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Advancing resilience and sustainability in plasma collections
and plasma-derived medicinal product accessibility

The importance of a resilient and sustainable plasma supply cannot be
overstated. Even before the COVID pandemic, plasma-derived medici-
nal product (PDMP) demands were rising, and discussions on how to
organize more strategically independent local or regional plasma col-
lections were ongoing. The pandemic further highlighted the value of
plasma, as well as the importance of strategic independence. This spe-
cial issue of Vox Sanguinis delves into the challenges of safely collect-
ing plasma from donors and explores strategies to build resilient and
more sustainable plasma collections, as well as to ensure accessibility
to PDMPs.

Donor recruitment and retention are mainstays of a successful
plasma collections programme. This issue delves into the need for
more plasma donors and an innovative strategy for recruiting and
retaining donors, emphasizing the need for stakeholder engagement,
improved understanding of sentiments around donor incentives, and
the implementation of ethical practices. By understanding the motiva-
tions and concerns of donors, we can establish a more robust and sus-
tainable foundation for plasma collections. However, rising demands
for PDMPs put a growing burden on donors to donate at higher fre-
quencies while potential health implications remain inadequately
understood. Ensuring the wellbeing of these volunteers is paramount,
building a foundation of trust that their health is being protected. The
research papers on donor health protection in this issue offer some
reassuring data, but also underscore the potential risks associated
with very frequent donations. Furthermore, two comprehensive
reviews not only present a detailed overview of known health effects
but crucially highlight the considerable gaps in our understanding,
emphasizing the need for continued exploration of health effects of
high-frequency plasma donations.

An important step towards sustainable plasma collections
involves fostering international collaborations. As an example, the
SUPPLY project is co-funded by the European Union (EU) and aims to
strengthen the resilience of plasma collection in the EU to enable a
stable and adequate supply of PDMPs [1]. SUPPLY shows the impor-

tance of such collaborations for comparing policies and legislations,

reviewing evidence, and assessing risks and opportunities in order to
build towards improved, unified plasma collections. This special issue
includes reports on some of the challenges that became more evident
with SUPPLY, and also on challenges in low- and middle-income coun-
tries and potential solutions to these. Together, these studies and
commentaries emphasize the importance of sharing best practice,
technological advancements, and regulatory frameworks to ensure
the safety, quality, and ethical conduct of plasma collections.

To conclude, this special issue of Vox Sanguinis provides a snap-
shot of a journey towards unraveling the complexities of collecting
plasma from donors and building resilient, sustainable systems on a
global scale. The articles presented here aim to inspire dialogue, col-
laboration, and action to meet the growing demand for PDMPs. Let
this be a call to action for the scientific community, policymakers, and
stakeholders to unite in the pursuit of a resilient, healthy, and sustain-
able plasma collection and PDMP accessibility.

Katja van den Hurk %22
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A donor safety evidence literature review of the short- and
long-term effects of plasmapheresis

Veronica C. Hoad1® |

1Donor and Product Safety (DAPS) Policy
Unit, Australian Red Cross Lifeblood,
Melbourne, Victoria, Australia

2Finnish Red Cross Blood Service,
Vantaa, Finland

3Clinical Immunology and Transfusion
Medicine, Uppsala University Hospital,
Uppsala, Sweden

Correspondence

Veronica C. Hoad, Donor and Product Safety
(DAPS) Policy Unit, Australian Red Cross
Lifeblood, Melbourne, VIC, Australia.

Email: vhoad@redcrossblood.org.au

Funding information
Australian Governments

INTRODUCTION

Johanna Castrén? |

Rut Norda®® | Joanne Pink?

Abstract

Many blood establishments are expanding plasmapheresis collection capacity to
achieve increasing plasma for fractionation volume targets, driven by immunoglobulin
product demand. Some adverse events occur in both apheresis and whole blood col-
lection, such as venepuncture-related trauma and vasovagal reactions. Others are
specifically related to the apheresis procedure, such as citrate reactions, haemolysis,
infiltration and air embolism. Whilst plasmapheresis procedures are generally well tol-
erated, theoretical longer term donor health considerations, such as the effects on
donor plasma protein levels, bone mineral density, iron deficiency and malignancy
also require consideration. An evidence-based framework that supports a safe and
sustainable increase in the collection of plasma is essential. Our review demonstrates
a lack of high-quality evidence on risks and outcomes specifically in plasmapheresis.
Whilst conservative procedural controls and donor harm minimization policies will
mitigate risk, high-quality evidence is needed to facilitate practice change that is safe

and sustainable and maximizes the potential of individual donor differences.

Keywords
donor safety, plasmapheresis

Highlights

o This evidence review demonstrates that plasmapheresis is generally well tolerated, and that
risk can be reduced with procedural controls and donor harm minimization policies.

o Donor attributes, donor selection, choice of apheresis technology, the plasmapheresis proto-
col, the collection environment and staff expertise all influence the rate of donor adverse
events. Blood establishments should provide advice to donors regarding how to prepare for
apheresis donation as well as post-donation care.

o Collection of immediate donor adverse events and long-term health data will contribute to

safe and sustainable plasma collection.

so upscaling WB donations to meet fractionated plasma demand is
neither ethically justified nor cost-effective. The United States has

The demand for plasma-derived products has increased significantly
worldwide, primarily due to increasing immunoglobulin demand. For
most blood establishments, the collection of 280-320 mL of plasma,
‘recovered’ from a whole blood (WB) donation, has been the main

plasma source. However, red cell transfusion demand has declined [1],

predominantly collected fractionated plasma by plasmapheresis,
referred to as ‘source plasma’ [1].

Many blood establishments are now expanding plasmapheresis
collection capacity, allowing greater plasma collection volumes per

procedure and higher donation frequency. Donor health must be

94 | © 2023 International Society of Blood Transfusion.
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PLASMAPHERESIS LITERATURE REVIEW

protected by minimizing donor adverse events (DAEs) to as low as
reasonably achievable and plasma quality optimized. Some adverse
events occur in both apheresis and WB collection, such as
venepuncture-related injuries and vasovagal reactions (VVRs). Others
are specifically related to the apheresis procedure, such as citrate
reactions, haemolysis and infiltration. Whilst donor attributes (donor
experience, gender and age) influence DAE rates, the choice of aphe-
resis technology and the plasmapheresis protocol also influence DAEs.
There are other important potential donor health considerations, such
as the effects on donor plasma protein levels, bone mineral density
(BMD), iron deficiency (ID) and malignancy. This article reviews the
evidence for donor safety and the procedural controls and policies
that can be implemented to minimize plasmapheresis donor harm.

MATERIALS AND METHODS

Two authors completed independent literature reviews using OVID
and PubMed databases. Initially, the search included plasmapheresis
and adverse events (386 papers, 17 full-text), which was then
expanded to include plasmapheresis, blood donation/donors and
other keyword combinations including haemoglobin (179 results,
25 full-text), iron deficiency (5 results, 2 full-text), citrate (29 results,
9 full-text), extravasation (O articles, 69 if plasmapheresis excluded),
compartment syndrome and blood donation (33 results 1 full-text),
haemolysis (18 results, nil, 1 full-text if expanded to apheresis), immu-
noglobulin (421 articles, 7 full-text), frequent plasmapheresis (nil new),
gammaglobulin (5 articles 2 full-text), VVR (7 results, 3 new full-text),
saline (15 results, 1 new full-text), cancer (3 articles, O full-text) and
anaphylaxis (7 articles, O full-text). Titles were reviewed, concentrating
on plasmapheresis. Articles that referenced therapeutic plasmaphere-
sis were excluded. A summary of each relevant article was developed.
Because of the poor quality of the evidence, a decision was made to
write this up as an evidence review to guide best practice with rele-
vant articles cited in the sections. All authors reviewed the evidence.
New articles published beyond 2021 were evaluated as published,
repeating the search up to July 2023.

RESULTS
Plasmapheresis venepuncture-related injuries

Because of the longer procedure and multiple draw and return cycles,
there is more opportunity for needle displacement resulting in
venepuncture-related injuries including haematoma, painful arm,
arterial puncture and nerve irritation/injury, compared with WB. First-
time plasma donors are demonstrated to have higher rates of vene-
puncture injury per donation than first-time WB donors (24 vs. 8 per
1000, respectively) [2]. Venepuncture-related injury may lead to early
donation termination and higher unsuccessful donation rates [3],
which impacts collection efficiency, donor experience and return. The

rate of nerve injury lasting at least 12 months is increased in

Vox Sanguinis qg_%) oy | 95

plasmapheresis, reported as 1 in 2.37 million per donation, being six
times the rate in WB donations [4]. Anatomical variation means that

the residual risk of nerve injuries cannot be reduced to zero [5].

VVRs and plasma volume collection limits

Donor inexperience is the largest risk factor for VVRs; females and
younger donors are also at higher risk [6]. Many countries have poli-
cies that require donors to complete a successful WB donation prior
to apheresis [7], resulting in an overall lower rate of VVRs in plasma-
pheresis donors than WB donors.

The plasmapheresis volume removed is an important consider-
ation contributing to VVRs. Plasma collection volume limits, based on
a collection volume cap or a total blood volume (TBV) estimate, are in
place to prevent VVRs precipitated by hypovolaemia. For example,
the European Guide includes a collection volume cap of 880 mL
including anticoagulants and also states that collection volume limits
should be based on an estimated TBV (not exceeding 16%) and/or
body mass index (BMI) [8].

Schreiber et al. [9] reviewed safety data on over 12 million US
donations. The data represented about 72% of the US plasma industry
donations and showed an overall rate of DAEs of 15.85 per 10,000
donations with allowed plasma donation volumes (690, 825 or
880 mL) based on the donor's weight. DAEs were evaluated by cate-
gorizing donations by the percentage of donated plasma volume per
estimated blood volume (EBV). EBV was calculated using Nadler’s for-
mula, which takes to account sex, weight and height [10]. The cohort
of female donors who donated less than 16% of the EBV had higher
DAEs in all donation volume categories (690, 825 and 880 mL) than
cohorts who donated more than 16% of their EBV. In males, the
cohort donating less than 16% of the EBV had the highest DAEs rate
in the volume categories of 825 and 880 mL. In the smallest donation
volume category (625 mL), the cohort donating 20%-24% of EBV had
higher DAEs than cohorts donating <16%, 16%-19% or 25%-29% of
EBV. Based on these results, the authors concluded that %EBV col-
lected may not be the best predictor of DAE risk.

Their data are consistent with that published by Pink et al [11] in
Figure 1. These data demonstrated that for both males and females,
the VVR rate was highest at the 13% TBV collection tier and progres-
sively reduced as the TBV collection tier increased from 16% to 18%.
Several factors explain this finding. The incidence of reactions is high-
est in first-time donors, all of whom start at 13% TBV. Only donors
who tolerate the lower collection volumes (i.e., physiologically less
likely to be vulnerable to VVRs) are permitted to progress to higher
TBV limits, hence the 16% and 18% TBV cohort includes more experi-
enced donors. Larger, particularly male donors are limited by the col-
lection volume cap and donate at a lower TBV. Finally, donors who
experience a VVR are less likely to return.

Plasma nomograms, based on the donor's gender, height and
weight, are often used to determine plasma volume collected, however,
have limitations in obese donors, and in donors at the upper and lower

ranges of height. Nomograms may overestimate TBV in obese blood
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FIGURE 1 Adverse events by percentage of estimated total blood volume (TBV) in Australian plasma donors 2014-2016. DAE, donor

adverse event.

donors. Obesity is known to increase blood volume in terms of absolute
values but decrease blood volume per body weight kilogram [12].
Comparing weight, a disproportionately high volume of plasma is
collected relative to available TBV in lighter donors [13].

In addition, some individuals can comparatively tolerate a greater
volume of blood loss. Using a human laboratory model of haemor-
rhage, the model showed that individuals could be classified as having
a high or low blood loss tolerance, and they demonstrated significant
differences in physiological compensatory responses [14]. Karger
et al. [15] found extracorporeal volumes exceeded 15% of TBV in
more than 60% of males and 90% of female donors and concluded
that a fixed volume limit would not avoid VVR circulatory reactions.

Whilst fear is a recognized predictor of VVRs [16] positive emo-
tions are associated with a decreased risk. The use of techniques such
as applied muscle tension (AMT) has been shown to reduce VVRs in
WB donations but not plasma donations specifically [17]. There is an
association between saline replacement and lower VVRs during the
procedure [18]. In a before and after study, a pre-donation salty snack
and water resulted in less VVRs overall by approximately 15%, but

this reduction was evident in WB only and not apheresis [19].

Citrate complications
Acute citrate reactions

Citrate is mixed with extracorporeal blood and prevents clotting dur-
ing apheresis by complexing with calcium. If ionized calcium decreases
significantly it can result in spontaneous depolarization of nerve mem-
branes, resulting in the classical symptoms of a citrate reaction which
include perioral paraesthesia, acral paraesthesia, shivering,
light-headedness, twitching and tremors. Less commonly donors also
experience nausea and vomiting. VVRs can be triggered. If the ionized
calcium levels fall further, symptoms could progress to carpopedal

spasm and tetany [20].

Donors are only exposed to citrate during return cycles [21].
Whether citrate causes a systemic reaction in the donor is dependent
on its concentration in the returned component (citrate is predomi-
nantly in non-returned plasma) and the return speed [22]; this means
that the citrate dose in plateletpheresis where plasma is returned is
materially higher than what occurs in plasmapheresis. During the rapid
return cycle of citrate-containing red cells, the citrate infusion rate is
likely to peak at three times the overall ‘average’ rate [21]. Because
citrate exposure is intermittent, symptoms are typically transient and
the small citrate dose returned is probably promptly buffered away by
compensatory physiology [21]. Decreasing or pausing the plasmaphe-
resis return rate should therefore reverse mild citrate symptoms.

Risk of metabolic bone disease

When a donor is exposed to higher citrate amounts, metabolic
changes such as acute hypocalcaemia, hypomagnesemia and an
increase in parathyroid hormone levels can occur [23]. Therefore,
concern has been raised that repeated apheresis may impact bone
health. A small randomized controlled trial in high-frequency plate-
let donors powered to detect a 3% difference did not demonstrate a
BMD difference compared with controls [24]. Grau et al. [25] inter-
rogated the Scandinavian Donations and Transfusions (SCANDAT?2)
database, which includes information on over 1.6 million blood
donors from Sweden and Denmark. Using Swedish data information
on fractures was obtained by linking SCANDAT2 to hospital regis-
ters. In total, 140,289 apheresis donors (67,970 women and 72,319
men) were identified from the SCANDAT2 database and were fol-
lowed for up to 23 years. The authors observed no association
between the apheresis frequency and fracture risk. The results were
similar in analyses stratified by sex and restricted to postmeno-
pausal women and whilst over 90% were plasmapheresis
donors, there was no detectable difference between platelet and

plasma donors.
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Protein and immunoglobulin G levels

Immunoglobulin G (IgG) is the main circulating immunoglobulin, which
plays a major role in humoral immunity and infection prevention.
Plasmapheresis removes plasma proteins. Therefore, an acute decrease
in plasma protein levels is expected immediately post-donation in line
with the content collected. In a study of 54 experienced donors, the
total IgG decreased by 13% immediately post-donation [26].

What are the potential clinical consequences of removing plasma
proteins? First, does the acute reduction of IgG increase infection risk.
Second, how long does it take for IgG to return to pre-donation levels.
Third, does repeated plasmapheresis lead to a sustained drop, given
subnormal IgG unrelated to plasmapheresis is associated with an
increased infection risk [27].

An early study of 41 frequent plasma donors [28] found most of
the changes in protein and IgG occurred in the initial 6 months. Over
one quarter of donors experienced levels below the normal limit in
the first 6 months but these were erratic and some rebounded. If plas-
mapheresis ceased, IgG returned to baseline levels after approxi-
mately 2 months.

Two early studies support maintaining I1gG long term. At a dona-
tion interval of 2-3 weeks, ranges for total protein, albumin, 1gG, IgA
and IgM did not differ markedly from the first-time donor normal
ranges [29]. In the second study [30], although the mean protein level
of weekly donors fell significantly during the first 3 months, the values
returned to almost baseline levels at the end of the 6-month study.

