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Introduction: Ferritin is the major iron-storage glycoprotein found in all tissues. Ferritin glycosylation can be
assessed by the differential affinities of ferritin glycoforms for Concanavalin A (ConA), a lectin. The fraction of
serum ferritin bound to ConA is called “glycosylated ferritin” (GF). Low GF reflects macrophagic activation and is
an essential biomarker used in adult-onset Still’s disease (AOSD), macrophage activation syndrome (MAS) and
Gaucher disease diagnosis and therapeutic management. To date, no complete assay description and method
validation according to the ISO 15189 standard has been published. This study aimed to describe and validate
our method used for GF measurement and describe GF values observed in patients.
Materials and methods: Ferritin glycoforms were separated based on their affinities for ConA using commercially
available TRIS-barbital buffer, Sepharose and ConA/Sepharose 4B gels. Ferritin concentrations were measured
on the Siemens Dimension Vista 1500®. We analysed 16,843 GF values obtained between 2000 and 2021 from
our database of patients.
Results: Optimal separation of ferritin glycoforms was obtained by 15-min incubation of serum with ConA/
Sepharose at pH 8. The optimized volume were 0.4 mL for total serum ferritin (TSF) 30–1000 µg/L and 0.5 mL for
TSF 1000–2500 µg/L. Serum with higher TSF should be pre-diluted in the TRIS-barbital buffer. Reproducibility of
ferritin measurement in the TRIS-barbital buffer matrix was excellent (intra-assay CV < 1%; inter-assay CV <
4%). Reproducibility of GF assay was good (intra-assay CV < 10% for low and high ferritin samples, respectively;
and inter-assay CV < 10%). Inter-operator variability was 21.6% for GF < 20%. Ferritin was stable for up to 3
days in the TRIS-barbital buffer. An inter-laboratory exchange program conducted with another French hospital
showed good agreement between results. In our database, <20% GF levels were scarce, compatible with the low
prevalence of Still’s disease, MAS, and Gaucher disease. The 95% confidence interval for GF was [26–58]%,
lower than values described in the literature for healthy individuals.
Conclusion: Thanks to good performances, this technique can become readily available for laboratories servicing
patients with AOSD, MAS (including severe COVID-19 patients) and Gaucher disease patients.

1. Introduction
Ferritin is the major iron-storage glycoprotein. It is ubiquitous,
although predominantly located in reticuloendothelial cells [1]. This 24subunit heteropolymeric protein shell is made of two subunits: H (heavy,
21 kDa) and L (light, 19 kDa). Ferritin molecules contain various pro
portions of the two subunits depending on the tissue and physiological
status: mainly L in the liver and the spleen and mostly H in the heart and

the kidney [1]. While intracellular ferritin is not glycosylated, carbo
hydrate residues are added to L-ferritin in the cytosol when secreted into
plasma [2]. Circulating ferritin mainly consists of L subunits with rare H
subunits [3]. Ferritin glycosylation can be assessed by the differential
affinity of its glycoforms for Concanavalin A (ConA). ConA is a lectin
binding specifically accessible mannosyl residues on glycoproteins [4].
In healthy patients, a high percentage of circulating ferritin binds ConA
and is thus called “glycosylated ferritin” (GF). GF is N-glycosylated [5

Abbreviations: AOSD, Adult-onset Still’s disease; BCH, Bichat hospital; ConA, Concanavalin A; COVID-19, Coronavirus disease 2019; GF, Glycosylated ferritin (or
GF percentage); HCL, Hospices Civils de Lyon hospital; MAS, Macrophage activation syndrome; QC, Quality control; Seph, Sepharose; TSF, Total serum ferritin.
* Corresponding author at: Service de Biochimie Hôpital Bichat, 46 rue Henri Huchard, 75018 Paris, France.
E-mail address: alexandre.raynor@aphp.fr (A. Raynor).
https://doi.org/10.1016/j.jchromb.2022.123184
Received 26 August 2021; Received in revised form 10 February 2022; Accepted 15 February 2022
Available online 26 February 2022
1570-0232/© 2022 Elsevier B.V. All rights reserved.

