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Background and Objectives Despite the obligate iron loss from blood donation,
some donors present with hyperferritinaemia that can result from a wide range
of acute and chronic conditions including hereditary haemochromatosis (HH).
The objective of our study was to investigate the causes of hyperferritinaemia in
the blood donor population and explore the value of extensive HH mutational
analyses.

Materials and Methods Forty-nine consecutive donors (f=6, m = 43) were
included prospectively from the Capital Regional Blood Center. Inclusion criteria
were a single ferritin value >1000 pg/l or repeated hyperferritinaemia with at
least one value >500 pg/l. All donors were questioned about their medical history
and underwent a physical examination, biochemical investigations and next-gen-
eration sequencing of HH-related genes, including the HFE gene, the haemoju-
velin gene (HFE2/HJV), the hepcidin gene (HAMP), the ferroportin 1 gene
(SLC40A1) and the transferrin receptor 2 gene (TFR2).

Results Forty of 49 donors were mutation positive with a combined 69 muta-
tions, 54 of which were located in the HFE gene. There were 11 mutations in the
TFR2 gene, two mutations in the HFE2 gene and two mutations in the HAMP
gene. Only four donors had apparent alternative causes of hyperferritinaemia.

Conclusion HH-related mutations were the most frequent cause of hyperferriti-
naemia in a Danish blood donor population, and it appears that several different
HH-genotypes can contribute to hyperferritinaemia. HH screening in blood
donors with high ferritin levels could be warranted. HH-related iron overload
should not in itself result in donor ineligibility.

Key words: blood donors, haemochromatosis, HFE, hyperferritinaemia, iron over-
load.

Introduction

despite regular blood donations. Ferritin is an acute-phase
protein, and hyperferritinaemia can result from a wide

Long-term blood donation can cause depletion of the
body’s iron stores [1]. Blood donors in the capital region
of Denmark undergo regular ferritin measurements to
prevent donation-related depletion of iron storages. Inter-
estingly, some donors demonstrate hyperferritinaemia
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range of conditions, including acute and chronic infec-
tion, malignant disease, autoimmune disorders and exces-
sive alcohol consumption. Elevated serum ferritin
concentration is also a potential indicator of iron-over-
load conditions including hereditary haemochromatosis
(HH). Hereditary Haemochromatosis is associated with
dysregulated intestinal iron absorption and excessive iron
deposition in variant tissues (e.g. liver, heart, joints and
endocrine glands) leading to organ dysfunction as a result
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of cell and DNA damage from iron-related generation of
reactive oxygen species [2]. Our understanding of the
genetic basis of HH was markedly altered with the discov-
ery of the hepatic protein hormone hepcidin, encoded by
the HAMP gene [3]. Hepcidin regulates iron transport
through interaction with the sole mammalian iron trans-
porter, ferroportin 1 (FPN1), encoded by the SLC40A1
gene. We now recognize hepcidin as the cornerstone in HH
pathogenesis. Several different genetic alterations can
cause phenotypical HH by affecting either HAMP gene
expression or hepcidin function [4]. The vast majority of
clinical HH cases are caused by loss-of-function mutations
in the HFE gene [5, 6], namely the C282Y missense muta-
tion that impairs HFE-transferrin receptor 1 (TFR1) interac-
tion leading to reduced HAMP gene expression and an
increase in iron absorption [3]. C282Y homozygosity has a
prevalence of about 1/200 persons with northern European
descent and is by far the most frequent genotype in HH [5—
7]. Other well-known HFE gene defects, namely H63D and
S65C, can contribute to HH pathogenesis, but clinical HH
will typically only develop with the simultaneous presence
of the C282Y mutation or other risk factors [3, 8]. Non-
HFE genotypes can also give rise to phenotypical HH, thus
adding to the heterogeneity of HH pathogenesis [9-11]. In
addition to HAMP and SLC40A1 mutations, clinical HH
can develop from alterations in the HFE2 and TFR2 genes,
both important modulators of the iron-sensing machinery
[10]. In contrast to the HFE mutations, the non-HFE muta-
tions are not restricted to individuals of northern European
ancestry [12].