Riggert et al. [31] performed a single measurement of IgG sub-
classes 1-4 in 413 non-donor controls and 403 regular plasmaphere-
sis donors who were donating low weekly volumes and found IgG
values were not significantly lower. However, 113 donors had a sec-
ond measurement 3-6 months later with a significant drop in total
1gG, concluded to be donation related. Since there was no drop in IgG
subclasses below the normal range, they concluded no likely clinical
impact. Whilst the mean values were only slightly impacted, donors
with a higher number of total donations tended to values below the
normal. The authors concluded that this would not result in
immunocompromise.

A 2-year Swedish study [32] investigated the effects of increasing
the volume of plasma collected per donation to 16% TBV. There were
no significant changes in protein patterns and no increase in adverse
effects.

A prospective multi-centre study on the safety of long-term
intensive plasmapheresis recruited [33] 3783 donors who donated up
to 60 donations per year. Higher initial 1gG levels and a lower dona-
tion frequency strongly protected against low IgG. The authors con-
cluded that this intensive plasmapheresis regime is safe with careful
monitoring. However, IgG fell with increasing plasmapheresis and
resulted in a 12.5% deferral rate, therefore, intensive plasmapheresis
did decrease IgG.

Moog et al. [34] investigated whether donors identified to have
an 1gG level below 6.0 g/L on at least three occasions should be per-
manently deferred for donor health. Three or more IgG measurements
below the threshold occurred in 38.2% of 1462 control arm donors
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(donation protocol in accordance with national German guidelines)
and in 20.9% of 14,281 individualized arm donors (donation protocol
stratified by initial IgG and donor weight). However, there were no
increased rates of infections in donors with 23 IgG measurements
below the threshold.

Taborski and Laitinen [35] published interim donor safety results
of an individualized plasma programme involving nearly 2 million
donations. This prospective, multi-centre study aims to assess donor
safety during an individualized plasma donation regime according to
pre-donation IgG levels and body weight, compared with current
German plasma donation guidelines monitoring DAEs and IgG levels.
Most of the withdrawals with known causes were due to non-medical
reasons. After an initial drop, 1gG levels remained stable for up to
10 years. The results showed no significant difference in donor safety
for donors on an individualized programme and those who donated
under current guidelines, supporting the concept of donor stratifica-
tion by pre-donation IgG levels.

The main consideration for determining a minimum donation
interval is adequate time for endogenous IgG synthesis to replace
removed plasmapheresis IgG. Whilst antibodies have the capacity to
feedback regulate the production of themselves, the synthesis and
catabolic rates of IgG vary between individuals. Some donors will
maintain 1gG levels on a particular donation regime; others
will deplete on the same regime. Donors with lower levels are more
likely to decrease below the reference range, but there is no differ-

ence overall between new and repeat donors [36].

Haemoglobin and iron levels

ID and ID anaemia are potential risks for plasmapheresis donors
because of red cell loss associated with blood sampling for routine
testing, retention of end-procedure residual red cells in the apheresis
harness tubing and because of incidents requiring the procedure to be
aborted before donor red cell return.

In a retrospective cross-sectional study of almost 53,000 dona-
tions [37], donors were stratified by donation type and the analysis
concentrated on apheresis donors. In the analysis, apheresis donation
frequency did not influence female ferritin values, but a significant
male correlation was found. Whilst the authors concluded that both
groups are at risk of ID attributed to residual blood loss and testing, in
females iron compensation occurred whereas in males they developed
ID. Haemoglobin screening and ferritin testing mitigated the risk of
anaemia but resulted in a high rate of suspension for males and
females, 21% and 50% of the totals, respectively.

A randomized placebo-controlled, double-blind study of iron sup-
plementation for 59 female menstruating donors, scheduled for
weekly plasma donations over 24 weeks, Bier-Ulrich et al. [38] dem-
onstrated that the risk of ID with frequent plasmapheresis can be pre-
vented with iron supplementation. The average total blood loss was
526-546 mL. Haemoglobin was measured before each plasmaphere-
sis procedure and ferritin, transferrin and reticulocyte count every
4 weeks. At commencement, 8.4% of the donors had ID whilst at
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completion 37.9% of the placebo group and 3.4% of the study group
had ID.

Despite the two studies above that demonstrate plasmapheresis
ID with no mitigation, there are other studies that are supportive of
donors maintaining their iron and haemoglobin. An Australian
study [39] demonstrated that the prevalence of ID in a plasma-only
cohort (with saline infusion), did not exceed that for new donors, nor
did it change with donation frequency.

A study of 1254 [40] plasma donors demonstrated a ferritin
increase with increased donation frequency. For donors with 70 plus
donations, ferritin was 13 ng/mL higher than in new donors
(p < 0.02). Frequent donors may be more aware of the ID risk and act
to risk mitigate; some donors may cease donation if symptoms or test
results indicated anaemia or low ferritin. The authors concluded fre-
guent plasma donation in the United States does not adversely impact
iron stores in donors and therefore, it was not necessary to monitor
iron status or give iron supplementation.

Procedural factors such as the extra-corporeal volume of the
machine, use of end-donation saline infusion and sample requirements
have a significant impact on blood loss and hence the risk of ID. With
end-donation [41] saline and residual red cell return, the WB loss of
almost weekly plasmapheresis could be reduced from almost 2.5 WB

equivalent donations to less than one-third of a WB equivalent.

Haemolysis

Haemolysis is the rupture or destruction of red cells releasing haemo-
globin. In apheresis, mechanical damage to the red cells can occur if
there are malfunctioning valves, kinks or obstructions in the tub-
ing [42]. If the haemolysed cells and free haemoglobin are returned to
the donor, potential adverse effects such as vascular dysfunction,
injury and inflammation occur [43]. The most common symptom in
donors is pink urine.

In a recent international review, haemolysis was reported to occur
in 0.14 per 100,000 apheresis donations, with 23% considered
severe [44]; however, there were no further details. Young et al. [4]
reported a lower rate of 0.02 per 100,000 donations.

Likely, there is variation in the rate of haemolysis between blood
establishments, in part influenced by apheresis platform. In Australia,
the rate of haemolysis increased from zero cases to a peak of 3.6 per
100,000 donations following the implementation of a new platform
(Australian Red Cross Lifeblood internal data). All implicated donors
were followed up and symptoms recovered quickly. Staff education,
the introduction of routine checks to ensure no kit tube kinking and
ensuring red cells are not returned when a haemolysis alarm is trig-

gered or with pink plasma, significantly reduced the haemolysis rate.

Air embolism

Air embolism occurs when air enters the circulation due to machine

malfunction or incorrect set-up. Air can occlude pulmonary arteries.

Symptoms typically are respiratory and include dyspnoea, chest pain
and tachycardia. For air embolism to result in a fatality, large
volumes (200 mL plus) of air are required [45]. Fatalities associated
with the use of older apheresis technology occurred in the
1940s/1950s due to positive pressure in the circuit, resulting in air
being sucked into the circulation [46]. Modern apheresis machines
make significant air embolism unlikely given standard alarms and
inbuilt controls. A recent international surveillance study reported a
rate of 1 in 2 million donations. Further details were not provided
except that 38% (n = 6) were considered ‘severe’ [44]. Young
et al. [4] reported a negligible risk of air embolism, 1 in 3.26 million
donations. Schreiber et al. [9] did not report a single event in over
12 million donations.

Infiltration and compartment syndrome

Infiltration may occur during the return apheresis phase if fluid (saline
or cellular components) is infused into the surrounding tissues follow-
ing needle dislodgement. Swelling will occur and the donor may com-
plain of pain or discomfort. Infiltration was reported to occur at a rate
of 0.71 per 100,000 donations with none classified as severe [44].
Internal unpublished data from Australia reports rates of 280 per
100,000, demonstrating the difficulty of comparing international DAE
rates, noting that this includes any swelling during the return cycle,
including haematomas and minor events.

Compartment syndrome may occur if fluid leakage is within an
anatomical compartment, resulting in high pressure and compro-
mised tissue perfusion. It is a medical emergency requiring surgical
intervention to prevent tissue necrosis. Compartment syndrome
may also occur with arterial puncture and haematoma. Whilst in
large data sets compartment syndrome has been described as rarely
occurring with a rate of 1 in 7.6 million donations, further details
and whether these cases represented true compartment syndrome

is not known [4].

Risk of malignancy

It is hypothesized that frequent plasmapheresis donations could
result in immune system alterations that could influence the prolifer-
ation of abnormal lymphocytes or result in gammopathies. Edgren
et al.’s [47] study of Swedish and Danish blood donors found that
the odds of non-Hodgkin lymphoma were higher among frequent
plasma donors (>25 vs. O donations, odds ratio [OR] = 2.14, 95%
confidence interval [Cl] = 1.22-3.74). However, there was not a
clear dose-response, there was no confounding factor information
and the authors concluded this finding should be interpreted with
caution.

A large Canadian cohort [48] found no correlation between
plasma donation number or the frequency of donations per annum
and the incidence of monoclonal gammopathies. Overall gammopathy

rates were below the general population.
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Other rare events

Other rare events may occur, such as anaphylaxis in response to expo-
sure to apheresis consumables including the sterilizing agent ethylene
oxide [42], with the last literature report of allergic-type reactions in
plasma donations being from 1986 [49]. Donors may however experi-
ence acute health problems during or shortly after a plasmapheresis
procedure purely by chance, with the event being unrelated to plas-
mapheresis. For example, isolated thrombotic and cardiac events are
reported post-donation in case series as a potential donation compli-
cation [50, 51]. The background population rate of such events should
always be considered before concluding a causal relationship. Case
reports should not be relied on as evidence [52]. The donor may have
other predisposing factors, which should be considered when deter-
mining causality.

A small cohort study demonstrated temporary drops in blood
pressure [53] in hypertensive donors with less than 2-weekly dona-
tions and significant drops in total cholesterol [54] in donors who
donated every 2-4 days. However, there are no studies that suggest
these translate into lower cardiovascular events outside of the
‘healthy donor effect’ [55].

With modern apheresis machines, the risk of omitted anticoagu-
lants resulting in harm to a donor is low. Whilst it is not known
whether there is a thrombogenic cardiovascular risk with apheresis,
citrate could theoretically lower this. Schulzki et al. [33] demonstrated
a lower donor cardiovascular risk, also consistent with the healthy

donor effect.

DISCUSSION

This evidence review demonstrates that plasmapheresis is generally
well tolerated. However, there is a lack of high-quality evidence on
risks and outcomes and the efficacy of interventions specifically in
plasmapheresis. Whilst conservative procedural controls and donor
harm minimization policies will support risk mitigation, the lack of
large follow-up data sets limits conclusion on potential long-term
health effects.

The medical supervision and care of apheresis donors should be
managed by healthcare providers specifically trained in apheresis
techniques. Best practice venepuncture can reduce the risk of phle-
botomy injury. An upper collection volume limit is required for both
physiological and manufacturing reasons (i.e., blood bag limits). How-
ever, research [9, 11, 14] suggests that there are individuals who can
tolerate higher collection volumes than others. Some donors develop
symptoms before collection commencement because of anxiety or
pain precipitating a VVR. Whilst plasma collection volumes based
either on nomograms or BMI both have limitations, using such meth-
odologies to calculate the collection volume is pragmatic and, based
on the limited available data, appears reasonable. Evidence of the
safety of collection volumes above 880 mL is lacking and therefore
blood establishments do not routinely collect above this cap.

However, if nomograms are safe for smaller donors, there is no
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evidence to suggest larger collection volumes would not be safe for
larger donors who are donating less of their TBV. The optimal way to
collect adequate plasma being either increasing collection volume per
donation versus increasing collections per donor over time has not
been established.

Blood establishments should provide donors with blood donation
preparation advice as well as post-donation care. Advice regarding
adequate hydration and food pre- and post-donation should reduce
the risk of volume-related VVRs, despite the fact there is not good
evidence in plasma donors specifically. Given AMT decreases VVRs in
WB donations due to an immediate blood pressure increase, it would
be expected to decrease the plasmapheresis rate. Ensuring the dona-
tion environment is calm and welcoming is important to reduce VVRs
secondary to fear.

Whilst an acute decrease in ionized calcium and associated hor-
monal changes from citrate anticoagulation are well documented in
platelet donors [56, 57], data on longer term impacts are limited. Oral
prophylactic calcium supplementation (at least 30 min before the pro-
cedure) could theoretically prevent some citrate reactions, but optimal
timing, dose and formulation have not been determined. Reducing the
return rate has an immediate effect of decreasing citrate with a resul-
tant recovery of ionized calcium. The available evidence relating to
bone metabolism and BMD in plateletpheresis and plasmapheresis
donors, whilst limited in evidence strength; does not demonstrate a
significant reduction in BMD, or an increase in bone fractures. Given
the lower citrate load in plasmapheresis compared with plateletpher-
esis, altered bone metabolism is unlikely to be a significant plasmaphe-
resis issue.

The available research on donor IgG levels and immune respon-
siveness is generally reassuring but further research is needed. Whilst
plasmapheresis results in an acute, short-term reduction in IgG, and in
some donors, an IgG level below the lower limits of the normal refer-
ence range, there is no evidence of increased infection risk. A
decrease below the reference range is more likely in donors who have
lower starting levels. Most studies show an initial fall in the donor’s
IgG level for a period of months, following which the IgG level
increases towards the donor's pre-donation levels or stabilizes.
Numerous studies have shown that as plasma IgG levels reduce, so
does IgG catabolism, thereby extending IgG half-life. There is signifi-
cant normal variation in 1gG synthesis and catabolism rates, so a major
limiting factor in plasmapheresis is the capacity of donors to restore
their plasma proteins; this will also influence tolerable donation
frequency.

Measurement of the donor’s total protein and IgG level at the
first donation can be used to tailor donation frequency [36]. IgG levels
should be regularly monitored and, if the donor’s IgG level falls below
the lower reference range, the donor should be deferred or donation
frequency reduced. The levels of proteins in the collected plasma also
impact yield and product quality.

There is conflicting evidence on whether plasmapheresis impacts
iron stores. Machine differences such as extracorporeal volume and
hence maximum possible red cell loss, sample requirements, ferritin

testing, advice regarding iron replacement and end-donation saline
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can lead to profound differences in cumulative iron loss and may
explain some of the evidence variation. Policies to decrease red cell
loss can minimise risk including end-donation saline infusion to rinse
back residual red cells and using the plasma bag for mandatory infec-
tious disease samples.

For the haemolysis risk, with machine alarms and staff oversight,
the volume of haemolysed red cells returned to a donor is small and
unlikely to result in significant health complications. Whilst engineer-
ing controls are gold standard, introducing checks to ensure no kink-
ing and ensuring red cells are not returned to donors if the plasma is
tinged pink will reduce the complication risk.

Whilst there is no convincing evidence of an increased risk of
malignancy or gammopathy, other rare events may occur.

CONCLUSION

Many blood establishments are expanding plasmapheresis collection
capacity to achieve increasing plasma volume targets, driven by immu-
noglobulin product demand.

A framework to safely increase plasma collection should bal-
ance donor health with collection efficiency. Collection of DAEs
and long-term health data and high-quality studies including clini-
cal trials for interventions will contribute to safe and sustainable
plasma collection and improve the limited evidence base. Large,
linked databases are needed to evaluate longer term health
effects. Evidence-based donor selection criteria and appropriate
donor care are key factors in managing plasma supply [58] and
more individualized donor assessment may facilitate balancing
safety and supply.
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Abstract

Industrial plasma fractionation, a complex and highly regulated technology, remains
largely inaccessible to many low- and middle-income countries (LMICs). This, combined
with the limited availability and high cost of plasma-derived medicinal products
(PDMPs), creates deficiency of access to adequate treatment for patients in resource-
limited countries, and leads to their suffering. Meanwhile, an increasing number of
LMICs produce surplus plasma, as a by-product of red blood cell preparation from
whole blood, that is discarded because of the lack of suitability for fractionation. This
article reviews pragmatic technological options for processing plasma collected from
LMICs into therapies and supports a realistic stepwise approach aligned with recent
World Health Organization guidance and initiatives launched by the Working Party for
Global Blood Safety of the International Society of Blood Transfusion. When industrial
options based on contract or toll plasma fractionation programme and, even more,
domestic fractionation facilities require larger volumes of quality plasma than is pro-
duced, alternative methods should be considered. In-bag minipool or small-scale pro-
duction procedures implementable in blood establishments or national service centres
are the only realistic options available to gradually reduce plasma wastage, provide safer
treatments for patients currently treated with non-pathogen-reduced blood products
and concurrently improve Good Manufacturing Practice (GMP) levels with minimum
capital investment. As a next step, when the available volume of quality-assured plasma
reaches the necessary thresholds, LMICs could consider engaging with an established
fractionator in a fractionation agreement or a contract in support of a domestic fraction-

ation facility to improve the domestic PDMP supply and patients’ treatment.

