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Abstract

Objectives: Clinical interpretation of ferritin is hindered by 
between-assay differences, persisting despite the introduc-
tion of different generations of WHO standard. To aid har-
monisation efforts, this study investigates the commutability 
of External Quality Assessment (EQA) materials, proof-of-
concept reference materials (cRMs), and the newest gener-
ation of WHO standard (19/118).
Methods: Four multi-level serum-based cRMs, 50 clinical 
samples, four EQA materials, and WHO 19/118 were measured

with Abbott Alinity, Beckman Coulter Access DxI, Roche Cobas 
and Siemens Atellica. Commutability was analysed using the 
prediction interval approach for EQA materials and the dif-
ference in bias and calibration effectiveness approaches for 
cRMs and WHO standard.
Results: Differences in assay selectivity did not allow for 
formal commutability assessment of EQA materials. Never-
theless, all four investigated EQA materials fell within the 95 % 

prediction interval around clinical samples in all six method 
comparisons, indicating their suitability for monitoring har-
monisation status. Calibration effectiveness demonstrated 
commutability for cRM1 and cRM3, in contrast to poor com-
mutability for cRM2, cRM4 and WHO 19/118. Recalibration with 
cRM1 decreased inter-assay CV four-fold from 34 % to 8.2 %. 
Conclusions: Improving harmonisation among current 
ferritin assays is possible, and success of such efforts can be 
monitored with EQA materials. Although limited by differ-
ences in selectivity, the harmonisation potential of the current 
assays is substantial, and therefore we encourage harmo-
nisation based on a ISO15194-proof material produced like our 
cRM1 or cRM3. True standardisation will need much more 
time, requiring prior measurand characterisation, identifi- 
cation of a clinically relevant ferritin measurand, and sub-
sequent assay redesign to eliminate differences in selectivity.

Keywords: commutability; EQA material; ferritin; harmo-
nisation; reference material; selectivity

Introduction

Ferritin is an important biomarker for the diagnosis of dis-
orders of iron metabolism such as iron deficiency and iron 
overload [1]. Ferritin is typically measured with a sandwich 
immuno-assay employing a capturing antibody which is 
immobilised onto magnetic particles, and upon washing, is 
incubated with a labelling antibody. Several automated 
platforms are available from the in vitro diagnostic manu-
facturers that employ such a sandwich technique.
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Four generations of World Health Organisation (WHO) 
international standard for ferritin have been developed 
[2–5], three of which are currently used in the calibration 
of automated ferritin assays. Despite the introduction of 
these WHO standards, significant between-assay differ-
ences in measurement results persist [6–10]. These 
between-assay differences hamper clinical decision-
making on iron disorders, due to the wide-spread use of 
universal method-independent decision limits such as 
30 μg/L for iron deficiency [6, 11]. External Quality 
Assessment (EQA) with commutable materials can be used 
to monitor between-assay differences. Figure 1 shows how 
EQA materials can illustrate the combined impact of 
between-assay differences and method-independent deci-
sion limits on the classification of both iron deficiency and 
iron overload.

The need for harmonised assays is further increased by the 
growing digital exchange of laboratory results between 
healthcare institutions using different analytical methods and 
legislation like the European Health Data Space stimulating 
such exchange. Harmonisation is essential to ensure compa-
rability of laboratory test results across measurement proced-
ures [12]. This study aims to aid in the process of ferritin 
harmonisation by describing a commutability assessment of 
novel proof-of-concept reference materials (cRMs), which are 
compared to the fourth generation of WHO standard (19/118) 
[5]. Additionally, the commutability of EQA materials is

investigated to establish their suitability for monitoring har-
monisation status.

Materials and methods

Materials

EQA materials

Four EQA materials from the Dutch EQA provider SKML 
were selected with ferritin values close to clinical decision 
limits. Ferritin is part of SKML’s ‘hormones in serum’ 

scheme [13]. The materials are produced by spiking human 
pool serum with a combination of 10–25 commercially 
available hormones (e.g. reproduction, adrenal, and bone 
metabolism hormones). The full list of analytes that may be 
spiked is available via the SKML website [13]. Two out of the 
four selected materials contained an addition of 10 or 160 μg/ 
L native human liver ferritin (Sigma-Aldrich, item number 
341482) as well. The materials were stored at −80 °C.

