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Analytical Bias Exceeding Desirable Quality Goal in 4
out of 5 Common Immunoassays:

Results of a Native Single Serum Sample External
Quality Assessment Program for Cobalamin, Folate,
Ferritin, Thyroid-Stimulating Hormone, and
Free T, Analyses
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BACKGROUND: We undertook this study to evaluate
method differences for 5 components analyzed by immuno-
assays, to explore whether the use of method-dependent
reference intervals may compensate for method differences,
and to investigate commutability of external quality assess-
ment (EQA) materials.

METHODS: Twenty fresh native single serum samples, a
fresh native serum pool, Nordic Federation of Clinical
Chemistry Reference Serum X (serum X) (serum pool),
and 2 EQA materials were sent to 38 laboratories for
measurement of cobalamin, folate, ferritin, free T, and
thyroid-stimulating hormone (TSH) by 5 different mea-
surement procedures [Roche Cobas (n = 15), Roche
Modular (n = 4), Abbott Architect (n = 8), Beckman
Coulter Unicel (n = 2), and Siemens ADVIA Centaur
(n = 9)]. The target value for each component was cal-
culated based on the mean of method means or measured
by a reference measurement procedure (free T). Quality
specifications were based on biological variation. Local
reference intervals were reported from all laboratories.

RESULTS: Method differences that exceeded acceptable bias
were found for all components except folate. Free T differ-
ences from the uncommonly used reference measurement
procedure were large. Reference intervals differed between
measurement procedures but also within 1 measurement
procedure. The serum X material was commutable for all
components and measurement procedures, whereas the
EQA materials were noncommutable in 13 of 50 occasions
(5 components, 5 methods, 2 EQA materials).

coNcLUsIONS: The bias between the measurement pro-
cedures was unacceptably large in 4/5 tested compo-
nents. Traceability to reference materials as claimed by
the manufacturers did not lead to acceptable harmoniza-
tion. Adjustment of reference intervals in accordance
with method differences and use of commutable EQA
samples are not implemented commonly.
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Despite the effort that has been put into standardization
and harmonization of laboratory test results, large
method-dependent differences persist between measure-
ment procedures (7). Method-dependent differences
may have clinical consequences, leading to considerable
practical problems when patients move between health-
care institutions, thus challenging the use and interpreta-
tion of research data. The scope of external quality assess-
ment (EQA)?* has evolved considerably during recent
years (2). With the increasing worldwide concern about
the use of common reference intervals and medical deci-
sion limits (7, 3-5), modern EQA schemes should aim at
assessing the standardization and harmonization status
of commercial in vitro diagnostic tests. A prerequisite
is the use of commutable EQA samples, i.c., samples
that demonstrate the same numeric relationship be-
tween measurement procedures as is observed in real
patient samples. Results from commutable EQA sam-
ples can be used to evaluate trueness and the calibra-
tion standardization to a reference measurement pro-
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cedure or calibration harmonization when no
reference method is available (2).

We present the results of an EQA survey performed
by the Norwegian Clinical Chemistry EQA Program
(NKK) using commutable native single serum samples.
The main aim of this survey was to investigate method-
dependent differences for a few components analyzed
with commercially available immunoassays. Both com-
ponents that were traceable to a reference material and
components being traceable to industry standards were
included. Further, we evaluated if the use of local refer-
ence intervals may compensate for method differences so
that the clinical interpretation of the test results will be
unaffected. The last aim was to test the commutability of
2 commercial EQA sample materials and Nordic Feder-
ation of Clinical Chemistry (NFKK) Reference Serum X
(serum X) that are used in ongoing EQA programs.

Methods

SURVEY OUTLINE

The survey was offered to clinical chemistry laboratories
in Norway as part of the EQA program from NKK.
Five components [cobalamin, folate, ferritin, thyroid-
stimulating hormone (TSH), and free T,] were measured
using 5 different measurement procedures [Roche Cobas
(n = 15) (Roche Diagnostics), Roche Modular (n = 4)
(Roche Diagnostics), Abbott Architect (n = 8) (Abbott
Diagnostics), Beckman Coulter Unicel (n = 2) (Beck-
man Coulter), and Siemens ADVIA Centaur (n = 9)
(Siemens Healthcare Diagnostics)] at 38 different
clinical-chemistry laboratories. Supplemental Table S1
in the Data Supplement that accompanies the online
version of this article at htep://www.clinchem.org/
content/vol62/issue9 shows the traceability for the differ-
ent immunoassays as specified by the manufacturers. The
first or third WHO reference materials were used for
ferritin, whereas the second or third WHO reference ma-
terials were used for TSH. The folate assay from Abbott
Diagnostics reported traceability to a WHO reference
material. The other assays claimed traceability to differ-
ent US Pharmacopeial Convention (USP) or in-house
industry standards. No assay reported traceability to the
published reference method for free T (6).