Keywords
contract/toll plasma fractionation, haemophilia care, immunoglobulin concentrates, LMICs,
pathogen-reduced cryoprecipitate, primary immunodeficiency, safe plasma proteins

Highlights

e Access to essential plasma-derived medicinal products (PDMPs) is inadequate in most low-
and middle-income countries.

o Technologies exist for local preparation of safe plasma proteins as alternative or supplemen-

tal products to PDMPs to replace immunoglobulins and certain clotting factors.

102 © 2023 International Society of Blood Transfusion.

wileyonlinelibrary.com/journal/vox Vox Sanguinis. 2024;119:102-109.


https://orcid.org/0000-0002-0507-9243
https://orcid.org/0000-0003-2293-9062
https://orcid.org/0000-0001-8487-0043
mailto:thburnouf@gmail.com
http://wileyonlinelibrary.com/journal/vox

PLASMA PROCESSING OPTIONS IN LMICs

Vox Sanguinis qg_%) oy | 103

o A stepwise practical approach can improve patient access to safe plasma proteins through

local production while supporting advancement to contract or domestic fractionation of

domestic plasma where feasible.

INTRODUCTION

Plasma-derived medicinal products (PDMPs) are crucial therapeutic
proteins used in human medicine to treat conditions such as bleeding
or immunological disorders and other diseases caused by congenital
or acquired plasma protein deficiencies [1-3]. Several PDMPs feature
on the World Health Organization (WHO) model lists of essential
medicines for adults and for children [4]. While recombinant technolo-
gies are used to produce some plasma proteins, industrial fraction-
ation of human plasma remains the primary method for obtaining
many protein-based therapies, importantly including polyvalent immu-
noglobulins. Leading plasma fractionators, located in high-income
countries (HICs), primarily focus on meeting the clinical demands for
PDMPs within HICs, where their costs can be afforded. Consequently,
the volume of plasma processed by established fractionators is driven
by the needs of HICs, neglecting the needs of low- and middle-income
countries (LMICs) and resulting in an imbalance in the availability of
PDMPs between HICs and LMICs.

Over the years, the plasma fractionation industry has become a
highly regulated, specialized and complex bioprocessing industry, pro-
ducing a wide range of therapeutic plasma proteins with high quality
and safety standards [1, 2]. Increasing demand for PDMPs in HICs has
led the fractionation industry to expand capacity (nearly 60 million litres
globally, over 80% obtained by plasmapheresis) and process larger
plasma pools (5000 L or more at the stage of plasma pooling). This
expansion aimed to boost productivity, increase availability and reduce
production costs. However, despite these efforts, HICs still occasionally
experience PDMP shortages, which can worsen during health or military
crises [5, 6]. This situation has rekindled the view, including in LMICs,
that plasma is a strategic national resource that should be managed
responsibly to provide patient access to treatments [3, 7].

The persistent lack of access to PDMPs in many LMICs, which
has been a reality for decades, affects most notably patients with
bleeding disorders [8-10] or primary immunodeficiencies [11]. This
shortage of safe PDMPs and appropriate treatment options leads to
preventable patient suffering and mortality including risks of serious
infections from exposure to non-pathogen-reduced blood or plasma,
all resulting in substantial societal costs [9]. Patients’ organizations,
international as well as regional, play a crucial role in alerting govern-
ments to the urgent need to improve the supply of PDMPs in LMICs.
Undoubtedly, humanitarian aid programmes, coordinated by patient
organizations such as the World Federation of Haemophilia, are
invaluable in meeting patients’ needs [10], but they are insufficient at
the moment and will not sustainably ensure domestic independence,
even partial, in product supply for the long term. This situation under-
scores the rationale for using available recovered plasma in LMICs, pro-
duced as a side-product of red blood cell concentrates, as a source of
PDMPs [12-14]. Shortages of PDMPs in LMICs occur in a context

where the countries are producing increasing volumes of plasma
domestically in their efforts to meet clinical needs for red blood cell
concentrates. However, over the years, the growing sophistication and
regulation of the plasma fractionation industry in HICs [1, 15, 16] have
widened the regulatory, quality assurance and technological gap
between HICs and LMICs. This gap, within the broader context of the
global plasma product market, makes it increasingly challenging for
most LMICs to fractionate this plasma domestically or to implement a
contract or toll plasma fractionation programme [14].

To improve access to PDMPs in LMICs, WHO published a
‘Guidance on increasing supplies of plasma-derived medicinal products
in low- and middle-income countries through fractionation of domestic
plasma’ [12] within the scope of the ‘Action framework to advance uni-
versal access to safe, effective and quality assured blood products’ [17].
Additionally, the Working Party for Global Blood Safety (GBS) of the
International Society of Blood Transfusion (ISBT) has provided educa-
tional forums [13, 18, 19] and has contributed to the creation of an Inter-
national Coalition for Safe Plasma Proteins (ICSPP), which ‘In
cooperation with the WHO will facilitate in-country projects on stepwise
enhancement of the quality, safety and volume of domestic plasma; local
small-scale preparation of virus-safe clotting factors and immunoglobu-
lins; and progress toward industrial plasma fractionation’ [20].

The present paper provides further explanations on what we con-
sider realistic stepwise options that could be made available to LMICs

for the preparation of safe plasma proteins from domestic plasma.

REASONS FOR THE WASTAGE OF PLASMA IN
LMICs

Every year, several million litres of plasma that could be used for frac-
tionation, if of sufficient quality, are wasted in LMICs [21] for various

reasons including the following:

Lack of component preparation and insufficient
plasma quality

Several technical reasons explain why plasma is either not produced

or is wasted:

1. The need for red blood cell replacement drives blood collection.
However, many countries continue to transfuse whole blood [22] to
patients in need of only red blood cells, while it could be separated
into components of red blood cell concentrates, platelet concen-
trates and plasma. This practice of not separating whole blood is
linked to a variety of issues. For instance, a lack of proper education
and training in blood separation techniques can lead to a persistence
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in the use of whole blood. Financial constraints can restrict access
to necessary equipment and facilities, which slows down the adop-
tion of blood separation procedures. Clinical practices may lead to
continued use of whole blood over blood components to prioritize
immediate patient needs. Lastly, infrastructure challenges can limit
the ability of blood establishments to store and manage separated
blood components, leading to favouring simpler storage and han-
dling of whole blood. To date, the use of whole blood remains prev-
alent in several low-income countries although a continuous trend
towards its separation into components is seen [22].

2. Many LMICs collecting a high proportion of low-volume whole-
blood donations (200-300 mL), based on average body weight
considerations of the donors, as opposed to the larger 450-500 mL
volumes typically collected in HICs. While this does not inherently
preclude plasma fractionation, it creates an additional technical
challenge, requiring some adjustments to the typical processing of
fractionation especially for the steps of plasma bag opening, thawing
and large-scale cryoprecipitation.

3. The lack of a nationally coordinated blood system typically domi-
nated by hospital-based collections. This results in fragmentation
with numerous small blood collection sites positioned across a
country and non-harmonized production and testing practices of
the collected blood.

4. The absence of inspection and licensing of the blood establish-
ments by national regulatory authorities, which is due to a lack of
appropriate legislation, inadequate investment in the regulatory
authority or a regulatory environment not involved with oversight
of blood transfusion.

5. The production methods of plasma failing to meet the quality and
safety requirements for fractionation due to a state of non-
compliance with Good Manufacturing Practice (GMP) for the pro-
duction of plasma for fractionation and manufacture of PDMPs.
The non-compliance encompasses a variety of factors, for exam-
ple, less stringent blood donor screening as well as testing proce-
dures that are insufficient to control the prevalence of transfusion
transmissible infectious diseases in the donor population; deficient
traceability systems; lack of validation of production and testing
facilities; inadequate collection, freezing and storage practices that

cannot ensure proper cold chain; and insufficient manpower.

Overcoming such challenges in making sure that plasma meets
GMP requirements for fractionation is a complex and time-consuming
task that requires both national and international efforts, including
capacity-building in blood establishments, improvements in healthcare
infrastructure, changes in regulatory oversight and a national coordi-

nated and sufficiently funded domestic blood system.

Insufficient volume and national infrastructure

Additional factors need to be considered when explaining why plasma
from LMICs may still go unused even when GMP requirements are
met in the most advanced blood establishments. One key factor is the
increase in the plasma volume requirements due to the expanded

capacity of the plasma fractionation industry in HICs. A few decades
ago, a contract or toll plasma fractionation programme could be
successfully established based on yearly sustainable volumes of
5000-10,000 L. However, today, established fractionators tend to
require volumes approaching or exceeding 50,000 L on a yearly basis.
Additionally, the volume of quality plasma considered necessary to
justify the construction of a domestic plasma fractionation facility is
roughly 300,000 L annually. Such a situation can affect the capacity of
LMICs to use domestic plasma for PDMP manufacture when the yearly
volume does not reach approximately 50,000 L. Moreover, a structured
national programme is needed to ensure that plasma collected at multi-
ple sites is properly frozen, stored and shipped with maintenance of
product integrity and continuity of the cold chain [12, 13, 21, 23].

STEPWISE TECHNICAL OPTIONS FOR
PROVIDING ACCESS TO SAFE PLASMA
PROTEINS FROM DOMESTIC PLASMAIN
LMICs

Pragmatic solutions, tailored to the developmental state of the blood
transfusion system and the volume of available plasma, should be
implemented [12, 13]. When plasma meets GMP requirements for
further manufacture, these technical solutions can help avoid wastage,
regardless of the available volume. This stepwise approach allows for
the processing of plasma and increases access to safe plasma protein
therapies. Over time, it can help to gradually meet patients’ needs in

safe plasma therapies in LMICs (Figure 1).

Pathogen-reduction treatments of single units of
plasma and cryoprecipitate

Several photochemical technologies, including psoralen/UVA, riboflavin/
UVB and methylene blue/visible light illumination, have been validated
and licensed in various countries for the pathogen reduction treatment
of individual plasma units for transfusion [24]. This pathogen-reduced
material represents a safer alternative to untreated plasma for clinical
indications where its use is justified, such as volume replacement associ-
ated with bleeding complications. Additionally, the cryoprecipitation of
pathogen-reduced plasma can produce virally inactivated cryoprecipitate
and cryoprecipitate-poor plasma as a first step for availability of plasma
proteins, when logistically feasible. Pathogen-reduced cryoprecipitate
(Cryo-PR) can be used in the treatment of various bleeding disorders
including deficiencies in factor VIII, fibrinogen and von Willebrand fac-
tor [25], while, in principle, Cryo-PR-poor plasma may be used to substi-

tute for local use of its non-pathogen-reduced counterpart.
Minipool and small-scale GMP processing of virally
inactivated plasma protein fractions

In recent years, the feasibility of performing a minipool solvent/detergent
(S/D)-filtration  treatment on a low-volume (ie, concentrated)
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lllustration of the stepwise approach for production of safe therapeutic plasma proteins by implementing different technical
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cryoprecipitate using a bag system has been demonstrated by El-Ekiaby
et al. at the Shabrawishi Hospital Blood Centre in Egypt [26]. This pro-
cess, applied to a pool of 30-35 cryoprecipitates, includes an S/D virus
inactivation treatment, oil extraction to remove a large proportion of the
S/D agents, depth-charcoal filtration to polish S/D agent removal and
0.2-um filtration to ensure bacterial sterility and removal of cell debris.
Each batch contains approximately 3500 IU of factor VIII and von Will-
ebrand factor ristocetin cofactor (vWF:rCo) activity and over 5000 mg of
clottable fibrinogen. The final product is then dispensed into a series of
bags and stored frozen until use. Quality control tests are performed on
each batch, allowing each individual bag of cryoprecipitate to be
labelled with precise potency for coagulation factor VI, von
Willebrand factor and fibrinogen. It contains a mean of 10.5 IU/mL of
factor VIII, >10 IU/mL of vWF:rCo activity and 17 mg/mL of clottable
fibrinogen [27] as well as factor XlIl. Therefore, a 50-mL unit of the final
product contains approximately 525 IU of FVIII.C, at least 500 IU of
VWEF:rCo activity and roughly 850 mg of clottable fibrinogen. As such,
compared to untreated cryoprecipitate, this option is safety-assured
against blood-borne enveloped viruses (including human immunodefi-
ciency virus, hepatitis B virus and hepatitis C virus) and provides a higher
concentration of coagulation factors, no or low levels of anti-A and
anti-B isoagglutinin (due to the near-complete removal of plasma during
cryoprecipitation), bacterial sterility, precise dosage, absence of blood cell
debris and improved treatment consistency. This virally inactivated and
filtered cryoprecipitate can be used in the acute treatment of bleeding in
haemophilia A, von Willebrand disease, congenital fibrinogen deficiency
as well as acquired fibrinogen deficiency from massive bleeding
(e.g., post-partum haemorrhage and major trauma) and factor XllI defi-
ciency, replacing untreated cryoprecipitate and serving as an alternative
or supplementary product when PDMPs are not available or supplies are
insufficient. This represents a significant step forward in the virus safety
of cryoprecipitate-based therapy. Use of such locally prepared minipool
S/D-filtration treatment of cryoprecipitate in Egypt since 2013 has
resulted in the treatment of more than 2000 patients with haemophilia

A who received 32 million units of coagulation factor VIII [28].

Production of freeze-dried and heat-treated cryoprecipitate has been
developed and is still used in Thailand [29]. Since the end of 2022, the
ICSPP has started to support a pilot project on cryoprecipitate,
pathogen-reduced with S/D at the National Blood Transfusion Center
in Dakar, Senegal, to field-test organization and management, technol-
ogy implementation and validation, clinical efficacy and patient safety
as well as sustainability of local preparation using a pathogen-reduction
step. Recently, WHO has included Cryo-PR on the Model List of Essen-
tial Medicines (EML) for adults and for children, thereby recognizing its
role in the acute treatment of patients with congenital (or acquired)
deficiency in fibrinogen, factor VIII, von Willebrand factor or factor XIII,
when coagulation factor concentrate (CFC) or analogous recombinant
products are not available or affordable [4, 30].

The same group in Egypt has validated an in-bag caprylic acid
purification and virus inactivation process to produce immunoglobu-
lins from whole plasma or cryo-poor plasma. This process involves in-
bag fractionation of plasma or cryoprecipitate-poor plasma with 5%
caprylic acid, which precipitates non-immunoglobulin proteins, fol-
lowed by centrifugation, dialysis to remove caprylic acid, concentra-
tion to ~50 mg/mL, depth filtration and bacterial filtration [31].
Several batches of purified immunoglobulins can be mixed to increase
the batch size and therefore the number of donors contributing to the
final pool and the diversity of antibody specificities to neutralize a wide
range of pathogens. Such pooling also contributes to the batch-
to-batch consistency. This preparation has been successfully evaluated
in children with immune thrombocytopaenia [32]. It should be noted
that caprylic acid fractionation has been in use for many years for pro-
ducing anti-venom immunoglobulins from the plasma of immunized
horses in some LMICs [33]. A group from DOW University in Karachi,
Pakistan, has also recently prepared clinical-grade anti-SARS-CoV-2
immunoglobulins from 4 to 8 L of human plasma using a similar tech-
nology [34]. This immunoglobulin underwent clinical evaluations in
COVID-19 patients where it was found to be well tolerated [35]. This
achievement demonstrates the feasibility for preparation of both nor-

mal and hyperimmune immunoglobulins, especially those that are on
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the WHO EML for adults and children and are in short supply or una-
vailable in LMICs [4].