A. Raynor et al.

Journal of Chromatography B 1194 (2022) 123184

6]. In healthy adults, GF is comprised between 50 and 80%. In patients
with acute and chronic inflammatory syndromes, GF is decreased and
ranges from 20 to 40% [5]. GF is a marker of active adult-onset Still’s
disease (AOSD), reflecting the intensity of inflammation and macro
phagic activation [7]. GF is one of the major criteria of the Fautrel
classification used to diagnose AOSD, with a threshold set at <20% [8].
The Fautrel classification has demonstrated, in an independently
selected cohort, good sensitivity and specificity (87.0% and 97.8%).
Positive and negative predictive values were also good (88.7% and
97.5%) [9]. GF is also used to monitor treatment in AOSD [7]. Low GF is
also a good marker of macrophage activation syndrome (MAS) [10,11]
and Gaucher disease [12], both for diagnosis and therapeutic manage
ment. Low GF is associated with hyperferritinemia in acute hepatitis or
cancer. Recently, low GF has been reported as a sensitive biomarker of
severe COVID-19 [13]. This observation could be related to macro
phagic activation, one of the immune pathways involved in the infection
(A Boutten and K Peoc’h, personal communication). Currently, a French
clinical trial is retrospectively assessing the prognostic values of ferritin
and GF in SARS-CoV-2 hospitalized patients [14]. Thus, GF determina
tion, currently performed in a few specialized laboratories, is becoming
a scorching topic from an analytical point of view.
Our laboratory participated in the development of GF as a biomarker
[5], particularly in AOSD [8,9] and Gaucher disease [12]. Our labora
tory has recently been recognized as a reference laboratory for GF as a
biological marker of AOSD, MAS and Gaucher disease. According to
French regulations, our laboratory had to be accredited according to the
ISO 15189 for this analysis. Although performed in our laboratory for
>30 years, our GF assay method had not been published nor accredited.
Furthermore, while methods derived from Worwood’s are still widely
employed today to measure GF [11,13,14], no complete assay method
description and validation was reported in the literature to date.
The present study aimed to, following the ISO 15189 standard, i)
describe the method we used to measure GF, adapted from Worwood
et al. [2] and optimized for use in clinical laboratory environment, ii)
evaluate the performances of ferritin measurement in TRIS-barbital
buffer and iii) evaluate the performances of the GF assay. We also
aimed to describe the frequent values observed in patients.

incubated either with ConA/Seph or with Seph (as a control) in a final
incubation volume of 1 mL TRIS-barbital buffer for two hours at room
temperature on a roller mixer at 5000 rpm. Then, samples were
centrifuged at 3000 g at 20 ◦ C for 10 min. Volumes of serum and re
agents used in the assay depend on TSF and are detailed later. Unbound
ferritin was recovered in the supernatants of the Seph and ConA/Seph
samples and quantified by the Vista® immunoassay. GF percentage was
calculated as follows: GF = 100 * (1 – (unbound ferritin in the ConA/
Seph sample) / (unbound ferritin in the Seph sample)).
2.3. Binding conditions
2.3.1. Volumes of Sepharose and Concanavalin A/Sepharose
To determine the optimal volumes of Seph and ConA/Seph to be
used, which are the volumes required to bind all GF, five patient samples
with TSF 67 to 2257 µg/L and GF 10 to 50% were incubated with
increasing ConA/Seph or Seph volumes (from 0.1 to 0.8 mL) in a final
incubation volume of 1 mL TRIS-barbital buffer.
2.3.2. Optimal pH
To determine the optimal pH for maximal ConA binding, ConA/Seph
and Seph reagents were prepared with TRIS-barbital buffer adjusted to
pH 7.5, 8.0, and 8.5 and incubated with low and high (450 µg/L) ferritin
QC (Lyphocheck Tumor Marker Plus Control, Biorad). GF were deter
mined twice. Recoveries were calculated compared to GF value
measured at pH 8.0, the original condition characterized by Worwood
et al. [2].
2.4. Performances of ferritin measurement in TRIS-barbital buffer
The performance of the ferritin assay in the TRIS-barbital matrix was
evaluated according to the ISO 15189 standard (criteria listed below).
2.4.1. Reproducibility
Intra-assay reproducibility was evaluated by a 10-fold measurement
of patient samples with TSF 111, 1155, and 36900 µg/L, respectively.
Inter-assay reproducibility was assessed over two years on low ferritin
QC (Biorad).

