpmcmon
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External control systems. External control systems can only describe the analytical
quality at the time of control, and only to a certain level. So, they will see the sum of a
mixture of permanent and variable factors - if it is not designed for separating these
factors. In general, however, an external control system should describe the
permanent situation.

PERMANENT FACTORS EXTERNAL CONTROL
L I

CONTROL
CALIBRATION M OF

CALIBRATION

CREATION OF CONTROL OF
ANALYTICAL e e ANALYTICAL
QUALITY QUALITY

[ SPECIFICITY J M ( COI\I'I'ROF oL

SPECIFICITY

I

Principle for the control system. In order to separate the permanent factors from the
variable the control is performed with three assessments over two years with the
same control materials, and with repeated measurements over four days in duplicates.
Thereby, the internal factors can be described separately and the estimate of actual
bias can be performed with a rather narrow confidence interval. By repeating the
assessment three times the permanent bias can be estimated - as long as the
laboratory has not changed the method.

The permanent factors are calibration and specificity and they are challenged by a set
of controls where the main specificity problem, turbidity, is approached by a set of two
control materials, which are identical except from the lipid fraction (responsible for
the turbidity) and three clear pools with relative concentrations of all proteins to be
measured of 0.5, 1.0 and 1.5 as described below.
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6.4.1 Principles for Control Materials

Control materials designed for assessing the calibration under optimal conditions
should be like an ideal sample without any interfering substances, as denaturation of
the measurand, unspecific reactions or interference will invalidate the calibration and
result in an estimated bias, due to conditions which have nothing to do with the
calibration proper. These other factors should be dealt with separately by samples
which are identical, except from the presence of the interfering substance in one of
them. In the project the following four control pools were used (1).

CONTROL B (- 1.5*CONTROL A)
(CLEAR)

CONTROLT ____ CONTROL A (- CONTROL T)
(TURBID) (CLEAR)

CONTROL C (= 0.5"CONTROL A)
(CLEAR)

The clear controls A, B, and C are designed for control of calibration at three levels.
Control A is a pool from healthy individuals and should have a concentration value
near the middle of the reference interval (or slightly below, due to the log-Gaussian
distribution) and Control C is constructed to give half the concentration of Control A
for the proteins under consideration, while Control B has 1.5 times the concentration
of Control A.

Control T is identical to Control A, but is turbid with the lipoproteins present

Production of the Controls. A serum pool collected from 100 volunteers was produced
after test of all individuals for antibodies against HIV and Hepatitis. From each 0.5
litre blood was drawn and after coagulation and centrifugation the individual sera
were frozen at -80 °C and stored at this temperature until all the portions were
thawed and pooled to be used as Control T. This pool contains all lipoproteins.

A fraction of the Control T-pool is ultracentrifuged and restored to three different

control pools. The procedure for all of these pools is initially a 'normal’ centrifugation
at 4 °C in order to get rid of cryo-precipitates. Then a portion is weighed and
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ultracentrifuged for 48 hours at 180.000+g. There are three layers: The lipid layer
which is sucked of, The infranatant, which consist of all the low molecular weight
constituents of plasma, but without the plasma proteins under consideration, and the
lowest layer with all the plasma proteins in a high concentration.

Control A. After removal of the lipid layer the weight is reconstituted with
infranatant from an other ultracentrifugation.

Conitrol B. After removal of the lipid layer, part of the infranatant is removed until
the volume is 2/3 of the original (by weighing, keeping the specific
gravity in mind).

Conirol C. After removal of the lipid layer, infranatant (from the production of
Control B) is added to a volume of 2 times the original (by weighing,
keeping the specific gravity in mind).

(100%)  (50%)
| CHYLO+VLDL ] <
(100%) J (150%)
o®
o
d=1.006 Vol. adj. / \ \
Lipid 1 N\
180.000 g ipid free
48 h supernatant CONTROL A \
0i/u,i°
CONTROL T CONTROL B n b}
CONTROL C

All control pools are dispensed into cryotubes (1 mL) and frozen at - 80 °C, and kept at
that temperature until shipping packed with dry ice to each laboratory.

The target values were assigned by measurements in four laboratories by Mancini
technique. (The assigned values were used ag the original target values of the
calibrator, and they were important for the evaluation until the IFCC/CAP/BCR 470
values were transferred, but the old values have no interest now).
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6.4.2 Principles for Evaluations of Data

The general evaluations of data were rather traditional with construction of
histogrammes of the data from each participant, but with indication of target value
and the accept limits for bias according to the analytical quality specifications shown.
For the turbid Control T, the results were further divided into turbidimetric and
nephelometric analytical principles in order to disclose the robustness of the analytical
principles to this challenge.