The following EQA materials were included in the sur-
vey: 20 fresh native single serum samples; 1 native serum
pool consisting of fresh sera from 18 donors; 1 fresh-frozen
vial of serum X, which is a native 120-donor serum pool that
has been stored at —80 °C for 12 years (7) [M. Pedersen,
personal communication, February, 2016, Danish Institute
for External Quality Assurance for Laboratories in Health
Care (DEKS)]; and, finally, 2 commercial EQA materials
from Labquality’s EQA scheme Hormones A (2300) survey
6-2013 (EQAL, a liquid pooled serum; EQA2, a human-
based lyophilized serum).
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EQALI was an unmodified fresh-frozen human se-
rum pool from 8 men having hemochromatosis. The
serum was collected “on-the clot” (7), stored at —80 °C
and filtered using filters with pore sizes of 80 and 0.45
pm. The filling procedure used was aseptic (M. Peder-
sen, personal communication, May, 2016, DEKS).

The fresh native single serum samples and the fresh
serum pool were produced by the Norwegian Quality
Improvement of Primary Care Laboratories (Noklus).
Samples were collected from 20 healthy volunteers after
obtaining written informed consent. The venipunctures
were performed using a BD Vacutainer® Safety-Lok™
buctterfly device [Becton, Dickinson and Company (BD),
ref. no. 367282]. Blood was drawn into 25 gel tubes of
8.5-mL size [BD Vacutainer® SST™ II Plus Advance
(BD, ref. no. 367953)]. The gel tubes were allowed to
clot for 30 min at room temperature before they were
centrifuged twice at 2000¢ for 10 min. Serum was sepa-
rated after each centrifugation, and 1 mL serum was ali-
quoted in 2-mL tubes and stored at 4 °C until shipping
(within 1 day after production). Significant hemolysis,
lipemia, icterus, or bacterial growth was not present in
any of the samples, and stability testing was done for 5
days showing acceptable data for all components (data
not shown). Temperature control was included in 4 de-
liveries. The minimum temperature registered was
—1.0 °C, and the maximum was +8.5 °C, which was
regarded as acceptable for stability. Detailed instructions
for analyzing and registering the results accompanied the
samples.

All laboratories except 2 received and analyzed the
sample material within 4 days and all within 8 days. The
laboratories reported the locally used reference intervals
for a woman of 40 years of age for all the included
components.

DETERMINATION OF THE TARGET VALUE

A reference method was available only for the free T,
assay (6). Reference-method values were established for 5
selected native serum samples and for the serum X mate-
rial at the Laboratory for Analytical Chemistry, Faculty
of Pharmaceutical Sciences, Gent University (Belgium),
using this method (6). For the other components, the
target value was defined as the total mean (Mt) value
determined from 3 single mean values for the method
groups Roche, Abbott, and Siemens. We decided to in-
clude all Roche methods (Cobas and Modular, n = 19)
in a single Roche group for the determination of Mt
because the difference between these 2 groups was small,
and the Roche methods would have become very domi-
nating for determining Mt if they were regarded as 2
separate methods. However, for the method compari-
sons, Roche Cobas and Modular were treated separately
because between-instrument variation may occasionally
be seen. The mean value from the Beckman Coulter Uni-
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cel group was not included owing to the small number of
responders (n = 2). For each method, the mean devia-
tions of the results are presented as difference plots be-
tween the method mean and Mz.

Grubbs test (8) was used for outlier testing, and
fewer than 1% of the single test results were removed as
outliers.

Quality specifications for evaluating method differ-
ences were based on biological variation data and were
calculated according to the formula (9—11):

Bias < 0.25 X CVr, (1)
where CV.p is defined as: CVy = /CV} + CVg

CV.; is total biological variation, CVj is the within-
subject biological variation and CV¢ is the between-
subject biological variation. The following quality goals
for desirable bias were defined: cobalamin 17.7%, folate
19.2%, ferritin 5.2%, free T, 3.3%, and TSH 7.8%
(11).

Method comparison data between the different as-
says were analyzed using weighted Deming regression.