Clinical samples

50 clinical serum samples were collected at Queen Beatrix 
Hospital, Winterswijk, the Netherlands, and selected to cover

Figure 1: Representative ferritin EQA results obtained with four different assays for a low (left panel) and high (right panel) concentration ferritin sample. 
Samples are based on human pool serum, spiked with various hormones, aliquoted, stored at −80 °C and sent on dry ice to participating laboratories 
(n=120). Ferritin results reported by individual participating laboratories are grouped into concentration bins on the horizontal axis, with each bin height 
representing the number of laboratories (frequency on vertical axis) reporting results within that range.
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a relevant concentration interval. Patients positive for hepa-
titis or HIV in previous investigations were excluded from 

sampling, as well as patients with known M-proteins or high 
immunoglobins. Samples consisted of residual serum from 

patients who did not object to the use of residual material. 
Therefore, according to the Dutch Code of Conduct for Health 
Research published by COREON in 2022, no ethical approval 
was needed. Samples were centrifuged within 4 h after sam-
ple collection, stored at ambient temperature for a maximum 

of 4 h, and subsequently stored at 4 °C for a maximum of
4 days before manual transfer to a separate tube for storage 
at −80 °C. Samples were aliquoted and analysed within 
20 months after collection [14]. To allow for investigation of 
potential between-method differences in ferritin results due 
to acute phase effects, CRP (Roche, Tina-quant C-Reactive 
Protein IV) was measured during the collection process as an 
indicator of acute phase. The clinical sample set consisted of 
low CRP (≤10 mg/L, n=26, range: 1–10, median: 1.5) and high 
CRP (>10 mg/L, n=24, range: 12–295, median: 29) samples to 
enable separate analyses for each category.

Proof-of-concept reference materials (cRMs)

Within the range of clinical samples, we included 12 levels of 
four cRMs prepared by MCA laboratory, Winterswijk, the 
Netherlands. The materials are based on human pool serum. 
cRM1 was frozen, cRM2 was lyophilised, cRM3 was lyophilised 
with cryolyoprotectant (MCA laboratory) to improve stability, 
and cRM4 was lyophilised after an anti-lipid treatment was 
performed. All cRMs were stored at −80 °C. Before analysis, 
cRMs 2–4 were reconstituted in 1 mL of distilled water.

WHO standard

WHO 19/118 (NIBSC) was stored at −20 °C and reconstituted in
1 mL of distilled water, according to manufacturer’s in-
structions. From the assigned content of 10.5 µg per ampoule, 
the reconstituted sample would have a concentration of 
10,500 μg/L. To allow for concentrations within the measuring 
interval of the assays, two dilution series were prepared. Di-
lutions of 100x, 200x and 400x were prepared from a 10×, 20× 
and 40× dilution. To allow for comparison with the results of 
Braga et al. [7], the WHO standard was diluted in the diluent 
solution as provided by each manufacturer. To check for any 
matrix-related effect on commutability, a second dilution se-
ries was prepared in a heparin plasma pool with low ferritin. 
Heparin plasma was chosen for practical reasons, and its 
equivalence to serum for ferritin measurements has been 
shown by Lemaire et al. [15]. The heparin plasma pool was 
prepared from nine residual clinical samples, with a baseline 
ferritin concentration of 4.6 (Beckman), 8.5 (Abbott), 5.0

(Siemens), and 9.8 (Roche) µg/L. The pool was stored at 4 °C 
and used within 30 h after preparation.

All materials were shipped on dry ice to participating 
clinical laboratories, thawed at ambient temperature (if 
applicable) and carefully mixed before analysis.