Two examples, one for the clear Control A and one for the turbid Control T, both for
S-Transferrin, are shown in Fig. 6.4.2.1 and Fig. 6.4.2.2, respectively. Further, the
results for Control T are divided according to nephelometric and turbidimetric
analytical principles and illustrated in Fig. 6.4.2.3. It is seen that the turbidimetric
methods are more robust.

TARGET VALUE
Local Calibrator

S-TRANSFERRIN
CLEAR CONTROL (CON A)
TARGET VALUE

Nordic Calibrator

0

T T T T
2.00 250 300 3.50 QL

Fig. 6.4.2.1. Histogrammes of S-Transferrin showing the results for the clear
Control A. Upper: Results when laboratories used their own
calibrator. Lower: Result when The Nordic Calibrator was used.
From Blaabjerg et al. (2) with permission.

The individual evaluations were designed in order to separate the elements of
analytical variations and errors according to calibration function, specificity as well as
within- and between-run variation. The results were compared to the analytical
quality specifications and described graphically in order to support the local trouble-
shooting process.
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TARGET VALUE )
Locat Calibrator

S-TRANSFERRIN
TURBID CONTROL (CON T)

TARGET VALUE

Nordic Calibrator

T T
3.00 350 g/L

Fig. 6.4.2.2. Hisiogrammes of S-Transferrin showing the results for the turbid
Control T. Upper: Results when laboratories used their own
calibrator. Lower: Result when The Nordic Calibrator was used.
From Blaabjerg et al. (2) with permission.

Nordic Calibrator
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TURBID GONTROL (CON T)

TARGET VALUE

NEPHELOMETRIC E-[',—l\,
R )
—— —

O eno PoNT

B wNeTC

T 4 T

200 3.00 350 giL

TURBIDIMETRIC |

: O TURBOIMETRIC
+ GEL TECHNIQUES

: } & ROCKET
TARGET VALUE
Fig. 6.42.3. Histogrammes of S-Transferrin showing the results for the turbid

Control T. Same data as in Fig. 6.4.2.2, but separated according to
nephelometric and turbidimetric analytical principles. From
Blaabjerg et al. (2) with permission.
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Combined evaluation of calibration function and imprecision

For each survey, each laboratory, and each protein the results from Controls A, B, and
C were arranged in a matrix and treated according to a two-way analysis of variance
with replicates.

First the data were 'normalized’ by multiplying results from Control C with a
factor 2 (which should bring them to the level of Control A) and results from
Control B were multiplied by a factor 2/3 (also to bring them to the level of
Control A). This was done according to the relative dilutions of of the three
controls - so, if the calibration function was correct the between-control variance
component should be negligible.

The data were treated as a two-way analysis of variance with crossclassification
according to controls and days. As mentioned above the between-control
component described the proportionality according to the calibration function (as
an average). The between-day-component described the between-run variation
(reflecting both variations in performance and variations in the average level of
calibration), and the replicate-component described the within-run variation.
Finally, the interaction-component described fluctuations in the calibration
function, i.e. the variation in proportionality of results,

This design and evaluations allowed validation of the analytical performance in each
laboratory within a short period of time (one week) at three occasions (over two
years), and should give a firm basis for the individual laboratory to disclose the weak
links of the analytical procedure, and the informations needed for trouble-shooting.

Evaluation of effect of turbidity

For each day the difference between means of Control T and Control A were
calculated and the mean difference from four days was calculate with 90 % confidence
intervals. This was an estimate of the effect of turbidity.

Graphical presentation of data

The results for the clear controls were displayed as a difference plot with the
measured results minus target values as ordinate and target values as abscissa. The 90
% confidence interval was shown for each point and, further, the accept limits (for
sharing common reference intervals) were illustrated as straight lines. An example of
S-Albumin is shown in Fig. 6,4.2.4.
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S-Albumin (BCG-method)

DIFFERENCE (measured - target) (g/L)

6_]
Control C Control A
4 )
2_1 accept limit
B e
2 accept limit
-4
-6 _|
-8 _|
-10_/ Control B
-
e
J 1 | ! T
0 20 40 60 80

Target concentration (g/L)

Fig 6.42.4. Difference-plot for S-Albumin from a laboratory using a BCG-dye
binding method. Ordinate: difference between measured value and
target value, Abscissa: Target value. The points for Control C, Control
A, and Control B are given with 90 % confidence intervals. Further,
the dotted area illustrates the acceptance area for sharing common
reference intervals. From Hyltoft Petersen et al. (3) with permission.