Although the paradox of iron overload in blood donors
is of great scientific interest, the causes of hyperferriti-
naemia in these subjects are only sparsely touched upon
in the literature. It is unclear how we should approach
hyperferritinaemia in blood donors, and when hyperfer-
ritinaemia should lead to donor deferral. This study inves-
tigates the causes of unexplained hyperferritinaemia
while exploring the relevance of extensive HH mutational
analyses in a population of Danish blood donors.

Materials and methods

The Capital Regional Blood Center of Denmark has a
donor population of 55 000-60 000 and an annual dona-
tion number of 90 000-100 000. Donors are routinely
screened for iron deficiency, in part through regular fer-
ritin measurements [13] that can also serve to detect
hyperferritinaemia. In this study, inclusion criteria were
either a single ferritin value above 1000 pg/l or repeated
hyperferritinaemia (for both genders defined as values
>300 pg/l at > 2 consecutive blood donations including
at least one value >500 pg/l). Donors were contacted per-
sonally and informed about their test results, the study

purpose and the voluntary nature of participation. All
contacted donors agreed to participate in the study. From
30 January 2012 to 24 March 2014, 49 consecutive
donors (f = 6, m = 43) were prospectively included and
referred to the Department of Haematology for initial
evaluation. There was no predefined time interval from
inclusion to initial evaluation. Despite their hyperferriti-
naemia, donors were still considered to be healthy, and
hence, blood donation could be continued in this time
period as long as donors signed the standard form stating
to be healthy at donation.

None of the donors had previously been diagnosed with
HH. To detect potential causes of hyperferritinaemia, all
donors underwent a full physical examination, medical his-
tory, HH mutation analyses and biochemical investigations
including a complete blood count, haemoglobin (Hb),
parameters of iron and glucose metabolism, liver and kidney
function tests and C-reactive protein (CRP). Further investi-
gations (e.g. abdominal ultrasound, pulmonary function
testing, bone marrow biopsy) were performed when relevant
in donors with persistent unexplained hyperferritinaemia.

The haemochromatosis gene panel included mutational
status of the HFE gene and the most common non-HFE
genes related to HH [14]: the haemojuvelin gene (HFE2/
HJV), the hepcidin gene (HAMP), the ferroportin 1 gene
(SLC40A1) and the transferrin receptor 2 gene (TFR2). The
analysis was carried out by next-generation sequencing
using sequence capture to capture all exons from the fol-
lowing transcripts: NM_021175 (HAMP), NM_000410
(HFE), NM_213653 (HFE2), NM_014585 (SLC40A1) and
NM_003227 (TFR2). Library construction was carried out
from 50 to 500 ng of genomic DNA isolated using the DSP
DNA mini kit (Qiagen) according to the instructions by the
manufacturer. Adaptor ligation using adaptors from the
TruSeq DNA Sample Preparation Kit (Illumina) was per-
formed using the SPRIworks System I for [llumina Genome
Analyzer (Beckman Coulter). Sequence capture (Roche
NimbleGen) was conducted using the double capture proto-
col described by the manufacturer. Sequencing was per-
formed on a MiSeq ([llumina) to an average depth of at
least 100x. Sequencing data were analysed using Sequence
Pilot software (JSI medical systems), and variants were
called if the allele frequency was above 25%. All variants
were verified by Sanger sequencing on an ABI 3730 DNA
Analyzer and numbered according to the GenBank acces-
sion numbers using the guidelines of the Human Genome
Variation Society (www.hgvs.org/mutnomen).

Donors were divided into four genotype categories:
mutation group 1 = classical HH-genotypes (C282Y/
C282Y or (C282Y/H63D); mutation group 2 = classical
HH-genotypes with additional mutations (C282Y/C282Y/x
or C282Y/H63D/x); mutation group 3 = others and muta-
tion group 4 = mutation negative.