CALCULATION OF METHOD REPRODUCIBILITY CV

To reveal typical method repeatability and robustness of
calibration/measurement procedures, we calculated the
pooled within-method analytical coefficient of variation
(CV,) for the different components as:

CV, = |(ZCV./N), )

where CV,_ is the analytical CV for each serum sample
analyzed in different laboratories that use the same mea-
surement procedure, and /V is the number of sera (V =
20). Quality specifications for CV , were defined accord-
ing to biological variation (9—11):

CV,<0.5 X CV,. (3)

The following desirable CV, values were defined: cobal-
amin 7.5%, folate 12.0%, ferritin 7.1%, free T, 3.6%,
and TSH 14.7% (11).

COMPARISON OF REFERENCE INTERVALS

To compare the different reference intervals between lab-
oratories, the consensus value for serum X was calculated
as the mean value of the single means of Roche, Abbott,
and Siemens results, as described above. This value was
divided by the individual laboratory’s serum X result.
The resulting serum X—based factor was used to multiply
the upper and lower reference limits so that differences in
reference intervals because of method differences were
eliminated.

COMMUTABILITY OF EQA SAMPLES

The EQA materials and serum X were evaluated as com-
mutable if the concentration was within the 95% predic-
tion interval of the native serum samples.

The 95% prediction interval (PI) for the value x, was
calculated as:

PI=2- tOAOZS,n*Z' S},X\/(l + 1/n
+ (XO - Mx)Z/SSX) (4)

where 7y o35, — » is the Student # variable for 95% prob-
ability and n — 2 degrees of freedom, where n is number
of native sera (n = 21, i.e., including the native single sera
and the fresh 18-donor serum pool), S, is the SE of y on
x, Myand SSyare the mean and variance, respectively, of
all x.

The residuals for the EQA samples and serum X
were further divided by 0.5 X PI. Values >1 or < —1
indicated a result outside the prediction interval and were
interpreted as noncommutability.

Results

Fig. 1 shows substantial differences between the vari-
ous measurement procedures for 4 of 5 components
compared with the target values. Only the folate assays
showed measurement differences within the limit for
desirable bias. Differences were registered also for
methods in which all manufacturers claimed traceabil-
ity to reference materials that are traceable to each
other (see online Supplemental Table 1). The Roche
methods showed very similar results for all compo-
nents except for folate, in which a slightly constant
positive bias was seen for the measurements done on
the Roche Cobas instrument compared with Roche
Modular. Furthermore, the Roche assays deviated
from the other measurement procedures for TSH and
ferritin, and the Beckman Coulter Unicel assay devi-
ated from the other measurement procedures for co-
balamin and free T,. Fig. 1F shows that all of the
commercial immunoassays measured too low free T,
concentrations compared with the reference method.
Online Supplemental Table S2 shows the correlation
between the different measurement procedures.

Table 1 shows the consensus target values for serum
X. The bias for the different components is compared to
the quality specifications for bias based on biological vari-
ation (see Methods). The free T data included both the
deviation from the consensus target value and from the
reference method value.

The pooled within-method analytical variation
for the sera is shown in Fig. 2. The Roche methods
showed low analytical variation for the cobalamin and
free T assays, and acceptable CV, for the other com-
ponents. The CV, for the Abbott instruments was low
for ferritin and acceptable for folate, free T, and TSH,
whereas the CV, was larger than desirable for cobala-
min. Beckman Coulter Unicel had fairly low CV for
all components, except cobalamin and free T, but the
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Fig. 1. Difference plots showing the bias between the measurement procedures for the 5 components.

The x axis shows the Mt or the concentrations measured by the reference method (1F). The y axis shows the deviation from Mt (or reference
method, i.e., Fig. 1F) for the different measurement procedures. The dashed lines indicate the allowable bias. (A), Cobalamin (pmol/L); (B),
folate (nmol/L); (C), ferritin (ug/L); (D), TSH (mU/L); (E), free T, (pmol/L); and (F), reference values for free T, (pmol/L).

results were based on data from only 2 laboratories.
Siemens ADVIA Centaur showed the highest CV,,
with values above the desirable analytical quality for 4
of the components (cobalamin, folate, ferritin, and
free T).

Fig. 3 shows the adjusted reference intervals (see
Methods) for the components. Large variations were
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seen, especially regarding the upper limits. The upper
reference limit for ferritin varied from 109 to 355 ug/L,
and the lower limit varied from 7.7 to 18.7 ug/L. The
highest within-method variation for reference intervals
was observed for Siemens ADVIA Centaur.