These relatively simple technical developments have numerous
benefits. They can be implemented on small yearly plasma volumes
within small facilities with minimal capital investment. They provide
access to vital plasma proteins until PDMPs, which should always be
regarded as the medically preferred therapeutic option, are available
in sufficient quantity and affordable to all. Additionally, their prepara-
tion and use contribute to learning about GMP plasma collection and
processing, reducing plasma wastage and promoting sustainability of
blood establishments. Furthermore, these developments foster
‘South-to-South’ knowledge-sharing across blood establishments and
regulators, facilitating the identification of context-specific solutions
to improve access to plasma therapies. It is crucial, however, that such
developments are overseen by trained local regulators to ensure the
implementation of GMP at all stages of production.

Regarding cost consideration, several studies indicate that cryopre-
cipitate and Cryo-PR may be less expensive to provide than CFCs. It
was stated in the recent ISBT application to incorporate Cryo-PR in the
WHO EML [36] that ‘the relative cost of non-Cryo-PR versus clotting
factor concentrates has been examined in the context of comparative
efficacy studies. For example, in studies comparing cryoprecipitate to
commercial concentrates of fibrinogen, fibrinogen concentrates were
found to cost two to four times that of cryoprecipitate per gram of
fibrinogen [37, 38]’. In addition, ‘data on the comparative cost of Cryo-
PR versus plasma derived and recombinant CFC are limited, but some
settings demonstrate significant savings [28]. In Egypt, the cost per unit
of factor VIIl from the minipool S/D-treated Cryo-PR was estimated in
2018 to be 0.07 USD compared with 0.14 USD for commercial factor
VIII concentrates, whereas the average cost per unit of factor VI for all
types of commercial clotting factor concentrates was higher at 0.21
USD [28]. The current cost per international unit of factor VIII for the
S/D-F cryoprecipitate in Egypt is between 0.16 and 0.086 USD based
on the yield per processed pool of 30-35 cryoprecipitates. The same
unit cost applies to von Willebrand factor (ristocetin cofactor activity)
in this production system, and the cost per gram of fibrinogen is 24-29
USD [36]. In Thailand, the current cost of heat-treated freeze-dried
cryoprecipitate (HTFDC) containing >200 IU FVIII:C per vial is approxi-
mately 21.47 USD (800 Baht), representing <0.107 USD per unit of fac-
tor VIII. The cost per gram of fibrinogen for HTFDC in Thailand is
<51.12 USD [36]. In comparison, the cost per IU of factor VIII of an
imported commercial clotting factor concentrate is typically more than
twice the unit price for locally prepared Cryo-PR products made in
Egypt and Thailand’ [36]. The cost of commercial factor VIII concen-
trates in a selection of countries was found to range from 0.27 USD in
South Africa to 2.53 USD in the United States and between 0.63 and
1.09 USD in other countries [39]. The possibility of applying a pathogen
reduction treatment to a minipool of cryoprecipitate, instead of single
units, contributes substantially to cost reduction. Differences in the unit
costs of labour and materials may also contribute to this disparity.

Although these data suggest a cost benefit of cryoprecipitate and
Cryo-PR in resource-constrained settings, they should not be pre-
ferred to CFCs within the scope of a stepwise improvement to access

safe plasma proteins. Therefore, facilitating their preparation and use
should not replace national progress towards assuring the availability

of CFCs and other plasma protein products, as described below.

Industrial-scale fractionation

Industrial-scale plasma fractionation can be envisaged either through
contract arrangements whereby domestic plasma is fractionated by a
foreign fractionator (typically for a fee or ‘toll’), or with the construc-

tion and operation of a domestic facility.

Contract/toll plasma fractionation

For LMICs with well-developed blood transfusion systems and the
capacity to generate around 50,000 L of quality plasma annually, it
becomes feasible to consider a contract/toll plasma fractionation pro-
gramme with a reputable, licensed fractionator [12, 13, 40]. This deci-
sion requires careful selection of the plasma fractionator, considering
its capacity to meet the country’s clinical needs in terms of product
specifications, guaranteed yield, product range, and more. Entering such
an agreement requires harmonized quality procedures at a national
level, including donor screening, donation testing and handling of
plasma. These procedures must align with the requirements of the reg-
ulator overseeing the plasma fractionation activities and the fraction-
ator's specifications, and be confirmed by audits carried out by the
fractionator. Both blood establishments and fractionators should be
inspected by regulatory authorities or audited by skilled, experienced
experts (if inspections are not feasible), and the resulting PDMPs should
obtain a formal marketing authorization. Contract/toll plasma fraction-
ation offers a practical way to produce vital PDMPs from domestic
plasma, reducing wastage and ensuring a more stable PDMP supply
that can potentially complement direct imports. This approach avoids
plasma wastage, improves the sustainability of blood establishments
and provides a crucial learning phase in plasma processing. It requires
minimal capital investment, apart from adapted facilities for plasma
freezing and storage and their monitoring. It also serves as a training
opportunity for domestic operators on plasma fractionation technolo-

gies before any potential technology transfer.

Domestic fractionation facility

Embarking on the construction of a domestic plasma fractionation plant
is challenging and needs a careful feasibility study, considering the
volume of plasma available at domestic or regional levels, as well as
capital investment, skilled and experienced staff availability, manpower
training and technological requirements. As mentioned above, it is esti-
mated that the procurement of a consistent minimum annual volume of
approximately 300,000 L of quality plasma should be assured [12, 13].
Although implementation of plasma fractionation technologies

developed locally cannot be excluded (e.g., as a scale-up phase of a
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small-pool pilot programme), it is considered that a secure, possibly
complementary approach, lies in a technology transfer agreement
signed with an established fractionator. The transition to domestic
fractionation is simpler when the technology transfer is provided by a
previously contracted foreign fractionator and the products provided
through contract/toll fractionation have previously been validated.
Such a plasma fractionator should provide all the necessary detailed
technical documentation supporting the implementation of the
manufacturing process of a selected range of PDMPs needed locally.
Examples of documentation include standard operating procedures
(SOPs), manufacturing protocols, quality control procedures, equip-
ment and software manuals, validation procedures and regulatory
filings. Furthermore, the provider of technology should offer training
programmes to ensure the recipient’s manpower is capable to operate
the plasma fractionation processes and the associated utilities. This
includes technical training on equipment operation, maintenance, and
troubleshooting, as well as on the manufacturing process, quality con-
trol and compliance with GMP. There is also a need, during and after
the technology transfer, for technical support to troubleshoot any
issues that may arise. This encompasses guidance on process optimi-
zation, adjustments or improvements. The technology provider should
assist in the validation of the new processes, including process valida-
tion, analytical method validation and cleaning validation, to ensure
that they meet regulatory requirements, and should support imple-
mentation and maintenance of a robust quality assurance system, as
well as adherence to GMP standards. Even after the technology trans-
fer process is complete, the technology provider should be in a posi-
tion to offer continued support to ensure the successful
implementation and operation of the technology. Last but not least, it
is crucial that the recipient of the technology should be capable of
recruiting and retaining the specialized skilled manpower required to
operate the new facility. The whole programme should have the full
support of the government, which should be committed to its success
and provide the expert regulatory oversight and skilled expertise to
ensure GMP compliance [12]. A fiscal model for sustainability is also
crucial, often requiring some level of governmental support.

OVERALL CONSIDERATIONS

It should be kept in perspective that such a stepwise approach encom-
passes not only the technical solutions described above but also
essential considerations related to human factors. The first step is
capacity-building for government regulators, blood establishment
operators and healthcare providers to strengthen the entire blood sys-
tem. Forging partnerships with more advanced blood establishments,
abroad or domestically, can prove beneficial for LMICs seeking to
improve quality plasma collection and access to plasma protein thera-
pies. In particular, externally supported education and training pro-
grammes can play a crucial role in enhancing the skills and knowledge
of the professionals involved in blood collection, processing and distri-
bution as well as the use of plasma-derived products. International

collaboration is especially helpful at this stage to help achieve
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recognized international standards for plasma quality and safety. Once
the quality and available volume of plasma meet standards for frac-
tionation, further steps can be taken to progress towards fractionation
of domestic plasma. Collaborating with experienced centres and
industry suppliers will allow knowledge sharing, technology transfer
and best practices implementation, leading to more efficient and
effective plasma processing, as supported by WHO [13, 21]. Under-
standing organizational restructuring requirements and implementing
quality management systems are pivotal steps in building a robust and
sustainable plasma supply chain [13, 21]. Emphasizing these aspects
ensures that all stages of plasma processing adhere to international
standards and GMP, thereby optimizing the safety and quality of ther-
apeutic plasma proteins [23, 41, 42]. Cultural considerations also play
a substantial role for fruitful collaboration and communication within
the blood and plasma community to facilitate optimal collaboration
between different stakeholders involved, and a harmonized approach
to providing safe plasma protein therapies.

All these actions and coordination should aim at prioritizing patient
safety and quality of care by emphasizing the value of safe plasma pro-
tein therapies. When plasma meets GMP requirements for further man-
ufacture, these technical solutions, coupled with the proposed technical
approaches described here, can collectively help avoid wastage of
plasma, regardless of the available volume. This comprehensive and
stepwise approach will allow the processing of plasma in a manner that
optimizes resources and maximizes access to safe plasma protein thera-
pies. Over time, this approach will facilitate a gradual and sustainable
expansion in meeting patients’ needs for safe plasma therapies in

LMICs, as depicted in Figure 1.

CONCLUSION

Rapid developments are taking place in the biotechnology and gene
therapy industry to enhance the efficiency of treatment of patients
with genetic haematological diseases. Still, there is a continuous reli-
ance on PDMPs to treat life-threatening conditions affecting, in partic-
ular, patients with bleeding or immunological disorders or others
suffering from acquired or congenital deficiencies in plasma proteins.
To date, many patients in LMICs affected with plasma protein deficien-
cies suffer from lack of treatment or are treated with crude blood frac-
tions that expose them to the risk of transfusion-transmitted infections.
Patient treatment in LMICs for these conditions has improved over the
last few decades, but only marginally compared to the needs. Nonethe-
less, the blood transfusion systems in LMICs are also improving thanks
to efforts coordinated by WHO and ISBT, among others, as illustrated
by the steady increase in blood collections from voluntary non-
remunerated blood donors, the higher proportion of blood separated
into components and an increasing volume of recovered plasma avail-
able at the domestic level. This situation provides a window of opportu-
nity for implementing tailor-made new pragmatic stepwise
improvements in the access to safe plasma proteins, as highlighted in
recent WHO Guidance [12]. The stepwise approach proposes to initi-
ate improvements in the safety of patient treatment starting with local
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preparation of pathogen-reduced units of plasma, cryoprecipitate and
cryoprecipitate-poor plasma, followed by minipool or small-pool manu-
facture of virally inactivated cryoprecipitate and immunoglobulins, con-
tract/toll fractionation of domestic plasma and, when practical and
feasible, domestic fractionation. Such a stepwise approach is warranted
and can be made possible thanks to the substantial knowledge gained
over the last decades on the crucial factors contributing to the quality
and safety of plasma protein fractions. All along this stepwise approach
for the benefit of patients, engagement with international organizations
or coalitions is critical to provide suitable guidance. Furthermore, it is
critically important that regulatory authorities play a critical role in
ensuring the implementation of GMP at all stages of such stepwise
development including harmonization of standards across domestic

blood establishments that provide plasma for fractionation.
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Europe needs 2 million extra donors of blood and plasma: How

to find them?

BACKGROUND

In the summer of 2022, the European Commission published the
Proposed Regulation on Substances of Human Origin (SoHO) [1] to
update and replace the European Union (EU) Blood Directive [2] and
the Tissues and Cells Directive [3]. The Regulation aims to protect
donors and to ensure the safety and quality of blood, tissues and cells
and to introduce measures to prevent shortages of these components
produced from this precious material. With this Proposed Regulation,
the European Commission renews its commitment to the principle of
voluntary and unpaid donations. This principle prevents exploitation of
donors—Dby risking their own health—without discouraging donations.

On 18 July 2023, the ENVI Committee of the European Parlia-
ment voted on its amendments on the Draft Report by MEP Nathalie
Colin-Oesterlé on the SoHO Regulation in the EU, with 59 votes in
favour, 4 against and 4 abstentions [4]. The Report is currently sched-
uled to be voted by the Parliament in its plenary session on
11 September. Once adopted, it will constitute the Parliament’s nego-
tiating position for the trialogue talks with the Council. With regard to
the discussion on voluntary and unpaid donations, the ENVI Commit-
tee has sharpened its position. MEPs insisted that EU countries could
allow compensation or reimbursement for losses or expenses related
to their donations, whereby MEPs have asserted that compensation
should not be used as an incentive to recruit donors, nor should it lead
to the exploitation of vulnerable people. They also wanted strict rules
on advertising around SoHO donations, which should prohibit any ref-
erences to financial rewards. Based on transparent criteria, Member
States shall establish the conditions for such forms of compensation
or reimbursement in national legislation, ensuring that they are finan-
cially neutral and consistent with the standards laid down in Article
54 of the new Regulation and in accordance with the principle of vol-
untary and unpaid donation.

In this article, we calculate that Europe needs at least 2 million
extra blood and plasma donors, who are willing to donate their blood
and/or plasma several times a year. With these 2 million extra donors,
Europe can continue to adhere to the principle of a blood transfusion
system with voluntary non-remunerated (unpaid) donors (VNRDs) and
be relatively self-sufficient. With these extra donors, Europe shall
become less dependent on plasma derived from donors from other

parts of the world, in particular from the United States.

Furthermore, we explore the possibilities of a closer collaboration
between Blood Collection Services and patient and donor organiza-
tions. New ways of communication are needed to motivate EU
citizens on the importance of donating their ‘red’ blood and/or
‘yellow’ plasma. Also, stronger cooperation between the private and
the public sector regarding the fractionation of the collected plasma
needs to be considered. The support of individual EU Member States
is not sufficient to reach this goal. Only a combined action plan of all
EU Member States together with the European Commission can lead
to success.

This article reflects the perspective of representatives from the
international donor community and from the patient community. We
feel a joint responsibility to make a proposal that addresses the
demand for plasma-derived medicinal products (PDMPs) for patient
groups suffering from mainly rare diseases and that stimulates the
donation of blood and plasma without underlying financial incentives.

INTRODUCTION

The EU SoHO Proposal includes an extensive evaluation period of the
existing Directives for blood, tissues and cells based on consultations
with EU Member States and relevant stakeholders. It also considers
the recent COVID-19 pandemic, which has shown Europe’s overde-
pendence on non-EU (‘third’) countries for a variety of medical sup-
plies (masks, swabs and protective clothing) and raw materials to
produce medicines. In relation to plasma, Europe is dependent on
~40% or 4-5 million litres of American plasma from paid donors [5].
This dependency has grown during the last decades despite the
1985-formulated European principles of self-sufficiency and VNRD.
We make a strong plea for strategic autonomy of Europe for plasma
from VNRD:s in line with the new EU proposal on SoHOs. Case stud-
ies in countries such as Italy, Belgium and Denmark have shown that
sustainable supply of blood products is realistic with only VNRDs [6].
To reach this goal, Europe should expand its pool of blood and
plasma donors and adjust the conceptualization of blood transfusion
as a combination of ‘red’ blood (blood components such as red cells,
platelets and plasma for transfusion) and ‘yellow’ blood plasma
(plasma for fractionation needed to produce PDMPs such as albumin,

immunoglobulins, clotting factors and serine protease inhibitors). In
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BOX 1 Blood and plasma

In the past century, the products of human blood were
traced and isolated. Nowadays, most people are familiar
with the possibility to donate blood. In a Blood Collection
Service, a blood donor donates a maximum of 500 mL of
whole blood at a time. This takes 30-45 min. After dona-
tion, the blood is separated into blood cells and plasma
which can be used as plasma for transfusion or as plasma
for manufacturing (recovered plasma).