© 2017 International Society of Blood Transfusion
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The integrated aLamur visuaL software for in silico data
analysis  (v.2:8:0) (http://www.interactive-biosoftware.c
om) including Align GVGD (A-GVGD), PolyPhen-2 and
SIFT was used to predict the pathogenicity of specific
variants at the protein level. The in silico effect of intron
variants on splicing was examined as previously
described [15]. Default settings were used in all predic-
tions. The frequency of the variants was obtained from
the Exome Aggregation Consortium (ExAC) database.
Moreover, the frequency was examined in data from
2000 Danish exomes [16]. The variants were classified
according to the five-tiered scheme where Class 5 is
pathogenic, Class 4 is likely pathogenic, Class 3 is uncer-
tain due to insufficient evidence, Class 2 is likely benign
and Class 1 is benign [17].

A subjective risk stratification was performed using fer-
ritin levels, mutation status (C282Y homozygotes at high-
est risk), sex (females at lowest risk), age (young subjects
at lowest risk) and lifestyle factors (e.g. alcohol consump-
tion). After initial evaluation and full mutational analysis,
low-risk patients were informed that no follow-up was
necessary, but that adherence to the blood donor pro-
gramme, including regular ferritin measurements, was
recommended. Patients with moderate risk were assigned
to outpatient follow-up including blood donation at least
until normalization of ferritin levels. Patients with high-
risk profiles (including persistently high ferritin levels
and either high-risk mutational status or unexplained
hyperferritinaemia) were treated with therapeutic phle-
botomy + supplementary blood donation. Patients with
C282Y homozygosity or C282Y/H63D compound
heterozygosity were instructed to inform first-degree rela-
tives about the HH risk. Donors had the option of bring-
ing family members to the follow-up consultation to
receive information.

Statistics

Comparison of baseline characteristics between the differ-
ent mutation categories was done using Fisher’s exact test
for categorical variables and anova for continuous vari-
ables. P-values <0-05 were considered significant. Analy-
ses were performed using r version 3-2-0. One subject was
lost to observation. Ferritin values for this subject were
not included in the statistical analysis.

Results

Study population

At the time of inclusion, all donors were eligible for
blood donation. Mean Hb was 15-3 g/dl, and all donors
had Hb levels within the reference values. Mean donor
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age was 42 years of age (range 21-66). The average num-
ber of blood donations was 20, covering 33 donors with
10 or fewer donations prior to inclusion and five donors
with 50 or more donations.

Average biochemical values not related to iron status
were unremarkable for the study population as a whole
(data not shown). There were 40 mutation-positive sub-
jects: 13 had classical HH-genotypes (mutation group 1),
four had classical HH-genotypes with additional muta-
tions (mutation group 2) and 23 presented with alterna-
tive genotypic profiles (mutation group 3). Nine donors
were mutation negative (mutation group 4). Table 1
shows genotype-segregated baseline data.

Iron status

The average ferritin level in the study population was
659 g/l in the blood bank at the time of inclusion and
403 pg/l at the clinical evaluation. Using an upper refer-
ence value of 300 pg/l for men and women, 31 of 49
donors still had hyperferritinaemia at the clinical evalua-
tion. Eleven of 49 donors (eight of them from mutation
group 1 or 2) presented with elevated transferrin satura-
tion (normal range 0-2-0-5). Nine donors had both hyper-
ferritinaemia and elevated transferrin saturation. Five
donors presented with hyperferritinaemia as well as ele-
vations of transferrin saturation and iron levels (four of
them from mutation group 1).

Routine laboratory investigations

Three donors had marked alanine aminotransferase (ALAT)
elevations, but no other clinical or paraclinical signs of
liver dysfunction. Two of these cases were explained by
excessive alcohol consumption (>14 units/week for
women and >21 units/week for men according to the Dan-
ish Health Authority definition) in the immediate period
prior to laboratory testing. The third case had a normal
abdominal ultrasound, and spontaneous normalization of
the ALAT level occurred. One donor (referred to as donor
1) had a moderately elevated alkaline phosphatase level
and a marked GGT elevation explained by an excessive
alcohol intake. Another donor (donor 2) had a GGT value
of five times the upper normal reference, similarly
explained by a high weekly alcohol consumption.

