
AMR-mediated hepatic platelet clearance in vivo may represent
a physiological mechanism involved in platelet homeostasis. Platelets
desialylate as they circulate, thereby becoming the primary ligand for
the AMR,10 and this interaction regulates hepatocyte thrombopoietin
production.11 Desialylation also occurs when platelets are activated by
several physiological stimuli, and AMR clearance may be relevant in
attenuating the coagulopathy of sepsis.12-14 Our results support the
indications of international ITP guidelines,15 which suggest that both
PSSs and glycoprotein-specific antibody testing are not mandatory in
ITP workup or management. However, if available on a single-center
basis, these tests may help to gain insight into the prevalent mecha-
nism underlying thrombocytopenia (increased clearance vs deficient
production) in a specific patient who fails first-line therapy with
glucocorticoids.
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The donation interval of 56 days requires extension to 180 days for whole blood donors to
recover from changes in iron metabolism
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Iron deficiency (ID) is a frequently seen adverse event in whole blood
donors, ultimately leading to deferral for donation because of low
hemoglobin (Hb) values.1 In accordance with guidelines of regulatory
agencies and to protect whole blood donors from developing ID and
anemia, many blood establishments worldwide require a minimum
interval of 56 days between 2 donations.2,3 This interval is based on
studies from the 1940s and 1950s, investigating recovery of (only)
Hb,4,5 butmore recently, itwas reported to be too short to prevent ID.6,7

Because Hb falls short as a marker for nonanemic ID,8,9 and to prevent
blood donors fromdeveloping ID, there is a need for additional insights
into the kinetics of red cell indices and iron parameters over time after

blood donation. This may prove useful to assess the optimal donation
interval and to select the parameter that is most suited to define per-
sonalized intervals.

Between March 2013 and April 2014, 24 “new” (defined as 1 or 2
donations before the start of the study) and 25 “regular” (.10 previous
donations) male whole blood donors were randomly selected and
included in the study (Table 1), and they were subsequently followed
for 180 days after donating 500 mL blood (supplemental Figure 1,
available on the BloodWeb site). Recovery of Hb and iron parameters
was tested for differences between new and regular donors in blood
drawn at baseline (before donation) and at 9 time points after donation
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(8 hours and days 2, 4, 8, 15, 29, 57, 85, and 180). Furthermore,
differences in iron absorption and erythrocyte iron incorporation
between both donors groups were investigated with oral and
intravenous stable iron isotopes, administered at day 8 andmeasured
at day 29 in a subgroup of 31 donors (15 new, 16 regular), who
consecutively agreed to participate. This study was approved by the
Medical Ethical Committee Arnhem-Nijmegen in the Netherlands
and the Ethical Advisory Council of Sanquin Blood Supply. All
participants gave their written, informed consent.

In regular donors, Hb, ferritin, and hepcidin were lower, and
erythropoietin (EPO) and soluble transferrin receptor (sTfR) were
higher compared with new donors (Figure 1A) similar to observations
in previous studies.10-13 Iron absorption (17.0% and 21.9% of oral iron
administered) and incorporation into erythrocytes (81.6% and 83.7%
of intravenous iron) after donation were not statistically significantly
different between new and regular donors, although the former tended
to be higher in regular donors (supplemental Table 1). Interestingly, in
the lower ferritin range, a trend was observed of higher iron absorption
percentages for regular compared with new donors (supplemental
Figure 2). Although, low numbers and high variation preclude any
definitive conclusions, these data corroborate the concept of the regular
donor group comprising (at least) some donors who more adequately
absorb dietary iron with faster recovery from iron losses. This concept
is in agreement with higher and lower prevalence of variants in HFE
and TMPRSS6, respectively, in regular donors (supplemental Table 2),
but needs further confirmation in larger studies.

Patterns of change in parameters over time after whole blood
donation were similar for new and regular donors with an increase in
EPOanddecrease inHbandhepcidin after day2 followedbyadecrease
in ferritin and increase in reticulocytes, sTfR, and total iron binding
capacity (TIBC) after day 4 (Figure 1A). At day 57, for only a few

parameters (TIBC, Hb indices, iron, reticulocyte hemoglobin equiv-
alent).85% of both regular and new donors were back at predonation
levels (Figure 1B; supplemental Tables 3 and 4). This percentage was
particularly low for ferritin: only 25.0% of new donors and 32.0% of
regular donors reached predonation levels. At day 85,.90%of donors
were back at baseline levels for all parameters except for TSAT,
hepcidin, sTfR-ferritin index, ferritin, and EPO, in both donor groups.
At day 180, ferritin levels of all regular donors had returned to
predonation levels compared with 82.6% of new donors. Importantly,
for ferritin, increase in percentage of new donors that reached
predonation levels was slower over time and lower at 180 days than
in regular donors. This apparent faster recovery from iron losses in
regular donors may be ascribed to their afore-suggested higher innate
mean baseline intestinal absorption rates (for ferritin levels) in addition
to previously described exponential increases in intestinal iron
absorption with ferritin decreases in the low ferritin range.14 Our
observations on change of iron parameters after blood donation add
detailed kinetic data to the already established theory of recovery of
blood losses: (1) fast Hb decrease because of dilution to replace losses
in blood volume (day 0-4), followed by (2) hypoxia-induced EPO
production (days 0-4), (3) increase in EPO-induced erythropoiesis and
associated increase in sTfR (days 4-29) and reticulocytes (days 2-8),
(4) hepcidin decrease (day 1-8) through both signaling of increased
erythropoiesis to hepatocytes15 and decrease in body iron levels, and
(5) ferritin decrease (days 1-29) through low-hepcidin induced re-
lease of stored iron into plasma. Altogether, these responses lead
to increased erythropoiesis and iron availability for incorporation in
newly synthesized erythrocytes, resulting in a return of Hb and iron
parameters to baseline levels in time after blood donation.