The serum X and the 2 EQA materials were tested
for commutability for all 5 components on all 5 measure-
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Table 1. Bias from the target value (Mt or the concentrations measured by the reference method?) for the concentrations of
serum X.
Quality Abbott Beckman Roche Roche Siemens
goal® Architect Coulter Unicel Cobas Modular ADVIA Centaur
Cobalamin, pmol/L =58 -108 15 15 =21
Folate, nmol/L +2.7 -1.4 -1.5 2.1 0.6 0.1
Ferritin, pg/L +3.2 =15 -13.8 9.4 11.1 -8.7
TSH, mU/L +0.13 -0.15 0.01 0.16 0.20 -0.03
Free T,, pmol/L +0.5 -1.2 -3.1 0.8 0.7 0.4
Free T,, pmol/L® +0.7 -6.5 -8.4 -4.5 -4.6 -4.9
2 Reference method values [IFCC (6)].
® The quality goal (=absolute values) for desirable bias is based on biological variation data: cobalamin 17.7%, folate 19.2%, feritin 5.2%, free T, 3.3%, and TSH 7.8% (71). Biases
exceeding the quality goal are shown in bold.

ment procedures. Serum X results were commutable for ~ 4/5 components. None of the commercial EQA samples

all components and methods. Noncommutability for the (1 and 2) were commutable for folate measurements per-
EQA materials was observed on 13 out of 50 occasions (5 formed by the Abbott Architect and Siemens ADVIA
components, 5 methods, and 2 EQA samples) (Table 2). Centaur assays. Both samples were commutable for
As expected, the poorest commutability (n = 10) was  free T analysis for all 5 measurement procedures. In 5

seen for the human-based lyophilized serum (EQA2).  instances, the bias demonstrated by the EQA samples
The liquid pooled serum (EQA1) was commutable for ~ was found to be in an opposite direction compared
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are marked with an asterisk.

Fig. 2. Pooled within-method analytical variation for the components measured by 5 measurement procedures at 38 different

Desirable CV, were 7.5% (cobalamin), 12.0% (folate), 7.1% (ferritin), 14.7% (TSH), and 3.6% (free T,) (77). Assays exceeding the desirable CV,
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method mean of serum X (see Methods).

Fig. 3. Reference intervals reported after the lower and upper limits have been corrected by use of a factor derived by the single

The black diamond shows the mean value of the samples from 20 healthy individuals included in the survey. A, Abbott Architect; U, Beckman
Coulter Unicel; RC, Roche Cobas; RM, Roche Modular; S, Siemens ADVIA Centaur.

with the native serum samples, e.g., the folate analysis
in the noncommutable EQA1 and EQA2 on the Ab-
bott Architect and Siemens ADVIA Centaur platforms
(Fig. 4). Folate analyzed in EQA samples on Abbott
Architect instruments indicated a positive bias,
whereas the native samples showed a negative bias.
Siemens ADVIA Centaur results for folate showed
EQA results with a negative bias, whereas the native
samples showed a small positive bias. Similar findings
for folate were also shown for the noncommutable
EQAT1 on the Beckman Coulter instruments.

1260 Clinical Chemistry 62:9 (2016)

Discussion

The main findings of this study are that the method
differences for 4 out of 5 tested components were large,
and the detected bias exceeded the acceptance criteria as
defined by biological variation. In spite of claimed trace-
ability to an international standardized reference material
as calibrator (see online Supplemental Table S1), method
differences for ferritin and TSH were not diminished
compared with the other components that were tested.
Reference intervals varied between laboratories and were
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Table 2. Commutability of serum X and the EQA samples.?

Cobalamin Folate Ferritin Free T, TSH
Serum Serum Serum Serum Serum
X EQA1 EQA2 X EQA1 EQA2 X EQA1 EQA2 X EQA1 EQA2 X EQA1 EQA2
Abbott Architect 0.5 0.8 1.3 0.5 3.5 3.7 05 -06 1.1 -01 -01 0.3 -0.1 0.1 -1.1
Beckman Coulter Unicel -0.2 -0.7 0.2 -02 1.8 0.1 0.2 -0.7 -0.1 0.7 0.0 0.7 0.2 -0.1 0.2
Roche Cobas -0.7 -03 -0.3 0.4 03 -1.1 -05 0.6 -1.8 0.0 -0.2 0.1 -0.1 -0.1 0.5
Roche Modular -05 -05 -1.2 -08 -03 -1.7 -05 04 -2.2 0.1 0.0 02 -0.1 -0.1 0.4