Measurements

Measurement procedures (MPs)

All participating clinical laboratories in SKML’s EQA scheme 
use assays from Abbott (11 %), Beckman Coulter (7 %), Roche 
Diagnostics (68 %), or Siemens Healthineers (14 %) to measure 
ferritin. Each manufacturer was consulted to identify a single, 
globally relevant and future-proof platform for inclusion. This 
resulted in the selection of the Abbott Alinity, Beckman Coulter 
Access DxI, Roche Cobas e801, and Siemens Atellica platforms 
(Table 1). For each platform, one laboratory was selected to 
perform measurements as representative of its method group. 
Laboratories were chosen based on consistent EQA perfor-
mance (results close to the method group consensus over four 
EQA rounds in 2024) and on confirmation from the respective 
industry partner that the laboratory was also representative 
from their perspective. The participating laboratories were (all 
located in the Netherlands): Franciscus Vlietland Hospital 
(Abbott Alinity), Pantein Hospital (Beckman Coulter Access 
DxI), Radboud University Medical Center (Roche Cobas e801), 
and Jeroen Bosch Hospital (Siemens Atellica).

Measurements

Measurements were performed in two separate experiments, 
as additional analyses incorporating the WHO standard were 
performed after completion of the initial experiment. In the 
first experiment (October 2025), all clinical samples, cRMs and 
EQA materials were measured in triplicate. The dilution series 
of WHO standard were measured in the second experiment 
(March 2026). Two EQA materials were measured in triplicate 
in both experiments to evaluate the impact of variation be-
tween the two measurement days and to allow for correction if 
needed. All measurements were performed according to 
manufacturers’ instructions. None of the laboratories used any 
correction factors. In each laboratory, all samples were 
measured in a standardised order on both measurement days.

Data analysis

Data were analysed and visualised using Rstudio version 
2025.5.0.496, using the following packages: readxl, tidyverse, 
mcr, and patchwork. One clinical sample was excluded from
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all analyses because it was outside of the upper measure-
ment limit for Abbott Alinity. No outliers were identified 
based on measurement variability, as triplicate measure-
ments showed variation coefficients (SD/mean) below 10 % 

for all methods and samples.

Commutability assessment

Approaches for commutability assessment

The IFCC Working Group on Commutability in Metrological 
Traceability recommendations encompass three different 
approaches for the assessment of commutability: the pre-
diction interval approach [16], the difference in bias 
approach [17], and the calibration effectiveness approach 
[18]. As the first approach is specifically intended for EQA 
materials [16], and the second and third approaches are 
suitable for reference materials intended to use as calibra-
tors [19], these approaches were applied accordingly. The 
last two approaches require the establishment of a com-
mutability criterion.

Commutability criterion

The commutability criterion was set as the maximum allow-
able non-commutability bias (MANCB). MANCB is defined as 
the maximum effect from non-commutability that could be 
accepted when a material is applied as reference material 
[20]. MANCB is derived from the maximum allowable uncer-
tainty in a clinical sample result (umax CS ), according to

MANCB = umaxCS*
3
8 * 3̅

√
.

While awaiting outcome-based umax CS , a minimum goal of 
6.5 % has been proposed [9], resulting in a MANCB of 4.2 %.

Prediction interval approach (EQA materials)

Commutability of EQA materials was assessed by preparing 
pairwise method comparison plots and calculating the 95 % 

prediction interval around clinical samples based on Deming 
regression on ln-transformed data. EQA materials within this 
prediction interval were considered commutable. The suit-
ability of the data for Deming regression was assessed by 
evaluating normality and homoscedasticity using the tool 
developed by Sandberg et al. [21]. Differences in non-selectivity 
(DINS) were examined as described by Fauskanger et al. [22] by 
calculating zeta values using the same tool, with M set at 100 %. 
Zeta values describe the ratio of the residuals of the regression 
line from the pairwise method comparisons relative to the 
combined measurement uncertainty of both methods. There-
fore, zeta values above a specified threshold imply that the 
difference between the two methods is larger than can be ex-
pected based on measurement uncertainty alone. The differ-
ence between two measurement procedures (MPs) based on 
measurement uncertainty alone was simulated from

k *

̅̅̅̅̅̅̅̅̅̅̅̅
SD2

MP1

3̅
√ + SD2

MP2

3̅
√

√
with coverage factor k=2. Measurement procedure-specific 
SDs (SD2

MP1 and SD 
2 
MP2), were pooled from the SDs per sample

as

Table : Analytical characteristics of ferritin measurement platforms.