Investigations and follow-up

Figure 1 provides an overview of the investigational
approach and the therapeutic interventions. Of the 48
donors who showed for clinical evaluation, 17 had nor-
malization of plasma ferritin levels. Two of these donors
were without HH-related genetic abnormalities and could
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Table 1 Genotype-segregated baseline data of the study population

Mutation group 4

(n=18)

Mutation group 3
(n=23)

Mutation group 2
(n=4)

Mutation group 1
(n=13)

P-value

Variable, unit {reference values}

76-9 (10/13) 75-0 (3/4) 91-3 (21/23) 100-0 (8/8) 0-333

35-3 (10-7) [21-6-61-2]

Males — % (no./total no.)

0-061

45-1 (11-1) [22-9-66-6] 47-3 (11-5) [30-8-63-6]

43-9 (14-9) [30-7-65-3]

Age, years — mean (SD) [range]

0-149
0-130
0-052

36 (41) [4-104]
806-0 (404-7) [477-0-1650-0]

4481 (215-6) [241-0-853-0]
357-9 (283-4) [154-0-973-0]
2521 (197-5) [56-0-651-0]

17 (24) [4-17]
580-2 (117-0) [406-5-882-5]

322-0 (140-9) [100-0-806-0]

37 (48) [6-109]
671-6 (289-1) [440-0-1070-0]

451-5 (193-6) [313-0-738-0]
220-1 (163-5) [53:0-386-0]
149-8 (40-5) [106-0-203-0]

12 (10) [1-37]
702-6 (261-9) [437-0-1370-0]

504-2 (251-8) [202-0-1040-0]
198-3 (122-0) [45-5-452-5]

94.2 (57-0) [48-0-267-0]

Blood donations — mean (SD) [range]

Ferritin (at inclusion), ug/l {12-300} — mean (SD) [range]

Ferritin (initial evaluation), ug/l {12-300} — mean (SD) [range]

Ferritin (difference), ug/l {12-300} — mean (SD) [range]

0-222

258-2 (142-3) [-156:5-533-5]
166-9 (102-9) [32-0-432-0]

0-027

Time from inclusion to initial evaluation, days — mean (SD) [range]

0-74
0-005
<0-0001

0-9 [0-2]
32.3 (4-1) [27-6-38-4]

0-27 (0-13) [0-16-0-56]
17-4 (7-5) [10-0-33-0]
15-2 (0-6) [14-2-16-3]

0-9 [0-3]
31-5 (5-5) [18-9-40-5]

0-32 (0-15) [0-15-0-84]

19-5 (9-2) [10-0-51-0]
15-0 (1-0) [13-5-16-9]

0-5 [0-1]
28-2 (4-4) [23-1-33-8]

0-4 [0-2]

Blood donations from inclusion to initial evaluation — mean [range]

Transferrin, pmol/l {24-41} — mean (SD) [range]

25-8 (3-7) [20-7-34-8]
0-54 (0-21) [0-33-0-84]

0-52 (0-11) [0-36-0-61]
285 (4-4) [24-0-34-0]
146 (1-3) [13-1-163]

Transferrin saturation {0-2-0-5} — mean (SD) [range]

Iron, umol/l {9-34} — mean (SD) [range]

0-018

277 (10-0) [15-0-44-0]
149 (1:0) [13-4-17-2]

0-838

Hb, g/dl {13-4-16-9} — mean (SD) [range]

Hb, haemoglobin.

Genotype-segregated baseline data for the study population at the time of clinical evaluation.

be terminated. The remaining 15 patients had HH-related
mutations and were either followed in the outpatient
clinic while adherent to the blood donor programme
(n = 8), terminated due to low risk of iron-overload com-
plications (n = 6) or treated with therapeutic phlebotomy
due to blood bank quarantine (n = 1).