This example with S-Albumin illustrates a calibration function which should have
been curved, but was fitted by a linear function (one-point calibration).

A further illustration of the combined effects of the laboratory’s own calibrator and
the turbidity is performed in a double difference plot for the two differences
(measured Control A minus target value) and (measured Control T minus measured
Control A). The ordinate is the same as for the difference plot in Fig. 6.4.2.4 (but now
the only point shown is the Control A point with 90 % confidence interval) and the
abscissa is the ’turbidity-difference (also shown with 90 % confidence interval). The
acceptance limits are shown for both differences. The combined results show up as a
cross, which for acceptance should be located within the square formed by the two
acceptance areas.
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In the example (Fig. 6.4.2.5) for S-Haptoglobin the cross’ is located within the square,
and the calibration as well as the turbidity correction are acceptable.

CALIBRATION

Difference (Control A - Target)

0 } Accept Limits

* A
[ Accept Limits
7 T

0 Difference (Control T - Control A)

TURBIDITY

Fig 6.4.2.5. Double difference-plot for S-Haptoglobin. Ordinate: Difference
between measured Control A and the target value. Abscissa: Difference
between measured Control T and measured control A. The acceptance
limits for sharing common reference intervals are indicated.

The data were collected and typed by Jens Rahbeck Nprgaard in Odense and the
computations and printouts were performed by a computer group in Uppsala, chaired
by Torsten Aronsson. For each survey each laboratory received a printout for each of
the proteins with the computations and plots, together with an evaluation as judged
from us. Fig. 6.4.2.6 A and B on the next pages is an example of such a printout.

S-Orosomucoid is taken as an example from an individual report (Fig. 6.4.2.6 A and B).
On the first page (A), the calculations are presented. Point 1 shows results with the
local calibrator and for calibration with The Nordic Calibrator. Mean values and
to.1*SEM for estimation of the 90 % confidence interval, then within- and between-run
coefficients of variation (CVy and CVp) calculated according to a simple nested design
(repeated balanced subsampling), further the target value is shown. In point 2, the
effect of turbidity in Control T (compared to Control A) ig given, and in point 3, the
variations in the three clear controls over four runs are evaluated according to a two-
way analysis of variance with crossclassification according to controls and runs, with
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NEK’S protein projekt NORDIC PROTEIN PROJECT

Orosomucoid Lab.,: 2952

EVALUATION OF THE LAB DATA

1) INDIVIDUAL POOLS AND EFFECTS OF RECALIBRATION

Values directly CAL CON C CON A CON B CON T
Mean value 0.528 0.260 0.505 0.759 0.530
t0.1+SEM 0.016 0.005 0.014 0.023 0.011
var. within run Cvw % 0.9 1.9 1.4 1.4 0.9
var. between run Cvb § 2.4 0.8 2.1 2.3 1.6

Recalibrated values

Mean value - 0.409 0.785 1.194 0.834
t0.1*SEM -— 0.007 0.011 0.014 0.012
var. between run Cvb § —— 0.0 - 0.7 0.0 1.0
Target value 0.830 0.380 0.760 1.150 0.760
2) EVALUATION OF BIAS (using control A and control T)
TOTAL BIAS BIAS PFOR CLEAR CONTROL INTERFERENCE
{CON T - TARGET) {CON A - TARGET) {CON T ~ CON A)
Direct Recal. Direct Recal. Direct
Mean value -0.23 0.07 -0.25 0.03 0.03
t0.1+*SEM 0.01 0.01 0.01 0.01 0.00

3) EVALUATION OF LINEARITY (using 2*CON C, 1*CON A and 2/3*CON B)

Sources of variation s cv % Evaluation
Replicates 0.008 1.6 Within run variation
Between run 0.009 1.8 Between run variation
Between pools 0.008 1.6 Constant unlinearity
Interaction 0.000 0.0 varying unlinearity

EVALUATION OF ANALYTICAL PERFORMANCE

Good Accept Unaccept

Reproducibility within run ............ coes ;E, . _
between run .........0n0 cess . —
Linearity constant (between pools)..... % _ —
varying (interaction)....... —
Calibrator present  ........ Cereeneenan _ -4
Nordic calibrator............ Z{ .
Robustness in relation to turbidity............. X — —
Comments:

Fig. 6.4.2.6.A. Example of print out from a survey. First page.
For further explanations, see text.
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Example of print out from a survey. Second page.