Siemens ADVIA Centaur 0.1 -03 -05 -03 -2.6 -1.9 -03 0.5 0.1 0.1 0.2 -0.5 0.3 0.0 0.3

2 Results >1 or < —1signal a noncommutable material (shown in bold). Serum X was a native serum pool that consisted of sera from 120 donors. It has been stored for 12 years. EQA1
was a commercial liquid pooled serum, and EQA2 was a human-based lyophilized serum.

not in agreement with the demonstrated method differ-
ences. A serum pool that had been stored for 12 years
showed commutability for all 5 components and was able
to reveal true bias between measurement procedures. A

commercial human-based serum (EQA1) gave noncom-
mutability on 3 out of 25 occasions (all for folate mea-
surements), and the direction of the bias was opposite to
the bias detected by the native material. A human-based

lyophilized serum (EQA2) showed noncommutability
on 10 out of 25 occasions, and in 2 of these instances, the
bias was contradictory when compared to the bias dem-
onstrated by the native material.
20 BTy One of the strengths in this study was that it evalu-
10 = Fout ated method differences for immunoassays that are at
A various stages along a harmonization process. The study
o included both components with traceability to an inter-
) T national reference material and components using in-
20 T house industry standards. The study also examined the
9 : implementation of different processes that might be un-
dertaken to compensate for or reduce the effects of
method differences.
0 . o - o . 0 Substantial method differences were detected for the
Mt (nmoliL) 5 components studied, and all components except folate,
which is a component with large biological variation and
consequently a large acceptance criterion, exceeded the
acceptance criteria based on biological variation. For the
cobalamin immunoassays, the manufacturers used USP
standards or internal standards as calibrators. A clear bias
was detected between the measurement procedures; how-
ever, this was significant only for the Beckman Coulter
Unicel assay and may partly be explained by the fact
that this method was not included in the calculation of
the Mt.
20 L R For the ferritin and TSH assays, all manufacturers
30 e claim traceability to reference materials that are reported
0 & 10 15 20 25 30 .
ol to be mutually traceable to each other (see online Supple-
mental Table S1). The biases detected for these 2 mea-
surement procedures were large but proportional. If
proportionality can be demonstrated for the whole mea-
surement range of the assays, it might be possible to har-
monize the measurement procedure to the extent that
common reference intervals might be used. An easier pro-
cedure for harmonizing measurement procedures is the

A Folate
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0,0

1,0

Abbott Architect Mt

-4,0

5,0

B Folate
50

4,0

3,0

2,0

1,0

0,0

Siemens ADVIA Centaur Mt

Fig. 4. Bias of the native serum samples, the fresh native
serum pool (shown as a dot within a circle), serum X (shown
as a dot within a square), and the noncommutable EQA ma-
terial (EQA1 and EQA2) for folate on the Abbott Architect (A)
and Siemens ADVIA Centaur (B) platform.
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use of 1 common commutable calibrator. In 2013,
Zegers et al. published a study demonstrating that the
observed method differences between ceruloplasmin as-
says were a result of the noncommutability of the certi-
fied reference material that was used by the manufactur-
ers (ERM-DA470) (12). Noncommutability for SRM
(standard reference material) has also been demonstrated
for some troponin I assays (13). The ferritin and TSH
assays claim traceability to different WHO reference ma-
terials, and until now, these have not been tested for
commutability (74). Further efforts should be made to
produce commutable reference materials and to ensure
that their use has a clear effect on the harmonization of
patient results. It is reassuring that several national and
international organizations, including the Joint Com-
mittee for Traceability in Laboratory Medicine, the
WHO, and International Federation of Clinical Chem-
istry scientific division, have increased their focus on this
issue lately (14, 15). The large scatter that was seen
around the regression line for several of the TSH assays
indicates the possibility of different analytical specificity
for these assays.

All manufacturers claim traceability to their own in-
house standard for the free T ; assay, although a reference
method has been available for several years (6). Conse-
quently, none of the assays showed agreement with the
reference method. A likely reason for the slow implemen-
tation of the published reference method may be that all
conventional assays show considerable bias to the refer-
ence method so implementation will lead to changes in
the clinical interpretation of the test results and to redef-
inition of treatment-decision limits. Another reason
might be that substantial changes in standardization will
require a new approval of the test from different health-
care authorities (e.g., the US Food and Drug Adminis-
tration), which is a very large process requiring substan-
tial use of resources by the manufacturers.

As expected, the pooled within-method analytical
variation differed between measurement procedures.
Quite large variations were seen for some of the tested
components or measurement procedures, indicating low
method repeatability or low robustness of calibration
procedures.