Of the 31 donors with persistent hyperferritinaemia, 25
were HH mutation positive. Eight of these donors were
treated with repeated phlebotomy, due to marked
increases in ferritin levels and high-risk mutation status
(five were C282Y homozygotes, one was H63D homozy-
gote, one was (282Y homozygote with an additional
HAMP mutation and one was C282Y homozygote with
additional mutations in both the TFR2 gene and the HFE2
gene). Fourteen mutation-positive subjects had low-risk
mutations, but high ferritin levels and therefore under-
went follow-up including blood donation. The last three
mutation-positive subjects were terminated due to mar-
ginal elevations in ferritin levels and low-risk mutation
status (two C282Y heterozygotes, one H63D heterozygote).
Only in two of the mutation-positive donors did we find
apparent alternative causes of hyperferritinaemia: a male
donor with TFR2 heterozygosity was diagnosed with
rheumatoid arthritis while a female donor with H63D
heterozygosity reported excessive alcohol consumption
and had ultrasound indices of steatosis (donor 2). Of the
six donors with persistent hyperferritinaemia and no HH-
related mutations, one had chronic lung disease, one had
both chronic lung disease and excessive alcohol intake
with ultrasound indices of steatosis and chronic cholecys-
titis (donor 1), and three subjects were without signs of
systemic disease at follow-up and were terminated. The
last mutation-negative subject (a 44-year-old male of
Korean descent) repeatedly presented with ferritin levels
of approximately 1300 pg/l despite regular blood dona-
tions. He had normal hepcidin levels and iron deposits in
bone marrow biopsy, and abdominal magnetic resonance
imaging was unremarkable. Supplementary therapeutic
phlebotomies normalized the ferritin level, but the cause
of the hyperferritinaemia remains unresolved.

Mutation analysis

The mutation-positive donors combined for 69 mutations,
the vast majority (54) of which was found in the HFE
gene, although we did register 11 mutations in the TFR2
gene, two mutations in the HFE2 gene and two mutations
in the HAMP gene (Table 2). There were 35 donors with
1-2 mutations and only five donors with >3 mutations.
The study population was quite heterogenic, as we found
18 different genotypes in the mutation-positive subjects.
Table 3 provides a detailed list of the specific mutations
for each subject.

© 2017 International Society of Blood Transfusion
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Donors with iron overload
(n=49)

Missing data
(n=1)
29

Normalization of plasma ferritin
from inclusion to initial evaluation

Persistent iron overload
(n=31)

(n=17)
2,9,11, 12, 16, 17, 20, 21, 28,
31, 34, 36, 38, 42, 43, 45, 49

1,3,4,5,6,7, 8,10, 13, 14, 15, 18,
19, 22, 23, 24, 25, 26, 27, 30, 32, 33,
5, 37, 39, 40, 41, 44, 46, 47, 48

‘ )

HH mutation negative HH mutation positive

HH mutation positive HH mutation negative

(h=2) (n=15) (n=25) (n=6)
36, 43 2,9,11, 12, 16, 17, 20, 21, 1,3,4,5,6,7,10, 14, 15, 18, 19, 22, 23, 24, 8, 13, 35, 46, 47, 48
28, 31, 34, 38, 42, 45, 49 25, 26, 27, 30, 32, 33, 37, 39, 40, 41, 44
N !
No follow-up Blood donation + follow-up Therapeutic phlebotomy + follow-up
(n=13) (n = 25) +/- blood donation

5,8, 9, 20, 27, 28, 30,
31, 36, 38, 42, 43, 47

1,2, 3,67, 10,11, 12, 13, 14, 15, 16, 18, 21,
25, 33, 34, 35, 37, 39, 40, 41, 45, 46, 49

{(n=10)
4,17, 19, 22, 23, 24, 26, 32, 44, 48

Fig. 1 Flow chart on the investigational approach and follow-up. The numbers represent the donor identification numbers, also used in Table 3 with
individual mutation status. Female donors are represented by bold font. HH = hereditary haemochromatosis.