2. Materials and methods

2.4.2. Linearity
Linearity was evaluated by serial dilution in pH 8 TRIS-barbital
buffer of a patient sample with TSF 407.0 µg/L at 87.5%, 75%, 62.5%,
50%, 37.5%, 25%, 12.5%, 6.25%, 3.13%, 1.56% and 0.78%. Recoveries
were calculated. Measured and theoretical ferritin were compared using
linear regression analysis.

2.1. Samples and regents
Serum samples were collected by venipuncture on separating tubes
with gel (BD Vacutainer), centrifuged for 15 min at 2000 g at room
temperature.
Reagents were prepared according to the manufacturer’s in
structions. TRIS-barbital buffer was prepared from a commercially
available TRIS-barbital concentrated buffer (Sebia). Seventy five mL
concentrated buffer (0.8 mmol/L barbital) were diluted with 925 mL
distilled water (final concentration of 0.06 mmol/L). The buffer was
adjusted to pH = 8 with hydrochloric acid (Carlo Erba). Sepharose
(Seph) or ConA/Seph 4B gels (GE Healthcare Bio-Sciences) were washed
and suspended in TRIS-barbital buffer (2 volumes Seph or ConA/Seph
and 1 vol buffer) to obtain either Seph or ConA/Seph TRIS-barbital
suspensions. The reagents were thoroughly mixed on a roller mixer
before use. A low (69 µg/L) ferritin internal quality control (QC,
Lyphocheck Assayed Clinical Chemistry Control, Biorad) was assayed
with each batch of reagents.

2.4.3. Limit of detection
The limit of detection of the Vista® ferritin assay in the pH 8 TRISbarbital matrix was calculated from the signal values of 30 measure
ments of a pH 8 TRIS-barbital buffer blank.
2.4.4. Stability of ferritin in TRIS-barbital buffer
ConA/Seph supernatants from patient samples with TSF 36 and 369
µg/L were centrifuged and stored at +4 ◦ C. Ferritin was measured on
days 0, 1, 2, and 3. Recoveries were calculated as compared to GF
measured on Day 0.
2.5. Performances of the GF assay

2.2. Binding procedure

The performance of the assay was evaluated according to the ISO
15189 standard (criteria listed below). Samples were processed as
described above.

Total serum ferritin (TSF) was measured using a Vista® immuno
assay on the Siemens Dimension Vista 1500® analyser (Siemens
Healthineers®). Ferritin glycoforms were separated according to their
differential affinities for ConA, based on a method previously described
by Worwood et al. [2], with minor modifications. Briefly, serum was

2.5.1. Reproducibility
Intra-assay reproducibility was evaluated by a 10-fold measurement
of low ferritin QC (Biorad) and a patient sample with TSF 5900 µg/L.
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Inter-assay reproducibility was assessed over two years on the low
ferritin QC (Biorad).
Since GF measurement is a manual method, we also studied interoperator variability. Five different operators processed six patient
samples covering normal and pathological GF values as previously
described five times each.

standard deviations (SD), and coefficients of variation (CV).
3. Results
3.1. Binding conditions
3.1.1. Volumes of Sepharose and Concanavalin-A/Sepharose
As shown in Fig. 1, for TSF 67 µg/L, complete binding of GF to ConA
was achieved by adding 0.4 mL ConA/Seph. Adding extra ConA/Seph
did not lead to a significant change in GF. For TSF 281, 530, 943 and
2257 µg/L, adding 0.4, 0.4, 0.4 and 0.5 mL ConA/Seph, respectively
achieved complete binding of GF. Thus, when TSF is in the [30–1000]
µg/L range, 0.4 mL ConA/Seph ensures complete GF separation. When
TSF ranges between 1000 and 2500 µg/L, 0.5 mL ConA/Seph should be
used. Samples with TSF > 2500 µg/L should be pre-diluted in TRISbarbital buffer before measurement.