Reference intervals varied substantially between lab-
oratories, and there was no clear correlation between the
measurement procedure used and the suggested reference
intervals. According to ISO (International Organization
for Standardization) standard 15189, all laboratories
should validate their reference intervals on a regular basis,
and substantial resources are invested in this task. The
data reported in our study indicated that this effort might
be of little effect. The common assumption that labora-
tories are able to eliminate method differences by adjust-
ing their reference intervals according to the method they
use was not confirmed. Similar results have been shown
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by others (16). The most likely reasons for this are that
laboratories use different sources of information and dif-
ferent study designs with diverse quality when they estab-
lish their reference intervals and also when they validate
them. The diversity of reference intervals may affect the
interpretation of analysis results and have implications
for the clinical treatment of patients (17). There is a need
for standardization or at least harmonization of reference
intervals for different immunoassays (16). A step in the
right direction is the United Kingdom Pathology har-
mony initiative (18) and the IFCC launching of an ini-
tiative to establish reference intervals in different ethnic
populations in several countries in America, Asia, Africa,
and Europe (3-5). It is encouraging that the study in-
cludes all common clinical-chemistry components and
also suggests a procedure for later correlation and transfer
of data to different measurement procedures.

Use of commutable EQA material for proficiency
testing is essential to detect real method differences and is
an important tool to achieve harmonization between
measurement procedures (2, 14, 19, 20). Our study
showed that noncommutable EQA materials may have
opposite direction of bias compared to patient samples,
and this is a clear reminder that EQA results always must
be interpreted in view of the commutability of the mate-
rial used. Further, we also showed that liquid commercial
serum samples, to some degree, might be noncommut-
able and consequently must be tested for commutability
if evaluation of method differences is intended. The se-
rum X material showed commutability for all compo-
nents on all measurement procedures, although this pool
had been stored for 12 years. Similar findings, i.e., com-
mutability of serum pools and noncommutability for
processed EQA materials, have also been demonstrated
for immunoassays measuring troponin I (13). Laborato-
ries spend large resources on EQA schemes every year and
should, together with health authorities and organiza-
tions for laboratory medicine, put pressure on EQA pro-
viders to strive for commutability testing of all EQA ma-
terials before they are put into use.

A limitation of our study was that the native single
sera samples were not prepared in accordance with the
CLSI C37A guideline. However, fresh patient samples
were used in a manner completely similar to what is done
in clinical practice (i.e., when general practitioners mail
their samples to the laboratories). Another limitation was
the procedure used for establishing the target value (Mv).
However, in the absence of a reference method, there are
not many other ways of determining a target value (21).
The third limitation was that we did not use clinically
based quality standards for defining desirable impreci-
sion and bias; only biological variation data were used.
Clinically based standards could have been useful for sev-
eral reasons: (2) not all components were gaussian distrib-
uted, (4) changes that hold clinical meaning for some
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components are only 1-sided (cobalamin and folate), and
(¢) it may be argued that diagnostic cutoff limits should
be used rather than reference intervals for several compo-
nents (cobalamin, folate, and ferritin). However, cur-
rently there is no consensus regarding clinically based
quality standards. It is reassuring that the European Fed-
eration of Laboratory Medicine has put this important
topic on the agenda, and its members are working to
define such standards that will be very useful in the future
(22, 23). Lastly, it should be noted that we did not ask
the laboratories how their reference intervals were estab-
lished or validated. No firm conclusions may be drawn
regarding the diversity of the reference intervals detected
in this study.

Conclusion

The procedures by which the clinical-chemistry commu-
nity has recommended keeping method differences
within acceptable limits are well known, e.g., traceability
to reference materials or methods, adjustment of refer-
ence intervals, and use of commutable EQA samples.
Even so, our data show that, for commonly used immu-
noassays, large method differences still persist. Reference
intervals used by local laboratories are not always ad-
justed in accordance with existing method differences,
and commercial EQA samples showed noncommutabil-

ity on several occasions and, therefore, were useless as a
tool for harmonization. The elimination of method differ-
ences would be a major contribution to future patient care,
and the increased focus lately on commutability, as well as
the IFCC global campaign on reference values are impor-
tant steps in the right direction. However, this fundamental
task for patient care may only be solved by laboratory pro-
fessionals, healthcare authorities, manufacturers, and EQA
providers jointly demanding commutability at all steps of
the traceability chain. The clinical chemistry communities
should keep up and increase their focus on this issue until
clear improvement is demonstrated.
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