For further explanations, see text.

Fig. 6.4.2.6.B.



subsampling. Finally, a valuation of the different factors is performed, with
possibilities for writing comments, which could focus on the problems and advise for

trouble-shooting or improvements.

On page 2 of the report (Fig. 6.4.2.6.B) two difference-plots - one for the local
calibrator and one for The Nordic Calibrator - are presented for the three controls
with 90 % confidence intervals. The zero-line indicates no bias and the two sloping
lines frame the acceptance area. In the example. the bias is reduced by use of The
Nordic Calibrator, but the results are not perfect, as all controls show values above the
target, and the differences are rather constant, indicating ’a constant bias in
performance’ which e.g. could be a problem with a blanc correction or wrong

calibration function.

Below, the double bias-plot - for bias due to calibration (own calibrator) for Control A
and for bias due to poor correction for turbidity - is shown, together with the
acceptance area. The ’cross’ - with 90 % confidence intervals - repeats the informations
above in the report showing acceptable correction for turbidity, but analytical bias due
to the local calibrator.

After the three surveys the results were cumulated for each laboratory and the final
conclusion was given. Fig. 6.4.2.7 illustrates such a conclusion for S-Orosomucoid
(same laboratory as illustrated in Fig. 6.4.2.6, run no 2). The report summarizes the
"Turbidity robustness’ from the three rounds. Further, the results for each clear
control in each round are shown in a plot combining bias (with sign) and imprecision,
and with acceptance-area (hatched area) according to the analytical quality
specifications for using the common reference interval. Only values outside the
acceptance-area are shown, and in the example, it is clear that the laboratory had
serious problems in the first round (Al with a CV of 20 %, B1 just outside the limits,
and C1 with a bias of +30 %), but the situation has improved in the two next rounds
(only C2 with a bias of +7.5 %).

Communication with the participants

Some of the evaluations done in this project are a little untraditional and it was
therefore of importance to keep the participants informed about the project and the
types of evaluations.

This information was maintained by papers with a short explanations designated Blue

Folders. An example of a front page and a page with information is shown in Fig.
6.4.2.8.
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The Nordic Protein Project
March 1994. Laboratory No. 2952

Final Evaluation in the Nordic Protein Project

PROTEIN: S-Orosomucoid (S-c,-Acid Glycoprotein)

Control T
Turbidity robustness
Controls:
CONTROL B (- 1 5*CONTRCL Al Acceptable
(CLEAR) Xes no
1st round x _
CONTROL T COMTROL A (- CONTROL T) 2ndround X
(TURBID) (CLEAR) 3rdround —  x
GONTROL C (- 05* R
(CLEAR) (- oaonTRaL & Controls A, B, and C
inrounds 1, 2,and 3
Three controlsin _3  runs Calibration & Imprecision
o,
Only points outside the +$°/° No of control values Ll
acceptance figure are indicated outside acceptance limits.
Al

IMPRECISION 15 (CV %)

-10.9-8-76-5-4-3-2-101 2345678 910 BAS'

Overall Evaluation of the Three Surveys Regarding the
Use of the Common Reference Intervals for this Protein:

By use of The Nordic Calibrator
or other calibrator traceable to BCR CRM 470

- you can use the Common Reference Intervals
for the native population ...t e (1]

Ct ->+30%

- you can possibly use the Common Reference Intervals ... [X “L’K« rargritelsion,

- you need improvement of your method ...............cccooorvcecinnee [ # 4ound mo |

Kind regards

The Nordic Protein Project

Fig 6.42.7. Example of a cumulated report to a laboratory after the three surveys.

For further explanations, see text.
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Example of a Blue Folder, front page and information page.

Fig. 6.42.8.

For further explanations, see text.
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6.5 Results
6.5.1 General Evaluations
For the general evaluations the main object was to assess the three analytical

principles (turbidimetric, nephelometric, and gel methods)in relation to calibration
and influence of turbidity of samples,

Local Calibrator

S-igm
CLEAR CONTROL {CON A}

Nordic Calibrator

L T T l]:D T T L
00 05 i [ 20 25 gL

Fig. 6.5.1.1. Histogrammes of S-IgM showing the results for the clear Control A.
Upper: Results when laboratories used their own calibrator.
Lower: Result when The Nordic Calibrator was used.
From Blaabjerg et al. (2) with permission.