2.5.2. Stability of reagents
GF was determined three-fold using the same reagents on days 0, 7,
14, 21, and 28 in low and high ferritin QC. Mean GF and recoveries as
compared to GF on day 0 were calculated.
2.5.3. Inter-laboratory comparison
An inter-laboratory exchange program was organized in 2019 be
tween Bichat Hospital (BCH) and the Biochemistry Laboratory of Hospices
Civil de Lyon (HCL, Lyon, France), which used the same assay [2]. Suc
cessively, GF were measured in four and seven samples in each labora
tory and reported with a clinical interpretation of data. Samples were
categorized into those below and over the 20% GF threshold [8]. Interassay variability between BCH and HCL was determined for each sam
ple, and mean variabilities in the two groups were calculated.

3.2. pH of reagents
For the low ferritin QC, GF measured at pH 7.5, pH 8.0, and pH 8.5
were 47.1, 54.1 and 55.3%, respectively. Recoveries were 87.0% at pH
7.5 and 102.2% at pH 8.5. For the high ferritin QC, GF measured at pH
7.5, pH 8.0, and pH 8.5 were 7.7, 10.6 and 10.0%, respectively. Re
coveries were 72.8% at pH 7.5 and 94.0% at pH 8.5. pH 7.5 did not allow
optimal binding of GF to ConA. Binding was similar at pH 8 and 8.5.

2.6. Glycosylated ferritin levels in patients
GF results were extracted from our laboratory’s database. It con
tained 16,843 patients, mainly hospitalized, from 2000 to 2021. These
patients were not selected. A cumulative frequencies plot was drawn in
Microsoft Excel 2019. The linear range of GF was determined upon vi
sual examination, and the 95% confidence interval for this range was
calculated.

3.3. Incubation time
To shorten the 2 h incubation proposed by Worwood [2], samples
with TSF 641 (GF: 70.6%) and 1536 µg/L (42.6%) were incubated for
15, 30, 45, 60, 120, and 180 min with the optimal ConA/Seph volumes.
Complete binding of GF to ConA was achieved after a 15 min incubation.
Further incubation did not lead to a significant change in GF (Fig. 2).
A summary of the optimal analytical conditions used to perform the

2.7. Statistics
Unless specified otherwise, results were interpreted using means,

Fig. 1. Glycosylated ferritin (GF) according to Concanavalin A/Sepharose (ConA/Seph) volume. To determine the optimal volumes to be used in the assay
according to total serum ferritin (TSF), five patient samples with TSF (A) 67, (B) 281, (C) 530, (D) 943, (E) 2257 µg/L were incubated with increasing ConA/Seph or
Seph volumes in a final incubation volume of 1 mL TRIS-barbital buffer. For TSF 67-281-530-943 µg/L, 0.4 mL ConA/Seph allows binding of all GF. For TSF 2257 µg/
L, 0.5 mL ConA/Seph is necessary to bind GF fully.
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Fig. 2. Glycosylated ferritin (GF) according to incubation time and total serum ferritin. Two samples with GF 70.6% (represented as “+”) and 42.6% (rep
resented as “x”) were incubated for 15, 30, 45, 60, 120, and 180 min with the optimal ConA/Seph. A 15-min incubation was sufficient to bind all GF in both samples
since a longer incubation did not lead to a significant change in measured GF.

GF assay as determined by the previous experiments is provided in
Table 1.

3.5. Performances of the GF assay
3.5.1. Reproducibility
Intra-assay CV were 4.8% and 7.3% for the QC and patient sample
(mean GF: 44.7% [41.2–50.0] and 19.9% [17.4–21.8], n = 10),
respectively (Table 2). Inter-assay CV was 8.7% for the QC (mean GF:
43.1% [33.0–53.0], n = 240). Inter-operator variability CV (n = 5) were
21.6%, 8.0%, 13.0%, 6.2%, 6.9% and 19.5% for samples with mean GF
14.1% [12.0–18.2], 28.1% [26.6–31.9], 30.4% [24.3–34.7], 41.2%
[38.8–45.3], 53.1 [48.1–57.1] and 62.8% [42.6–72.5], respectively.