Table 2 HFE and non-HFE mutations in the study population

HFE Non-HFE
C282Y (no.) H63D (no.) S65C (no.) HFE2 (no.) HAMP (no.) TFR2 (no.) SLC40A1 (no.) Total
33 20 1 2 2 " 0 69

Overview of the HH-related mutations in 49 blood donors.

HFE gene mutations are subdivided into three categories (C282Y, H63D and S65C).
Non-HFE mutations include abnormalities of the haemojuvelin gene (HFE2), the hepcidin gene (HAMP), the transferrin receptor 2 gene (TFR2) and the

ferroportin 1 gene (SLC40A1).

Mutation characteristics

Table 4 (including references [18-26]) provides an over-
view of the non-HFE mutations found in the study popu-
lation. For each mutation, changes in the nucleotide and
amino acid sequence are listed. Mutation type is catego-
rized as missense (a mutation resulting in a codon coding
for a different amino acid), synonymous (a mutation
resulting in a codon coding for the same amino acid) or
intronic (a mutation located in an intron). The predicted
effect of the different gene variants on protein function is
presented along with classification of pathogenicity. The

© 2017 International Society of Blood Transfusion
Vox Sanguinis (2017)

mutation prevalence in the study population is all higher
than reported in comparable population studies, but the
low number of donors with mutations do not justify a
comparison.

Discussion

The study presents 49 blood donors with asymptomatic
hyperferritinaemia. There were only six females, probably
due to the obligate blood and iron loss in menstruating
women and the inhibitory effect of testosterone on hep-
cidin synthesis [27]. It should be noted that the same
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Table 3 Individual mutation status for all donors in the study population

Mutations
Donor (no.) Mutations specified
1 2 C282Y/H63D
2 1 HFE2(c.9G>C)
3 2 (282Y/C282Y
4 2 (282Y/C282Y
5 1 H63D
6 1 TFR2(c.2255G>A)
7 2 C282Y/H63D
8 0 Negative
9 1 H63D
10 1 H63D
il 2 C282Y/C282Y
12 1 TFR2(c.1391-6C>T)
13 0 Negative
14 2 C282Y/H63D
15 1 H63D
16 1 H63D
17 2 C282Y/H63D
18 1 C282Y
19 2 (282Y/C282Y
20 1 H63D
21 2 H63D/TFR2(c.1473G>A)
22 3 C282Y/C282Y/HAMP(c.212G>A)
23 2 H63D/H63D
24 4 (282Y/C282Y/HFE2(c.98-6C>G)/TFR2(c.2255G>A)
25 3 C282Y/H63D/TFR2(c.2255G>A)
26 2 (282Y/C282Y
27 1 C282Y
28 1 C282Y
29 0 Negative
30 2 H63D/TFR2(c.458T>C)
31 1 H63D
32 2 (282Y/C282Y
33 3 H63D/TFR2(c.1767 + 7C>T)[TFR2(c.1770C>T)
34 1 C282Y
35 0 Negative
36 0 Negative
37 2 (282Y/C282Y
38 1 H63D
39 1 TFR2(c.1364G>A)
40 3 C282Y[/H63D/TFR2(c.1767 + 7C>T)
41 1 TFR2 (c.2255G>A)
42 2 C282Y/S65C (c.193A>T)
43 0 Negative
44 2 (282Y/C282Y
45 2 C282Y/H63D
46 0 Negative
47 0 Negative
48 0 Negative
49 2 H63D/HAMP (c.252G>A)

Nucleotide changes for the different TFR2, HFE2 and HAMP mutations
are shown in parentheses.