Plasma can also be donated using plasmapheresis.
Whole blood of the plasma donor enters the plasmapheresis
machine where plasma (source plasma) is separated from
blood cells which are returned in the circulatory system of
the donor. A plasma donation of 650-850 mL takes just
over an hour.

From source plasma and recovered plasma, PDMPs can
be made with a long shelf-life. Examples are coagulation fac-
tors for haemophilia, albumin to treat burn wounds and liver
problems and immunoglobulins for all kinds of immunologi-
cal diseases.

Plasma can be donated more often than blood. Most
European countries rely on voluntary non-remunerated
blood and plasmapheresis donors. Plasmapheresis donors
are paid for their donations in four countries in Europe
(Austria, Germany, Czech Republic and Hungary) and in the
United States, Ukraine, China and others.

The European Directorate for the Quality of Medicine
(EDQM) recommends that a plasma donor may give 25 L of
plasma per year, which corresponds to 33 donations per
year. In the United States, a plasma donor can donate
plasma 104 times per year, that is, twice weekly, and three

times more than what the EDQM recommends.

Box 1, we have explained the main developments in whole-blood and

plasma collections in the previous decades.

The demand for red blood and yellow plasma

In recent years, the demand for red blood and yellow plasma in
Europe has evolved in two different directions. The demand for red
blood has decreased because of improved blood products and devel-
opments in patient blood management strategies, including cell-saving
techniques during surgery and non-invasive surgical procedures. The
demand for the yellow PDMPs has increased by ~8%-9% per year [7].
The increasing demand for and use of immunoglobulins is the main
cause of the worldwide plasma shortage in both private and public
sectors. This is especially detrimental for patient groups who depend

on immunoglobulins for very different indications such as primary and

BOX 2 Number of donors needed and how to
accommodate them

Currently, Europe has 15 million donors and 1400 Blood
Collection Services, where 20 million units of whole blood
are collected. Each year, EU patients are treated with 25 mil-
lion blood transfusions to treat anaemia and during surgery
or trauma care. The number of EU citizens who receive
PDMPs is unknown.

At present, the EU has a shortage of almost 3.8 million
litres of plasma for manufacturing. In 2025, Europe will need
almost 8 million litres of plasma to reduce dependence on
plasma from the United States.

With an extra need for 8 million litres of plasma, we
propose that the collection of European source plasma
should increase as follows:

The calculation is conservative and global.

One million whole blood donations of 500 mL each give
250,000 L of recovered plasma.

One million plasma donations of 750 mL each give
750,000 L of source plasma.

Whole-blood donations can be made up to four times a
year, and plasma donations can be made up to a maximum
of 33 per year.

We calculate for whole-blood donors an average fre-
guency of two donations per year and for plasma donors an
average frequency of five donations per year.

One million extra whole-blood donors, who give
250 mL recovered plasma and who donate twice a year,
would generate 500,000 litres of recovered plasma.

One million extra plasma donors, who give 750 mL
source plasma and who donate five times a year, would
deliver 3,750,000 litres of source plasma.

An ethical issue remains that with this amount of recov-
ered plasma, there will be an excess of red cells and platelets
for which there is no need in Europe. The recommended
Action Plan should also address this issue.

So, around 2 million extra whole-blood and plasma
donors can solve the actual shortage of around 4 million
litres of plasma in the EU. Another 2 million extra donors of
whole blood and plasma can prevent the expected shortage
in 2025.

The combined Blood Collection Services in the EU
should plan how to accommodate 2-4 million extra donors
in their systems, given production efficiencies and scales of
operation. These are quite different for whole-blood donors
and plasma donors.

A balanced mix of whole-blood donations and plasma
donations is the preferred mode of action to keep existing
donors and to attract new donors. For Blood Collection Ser-
vices, it is preferable to have both types of donors in the

same donor base.
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The advantage of low-frequency donations is the
reduced individual donor burden, the increased donor health
protection, the higher diversity of antibodies in a larger
donor base and an increase of the total donor pool.

The capacity per plasmapheresis centre is on average at
least 20,000 L/year. To collect almost 4 million litres extra,
some 200 extra plasmapheresis centres are needed with
15 or more beds. [Correction added on 31 October 2023,
after first online publication: The amount of recovered

plasma was corrected throughout in Box 2.]

secondary immune deficiencies and immunosuppressive problems or
rare auto-immune and inflammatory diseases in the field of immunol-
ogy, haematology, neurology and dermatology. In most EU countries,
there is a shortage of immunoglobulin products. The long-standing,
but still unresolved discussion among medical professionals about the
indications for immunoglobulin use is unlikely to provide an answer to
those patients, and their families, who are strongly dependent on
these products [8].

There is an estimated 38% deficit of plasma in Europe, which is
equivalent to 4-8 million litres of blood plasma [9]. This implies that
around 2-4 million extra plasma donations are needed from donors
who donate their whole blood at least twice a year or their plasma
five times per year. Around 8 million extra donations can be obtained
from these donors. Another 2 million extra donors of whole blood and
plasma can prevent a further shortage of plasma in 2025, given the
projected growth of PDMPs [9]. In a population of 447 million citizens
in Europe, there are over 165 million eligible donors. This means that
it must be possible to recruit 2-4 million extra donors.

For a calculation of these figures, see Box 2.

The paid versus unpaid (voluntary) discussion

The new EU SoHO Regulation and especially the voting on the
Amendments in the ENVI Committee once again stressed the princi-
ple of VNRDs.

For more than 50 years, a debate has been going on about
whether or not donors should be paid for their donation of blood and
plasma. The ethical discussion on paid and unpaid donations was
already raised in 1970 with the publication of the book The gift-rela-
tionship: from human blood to social policy by Richard Titmuss [10].
Titmuss is one of the founding fathers of the idea of the Welfare State
and voiced his philosophy of altruism in social and health policy.
Titmuss compared the British system of blood donations with systems
in other countries and especially with the American one. In Britain,
the system relies on VNRDs, while in the United States the plasma
supply was and still is largely in the hands of for-profit enterprises.
Already in September 1966, Titmuss had written about ‘the hazards
of blood commercialization to health, in particular patients’ with the

greater risks of contracting serum hepatitis and other blood-borne
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diseases because the health of paid donors was less reliable than that
of volunteers’ [11]. He intended to signal the dangers of the increas-
ing commercialization of society. The US Food and Drug Administra-
tion (FDA) came out with a regulation in 1977 which required that
each container of blood and blood components should bear the label
statement ‘Paid Donor’ or ‘Volunteer Donor’. This regulation was at
that time based on the argument that blood from a paid donor was
more likely to induce hepatitis in recipients than blood from a volun-
teer donor. This FDA labelling regulation is still in place [12].

A second important book was written by the Dutch journalist Piet
J. Hagen, which was published in 1982 titled Blood: gift or merchan-
dise [13]. The basic question Hagen wanted to answer was ‘How (can)
a sufficient and high-quality blood supply [...] be organized in a
responsible way and at reasonable costs’. His answer is not one-on-
one, unlike Richard Titmuss's. Hagen is more realistic and states that if
‘under the altruistic system in a certain country the needs of patients
cannot be met adequately, one has to reconsider one’s position’.

After Hagen’s book was published in 1982, the paid-unpaid discus-
sion got a new dimension with the occurrence of thousands and thou-
sands of HIV as well as HCV infections in the international haemophilia
community. Countries with a dominant market share of clotting factor
products manufactured from plasma from paid donors had a much
higher share of these infections than those countries—especially in
Europe—that used mainly haemophilia products prepared from plasma
from VNRDs, such as Belgium, The Netherlands and the Scandinavian
countries [14]. These transmissions of blood-borne infections caused
enormous loss and grief in the haemophilia community. Still today, peo-
ple suffer from the long-term effects of these viral infections, and in
the United Kingdom the Infected Blood Inquiry shows how the UK
Government nowadays has to deal with compensations issues [15].

A more recent overview on the discussion on paid versus unpaid
donations was published in 2020 by the Fundacio Victor Grifols i Lucas
with the title ‘Ethics and plasma donation: an overview’ [16]. In this
overview, the final conclusion is that ‘it is questionable as to whether
plasma self-sufficiency is attainable in an individual country or region, at
least in the short to medium term, and particularly if based exclusively
on unpaid donations. The reality is that most countries have to purchase
plasma products from companies that manufacture them using plasma
from individuals who are remunerated for their donation, as the plasma
obtained from each country’s altruistic donors is not remotely sufficient
to meet demand for these products’. In this overview, ethical consider-
ations are pragmatically coupled with supply and demand issues,
whereas the original altruistic approach by Richard Titmuss was coupled
with social and health policies. The pragmatic approach in Grifols's over-
view is rather comparable with Piet J. Hagen's view.

Although the United States is the main supplier of plasma from
paid donors, and despite that FDA permits a high frequency of plasma
donation up to 104 times per year, there are also in that country
opponents of the paid plasma donation system. In his book What
money can’t buy: the moral limits of markets, Michael J. Sandel returns
to Titmuss's basic assumptions that ‘Markets are crowding out
non-market norms’ and that ‘Commaodification of blood offers a good

illustration of the two objections to markets identified earlier—fairness
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and corruption’ [17]. In Blood Money: the story of life, death and profit
inside America’s Blood Industry by Kathleen McLaughlin, she describes
how Americans and their families with two or three jobs still live in a
difficult financial situation and where payment for plasma donations is
needed to survive [18]. In this regard, it is significant how the author
warns that—even after what happened in the 1980s and 1990s with
contaminated plasma—once again ‘We've built an entire segment of
global medicine upon the certainty that some number of American
simply can't live on a regular income alone. They need money to sup-
plement their wages and make their lives easier. And we don’t exactly
know if or how this frequent extraction of blood proteins might harm
their bodies in the long turn’. In Poverty by America, Matthew Des-
mond describes that the United States, the richest country of the
world, has more poverty than any other advanced democracy [19].
And that US policies privilege the affluent more than the poor. In that
book, he also mentions paid plasma donation as a way to get income,
but that in a particular case it does not work as ‘She tried donating
plasma, but her veins were too small’. Sandel and Desmond are in the
paid-unpaid discussion not in favour of the ethical-market arguments
for paid donations but favour the ethical-societal arguments for more
solidarity and equity.

On 18 July 2023, the ENVI Committee of the EU Parliament con-
firmed that blood donation in Europe is based on the principle of vol-
untary and unpaid donation and that compensation, even in countries
where it is permitted, should not be used as an incentive to recruit
donors or lead to the exploitation of vulnerable people. They also
wanted strict rules on advertising around SoHO donations, which
should prohibit any references to financial rewards. This is in sharp
contrast with daily practice in the United States nowadays, where
websites of plasma collection centres already at entrance mention
that you can earn up to $6000 per year [20].

As authors of this article, we still and without hesitation are in
favour of VNRDs—Alice because she has been a plasma donor since
the age of 18 and has first-hand experience of the value of systems
based on the ethical value of voluntary, unpaid donation and the
essential role that donor organizations can play in creating a commu-
nity of regular, motivated donors. The promotion of these values in all
countries of the world is indeed one of the main objectives of the
International Federation of Blood Donor Organizations (IFBDO/
FIODS), of which she is a member of the Executive Council and head
of the European Continental Committee [21].

Cees is in favour of VNRDs because he had already warned in 1979
about the risks of the paid donor system and because he is a long-term
survivor of HIV and HCV, which he got being a haemophiliac [22]. He
believes strongly that we have a moral legacy towards all who suffered
from these blood-related viral infections to strive for a safe and healthy

environment for donors as well as recipients of blood and PDMPs.

A series of proposed actions

We propose a series of actions that the EU Member States and rele-

vant stakeholders (blood collections services, donor organizations,

patient groups, EU Commission, EU Member States, public health
authorities, sector associations, etc.) can adopt to realize the
requested increase of blood and plasma donations and group and
number them 1 to 10 according to the levels of responsibility. At the
moment, the organization and responsibility for collecting blood and
plasma in the EU Member States varies widely, so the need for a
strong EU coordination effort is crucial. Once the new SoHO regula-
tion is adopted, it seems logical that the new SoHO Coordination
Board at the EU level together with the new SoHO National Authori-
ties in the EU Member States should further explore what actions are
needed in the different EU Member States but with the final aim to
reach EU self-sufficiency.

EU Member States

1. EU Member States should encourage a joint effort by public health
authorities, Blood Collection Services and patient and donor
organizations to attract more donors of blood and plasma. The pro-
posed SoHO Regulation focuses on donor protection, and whole-
blood and plasma donors are equally committed, so the new rules
should not introduce changes to treatment of donors based on the
type of donation. A balanced mix of whole-blood and plasma
donors is required to keep existing donors and to attract new

donors.

EU blood collection services

2. The public European Blood Collection Services should collectively
formulate a policy to increase the number of donors in different
EU countries. The balance between whole-blood and plasmaphere-
sis donations should be made clear to the individual EU Member
States. A first step towards such a policy is the recently started
SUPPLY project led by the European Blood Alliance (EBA) [23].

3. In addition to the above actions, a programme is required to collect
more blood and plasma in each Member State. Such a programme
should cover a period of at least 5-10 years to meet the currently
expected demand for PDMPs and especially immunoglobulins.

4. A structured communication and a social marketing strategy needs
to be developed to attract new donors, considering national differ-
ences in donor attitudes. These strategies should be based on the
donation of red blood and yellow plasma, as both are equally
important parts of the contribution that each citizen can make to the
health system. We realize that one of the most strategic challenges is
the necessary cultural change (points 5 and 6). Strategies are also
needed to ensure that all EU Member States and societal groups con-
tribute equally to the donation of blood or plasma. The other ques-
tion is who shall be responsible for such a communication strategy
and where are the finances to be found. Communication needs to be
sustainable and not a one-time issue. To that end, it seems a good
idea the proposed establishment—within the new legislation—of a

European day dedicated to essential SOHO donations [24].
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5. Blood and plasma donation must be easy. This means that Blood
Collection Services should be open for donations after working
hours. Employers should facilitate their workers to donate blood or
plasma during working hours. However, donations should be vol-
untary and pressure from management or peer group must be
avoided.

Civil society and companies

6. Organizations in both the public and private sector should take the
lead in organizing special programmes for their employees to
donate blood or plasma collectively. The same is true for minority
groups, who often are willing to donate if that can be organized in

close cooperation with their peer group.

Donor and patient organizations

7. Patient and donor organizations should collectively develop cam-
paigns to inform EU citizens why blood and blood plasma dona-
tions are needed and that regularly donating blood and plasma is
safe, and show which patient groups profit from their donations. If
such organizations are lacking or are inactive in some countries,
they can be supported by the organizations from other countries
or their European support groups.

8. All over Europe, Blood Collection Services should cooperate with
donor and patient organizations to attract more donors and keep
them motivated to stay as donors. Such communities can indeed
play a strategic, complementary and ever more effective role not
only in recruiting and retaining donors but also in terms of donor
education and— more in general—in developing a shared European

culture of anonymous, unpaid and regular blood/plasma donation.

European Commission

9. As much as permissible according to EU financial rules, the
European Commission should finance the expansion of Blood Col-
lection Services and the necessary extra equipment to collect more
blood plasma where needed. The experiences gained during the
collection of convalescent plasma during the COVID-19 pandemic
can be used.

Public-private partnerships

10. The collected blood plasma could be made available by the public
sector to the private sector for fractionation (possibly in a sort of
‘outward’ or ‘counter’ processing regime), as in the last decades
in Europe most public fractionation centers have disappeared or
have not the scale to process this extra plasma. If it is possible

according to EU regulations, legislation should be developed to
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ensure that plasma collected in Europe is used for the benefit of
European patients. Efforts to increase plasma collection in Europe

will be undermined if the plasma is funnelled to a global market.

Limitations of this article

We have calculated that the EU needs at least 2 million extra donors
of blood and plasma. Of course, this calculation has its limitations.
There are no accurate or actual data of demand and supply of blood
components and PDMPs as far as we know on which we can make a
more accurate analysis. Or data are lagging behind as with the data
collected by the EDQM, which goes back to 2017-2019 before the
COVID-19 pandemic [25]. Data on PDMPs are more in the private
domain. Information is also missing on plasma collected in the four EU
countries with paid donations; nor is information available whether
this collected plasma is returning also to these countries once pro-
cessed to PDMPs.