3.4. Performances of ferritin measurement in TRIS-barbital buffer
3.4.1. Reproducibility
Intra-assay CV were 0.0%, 0.7% and 0.5% for TSF 111, 1115 and
36900 µg/L respectively (n = 10). Inter-assay CV was 3.2% for the
ferritin QC (n = 240).
3.4.2. Linearity
Recovery of ferritin in TRIS-barbital buffer ranged from 78.8% to
115.5% for ferritin concentrations between 3.2 and 355 µg/L. The fitting
linear regression curve between theoretical and measured ferritin is
represented in Fig. 3 (R2 = 0.9992).

3.5.2. Stability of reagents
Recoveries for the low ferritin QC (GF: 49.0%) were 95.8%, 100.0%,
69.3% and 74.4%, on days 7, 14, 21 and 28 respectively, as compared to
day 0. At 21 and 28 days, the underestimation of GF was significant and
could change the clinical interpretation. Recoveries for the high ferritin
QC (GF 10.5%) were 97.0%, 97.0%, 63.7%, and 66.1%, respectively,
with no change of the clinical interpretation. Considering the results for
both QC, we applied a 14-day expiration for the reagents.

3.4.3. Limit of detection
The mean signal value was 3.160, and the signal SD was 0.149. The
limit of detection was 0.073 µg/L.
3.4.4. Stability of ferritin in TRIS-barbital buffer
Recoveries were 100.0% on days 1, 2, or 3 compared to day 0 for
both samples.

3.5.3. Inter-laboratory comparison
Results of the inter-laboratory comparison program are presented in
Table 3. Mean GF for the GF < 20% group were 16.5%, 7.5%, 11.5%,
15.5%, and 21%, respectively, and inter-assay CV were 12.9%, 9.4%,
6.1%, 41.1%, and 20.2% respectively. Mean CV in this group was 17.9%.
Mean GF for the GF > 20% group were 34%, 47.5%, 67.5%, 50.5% and
50.5%, respectively and inter-assay CV were 12.5%, 4.5%, 13.6%,

Table 1
Optimal analytical conditions to perform the glycosylated ferritin assay.
Total serum ferritin (µg/L)
Serum (mL)
ConA/Seph and Seph (mL)
TRIS-barbital buffer pH 8 (mL)
Final volume (mL)
Incubation time (min)

<30

30–300

300–500

500–1000

1000–2500

>2500

Test not performed

0.25
0.4
0.35
1
15 min

0.2
0.4
0.4

0.1
0.4
0.5

0.1
0.5
0.4

Pre-dilution necessary
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Fig. 3. Measured ferritin concentration according to theoretical ferritin in pH 8 TRIS-barbital buffer. Serial dilutions evaluated linearity in TRIS-barbital
buffer of a patient sample with 407 µg/L total serum ferritin. The linear regression curve of measured ferritin according to theoretical ferritin, is shown as a
dashed line. The calculated coefficient of determination is R2 = 0.9992.

4. Discussion

Table 2
Intra-assay and inter-assay reproducibility of the glycosylated ferritin assay.