C282Y mutations are ¢.845G>A while H63D mutations are ¢.187C>G.
Donor identification numbers correspond to the numbers in Fig. 1.

normal range for plasma ferritin was used for both male
and female donors. At inclusion, all donors were without
known chronic disease, nor signs of organ dysfunction
relating to iron overload. Non-HH-related causes of
hyperferritinaemia were identified in only four subjects.
This indicates that some donors may have been included
due to transient hyperferritinaemia. However, only donors
with either very high ferritin levels or repeated hyperfer-
ritinaemia well over the normal upper reference limit
were included. With a minimum interval of 3 months
between blood donations (and ferritin measurements), it
is unlikely that transient hyperferritinaemia (e.g. acute
infection) was a dominant cause of study inclusion.
Between inclusion and clinical evaluation, the study pop-
ulation demonstrated a marked reduction in ferritin level
with no significant between-group difference. There was
a considerable interindividual variation in time from
inclusion to clinical evaluation as some donors were seen
shortly after their first referral while other donors only
showed for clinical evaluation after repeated referrals.
Time from inclusion to initial evaluation was highest in
mutation-negative subjects, but this finding was most
likely a result of chance rather than mutation status and
was not accompanied by a significant difference in the
number of donations during this period of time (Table 1).

The 40 mutation-positive subjects combined for 18 dif-
ferent genotypes and 69 mutations, the majority of which
were expectedly located in the HFE gene, including 33
(C282Y mutations. However, C282Y homozygosity was
present in only 10 (25%) of the mutation-positive donors,
which is surprising since clinical iron overload, and risk
of iron-overload-related disease is far more common in
(C282Y homozygotes compared to other HH genetic sub-
populations [28, 29]. In a meta-analysis of 32 studies
including 2802 HH patients, prevalence of C282Y
homozygosity in clinical cases of HH was around 80%
[5]. Hence, if all cases of hyperferritinaemia in our
mutation-positive donors were indeed caused by the
HH-related mutations, we would have expected a larger
proportion of C282Y homozygotes. C282Y/H63D com-
pound heterozygosity was found in seven donors (18%), a
higher percentage than previously reported in both control
populations (1-3%) and in clinically recognized HH (5-3%)
[5]. Although two of the individuals (donors 25 and 40)
did have additional TFR2 mutations, the high prevalence
of C282Y/H63D compound heterozygotes is surprising,
especially considering that none of these donors had
apparent comorbidities. The majority of the mutation-
positive donors (n = 23) did not present with classical
HFE HH-genotypes. We found 15 non-HFE mutations
including two HAMP mutations in individuals with C282Y
homozygosity and H63D heterozygosity, respectively. Inter-
estingly, one of the HAMP mutations — a missense mutation

© 2017 International Society of Blood Transfusion
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in exon 3 — has previously been reported as a potential
modifier of HH-phenotype in individuals carrying C282Y
mutations [18]. There were two HFE2 mutations, one of
them appearing isolated (a missense mutation) while the
other (an intronic mutation) was found in an individual
with both C282Y homozygosity and a TFR2 mutation.
HFE2 mutations are mostly associated with juvenile forms
of HH, and although there are reports of potentially patho-
genic HFE2 mutations in adult-onset HH, their role in this
context is unclear [20, 21, 30]. We found ten donors with a
combined total of 11 TFR2 mutations (seven different vari-
ants). Four of these donors did not have any other HH-
related abnormalities and even though one of the mutations
(c.1364G>A, a missense mutation in exon 10) has been
reported as a HH risk factor [22, 23], it is unlikely that the
hyperferritinaemic state in these donors could be explained
by their genotype alone. The most interesting TFR2-
mutated donors were donors 21 and 30 (Table 3) who pre-
sented with classification 3-mutations in combination with
H63D heterozygosity. The ¢.1473G>A mutation in donor 21
could affect the alternative splicing of RNA [24]. The
¢.458T>C missense mutation in donor 30 is — to our knowl-
edge — not described previously. Two donors with classical
HH-genotypes (donors 24 and 25) presented with presum-
ably benign TFR2 mutations, and in these cases, the clinical
relevance of the TFR2 mutations is probably negligible. The
high number of TFR2 mutations in our study population
was unexpected as prevalence of TFR2 mutations in clinical
HH is low with no more than approximately 30 pathogenic
TFR2 mutations reported worldwide [31]. Most cases of
TFR2-related HH have been reported in Japan and southern
Europe, namely Italy [11, 31, 32]. Interestingly, two of the
donors with TFR2 mutations were indeed of southern Euro-
pean ancestry (donors 30 and 33).