Manu-
facturer

Platform Assay
(catalogus number)

Traceability Capture antibody Labeling antibody Calibrator
lot

Reagent
lot

Abbott Alinity Alinity i ferritin 
(P)

WHO IS / 
(st generation)

Monoclonal 
anti-ferritin antibody 
(mouse) 

Polyclonal anti-ferritin (rab-
bit) acridinium-labeled 
conjugate

 / 


 / 


Beckman
Coulter

Access
DxI

Access ferritin () WHO IS / 
(rd generation)

Monoclonal 
anti-ferritin antibody 
(mouse) 

Polyclonal anti-ferritin 
(goat)–alkaline phosphatase 
(bovine) conjugate 

 / 


 / 


Roche Cobas
e

Elecsys ferritin 
()

WHO IS / 
(st generation)

Biotinylated mono-
clonal anti-ferritin 
antibody (mouse) 

Monoclonal anti-ferritin 
antibody (mouse) labeled 
with ruthenium complex 

 / 


 / 


Siemens Atellica Atellica IM ferritin 
()

WHO IS / 
(nd generation)

Monoclonal anti-
ferritin antibody 
(mouse)

Polyclonal anti-ferritin anti-
body (goat) labeled with 
acridinium ester

CC / CC  / 

Characteristics include metrological traceability and detailed antibody descriptions. Calibrator and reagent lot numbers are indicated for the first and 
second experiment day respectively. WHO IS, World Health Organisation International Standard.
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SDpooled =
̅̅̅̅̅̅̅
∑ ni=1 SD

2
i

n

√
n = 49( ).

The division by square root of three was applied to account 
for three replicate measurements.

Difference in bias approach (cRMs and WHO standard)

Commutability of cRMs and WHO standard was assessed by a 
pairwise comparison of between-method bias between clin-
ical samples and the material under investigation, where 
reference materials within the commutability criterion were 
considered commutable [17]. Sample sizes were considered 
adequate according to the guiding tables from Miller et al. 
[20]. All comparisons were corrected for linear concentration-
dependent bias which would disturb interpretation, while 
preserving the relative relation between data points, ac-
cording to the instructions given in CLSI EP30 (2nd edition) 
[23]. Error bars around the cRMs reflect the expanded un-
certainty (U(D cRM )), which was calculated separately for each 
cRM as U

D cRM( ) = k *
̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
u 2 B cRM( )  + u 2 B CS( )

√ 
,

with coverage factor (k)=2. The uncertainty of the bias of
clinical samples u B CS( ) = S B ̅ n√ , where n=49, and S B equals the
standard deviation of all bias values of the clinical samples. 
The uncertainty of the bias of the cRM

u BcRM( ) =
̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
S2cRM,MP1 + S2cRM,MP2

3

√
where S 2cRM is calculated for each measurement procedure 
separately and encompasses the mean standard deviation of 
the three replicates of the 12 levels of cRM. The division by
three accounts for the three replicate measurements.

Calibration effectiveness approach (cRMs and WHO 
standard)

Commutability of cRMs and WHO standard was also assessed 
by mathematical recalibration of the clinical sample dataset 
as described in CLSI EP30 2nd ed. [23]. Because of the relatively 
low number of MPs, we used the all-method mean for each 
cRM level as target values. WHO standard target values were 
calculated from the assigned content divided by the dilution 
factor. Target values for the dilution series in pool plasma 
were corrected for their native ferritin content by the addition 
of the all-method mean of the unspiked pool (7.0 μg/L). 
Method-specific Ordinary Least Squares (OLS) regression

lines were determined between original measurement results 
for cRMs or WHO standard and their corresponding target 
values. The resulting regression parameters were used to 
correct the initial measurement results of the clinical samples. 
A commutable reference material is effective in reducing the 
systematic error between methods [18]. Specifically, a refer-
ence material can be considered commutable if the inter-
measurement procedure bias range (IMPBR) does not exceed 
2x MANCB [20]. IMPBR was calculated as the difference be-
tween the maximum and minimum of method-specific me-
dian clinical sample biases.