In most previous studies, only recovery of Hb after blood loss was
investigated and new and regular donors were not compared.4,5

Recently, in the Recipient Epidemiology and Donor Evaluation
Study–III (REDS-III) study involving fewer time points and iron
parameters, investigators also observed a decrease of Hb and hepcidin
and increase of reticulocyte count and EPO upon blood donation.16

Moreover, and similar to our observations, they found that (1) absolute
hepcidin levels decreased more in high ferritin donors, whereas EPO
increasedmore in thosewith low ferritin, indicating that erythropoietic
response to severe blood loss varies with baseline iron stores, and (2)
recovery to baseline ferritin levels in high ferritin donors was less
complete.

Interestingly, at baseline, 92% of new and 64% of regular donors
had ferritin levels above the cutoff of 30 mg/L for ID (supplemental
Figure 3). However, despite several reports on association between
ferritin levels and symptoms of ID in blood donors,17-19 it remains
uncertain below which exact ferritin level complaints of ID occur.
Recommended cutoffs differ between guidelines of various authorities
and vary from 12 to 40 and even 100 mg/L to identify (possible) ID in
the general population.20,21 Because these values are largely based on
older studies in the absence of international standards,22,23 they are
not ideally suited to define evidence-based cutoff values.

In conclusion, we provide detailed insights into changes and
recovery in iron homeostasis over time until 180 days after blood
donation in both regular and new whole blood donors. We conclude
that for the vast majority of male donors, the donation interval of
56 days is too short to recover from donation-induced reduction in
body iron stores.

To stay on the safe side, we propose, as our expert opinion, that
ferritin should be kept above 30 mg/L at all times. Based on our
observations, this implies a baseline ferritin at each donation of at least
50 mg/L. Furthermore, we propose ferritin as the best parameter to
assess personalized donation intervals because it (1) significantly

Table 1. Baseline characteristics of new and regular male donors

Characteristics New donors Regular donors P*

n 24 25

Age, y 39.5 (7.1) 43.5 (5.8) .034

Number of previous donations† 1 (1-2) 33 (24-52) ,.001

Days since previous donation 131 (45) 237 (138) ,.001

Blood volume (L) 5.7 (0.6) 5.7 (0.5) .760

Blood group‡ .413

Type A2 2 (8.3) 0 (0)

Type A1 10 (41.7) 8 (32.0)

Type B1 4 (16.7) 5 (20.0)

Type AB1 8 (33.3) 12 (48.0)

Type B2, AB2, O2,§ or O1 0 (0) 0 (0)

Smoking‡ .704

Current smoker 4 (17) 2 (8)

Former smoker 6 (25) 6 (24)

Never smoker 14 (58) 17 (68)

Results of FFQ

Total iron (mg) 31.3 (18.7) 33.5 (15.3) .67

Heme iron (mg) 0.9 (0.5) 0.9 (0.4) .81

Nonheme iron (mg) 30.4 (18.6) 32.6 (15.2) .66

Calcium (mg) 1221 (876) 1402 (457) .37

Values are given in mean (SD), unless otherwise stated.

FFQ, Food Frequency Questionnaire.

*Difference between new and regular donors by Student t tests, Mann-Whitney

U test, or Fisher exact test when there were fewer than 5 observations in any cell.

†Median (p25-p75), in their whole donor career, but at least once in the 2 y

preceding the start of the study.

‡n (%).

§Donors with blood group O2 were intentionally excluded because their donation

frequency is higher than that of the other blood groups and therefore not

representative for the (regular) donor population.
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Figure 1. Recovery of Hb and iron parameters from blood donation. (A) Iron kinetics after whole blood donation for 49 whole blood donors. The vertical bold line indicates

day 57, the minimum required interval between 2 donations in the Netherlands. (B) Percentage of donors back at baseline levels (62 3 standard deviation [SD], in which SD 5

[biological 1 analytical coefficient of variation %] of the baseline concentration; supplemental Table 5). Solid lines indicate regular donors, and dashed lines new donors. Bold lines

in panel A are the mean values for each of the groups. Mean corpuscular volume, mean corpuscular hemoglobin, mean corpuscular hemoglobin concentration, red cell distribution

width, iron, transferrin saturation (TSAT), and zinc protoporphyrin showed no significant changes in time after blood donation and were therefore not included in this figure. Hb

(mmol/L) 3 1.611 5 Hb (g/dL).
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decreases upon blood donation in the present study and (2) has been
found to be associated with symptomatic ID in blood donors.17,18

Alternatively, and in the absence of point-of-care ferritin platforms,
development of ID in donors may be prevented by (1) prolongation of
donation intervals to 180 days in all donors as suggested by both
the current and the REDS-III study16 and/or (2) (low) dose iron
supplementation.24,25

*D.W.S. and M.G.J.v.K. contributed equally to this study.

The online version of this article contains a data supplement.
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