None of the non-HFE mutations reported here have doc-
umented pathogenicity when appearing isolated, and their
contribution to the hyperferritinaemia is therefore uncer-
tain. In general, most of the documented genotypes in the
study population would not be expected to cause iron over-
load. However, for a given genotype, there is a wide range
of phenotypic expressions, [33] which indicates that clini-
cal disease expression is dependent on the presence (or
absence) of additional genetic and environmental disease
modifiers. Similarly, concurrent unrecognized occult dis-
ease could contribute to variations in phenotype. Hence,
H63D, S65C and non-HFE HH-related mutations may con-
tribute to iron overload in the context of other relevant
mutations or risk factors. The impact of these mutations
could have been assessed through investigation of muta-
tion status and phenotype of the donor relatives.

Our results demonstrate that classical HH-genotypes
have a more profound impact on iron metabolism. In our
study, eight of 11 donors with elevated transferrin
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saturation were either C282Y homozygotes or C282Y/H63D
compound heterozygotes. In addition, only in three of the
17 donors (18%) with classical HH-genotypes did normal-
ization of ferritin levels from inclusion to initial evaluation
occur. In contrast, 12 of 23 donors (52%) with alternative
HH-genotypes normalized their ferritin in the same period,
possibly illustrating that HH treatment is more effective in
this group than in donors with classical HFE genotypes.

Despite a high prevalence of HH-related genetic alter-
ations in blood donors with hyperferritinaemia, it is
questionable if there is a treatment-related or health-
economic rationale for performing routine HH screening
in this population. Considering the high prevalence of
HH, numerous individuals with the disease are undoubt-
edly already blood donors and thus undergoing de facto
HH treatment [34]. However, screening of blood donors
with hyperferritinaemia could represent a simple and
cost-effective way of identifying only those with a high
probability of clinical HH since iron overload in healthy
individuals adherent to the blood donor programme could
indicate significant malfunction of iron metabolism [35].
Screening could also identify subjects with normal muta-
tion status and hyperferritinaemia who may benefit from
a diagnostic workup to reveal serious causes of elevated
ferritin levels [35, 36].

However, screening of hyperferritinaemic donors is not
uncomplicated since a HH diagnosis could result in per-
manent donor deferral due to the identification of chronic
disease. Furthermore, one could argue that accepting HH
donors challenges the altruistic principle of blood dona-
tion since these individuals obtain personal benefit from
adherence to the donor programme. Still, the perspective
of accepting asymptomatic HH donors is intriguing espe-
cially given the fact that there is no evidence to suggest
that blood from these donors should be of inferior quality
compared to non-HH donors [34]. Although some coun-
tries continue to have strict rules against transfusion with
HH donor blood, several other countries have included
uncomplicated HH patients in the donor population
[36, 37].

The approach to blood donors with hyperferritinaemia
remains a challenge. The present study demonstrates that
in most cases, the causes of hyperferritinaemia in blood
donors can indeed be found. To our knowledge, this is
the first time such a high frequency of HH-related muta-
tions has been reported in blood donors. Although further
evidence is required, it appears that HH is not strictly a
monogenic disease and that a HH-phenotype can result
from the combined effects of several different genetic
modifiers [18]. There are obvious benefits to HH screening
and inclusion of asymptomatic HH patients, such as ear-
lier diagnosis, less morbidity and improved adherence to
the blood donor programme [37]. Inclusion of
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asymptomatic and otherwise healthy HH donors should
be regarded as an elegant way of combining the continu-
ous work to reduce shortage of blood products with effec-
tive HH treatment, in particular in countries where HH

prevalence is high.
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