The best overview is given by a histogramme for each control sample, and in Fig.
6.5.1.1 are shown the results for the clear Control A for the use of local calibrator and
for The Nordic Calibrator by measurements of S-IgM. These histogrammes illustrate
the general result, that under optimal conditions it is possible to obtain acceptable
results from all analytical principles by use of a reliable calibrator. Practically all
results are within the acceptance limits for the use of common reference intervals.
This was expected, but the evaluations of the analytical principles under optimal
conditions, here the clear Control A, are necessary for the further evaluations of
influence of turbidity in patient samples on the robustness of the principles.
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Local Calibrator
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TARGET VALUE

?‘?

Nordic Calibrator

Fig 6.5.1.2. Histogrammes of S-IgM showing the results for the turbid Control T.
Upper: Results when laboratories used their own calibrator.
Lower: Result when The Nordic Calibrator was used.

From Blaabjerg et al. (2) with permission.

Nordic Calibrator
S-IlgM
TURBID CONTROL (CON T}
TARGET VALUE

! ‘ H 3 FND PONT

KINETIC

NEPHELOMETRIC

TURBIDMETRIC |

+GEL TECHNIQUES | D} romsomene

ROCKET

TARGET VALUE

Fig. 6.5.1.3. Histogrammes of S-IgM showing the results for the turbid Control T.
Same data as in Fig. 6.5.1.2, but separated according to nephelometric
and turbidimetric analytical principles. From Blaabjerg et al. (2) with
permission.
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When the analytical principles are evaluated under ’ideal’ conditions it is easier to
make conclusions from the result obtained with the turbid Control T, as the only
additional factor is the turbidity of the sample. Thus, Fig. 6.5.1.2 illustrates the same
informations as in Fig. 6.5.1.1, but now the results obtained with local calibrator are
complicated by the combined effect of calibrator and turbidity, whereas, the results
with The Nordic Calibrator demonstrate a nearly pure effect of turbidity, as we know
that the the calibrator alone would give acceptable results. The combined use of well
defined control materials makes the interpretation clear.

Table 6.5.1.1
Quality of calibration and influence of turbidity
TURBIDIMETRY

Acceptable laboratories? in percentage of all using the same analytical principle

Protein Calibrator Turbidity! Number of

Laboratories
Local Nordic

Prealbumin 14 % 86 % 43 % 7
Albumin 8% 58 % 50 % 12
Orosomucoid 29 % 86 % 57 % 14
o-Antitrypsin 25 % 69 % 56 % 16
Haptoglobin 44 % 100 % 100 % 27
Transferrin 6% 87 % 81 % 31
IgA 60 % 97 % 91 % 35
IgG 60 % 86 % 97 % 35
IgM 60 % 94 % 69 % 35

1.: Measurements directly on turbid samples.
2.: Acceptance criteria according to Fig. 6.2.2.

The effects of turbidity on the different analytical principles are further illustrated in
Fig. 6.5.1.3, which shows that the gel and turbidimetric methods are rather insensitive
to the turbidity. The nephelometric principles are illustrated for both kinetic and
endpoint methods, and both distributions are broadened towards higher values
indicating the problem.
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S-Transferrin concentrations in plasma are higher than S-IgM concentrations and in
most analytical principles they are analysed in higher dilutions. Accordingly the effect
of turbidity was expected to be less distinct, but as seen from figures 6.4.2.1 to 3, there
are still effects for nephelometric endpoint principles.

Table 6.5.1.2
Quality of calibration and influence of turbidity
NEPHELOMETRY

Acceptable laboratories? in percentage of all using the same analytical principle

Protein Calibrator Turbidity! Number of

Laboratories
Local Nordic

Prealbumin 26 % 70 % 50 % 10
Albumin 10 % 50 % 80 % 10
Orosomucoid 56 % 69 % 19% 16
o -Antitrypsin 10 % 52 % 62 % 21
Haptoglobin 58 % 100 % 92 % 24
Transferrin 6 % 71 % 47 % 17
IgA 44 % 100 % 52 % 25
IgG 28 % 96 % 96 % 25
IgM 44 % 96 % 4% 25

1.: Measurements directly on turbid samples.
2.: Acceptance criteria according to Fig. 6.2.2.