To evaluate the need for correction of between-
measurement day variation, WHO standard results were 
corrected by the percentage deviation in the mean result, 
averaged over the two EQA materials. This correction 
resulted in a small increase in IMPBR after recalibration 
with WHO 19/118 in both matrices (pool plasma: 38.4 % 

compared to 34.9 %, manufacturer’s diluent: 49.4 % 

compared to 46.7 %). Consequently, reporting the uncor-
rected data provides the most favorable estimate of the 
commutability of WHO 19/118, while application of the 
correction would not change the overall conclusions. 
Therefore, the uncorrected results are presented throughout 
the manuscript.

Harmonisation potential

The harmonisation potential of the investigated ferritin as-
says was investigated by comparing inter-assay CV before and 
after recalibration with cRMs or WHO standard as performed 
during the recalibration effectiveness commutability assess-
ment. Inter-assay CV was calculated from the logarithmically 
transformed results (mean of three replicates) for each clin-
ical sample. The standard deviation (SD) per sample was 
calculated over the four methods and squared to obtain the
variance σ2

i = SD 2i( ), which was pooled as
σ2
pooled =

1
n
∑
n

i=1
σ2
i

(n=49). The resulting inter-assay CV followed from

CV inter =
̅̅̅̅̅̅
e σ 2 − 1 

√ 
* 100 %.

Using the same approach, the clinical sample dataset was 
also recalibrated using OLS regression fitted on the clinical 
sample set itself. Here, we used the all-method mean for each 
sample as target value. The resulting inter-assay CV was 
considered a benchmark for the theoretically best achiev-
able harmonisation potential.
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Results

Commutability of EQA materials

Commutability of EQA materials was assessed using the 
prediction interval approach. In all pairwise method com-
parisons, EQA materials were within the 95 % prediction 
interval around the clinical samples (Figure 2), indicating no 
limitations in their commutability. However, commutability 
cannot be claimed, because four out of six method pairs had 
excessive DINS (Table 2) [1516]. The effect of these differences 
in assay selectivity is illustrated in Figure 2, where the light 
blue area represents the interval in which clinical samples 
were expected to fall if measurement uncertainty would be 
the only source of between-assay differences. For method 
pairs with acceptable DINS, the 95 % prediction interval 
around the clinical samples closely approaches the light blue 
area. For method pairs with excessive DINS, the actual pre-
diction interval is substantially wider compared to the light 
blue area. The number of method pairs with acceptable DINS 
increased to four out of six for a separate analysis of clinical 
samples with low CRP (≤10 mg/L, n=26) or high CRP (>10 mg/ 
L, n=23). In these separate analyses, all EQA materials also 
fell within the 95 % prediction interval of clinical samples 
(data not shown).

Commutability of cRMs and WHO standard

The commutability of WHO 19/118 and cRM1-4 was first 
investigated by analysing the difference in bias. Due to the 
differences in assay selectivity, many clinical samples did 
not comply with the MANCB-based commutability criterion 
(Figure 3). Additionally, in the majority of cRMS, the error 
bar overlaps with the commutability criterion, resulting in 
an inconclusive result. For these reasons, the difference in 
bias approach was not suitable for generating conclusive 
commutability judgements, and we proceeded with formal 
commutability assessment using the calibration effective-
ness approach.