n
TSF (µg/L)
Mean GF (%)
SD
CV (%)
GF range

Intra-assay reproducibility

Inter-assay reproducibility

Ferritin QC

Patient serum

Ferritin QC

10
72
44.7
2.1
4.8
41.2–50.0

10
5900
19.9
1.5
7.3
17.4–21.8

240
69
43.1
3.8
8.7
33.0–53.0

A process to measure GF was initially described by Worwood et al. in
1979 [2]. Low GF is a diagnostic marker of AOSD [8,9], also used to
monitor therapy [7]. It is also currently a diagnostic marker of MAS and
Gaucher disease [10–12]. Furthermore, current trials are undergoing to
determine the value of low GF as a sensitive biomarker of severe COVID19 for prognosis [13,14]. For these many reasons, GF is a hot topic from
an analytical point of view in clinical laboratories.
Despite this, no complete assay method description and validation in
a clinical environment meeting ISO 15189 demands was published since
Worwood et al. Here, we described the optimal assay conditions we use,
including incubation time, pH, and volumes of ConA/Seph to ensure
maximal binding of GF to ConA. All samples with TSF > 30 µg/L could
be measured. We decided not to process samples with TSF < 30 µg/L
since low ferritin concentrations lead to a significant imprecision when
calculating ratios. A pre-dilution is used to measure GF in samples with
extreme TSF, frequent in Still’s disease and MAS. Thus, unbound ferritin
concentrations in the Seph and ConA/Seph samples remain in the
Siemens Vista® ferritin assay analytical range (0.5–2000 µg/L in serum).
A volume of 0.4 or 0.5 mL ConA/Seph in a final volume of 1 mL allowed
complete binding of GF (Fig. 1) (Table 1). pH 8 allowed optimal ConA
binding, and GF was underestimated with pH < 8. This observation was
in agreement with the initial description of the assay by Worwood et al.
[2]. Then, we evaluated the possibility of reducing the incubation time,
particularly in samples with high TSF. A 15-min incubation was enough
to bind all GF even in samples with high TSF, meaning that the assay is

CV: coefficient of variation, n: number of samples, GF: glycosylated ferritin, SD:
standard deviation, TSF: total serum ferritin, QC: quality control.

18.2%, and 9.8% respectively. Mean CV in this group was 11.7%. Only
one sample (mean GF = 21%) had a discordant clinical interpretation
between HCL and BCH according to the 20% decision level in AOSD.
3.6. Glycosylated ferritin levels in patients
The cumulative frequencies plot of GF in patients from our database
is presented in Fig. 4. The curve appears linear between 30 and 85%
cumulative frequencies, corresponding to [25–60]% GF, with kinks
below and above this range. The 95% confidence interval for these
values was [26–58]% lower than values described in the literature for
healthy individuals. Less than 20% GF levels were scarce.

Table 3
Results of the glycosylated ferritin inter-laboratory exchange program between Bichat and Hospices Civils de Lyon hospitals.
GF (%)

<20

n
BCH GF (%)
HCL GF (%)
Mean GF (%)
SD
CV (%)
Mean CV (%)

6
7
8
7.5
0.7
9.4
17.9

>20
11
<14
n/a
n/a
n/a

11
20
15.5
6.4
41.1

12
11
11.5
0.7
6.1

15
18
16.5
2.1
12.9

18
24
21
4.2
20.2

5
31
37
34
4.2
12.5
11.7

44
57
50.5
9.2
18.2

49
46
47.5
2.1
4.5

54
47
50.5
4.9
9.8

61
74
67.5
9.2
13.6

BCH: Bichat hospital, HCL: Hospices Civils de Lyon hospital, n: number of samples.
Both laboratories determined glycosylated ferritin (GF). Mean, standard deviation (SD), and coefficient of variation (CV) were calculated for each measurement pair.
Samples were divided into two groups: those with mean GF < 20% (diagnosis threshold in adult-onset Still’s disease) and those >20%. For each group, the mean CV
was calculated.
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Fig. 4. Cumulative frequencies plot of glycosylated ferritin (GF) measurements collected in our database of 16,843 samples from hospitalized patients
and outpatients. The curve appears linear in the [30–85]% range, corresponding to [25–60]% GF, with kinks below and above this range. The 95% confidence
interval for these values was [26–58]%.