In Table 6.5.1.1 to 3 the data are summarized for all nine plasma proteins according to
the three main analytical principles, turbidimetric, nephelometric and gel methods. It
is seen from the tables - as expected - that a common calibrator can improve the
trueness of all analytical principles to a high degree. Further, the problems with
turbid samples are demonstrated for S-IgM using the nephelometric principles.

Two proteins, however, demonstrate special problems:
S-Albumin has a narrow reference interval and the quality specifications are

accordingly demanding, which is reflected in a low percentage of acceptable
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laboratories for all methods. Further, many of the dye-binding methods have problems
with calibration functions as the calibration curve is fitted by a straight line, resulting
in bias for all concentration values, except from one point.

Table 6.5.1.3
Quality of calibration and influence of turbidity
GEL METHODS

Acceptable laboratories? in percentage of all using the same analytical principle

Protein Calibrator Turbidityl Number of

Laboratories
Local Nordic

Prealbumin 25 % 100 % 100 % 4
Albumin 0% 0 % 100 % 1
Orosomucoid 25 % 50 % 63 %

o-Antitrypsin 27 % 45 % 45 % 11
Haptoglobin 43 % 100 % 100 % 7
Transferrin 50 % 100 % 50 % 2
IgA 50 % 100 % 100 % 2
IeG 100 % 100 % 100 % 2
IgM 100 % 100 % 100 % 1

1.: Measurements directly on turbid samples
2.: Acceptance criteria according to Fig. 6.2.2.

S-a-Antitrypsin disclose another type of problem which is related to the protein
structure in the calibrator, as evaluated in chapter 5.5, but the storing conditions in
the different laboratories may not have been optimal, so a random (i.e. not possible to
investigate now) effect of minor denaturation could occur. This effect, however, could
also origin from difficulties with measuring the protein by turbidimetric and

nephelometric principles.
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6.5.2 Individual Evaluations

Evaluation of individual laboratories is - by definition - individual, and it is more
difficult to give an overview of these, as there are only few general aspects which are
not reflected in the general evaluations.

The most relevant suimming up is therefore to count how many laboratories fulfilled
the analytical quality specifications over the three surveys as evaluated by the revised
quality specifications (Fig. 6.2.2) and evaluated according to the combined criteria for
analytical bias and imprecision as illustrated in Fig. 6.4.2.7.

Two types of evaluations are performed. The first is the average of control results
inside the figure of combined criteria in percentage, and the second is the percentage
of laboratories with 66 % or more acceptable values.

Table 6.5.2

Evaluation of analytical quality according to the quality specifications for
sharing common reference intervals by two criteria.

1. Average of the percentage of control results with acceptable values
2. Percentage of laboratories with 66 % or more acceptable values

Number of

Protein Criteria 1 Criteria 2 Laboratories
Prealbumin 50 % 45 % 20
Albumin 33 % 16 % 51
Orosomucoid 66 % 73 % 41
oy-Antitrypsin 26 % 10 % 48
Haptoglobin 97 % 97 % 61
Transferrin 63 % 51 % 57
IgA 95 % 98 % 66
IgG 80 % 85 % 66
IeM 90 % 95 % 66

The percentage of laboratories which can share common reference intervals is close to
100 % for S-Haptoglobin, S-IgA, and S-IgM, mainly due to rather loose criteria for
sharing common reference intervals for these three proteins (cf. section 6.2), whereas,
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the percentages for S-IgG and S-Orosomucoid are reasonable high. S-Prealbumin and
S-Transferrin are close to 50 %, but the percentages for the two proteins S-Albumin
and S-a;-Antitrypsin are so low, that it may be questionable whether it is possible to
use common reference intervals. The first is due to the very demanding criteria, and
the other may be related to instability of the calibrator or controls as discussed above.
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6.6 Conclusions
The two main problems in protein measurements are calibration and turbid samples.

The calibration problems can be solved for all analytical principles by use of The
Nordic Calibrator or some other reliable calibrator with concentration values
traceable to the reference preparation for plasma proteins, BCR 470, allowing the
majority of laboratories to use the common reference intervals (with some
reservations for S-Albumin and S-o;-Antitrypsin).

Nephelometric analytical principle have problems with turbid samples, but this can be
solved by delipidation of turbid samples, preferable by high speed centrifugation, e.g.
with a bench-top ultracentrifuge.
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