Collecting more accurate data in the future on the collection and
use of blood and blood components and PDMPs is one of the chal-
lenges for the to-be-established single SOHO National Authority in
the EU Member States and the SoHO Coordination Board at the EU
level.

Another limitation of this article is the reality level of the proposed
EU SoHO Regulation. It is quite an ideal for the EU to become less
dependent on US plasma in a situation where this has not proven to
become a reality in the past 50 years. Or even worse, the EU has in
these 50 years become more and more dependent on the use of US
plasma from paid donations. But the COVID-19 pandemic and the pos-
sibility that the former US President Donald Trump wanted to make
use of the ‘US Defense Act’ to limit the export of US plasma to non-US
countries made EU policy makers once more realize their strategic
dependence on the United States for PDMPs. So, there is a huge chal-
lenge for the EU ahead to realize this concept of independence from
US plasma and to replace it by enough plasma from NRVD donations
from EU blood and plasma donors. The issue is also complicated
because the EU continues with a regulatory situation where blood and
blood components are in the jurisdiction of the new SoHO regulation
whereas the PDMPs are part of the EU Pharmaceutical Legislation.

In the end, however, one of the main messages we would like to
convey is that to claim that it is necessary to pay—for the achieve-
ment of self-sufficiency in blood and PDMPs at the European level—
for the donation of blood or plasma constitutes a short-sighted way
of dealing with the challenge of our independence from supplies com-
ing from the United States. And the reason is that, on one hand, we
know that our donors are ready to donate plasma if they are well
informed and if they have the opportunity to make this act a positive
experience, in public and well-organized collection centres. On the
other hand, relying on public collection systems that operate on
the basis of a counter-processing regime represents the most appro-
priate way to protect our community as a whole, which keeps both
those who donate and those who need blood-derived medicines safe

from exploitation and market fluctuations. Europe is showing its
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engagement in this regard, and we count on our contribution as

donors and patients to help achieve our common goals.

SUMMARY

With the almost unanimously adopted amendments in the ENVI Com-
mittee of the European Parliament of the new EU SoHO Regulation,
the challenge is how the EU can become less dependent on US
plasma. Currently, the EU is almost 40% dependent on PDMPs from
paid donations. The ENVI Committee has sharpened the rules for
donation and insisted that EU countries could allow compensation or
reimbursement for losses or expenses related to their donations.
Compensation should not be used as an incentive to recruit donors,
nor should it lead to the exploitation of vulnerable people. They also
want strict rules on advertising around SoHO donations, which should
prohibit any references to financial rewards.

To become independent of the United States for plasma donations
implies a big challenge for the EU. In this article, we have formulated a
number of actions for all stakeholders to reach this goal; we have calcu-
lated that Europe needs at least 2 million extra blood and plasma
donors who are willing to donate their blood and/or their plasma sev-
eral times a year. Furthermore, we explored the possibilities of a closer
cooperation between Blood Collection Services and patient and donor
organizations. Finally, only a combined action plan of all EU Member
States together with the European Commission can lead to a lesser or

no degree of dependence on US plasma from paid donations.
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Abstract

Background and Objectives: As part of a large-scale project to safely increase plasma
collection in Europe, the current scoping review identifies the existing evidence
(gaps) on adverse events (AEs) and other health effects in plasmapheresis donors, as
well as factors that may be associated with such events/effects.

Materials and Methods: We searched six databases and three registries. Study char-
acteristics (publication type, language, study design, population, outcomes, associated
factors, time of assessment, duration of follow-up, number and frequency of dona-
tions, convalescent plasma [y/n], setting and location) were synthesized narratively
and in an interactive evidence gap map (EGM).

Results: Ninety-four research articles and five registrations were identified. Around
90% were observational studies (57 controlled and 33 uncontrolled), and most of
them were performed in Europe (55%) or the United States (20%). Factors studied in
association with donor health included donor characteristics (e.g., sex, age) (nh = 27),
cumulative number of donations (n = 21), donation frequency (n = 11), plasma col-
lection device or programme (n = 11), donor status (first time vs. repeat) (n = 10),
donation volume per session (n = 8), time in donation programme (n = 3), preventive
measures (n = 2) or other (n = 9).

Conclusion: The current scoping review provides an accessible tool for
researchers and policymakers to identify the available evidence (gaps) concern-
ing plasmapheresis donation safety. Controlled prospective studies with long-
term donor follow-up are scarce. Furthermore, additional experimental studies
comparing the health effects of different donation frequencies are required to

inform a safe upper limit for donation frequency.

Keywords
adverse events, health effects, plasma donor, plasmapheresis, safety

Highlights
o We systematically identified, categorized and described 94 research articles and 5 registra-

tions, focusing on adverse events and/or other health effects in plasmapheresis donors.
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e To increase plasma collections in Europe safely, there is a need for studies investigating the

health effects of frequent and long-term donation, as well as the effectiveness of interven-

tions to prevent the impact on the donor.

e The current scoping review aims to aid researchers and policymakers in efficiently identifying

the available evidence and existing research gaps concerning plasmapheresis donation safety.

INTRODUCTION

Plasma-derived medicinal products (PDMPs) are essential for the
prophylaxis and treatment of several disorders. The vast majority of
plasma used for the manufacturing of PDMPs stems from source
plasma from plasmapheresis donations. During this procedure,
plasma is retained, whereas blood cells are returned to the donor [1].

The production of PDMPs heavily relies on plasma that is col-
lected outside of Europe, with the United States providing the largest
source of human plasma globally [1, 2]. Such dependency entails a
considerable risk of shortages, particularly during health crises such as
COVID-19. A scarcity of source plasma, and thus of PDMPs, would
threaten the supply of essential pharmacological treatments. In addi-
tion, safety regulations regarding plasma (donation), such as donor
reimbursement and maximum donation frequency, differ between
Europe and United States. Thus, plasma collection in the European
Union should be expanded to ensure a stable and adequate supply of
PDMPs. However, evidence-based guidelines on increasing plasma
collection while maintaining plasma and donor safety are currently
lacking.

With the ultimate aim of preparing recommendations for blood
establishments, competent authorities and medical societies for safely
increasing plasma collection, the European Blood Alliance (EBA) initi-
ated the ‘SUPPLY’ project (Strengthening voluntary non-remunerated
plasma collection capacity in Europe) [3]. Situated within the SUPPLY
project, the current scoping review aimed to systematically identify
and map the available evidence (gaps) regarding adverse events (AEs)
and other health effects in plasmapheresis donors. In addition, factors
that have been studied in association with AEs or health effects are
discussed, with a particular focus on donor status (first-time vs. repeat
donation), cumulative number of donations, donation frequency and

preventive measures.

METHODS

This scoping review is reported according to the ‘PRISMA Extension
for Scoping Reviews’ guideline (Data S1).

Preregistered study protocol

The preregistered study protocol (https://osf.io/hqjéz) and an over-

view of deviations (https://osf.io/8zx62) from the protocol were pub-

lished on the Open Science Framework (OSF).

Eligibility criteria
Population

Include: adults who underwent plasma withdrawal via
plasmapheresis.

Exclude: adults donating whole blood or platelets; a mixed donor
population (whole blood, plasmapheresis and/or plateletpheresis)
without separate data for plasma donors; patient populations who
underwent plasmapheresis (therapeutic plasma exchange) and/or
received PDMPs.

Concept and context

Include: safety of plasma donation(s) in adults, regardless of the setting
and geographical location of data collection.

Exclude: donor recruitment or retention, effects of plasma proces-
sing and fractionation, plasma safety for the recipient and supply of

plasma(-derivates).

Outcomes

Include: (1) AEs, defined and categorized according to the ‘Standard
for Surveillance of Complications Related to Blood Donation’ [4]
with two additional categories: ‘generic’ (i.e., study mentioning the
measurement of ‘AEs’ as such, without further specification or
classification) and ‘other’ for AEs not covered by the existing cate-
gories; and (2) other health effects, including physiological parame-
ters (e.g., blood pressure, heart rate) and parameters measured in
blood or plasma (e.g., the concentration of blood cells, proteins,
electrolytes).

Exclude: health-related outcomes that cannot clearly be linked
to plasma donation (including self-reported general health status,
measurements in the plasma product after donation without analy-
sis of a possible link with donor/collection characteristics or when
the product of plasma donation underwent processing steps

before analysis).

Study design

Include: systematic reviews, (non-)randomized controlled trials,

(un-)controlled observational studies and narrative reviews
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(not included in data charting table but used as a source of
potentially relevant studies).

Exclude: animal, ex vivo or in vitro studies.

Publication type

Include: registrations, study protocols and peer-reviewed articles
regardless of publication status, language and date.
Exclude: conference abstracts, book chapters, editorials, disserta-

tions and letters to the editor.

Search strategy and study selection process

We searched for eligible studies on 10 October 2022 using the
six databases, three registries and search strings listed in Data S2.
References were screened in duplicate (N.S. and H.V.R.) using
EndNote X9. Disagreements were resolved by discussion between
the reviewers and, if necessary, by consulting the expert panel
(K.v.d.H., C.E,, S.M,, P.T., V.C.). A PRISMA flow chart was created
using Shiny app [5].

Data charting, synthesis and presentation

Study characteristics (publication type and language, study design,
population, outcomes, associated factors, time of assessment,
duration of follow-up, number and frequency of donations within
the study period, convalescent plasma [y/n], study setting and
location) were charted in duplicate. The categories and variables
for which data were sought were continuously adapted during the
review process, as we followed an exploratory approach [6].
Extracting study results, judging the quality of evidence and
answering specific research questions were outside the scope of
this review [7] and were performed in a separate systematic review
project [8]. Extracted information, available at https://osf.io/h8js5,
was synthesized narratively using frequency counting per concep-
tual category and an evidence gap map (EGM; https://cebap.org/
storage/cebap/schroyens-2023-egm.html) was created using EPPI-
Mapper [9].

RESULTS
Search results

Figure 1 illustrates the review process. Two full texts could not be
retrieved [10, 11]. To avoid duplication of studies, the protocol [12]
and two of the registrations [13, 14] of studies that are described
by identified research articles [15, 16] are not included in our
summary. The remaining 94 research articles and 5 registrations
are described below. References of all included studies are

available in Data S3 and the EGM (https://cebap.org/storage/
cebap/schroyens-2023-egm.html).

Characteristics of included studies
Data charting table and EGM

A detailed overview of study characteristics is available on OSF
(https://osf.io/h8]s5). Based on this overview, a more comprehensive
and interactive EGM (https://cebap.org/storage/cebap/schroyens-
2023-egm.html) was created (see also Figures 2-4).

Population

Most studies (68 out of 99) exclusively included plasmapheresis
donors, whereas others included an additional, separately analysed
group of blood donors, plateletpheresis or other types of apheresis
donors (red or white blood cells) (see EGM with population filter). Five

studies included convalescent plasma donors.

Publication date, location and language

Research articles were published between 1956 and October 2022
and registrations between 2016 and 2022. Around 55% of the studies
were performed in Europe (25 in Germany, 6 in Croatia, 5 in Italy, 3 in
France, 3 in Poland, 2 in Denmark, 2 in Norway, 2 in United Kingdom,
1 in Russia, Slovakia, Sweden, Switzerland, the Netherlands and
Ukraine each), followed by North America (21 in the United States,
6 in Canada, 2 in Cuba), 5 in Asia (2 in Japan, 1 in China, India and Iran
each) and 4 in Australia. Two research articles contained data from
different countries, including Australia, Brazil, the Netherlands, Wales,
the United States, and Singapore or Europe. Registrations were from
Australia (n = 2), Czech Republic, the United States or Norway.
Eighteen studies were not in English.

Study design

Most published studies (n =88) had an observational design,
of which 56 were controlled studies (including 41 cohorts [26 retro-
spective, 8 prospective and 7 unclear], 13 were controlled before
and after, 1 case-control and 1 cross-sectional study) and 32 were
uncontrolled, monitoring a group of donors before and after
donation(s) (n = 19) or only after donation(s) (n = 13). Thirteen
studies had a controlled experimental design (i.e., [non-]Jrandomized
controlled trials), comparing plasmapheresis donors to a no-
donation control group [17, 18], or blood donors [15, 19]; or
investigating the effect of iron supplementation [20], saline infu-
sion [21-23], apheresis device or programme [16, 24, 25], donation

volume [26] or donation frequency [27]. Of note, research
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Identification of new studies via other methods

Records identfied from:
Databases {7 = 15,646 )
PubMed (7 = 3365)
Embase (n = 8600)
The Cochrane Library (n = 368) Records removed before screening: 5
é Web of Science (n = 2935) Duplicate records {n = 10,601) Records identfied from:
8 CINAHL (n = 201) - » Records marked as ineligible by automation Reference lists from 18 identified
2 Transfusion Evidence Library (n = 87) tools (7 =0} narrative reviews
2 Registers (n = 2164): Records removed for ofher reasans (7 = 0} (= 924)
PROSPERO (n - 92)
Clinicaltrials. gov (n = 1962)
International Clinical Trials
Registry Platform (n = 110)
¥
Records screened Records excluded
n =7208) (n = 6987)
l A J
= : Reports sought for refrieval Reports not retrieved Reports sought for retrieval » Reports not retrieved
E (n =222} n=2) (n = 28) (n=0)
@
Reports excluded: Reports excluded:
4 Publication type {n = 36) Publication type (n=11)
Repors assessed for eligibility Design {n =1} Reports assessed for eligibility Design (n =4)
{n=220) Population (n = 62) (n=28) Papulation {n = &)
Intervention (n = 4) Intervention (n =1}
Cutcome (n =20} Cuicome (n= 1)
y
5 New studies included in review
1 {n=102) -
2 Reports of new included studies i
£ (n=10)

FIGURE 1 PRISMA flow diagram. Apart from 97 records identified via database and registry searches, 5 research articles were found via the
reference lists of 18 narrative reviews (see https://osf.io/8zx62 for references). Overall, 102 records were obtained, including 94 research
articles, 1 study protocol and 7 registrations.

Associated faclors
Hone Danor Plasma donation characlenistics Preventive
charactensbics measures

Doner status or Cumulative Donation Donation volume  Time in donation.  Collection Other

SUPPLY M D OMD o mmIOE
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devicelprogram

@ Experimental @ Uncontrolled observational @ Controlled observational

FIGURE 2 Evidence gap map, with rows representing outcomes and columns containing factors that have been studied in association with
those outcomes. Squares represent studies, subdivided according to study design. An interactive version of the map is available online (https://
cebap.org/storage/cebap/schroyens-2023-egm.html), in which descriptions of categories can be obtained by hovering over the column/row
headers, lists of studies within each category can be obtained by clicking on the map and studies can be filtered based on study design,
publication type, publication date, location, publication language, follow-up period, population and whether or not convalescent plasma was

donated. Generated using v.2.2.4 of EPPI-Mapper powered by EPPI Reviewer and created by the Digital Solution Foundry team.
articles, using two different study designs depending on the Registrations were classified as controlled experimental
factor or outcome under study, were counted twice here and in (n = 3), controlled observational (n = 1) or uncontrolled observa-

the EGM [23, 28-33]. tional (n = 1).
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FIGURE 3 Evidence gap map with adverse events. An interactive version of the map is available at https://cebap.org/storage/cebap/

schroyens-2023-egm.html. CV, cardiovascular event.
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FIGURE 4 Evidence gap map with health effects. An interactive version of the map is available at https://cebap.org/storage/cebap/

schroyens-2023-egm.html.
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Reported outcomes

Thirty-five research articles and three registrations mentioned AE
assessment, while 74 research articles and 3 registrations mentioned
the investigation of other health effects in plasmapheresis donors
(Figure 2).

Adverse events

Of the 35 articles, over 40% mentioned the measurement of AEs with-
out specifying the type of events, adopted surveillance tool or categori-
zation (classified as ‘generic’ in the EGM at https://cebap.org/storage/
cebap/schroyens-2023-egm.html) (Figure 3). Assessed AEs included
vasovagal reactions (n = 17), complications with local symptoms
(directly caused by needle insertion) (n = 14), apheresis-related events
(n = 14), allergic reactions (n= 11), major cardiovascular events
(n = 11) or other (n = 14; including fractures, non-localized infections
or AEs classified as ‘other’ according to the adopted vigilance scheme).
The ‘Standard for Surveillance of Complications Related to Blood
Donation’ [4] was the most commonly used tool [34-40].