In this approach, we simulated method harmonisation 
with cRMs and WHO 19/118 via mathematical recalibration, 
comparing the bias range between assays before and after 
recalibration (Table 3). cRM1 and cRM3 were found to 
be effective in decreasing IMBPR up to ten-fold from 61.1 to 
6.4 % and 8.3 % respectively, resulting in a post-
recalibration IMPBR that is within the commutability cri-
terion. In contrast, recalibration with the non-commutable 
WHO 19/118 only slightly decreased IMPBR, with no sub-
stantial differences observed between the two diluents.

Harmonisation potential

The effect of mathematical recalibration is illustrated in 
Figure 4, which compares assay-specific bias in clinical 
samples before and after recalibration with cRM1 or WHO 
19/118. Following recalibration with cRM1, the methods 
showed close agreement, whereas recalibration with WHO 
19/118 resulted in persistent between-method differences. 
Figure 4 also highlights the effect of differences in selectivity 
between the assays, which cannot be solved with recali-
bration. Harmonisation potential is therefore better re-
flected by inter-assay CV than by IMPBR. Inter-assay CV is 
reduced four-fold from 34 to 8.3 % or 8.6 % following reca-
libration with cRM1 or cRM3, respectively (Table 3). Both 
materials performed close to the maximum feasible inter-
assay CV reduction to 7.1 % that was obtained by harmo-
nisation based on the clinical dataset itself.

Discussion

The large between-assay differences in ferritin measure-
ment results found within our clinical sample dataset 
confirm the findings and concerns based on our EQA scheme 
as well as those raised by earlier publications [6–10]. We 
have shown that inter-assay CV can be reduced four-fold 
from 34 to 8.2 % or 8.6 % by harmonisation with cRM1 or 
cRM3, respectively. A harmonisation protocol based on an 
ISO 15194-proof material produced like cRM1 or cRM3 would 
lead to a beneficial reduction of between-assay differences, 
but its potential is limited by another factor influencing 
differences between assays, namely, selectivity.

Ferritin assay selectivity

In the current study, we found abundant sample-specific dif-
ferences in measurement results between the assays, resulting 
in excessive DINS in the majority of method pairs. This suggests 
that the assays do not measure exactly the same measurand 
(quantity intended to be measured). Due to these differences in 
assay selectivity, any attempt for harmonisation of the current 
assays will be imperfect, as it is not possible to calculate a single 
harmonisation factor for each platform that can bring the bias 
of all individual samples close to 0 %.

These differences in assay selectivity may arise from 

heterogeneity in ferritin isoforms and assay antibodies, 
making ferritin harmonisation particularly challenging [4, 
24, 25]. Ferritin consists of 24 subunits, combining light-chain 
(L) and heavy-chain (H) subunits to allow for 25 canonical 
isoferritins [1, 26, 27]. Although the secondary structure of

6 Bioch et al.: Ferritin harmonisation feasibility study



Figure 2: Commutability evaluation of SKML EQA materials for ferritin. Each plot shows a pairwise assay comparison of ln-transformed ferritin results 
(mean of three replicate measurements) for clinical samples (black circles: low CRP, white circles: high CRP) and EQA materials (blue triangles). A 95 % 
prediction interval is drawn around the results of all clinical samples. The light blue area represents the expected between-method difference based on 
measurement uncertainty alone.
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the H-subunit is very similar to that of the L-subunit, they 
share only 55 % amino acid sequence homology [28, 29]. 
Therefore, antibodies targeting for example a specific 
epitope on the L-subunit may be decreasingly effective in 
detecting isoforms with a larger H-subunit content. Although 
ferritin in circulation is mainly L-subunit rich [1, 29, 30], 
H-subunit rich ferritins are upregulated during the acute 
phase response [31]. We hypothesised that different L/H ra-
tios influence antibody recognition, and indeed, we were 
able to partially explain DINS by its decrease upon separate 
analysis of clinical samples with low and high CRP, which 
was used an acute phase marker. Other factors influencing 
DINS might be differing glycosylation patterns [32] and iron 
loading [29]. Since every manufacturer produces their own 
unique antibodies (which are not only different in choice of 
epitope and specificity toward the chosen epitope, but also in 
clonality (Table 1)), we dare to speculate that these differ-
ences in antibody selectivity together with heterogeneity in 
ferritin composition lead to the described differences in 
selectivity.