quick to perform. Finally, excessive ConA volumes or incubation time
did not impact GF measure, arguing for the absence of non-specific
binding of ferritin to ConA.
After establishing optimal analytical conditions to separate ferritin
glycoforms, we evaluated the performances and limits of the assay. Since
unbound ferritin is measured in a matrix not evaluated by Siemens
Healthineers®, it was first necessary to evaluate the performances of
ferritin measurement in the TRIS-barbital buffer. Intra-assay (CV < 1%)
and inter-assay reproducibility (CV < 4%) were excellent. We confirmed
the linearity of the assay from 3.2 to 407 µg/L ferritin with an absence of
bias. The detection limit was 0.073 µg/L, lower than that established by
Siemens Healthineers® (0.5 µg/L) and our previous study on serum
[15]. Ferritin was stable for three days at 4 ◦ C in TRIS-barbital buffer,
when separating and storing supernatants immediately after separation,
before GF measurement.
Finally, we validated the performance of the GF assay. Intra-assay
and inter-assay reproducibility in patients and QC samples were excel
lent (CV < 10%), especially for a manual assay. Higher CV was found for
inter-operator variability for GF < 20% (CV 21.6%). While this high
variability was analytically significant, it was of lesser clinical signifi
cance. Indeed, all measurements remained below the 20% threshold
used in AOSD diagnosis and thus did not impact the clinical interpre
tation of results [8]. Marinova et al. [16] reported a brief evaluation of
the performances of a GF assay similar to ours. They reported a better
inter-assay CV than ours for low GF (CV < 15%). This report was the
only one in literature since Worwood et al. to describe a GF assay method
and performances in a clinical laboratory, to the best of our knowledge.
However, this evaluation only focused on 20 determinations and did not
assess the effects of time, reagent lots, and operator variability. Thus,
this study cannot be used as a basis for comparing performances in the
context of ISO 15189 accreditation. Despite these good results, the au
thors recognized the complexity of the method and considered that it
should be performed only in laboratories that have developed the
necessary technical skills.
The inter-laboratory comparison program between HCL and BCH
Biochemistry laboratories showed good agreement, with acceptable
inter-laboratory reproducibility (mean CV 17.9% and 11.7% for samples
with GF below and above the 20% threshold, respectively) and the
absence of conflicting interpretation according to the 20% decision level
but in one sample (mean GF = 21%) (Table 3). Because of this, and
because of a noticeable inter-operator variability in samples with GF <

20%, we decided to confirm all measurements of GF < 25% by a second
determination and to report the mean of both measurements to the
physician. A confirmatory sample could also be requested, although, to
date, the GF intra-individual variability remains unknown.
We showed that reconstituted assay reagents were stable for 14 days.
ConA binding to GF was reduced when stored longer, resulting in GF
underestimation with possible consequences on clinical interpretation.
Of note, despite the assay evaluation criteria of ISO 15189, we decided
not to evaluate interferences nor inter-sample contamination. Since we
measured serum ferritin diluted in TRIS-barbital buffer, our matrix was
less susceptible to interferences than serum, and therefore no additional
investigations were performed. Regarding interferences, according to
the manufacturer’s notice, hemolysis, icterus and lipemia did not
significantly affect the ferritin assay. Regarding inter-sample contami
nation, we only used single-use material. Siemens Healthineers®’ ex
periments showed no inter-sample contamination risk in the Dimension
Vista 1500® analyser, so we did not conduct additional investigations.
Finally, we aimed to evaluate the levels of GF in patients. On the
largest sample published until now, including 16,843 measurements
between 2000 and 2021, we found that the 95% confidence interval for
GF was [26–58]%. This range was similar to those previously reported in
the literature for healthy individuals [5], albeit lower. This can be
explained by significant inflammation or hematological malignancies
associated with decreased GF [5,17] which are frequent in hospitalized
patients. We also receive many samples from patients with Still’s dis
ease, MAS, and Gaucher disease, with lower GF. We evidenced that
<20% GF is exceptional, agreeing with the low prevalence of AOSD,
MAS, and Gaucher disease. Of note, red blood cell transfusion has been
shown to increase GF levels [18]. We did not study this phenomenon in
this work as transfusions remain marginal in the studied population, so
the resulting bias of GF towards higher values would probably be
insignificant. We did not propose a reference interval since we did not
select individuals based on their conditions or treatments.
Reporting total GF or non-GF in µg/L has been suggested in a few
clinical studies [12]. In this work, we decided to study GF as a per
centage of TSF exclusively, following standard clinical practices. The
increasing relevance of GF and its use in diagnostic and therapeutic al
gorithms call for the standardization of the method and the development
of quality programs. Indeed, if the number of laboratories performing GF
assay grows, it could lead to greater variability in reported GF values
and possibly erroneous interpretations considering decision thresholds.
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long-time management of this marker.

7