About half of the articles (n=18) had only assessed AE
frequency, whereas the other half (n = 17) investigated plasmapheresis-
related factors that may be associated with the occurrence of AEs

(in order of frequency):

1. donor characteristics (age, sex, body weight and body mass
index; or pre-donation values of blood pressure, pulse and blood
volume; or IgG, total protein, haemoglobin [Hb] and haematocrit
[Hct] levels);

donor status (first time vs. repeat);

donation volume per session;

plasma collection device or programme;

cumulative number of donations;

donation frequency;

N o kDN

or other factors (extracorporeal blood volume [41], geographical
region of plasma collection [37] or donation with or without saline
infusion [21]).

Three registrations aim to assess the effect of donation fre-
quency [42], applied muscle tension [43] (registration withdrawn) or
did not include any plasmapheresis-related factors [44].

Health effects

Of 73 studies assessing health effects, the majority investigated protein
depletion (total protein, albumin and/or IgG levels) (n = 40) and/or hae-
matological parameters (full blood count, Hct, Hb, lymphocyte, platelet,
red blood cell, reticulocyte, schizocyte and/or white blood cell counts)
(n = 37) (Figure 4). Others included coagulation-related outcomes
(n = 24), physiological parameters (n = 13), iron metabolism (n = 12),

other proteins/electrolytes measured in blood/plasma (n = 45; a list of

Vox Sanguinis qg_%) e

which is available on our OSF page [45] at https://osf.io/5nz3v) and/or
products used during plasmapheresis (citrate, mono(2-ethylhexyl)
phthalate, di(2-ethylhexyl) phthalate [DEHP]) or synthetics (n = 9).

Twenty-eight studies had only measured health effects, whereas
most studies investigated plasmapheresis-related factors that may be
associated with the occurrence of health effects, including (in order of
frequency):

1. donor characteristics (age, sex, body weight and body mass index;
or pre-donation values of blood pressure, pulse and blood volume;
or IgG, total protein, Hb and Hct levels);

. cumulative number of donations;

. donation frequency;

. plasma collection device or programme;

. donor status (first time vs. repeat);

. donation volume per session;

. time in donation programme;

. iron supplementation as a preventive measure;

N 00O N O N

. or other factors (saline infusion [22, 23], compensated, paid or
unpaid donors [46], source plasma versus Rhlg plasma [47] and the

anticoagulant used [48]).

Three identified registrations mentioned the following factors: col-
lection device and left versus right antecubital donation [49], cumula-

tive number of donations (i.e., 4 vs. 8 cycles) or donation frequency.

Factors associated with AEs and/or health effects

The effectiveness of preventive measures, donor status (first-time
vs. repeat), cumulative number of donations and donation frequency
in relation to donor health were a priori identified as SUPPLY project

objectives [3] and are elaborated below.

The effects of preventive measures on donor
safety/health

A randomized controlled trial (RCT) assessed the effect of daily iron
supplementation (vs. placebo) on haematological parameters, iron
metabolism, protein depletion, alanine aminotransferase and viral
markers in menstruating women who donated plasma at 1-week inter-
vals over 24 weeks [20]. An RCT registration on the effect of applied

muscle tension on AE rates has been withdrawn [43].

Donor safety/health in first-time versus repeat
plasmapheresis donors

Ten observational studies assessed AEs or health effects in first-time
and repeat plasmapheresis donors separately. Half of these studies
were published recently (after 2020). Assessed AEs included ‘all AEs’
(generic), vasovagal reactions, local symptoms, apheresis-related
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complications, allergic reactions, major cardiovascular events and
other types. Health-related outcomes included total protein, albumin,
IgG and other Ig levels, monoclonal gammopathies or other gamma

globulin abnormalities, or DEHP (plasticizer) in donor plasma or blood.

The association between cumulative number of
donations and donor safety and/or health

Twenty observational studies investigated the association between
the cumulative number of plasmaphereses (i.e., multiple donations)
and donor safety and/or health. No experimental studies were
identified.

Three studies reported on AEs, including ‘all AEs’ (see ‘generic’ in
EGM), vasovagal reactions or (osteoporotic) fractures. In addition,
18 studies assessed health markers measured in donor blood or
plasma, including—in order of frequency—total protein levels, albumin,
I1gG levels, coagulation tests, haematological parameters, iron metabo-
lism or ‘other’. One study addressed physiological parameters.

Finally, a case series registration aims to investigate the indicators

of biological age after four versus eight plasmaphereses.

The association between donation frequency and donor
safety and/or health

Studies are described below if (1) they specified the time interval between
subsequent donations or the number of donations per given time unit
(e.g, weekly donation, bi-weekly donation, three donations every
2 weeks) and (2) if the donation frequency was constant/unchanged dur-
ing the study period. For example, studies providing the number of dona-
tions per year are not included under this category if it was unclear
whether the donation frequency remained constant throughout the year.

Ten studies, including one experimental study and nine controlled
observational studies, investigated the association between frequency
of plasmaphereses and donor safety and/or health. The most recent
article dates from 2015, and 70% were published before 2000. Five
studies took place within the same research group in Croatia.

One study assessed AEs (see ‘generic’ in EGM), whereas all
10 studies assessed the impact on donor health, including—in order of
frequency—total protein, IgG levels, albumin, haematological parame-
ters, coagulation tests or other health markers measured in donor
blood or plasma. One study included physiological parameters.

Finally, an RCT registration aims to investigate the effect of dona-
tion frequency on total protein, IgG levels, other plasma proteins and

psychological distress.
Long-term (21 week) follow-up of plasmapheresis
donors

Thirty-eight studies (including three registrations) had a follow-up
period (i.e., time between the first donation and last donor

assessment) of 1 week or longer. Studies are not included in the
overview below if they assessed the effect of multiple donations
without specifying (or allowing calculation of) the follow-up
period [23].

Follow-up after a single donation (n = 6)

Five studies (and one registration [44]) investigated the effect
of a single donation on AEs or health effects and included a
follow-up period of 1 week [19, 44, 50], 3 weeks [51], 1 month
after the donation [35] or unspecified (presumably longer than
1 week) [38].

Follow-up during or after multiple donations (n = 32)

Thirty-two studies monitored donors (before and) after or during a
specified period in which multiple donations were given. Studies are
subdivided according to study design and listed in the order of

increasing follow-up period.

Controlled experimental studies (n = 6)

Three controlled experimental studies (and one registration [42])
examined the effect of iron supplementation [20], donation fre-
quency [27, 42] or collection programme [16] on donor health with a
follow-up period of 1-6 months. Finally, two studies had a longer
follow-up period (6-12 months), comparing whole blood donations,
plasma donations and observation only [15], or different donation
volumes [26].

Controlled observational studies (n = 16)

Three studies assessed donors who frequently donated for
1-6 months, monitoring AEs and haematological parameters after
10 weekly donations [33], serum protein levels before and
after 5 monthly donations [52], or blood pressure during 4 months
(prospective study) [53]. Five retrospective studies investigated
donors who frequently underwent plasmapheresis for 1 year,
focusing on either iron metabolism [54-57], haematological param-
eters [57, 58] or other proteins [57]. Eight papers reported a
study period of more than 1 year and up to 23 years, looking at a
wide variety of outcomes and including four prospective studies
[32, 59-61], three retrospective cohorts [62-64] and one cohort

with unclear classification [31].

Uncontrolled observational studies (n = 10)

Three uncontrolled before-and-after studies assessed health
effects with a study period of 1-6 months [33, 65, 66]. Two case
series, one of which is a registration [67], mentioned a 6-to-
12-month follow-up for health effects [68]. Finally, we identified
five studies with a follow-up period of over 1 year: one before-
and-after study assessing AEs [69] and four case series looking at
other health effects [32, 70-72].
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DISCUSSION

The current scoping review mapped 94 research articles and 5 regis-
trations focusing on AEs and/or other health effects in plasmapheresis
donors, most of which were performed in Europe (55%) or the
United States (20%). The majority of studies (n = 91, including 2 regis-
trations) employed an observational design (57 controlled and
33 uncontrolled, monitoring a group of donors [before and] after
donation(s)). Only 16 studies (including 3 registrations) had an experi-
mental design. Given that we did not identify any systematic review
(registration), our ongoing systematic review on donation fre-
quency [8] that was performed in the follow-up of the current scoping
review is presumably the first one to focus on the impact of plasma-
pheresis on donor health.

In the framework of developing safety guidelines for plasmaphe-
resis donors while increasing plasma collection within Europe, it is of
paramount importance to consider the effect of frequent and long-
term plasmapheresis donation. Although we identified 10 studies
investigating the association between donation frequency and donor
health, there was only one experimental study [27]. In addition, stud-
ies are relatively old (70% were published before 2000 and the most
recent one dates from 2015), and five studies are from the same
research group. More than 30 studies analysed donors during or after
a specified period (1 month-23 years) in which multiple donations
were given. However, 10 of these studies did not include a control
group, limiting the certainty of their conclusions. Among the con-
trolled studies, the majority were observational (n = 16) and retro-
spective (n = 11). Such retrospective studies are subject to bias, given
that long-term donors are self-selected to withstand the donation fre-
quency under evaluation. Additional well-designed observational
studies are needed to investigate the long-term impact of plasmaphe-
resis donation on donor health.

Studies on preventive interventions against AEs or other health
effects are scarce, given that there is only one such study reporting
on the effect of iron supplementation. The effectiveness of identified
interventions in blood donors (e.g., to reduce vasovagal reactions [73])
needs to be validated in plasmapheresis donors.

The strength of the current scoping review includes its rigorous
and systematic methodology, as reflected by the independent screen-
ing and extraction conducted by two reviewers. This review covers a
broad research area, encompassing all studies that recorded AEs and
other health-related outcomes in plasmapheresis donors. In addition
to a detailed table (https://osf.io/h8js5) with study characteristics, a
comprehensive, accessible and interactive visual overview is provided
in the form of an EGM (https://cebap.org/storage/cebap/schroyens-
2023-egm.html).

On the other hand, the first limitation of this scoping review is
the arbitrary and ambiguous nature of the developed factor/outcome
categories, even though these categories were developed in consulta-
tion with content experts (S.M., Kv.d.H., CEE.,, P.T., V.C.). To ensure
transparency, descriptions and examples of these categories can be
obtained by hovering over their labels in the data charting table
(https://osf.io/h8js5) and EGM. For further clarification, lists of all
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encountered factors (https://osf.io/uvéfe) and health effects (https://
osf.io/5nz3v) are available on our OSF page, with each of the factors/
outcomes listed under their relevant category. Second, it should be
noted that scoping reviews typically do not involve extracting study
results and judging the quality of studies, and therefore do not con-
tribute to the development of practical recommendations regarding
donor safety. Rather, the scoping review provides an overview of the
available evidence and evidence gaps for researchers, blood banks,
plasma industry representatives and policymakers.

To conclude, based on the evidence (gaps) identified in the cur-
rent scoping review, we propose the following research recommenda-
tions. First, additional experimental studies are required to investigate
the impact of various donation frequencies on donor health, such as
the registered study by Strand et al. [42]. The results of these studies
will help establish a safe upper limit for plasma donation frequency.
Second, to obtain conclusive evidence regarding the health effects of
frequent and long-term donation, more controlled prospective studies
are warranted. Ideally, these studies would monitor drop-out rates
and reasons, as well as the long-term health of those who have
dropped out; and incorporate intention-to-treat analyses to mitigate
potential bias arising from the healthy donor effect [74]. Finally, con-
sidering the incomplete reporting on AEs in several identified studies,
we recommend that future studies specify the exact timing of out-
come measurement and describe the adopted surveillance tools or

AEs that are being monitored.
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Safeguarding plasma for fractionation: How can we deal with
operational challenges in European Union countries

The World Health Organization (WHO) and stakeholder organizations
in the blood transfusion chain have identified global shortages of
plasma for fractionation (PfF) and an increasing demand for immune
globulines (IgG) products, combined with decreasing supply of recov-
ered plasma, in high-income countries [1-4]. In the European Union
(EV), the volume of PfF collected does not match the needs of
patients for plasma-derived medicinal products (PDMPs). EU countries
depend for about one-third of PfF on plasma collected in plasmaphe-
resis centres in the United States [2-4]. Many EU countries, including
Denmark, have self-sufficiency targets for PfF, but all now rely on the
global PDMP market. European countries, where 27% of 1gG products
are used, collect about 15% of the PfF globally. Globally, about 65%
of plasma for PDMP production originates from commercial plasma
apheresis centres in the United States, which makes the EU strategi-
cally dependent on that country [2]. This EU dependence on PfF
import also has a negative impact on global availability, especially
worsening patient outcomes in low- and medium-income
countries [5].

In recent years, discussions have shifted from self-sufficiency
to strategic independence [3, 6]. Complicating this is the fact that
collection of PfF is regulated by the EU blood directives, which are
applicable to all collections of blood products for humans whatever
the intended use, while production and sale of PDMPs are regu-
lated by EU pharmaceutical legislation [7, 8]. To achieve strategic
independence, the European Blood Alliance (EBA) and partner
stakeholders in the EU co-funded the ‘Supply’ project to make the
case for an increase of PfF supply by strengthening the public
sector [9].

Blood establishments (BEs) in the EU are public or semi-public
organizations collecting blood from voluntary non-remunerated
donors (VNRDs). Self-sufficiency for labile blood products is the rule,
which, however, is achieved only in a few countries for PfF.

Now the question is: how can BEs in the EU succeed in providing
blood products from VNRDs matching patient needs while many EU
countries are unable to collect the volumes of PfF for the PDMP
needs of patients.

In addition to incomplete and complex legislation, exemplified by
a variety of regulations at the national level, different factors contrib-
ute to the ongoing PfF shortages:

1. In most countries, a national system with a clear target for PfF is miss-
ing. Globally, IgG is the driving force for PfF collection. The total
need is the sum of PDMP needs for a pallet of clinical indications

that differs between countries and changes over time [4]. The
need for IgG has increased and is expected to increase further, but
may level off when new alternative therapies become available
[2, 4]. Triage of patients and relocation of products in case of
shortages can lead to underestimating the need and consequences

for patients who depend on PDMPs.

. Estimated PDMP need is not translated into a national PfF target

and action in all EU countries, whereas targets for blood prod-
ucts for BEs are defined; the accompanying resources and
eventual shortages in hospitals are immediately clear. In four
EU countries (Austria, Czech Republic, Germany and Hungary)
with commercial plasmapheresis centers, PfF collection is signif-
icantly higher but depends on two separate systems, preventing
national ownership of the collected plasma [3]. Insufficient PfF
collections mean that EU relies on PDMPs from non-EU plasma
available and affordable in an international competitive market

environment.

. Contrary to the situation for blood products, there is no direct

feedback mechanism for PfF when collections occur in national
BEs and fractionation is done by a few internationally operating
fractionators. When the target is not achieved, the consequences
are for the hospitals and (maybe) the fractionator, and will not
directly affect the BE.

. The blood supply system for labile products follows a clear

chain from the donor to the patient. The BEs cover collection,
processing, testing, release, storage and distribution of the
products, while hospitals in general cover compatibility testing
and clinical transfusion in patients. The actors, BEs and hospi-
tals, have a direct relation and feedback. The opposite is true
for PfF, where at each part of the logistic chain, actors operate
separately. The first part, from donor to storage by the BEs
(including plasma collection centres), is separated from pur-
chasing PfF, quality review, batch fractionation processing,
PDMP production and sale to (hospital) pharmacies by frac-
tionators. Delivery and infusion in patients constitute the third
part. The independent operations of multiple actors for each
part result in a complex and fluid system lacking direct feed-
back. For example, in a tender system, PfF collectors can over
time work with more fractionators.