Commutability of EQA materials

Commutability assessments of EQA materials are typically 
limited to method pairs with equal selectivity (acceptable 
DINS) [16]. However, in our view, results from all method 
pairs bear relevance by reflecting current assay perfor-
mance. Even with large DINS, commutability assessment of 
EQA materials is still needed to prevent the use of non-
commutable EQA materials, which could cloud between-
method performance judgments. Having noted this, the 
commutability assessment led to the best possible results

with current assay performances. Importantly, the addition 
of various hormones and liver ferritin, as well as the pooling 
and freezing of the samples, did not negatively affect their 
commutability. As all investigated EQA materials were 
within the 95 % prediction interval of clinical samples, we 
found no limitations in their potential to monitor harmo-
nisation status with identical conclusions as when assessed 
with clinical samples. A similar potential can be assumed for 
all other samples in SKML’s ‘hormones in serum’ scheme as 
the preparation and composition are similar for all samples. 
Once changes would be made to the assays resulting in 
acceptable DINS over all method pairs, a revised commut-
ability assessment is required to ensure sustained suitability 
for use in harmonisation monitoring in the new situation.

Commutability of cRMs and WHO standard

Differences in selectivity also influenced the commutability 
assessment of the cRMs via the difference in bias approach, 
where most of cRMs, but also many of the clinical samples 
did not comply with the MANCB-based commutability cri-
terion. The presence of large sample-specific differences 
between the assays excludes the possibility that any refer-
ence material can comply with this commutability criterion 
as no standard can be more commutable than clinical sam-
ples per definition, which makes this assessment feel like an 
unfair game in this scenario. Therefore, we have assessed 
commutability by the effectiveness of the cRMs in recali-
bration, another IFCC endorsed approach for the assessment 
of commutability of reference materials. Although we 
recognise that continuing the commutability assessment 
with a different approach does not eliminate the limiting 
effect of assay selectivity on harmonisation potential, it did 
allow us to formally assess the commutability of the cRMs 
and WHO standard. In the calibration effectiveness 
approach, both cRM1 and cRM3 were found to be commut-
able. Because we found poor commutability for WHO 19/118, 
we discourage any efforts from manufacturers to implement 
traceability to WHO 19/118. Our findings complement those 
of Braga et al. [7], who already reported limited commut-
ability for the 3rd generation of WHO standard, which is 
immunologically similar to the 4th generation [5].

We found no substantial differences in commutability 
between the WHO standard diluted in assay diluent and in 
pool plasma. These observations suggest that the non-
commutability of WHO standard could be attributed to the 
composition of the standard and the alternative recognition 
of assay antibodies to this standard compared to native 
ferritin, rather than matrix-related effects. These differences 
may arise from the WHO standard being a single L-chain

Table : Quantification of differences in non-selectivity (DINS) between 
each pairwise combination of methods.

Comparison All Low CRP High CRP

Beckman – Siemens . . .
Beckman – Roche . . .
Abbott – Beckman . . .
Abbott – Siemens . . .
Roche – Siemens . . .
Abbott – Roche . . .

DINS is expressed in zeta values, which are tabulated for comparisons 
including all clinical samples and separate analyses for clinical samples with 
low CRP (≤ mg/L, n=) or high CRP (> mg/L, n=). The threshold for 
excessive DINS was set with M= %, resulting in an upper zeta limit of ., 
., ., for the three cases respectively. Cases with excessive DINS 
(zeta>upper zeta limit) are coded light red, cases with acceptable DINS are 
coded white.
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Figure 3: Commutability evaluation of cRMs and WHO 19/118 for ferritin. Each plot shows a pairwise comparison of difference in bias between two 
methods compared to the mean concentration of both methods. Difference in bias was corrected to provide constant scatter in difference in bias in 
clinical samples. Error bars represent the expanded uncertainty associated with the estimated difference in bias (unavailable for WHO standard dilutions).
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expressed in bacterial system [5], thus resulting in an iron-
free and non-glycosylated L-chain. This standard may thus 
differ from native ferritin, which as discussed consists of 24 
subunits, bears iron and is glycosylated to a certain degree. 
This suggests that the specific measurand differs between 
the WHO standard and patient samples.

Future assay harmonisation, value 
assignment and standardisation

Standardisation of ferritin assays requires equal selectivity, 
i.e. the measurand to be the same throughout assays from 

different manufacturers. Differences in selectivity can only

Table : Commutability assessment outcomes of cRMs and WHO standard in the calibration effectiveness approach.

Material used for recalibration Inter-assay CV, % Median bias, % IMPBR, % Commutability outcome

Abbott Beckman Roche Siemens

None . . −. . −. . Not applicable 
cRM . . −. −. . . C
cRM . . −. −. . . NC
cRM . . −. −. . . C
cRM . . −. −. . . NC
WHO – assay diluent . −. −. . −. . NC
WHO – pool plasma . −. −. . −. . NC
Clinical samples . . . . −. . Not applicable

Median bias (%) is calculated across all clinical samples for each method, before and after recalibration, or clinical samples. Inter-measurement with the 
proof-of-concept reference materials (cRMs), WHO standardprocedure bias range (IMPBR) is the sum of the absolute values of the values highlighted in 
grey. Recalibration with clinical samples represents the theoretically best achievable outcome. The upper limit for IMPBR for commutability is . % (as 
defined by the calibration effectiveness approach as two times the MANCB of . %). A material is considered commutable (C) when IMPBR≤. %, and non-
commutable (NC) when IMPBR>. %.

Figure 4: Effect of mathematical recalibration of ferritin measurement results of four different assays with cRM1 or WHO 19/118. For each clinical sample, 
values on the x-axis provide the mean concentration over all four methods, whereas values on the y-axis indicate the relative bias to this all-method mean 
for each method before (left) and after (right) recalibration with RM1 or WHO 19/118 diluted in pool plasma. Created with https://BioRender.com.
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be resolved by replacing current methods with new methods 
exhibiting equal selectivity for a more precisely specified 
measurand. However, such a process will more likely take 
decades than years. In the meantime, a four-fold reduction 
in inter-assay CV by harmonisation seems an attractive in-
termediate solution. Therefore, as a first step, we encourage 
a harmonisation protocol as described in ISO 17511:2021, 
based on an ISO 15194-proof material produced like our cRM1 
or cRM3 to replace traceability to current WHO standards. In 
the choice between cRM1 and cRM3, an advantage for cRM1 
is the absence of reconstitution steps required for this fresh 
frozen sample, whereas lyophilised cRM3 benefits from less 
demanding storage and transport conditions. The value 
assignment of the harmonisation material can be estab-
lished within a dedicated working group with involvement 
of industry partners, for example in such a way that mea-
surement results are optimally relatable to existing litera-
ture on reference intervals and clinical decision limits. 
Although we did not find commutability of the WHO stan-
dard for any of the methods, the use of the Beckman assay as 
a surrogate reference procedure as proposed by Braga et al. 
[7] is a possible outcome of such a value assignment process.

Conclusions

In conclusion, ferritin assays differ in measurement results 
due to traceability to non-commutable WHO materials and 
differences in assay selectivity. These differences hamper 
clinical decision-making, highlighting the importance of 
harmonisation of ferritin assays. Based on the demonstrated 
four-fold reduction in inter-assay CV, a harmonisation pro-
tocol appears to be a feasible intermediate step awaiting 
assay redesign and standardisation to eliminate differences 
in selectivity. Additionally, investigated EQA materials were 
within the 95 % prediction interval around clinical samples, 
enabling their use for between-method difference analyses 
to monitor harmonisation status. Harmonisation and 
standardisation of ferritin assays are crucial to ensure the 
quality of care for patients with iron disorders by providing 
equivalent ferritin results between healthcare institutions 
using various analytical platforms.
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