. Impact of specific occurrences of transmissible diseases on PfF supply

in the EU. Mad Cow Disease and its variant Creutzfeldt-Jacob
Disease in humans led to a ban of plasma from the United

Kingdom for years. At that time, this immediately deepened the
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reliance on US PfF and PDMPs, especially because the US Food
and Drug Administration also banned non-US PfF. Recently, the
United Kingdom, based on a risk analysis, decided to lift the ban
on UK plasma for the production of certain PDMPs. Similarly,
other countries (Ireland, the United States, Australia) have lifted
geographical donation rules for donors who had resided in the
United Kingdom [10]. Furthermore, during the COVID-19 pan-
demic, the risks of shortages when relying on one foreign country
increased and lower volumes collected during lock-down could
lead to shortages even with a delay of more than 1 year [11]. On a
positive note, during the pandemic, BEs succeeded in collecting
COVID-19 convalescent plasma for transfusion as well as for frac-
tionation at very short notice. For example, Sanquin in the
Netherlands collected 30,000 donations in the second half of
2020 from voluntary donors, the vast majority of them being new.

6. Recovered plasma volume decreases as a result of lower use of red
blood cell concentrates by patients, which leads to an increasing
need for source plasma.

In summary, BEs (including plasmapheresis centres) collect PfF
under EU blood directives and supply the collected PfF to interna-
tionally operating fractionators for PDMP production, regulated by
the European Medical Agency. Hospital pharmacists procure
PDMPs from fractionators. This results in a complex logistic frame-
work with changing relations and, in general, lacking direct
feedback.

In a desired situation, the supply of blood products should
be embedded in centrally coordinated systems based on clear
EU directives, translated into national laws and regulations with
clear responsibilities for BEs and the competent authority. The
preference in the EU is collection from VNRDs by public orga-
nizations for ethical and safety reasons, which is in line with
WHO guidance [1]. At present, PfF in the EU consists of a
combination of recovered and sourced by (semi-) public BEs
and source plasma in commercial apheresis centres in four EU
countries.

To increase PfF collection in the EU to the level that matches the
PDMP need of patients nationally, a (semi-) public BE and VNRD is
preferred. Strengthening of the public system for PfF collection pro-
gram needs to also include the development of optimal tendering
models for fractionation, as advocated by EBA, representing (semi-
public BEs and others. This requires EU countries to develop national
plasma systems with a legal and regulatory basis, clearly defined
responsibilities of the stakeholders, a yearly collection plan and suffi-
cient resources (supply) and tender models for PfF in alignment with
the national PDMP need as well as the required fractionation capac-
ity. Existing national differences demand a stepwise approach, prefer-
ably starting in countries with a high PfF deficit. The existing escape
route by relying on PDMPs produced from non-EU plasma and, in
case of shortages, the triage of patients and relocation of products
may seem manageable, but, unfortunately, this is not true for the

patients depending on these products.
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The availability of plasma donors and plasma: A sociologist’s

perspective

SOCIETAL AND SCIENTIFIC BACKGROUND

Plasma donations are essential for producing plasma-derived medici-
nal products (PDMPs) to treat chronic diseases or critical conditions
of patients [1]. As such, plasma is an important resource and brings
health value to patients. Currently, about 35%-40% of the European
plasma need is collected abroad, mostly in the USA from paid
donors [2]. Due to current and emerging social, geopolitical, or eco-
nomic challenges, plasma, regarded as an important raw material and
‘strategic resource’ is at risk of supply interruption [1-3], leading to a
lack of essential products for European patients. Importantly, plasma is
not a commodity; it is given by human donors. Donating blood (products)
has often been referred to as ‘gift of life’ [4-6]. Blood for transfusion
and plasma for PDMP production are not available without donors. In
Europe alone, millions of patients are annually treated with blood
products from voluntary donors. In most European countries,
high-quality and well-functioning health care systems guarantee access
to health care, and usually sufficient and suitable blood products are
available. However, donor numbers have been decreasing while the
demand for specific blood products, that is, plasma is ever increasing
[2, 7]. Declining donor numbers together with the danger of supply inter-
ruption through political turmoil and a complex market of pharmaceutical
products increase the risk of regional PDMP shortages. Many countries
aim to achieve strategic independence in terms of PDMP availability.
Therefore, a balanced and sufficient supply, based on large enough donor
pools, better-regulated PDMP procurement, international collaborations
and donations based on health solidarity is crucial [2, 8].

A LIFE COURSE APPROACH TO DONOR
RESEARCH

Enough plasma donations by voluntary donors are one step towards
achieving sufficient supply. To understand, explain and influence dona-
tion, studies have proposed different groups of determinants [9], includ-
ing demographic characteristics [10], biological make-up, psychological
mechanisms, such as reciprocity and reputation [11], and social network
characteristics [12, 13]. Yet, previous research remained fragmented
across disciplines and current theories fail to capture the complexity and

dynamics of changing motivations and life course circumstances that
determine donation [14, 15]. | suggest a life course approach to donor
behaviour. The life course approach is a well-established framework in
sociology for studying behaviour [16]. It examines individual determi-
nants, links life stages over time and, importantly, examines behaviour
within social networks and cultural contexts. Several reviews have indi-
cated the lack of research into the topic of contextual and social network
influences on donation behaviour. Especially when it comes to encourag-
ing donations, institutional and sociocultural context are paramount
[10, 17]. Cultural contexts set social norms for societies, that is, informal
rules that guide and/or constrain social behaviours and determine how
acceptable a given behaviour is viewed by members of a society or
group [18] while institutions (i.e. plasma collection establishments) can
direct specific policies to encouraging donation, such as recruitment mes-
sages and various forms of incentives, including, for example, time off
work or financial incentives [19]. In 2000, Kieran Healy, in his seminal
paper [20] on the role of the institutional context of blood establish-
ments for donor motivation and donation rates, found interesting differ-
ences between Red Cross, hospital and state blood banks. He argued
that collection regimes produce their own donor populations by their
different structural and institutional opportunities and barriers. Although
this paper mainly analysed whole blood donations, a similar reasoning
can be applied to the structural and institutional opportunities and bar-
riers for plasma donation. In Europe, such structural and institutional fac-
tors include, among others, different market situations, for example,
monopolies compared to fragmented markets and not-for profit com-
pared to for-profit collectors. Different markets are closely linked to spe-
cific incentive structures to motivate, recruit and retain plasma
donations [21]. Taken together, this means that in addition to individual
determinants, such as altruistic values and intentions, donation behaviour
should be understood within the social and cultural contexts where it
occurs, including incentive structures, social norms, market settings and

(inter)national policymaking.

INCENTIVES

Incentives aim to motivate individuals to behave in a certain

way and are generally considered effective tools for encouraging
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behaviour [19]. Beneficial health behaviours, such vaccination or
screening attendance, have been shown to be positively impacted by
(monetary) incentives, especially for the short term [22]. However, the
surprisingly inconsistent effects of (monetary) incentives on giving
behaviour, for example, tax breaks for charity donations and rewards
for blood donors remain puzzling [19]. This raises the question
for European policymakers if and how incentives can be used to
increase plasma donation. Incentives can come either as monetary or
non-monetary. Monetary incentives take the form of direct cash pay-
ment, vouchers, travel compensations or tax breaks, whereas non-
monetary incentives include gifts (e.g., mugs and towels), on-site
refreshments, time off work or health checks [19, 21, 23]. To shed
light on the diverse landscape of incentives and their potential effect
on recruiting and retaining donors across different cultural, structural
and institutional contexts, we recently conducted two studies
[19, 21]. We first took stock of incentives across several hundred
organizations in 26, mainly European, countries and found a large vari-
ety of incentive strategies for recruiting and rewarding plasma donors
in Europe [21]. While snacks and health checks are commonly pro-
vided by nearly all countries, loyalty programmes, small gifts, coupons,
lotteries, travel compensations and time off work expand the incen-
tive portfolio. Only in seven countries, with commercial plasma collec-
tors, donors are provided with financial incentives ranging from the
equivalent of 10 to 35 Euros [2, 21].

Second, in an effort to explain inconsistencies in the effects of
incentives, we proposed that social norms about blood donation, that
is, how acceptable the general public regards incentives for blood
(product) donation. We examined the donation behaviour of 26,000
individuals from 28 European countries and found that social norms
can indeed predict how incentives, either in the form of financial pay-
ments or time off work, relate to individual-level blood donation behav-
iour [19]. Non-monetary incentives as time off work are associated with
higher levels of donation if they align with existing social norms of accep-
tance. Hence, humans may not be universally persuaded by incentives to
donate, but the effectiveness of incentives depends on social norms in
the given cultural and institutional context. Taken together, different
incentives have different effects in different contexts [19]. This illustrates
the diversity of donors, institutions, regulators and states, indicating the
importance of accounting for sociocultural and institutional embedding
of donors and not thinking of balancing supply and demand from an

economic perspective only.

ETHICAL CONSIDERATIONS AND FINAL
REMARKS

The ethical question of whether it is desirable to offer incentives
for what we often consider an act of altruism and solidarity has
repeatedly been raised [24-27], with arguments against donor
compensation showing limited basis in scientific evidence [26, 28].
Monetary incentives for blood donors may crowd out altruistic moti-
vations, exploit vulnerable donors [2] and jeopardize blood safety [29]

because they might decrease donor compliance with eligibility criteria

that determine whether the donation is safe for donor and patient.
However, improved testing for infectious disease markers has devel-
oped and improved such that infections in transfusion recipients,
while not absent, have been minimized. For PDMPs, many pathogen-
reduction steps during manufacture have increased safety consider-
ably [30]. At the same time, there is increasing worry that too fre-
quent plasma donation takes a toll on donor health [31-33], especially
in the context of paid donors with a call for high-quality and system-
atic evidence based on international criteria [33]. The recent debate,
for example, around European policymaking about the new regulation
on substances of human origin is clear on endorsing the importance of
donor safety, the principle of voluntary non-remunerated donations,
but allows donor appropriate compensation and reimbursement of
donors in line with national legislations. Yet, ‘appropriate’ donor com-
pensation and reimbursement remain a controversial issue. Would it
be bad to incentivize donors in controlled, responsible and socially
accepted ways when that means that we can beat scarcity of source
plasma for life-saving therapies while still protecting donor health and
integrity? What kind of empirical evidence do we need to inform our
policy decisions? What should the balance be among individual auton-
omy, effort compensation, availability of plasma but dependence on
imported resources from paid donors, risk of exploitation and com-
modification of substances of human origin? These considerations and
previously presented empirical results are complex. Therefore, | sug-
gest an ongoing open dialogue between different scientific disciplines,
policymakers, potential donors and all other stakeholders about their
responsibilities towards a safe and sufficient plasma supply. Such a
dialogue also includes educational efforts and creating awareness
about the importance of plasma donation and associated different
and sometimes conflicting interests. Future research should attend to
the socially embedded nature of altruistic and self-interested action.
Importantly, we also need a better understanding of the role of pro-
fessionals, institutions, companies, and countries and how they may
redirect their strategies of recruitment, compliance and retention. In
combination, an open debate with the general public, including
(potential) donors, patients and professionals and scientific rigour in
research can help to shed light on existing empirical inconsistencies
and sentiments around the provision of incentives for frequent plasma
donors and ultimately lead to a better understanding of donor behav-
iour, more plasma, a better supply and demand balance, and global

health solidarity.
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Abstract

Background and Objectives: Most research studies on the effects of repeated
plasma donation are observational with different study limitations, resulting in high
uncertainty on the link between repeated plasma donation and health consequences.
Here, we prospectively investigated the safety of intensive or less intensive plasma
donation protocols.

Materials and Methods: Sixty-three male subjects participated in this randomized
controlled trial and were divided into low-frequency (LF, once/month, n = 16), high-
frequency (HF, three times/month, n = 16), very high-frequency (VHF, two times/
week, n = 16) and a placebo (P, once/month, n = 15) groups. Biochemical, haemato-
logical, clinical, physiological and exercise-related data were collected before (DO),
after 1% months (D42) and after 3 months (D84) of donation.

Results: In VHF, red blood cells, haemoglobin and haematocrit levels decreased while
reticulocyte levels increased from DO to D84. In both HF and VHF, plasma ferritin
levels were lower at D42 and D84 compared to DO. In VHF, plasma levels of albumin,
immunoglobulin G (IgG), immunoglobulin A (IgA) and immunoglobulin M (IgM)
dropped from DO to D42 and remained lower at D84 than at DO. In HF, plasma IgG,
IgA and IgM were lower at D42, and IgG and IgM were lower at D84, compared to
DO. Few adverse events were reported in HF and VHF. Repeated plasma donation
had no effect on blood pressure, body composition or exercise performance.
Conclusion: VHF plasmapheresis may result in a large reduction in ferritin and IgG
levels. HF and VHF plasmapheresis may result in little to no difference in other

biochemical, haematological, clinical, physiological and exercise-related parameters.
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albumin, donor selection, immunoglobulin, maximum oxygen consumption, maximum power
output
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PLASMAPHERESIS, HEALTH AND EXERCISE PERFORMANCE

Highlights

INTRODUCTION

More and more inflammatory, neurological, haematological and
immunological diseases can be effectively treated with human
plasma-derived products [1]. As such, the demand for plasma as the
starting material for the manufacture of intravenous immunoglobulin
and other plasma derivatives is growing significantly and is expected
to continue to increase [2]. Future demand for intravenous immuno-
globulin in developed countries is largely being driven by populations
that are increasing in age and weight as well as the emergence of new
indications. To increase the amount of collected plasma, one can
expand the existing donor base, collect higher volumes per donation
or stimulate donors to donate more frequently.

Plasma donors in the United States may donate twice within 7 days
as long as the interval between donations is at least 2 days [3]. A pro-
spective cohort study in Germany switched 3783 donors from a moder-
ate to an intensive plasmapheresis program (maximum 60 donations
annually and at least 72 h between two donations) over a 3-year period
and concluded that, despite a 12.4% drop-out rate due to immunoglob-
ulin G (IgG) levels, long-term intensive donor plasmapheresis is safe [4].
However, only very few studies have prospectively looked at the effect
of repeated intensive plasma donation; either a control group was lack-
ing [4, 5] or the control group was not randomized [6]. The majority of
the studies were retrospective [7-12] or limited to one single donation
[13-15]. We have recently found that repeated whole blood donation
with a 3-month interval in between induced a drop in markers for
iron status, which worsened with the number of donations [16]. The
effects of repeated donations, whether whole blood or plasma, can
be different from the effects measured after a single donation. It is
therefore critical to test and document this repetitive effect to build
trustable and valid guidelines concerning repetitive plasma donation.
Up to now, each study has looked at a very limited number of out-
comes separately, namely biochemical and haematological [4, 6, 8-
11, 13, 14], blood pressure [5], clinical symptoms and adverse events
[12, 13], bone metabolism [7] and exercise performance [15]. The
aim of the present study was to collect data on (1) haematological
and biochemical markers, (2) physiological and exercise-related
parameters and (3) adverse events to get a comprehensive picture
of the safety of intensive or less intensive plasma donation protocols
over a 3-month period.
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o This is the first randomized controlled trial prospectively investigating the effects of repeated
plasma donation on a whole range of health consequences, namely biochemical and haematolo-
gical parameters, blood pressure, body composition, adverse events and exercise performance.

e Haematological and biochemical parameters were severely impacted when plasmapheresis
was repeated twice a week, mildly impacted with a frequency of three times per month and
not impacted with a frequency of once a month. Markers for exercise performance were not
altered over a 3-month period in any of the donation groups.

o Immunoglobulin G (IgG) levels dropped below the lower limit of normal (6 g/L) in the majority
of donors donating twice per week. Before inducing very intensive donation regimens, the

health effect of inducing hypo-lgG in donors should be investigated.

MATERIALS AND METHODS
Subjects

Potential study participants were either new plasmapheresis donors or
previous donors who had not donated for at least 2 weeks. Eligible
study participants were randomly assigned, via a computer-generated
randomization table, into a placebo group (P), a low-frequency group
(LF, one plasma donation per month), a high-frequency group (HF, three
plasma donations per month) and a very high-frequency group (VHF,
two plasma donations per week) to participate in this longitudinal study.
The donation frequency regimen in the VHF group (two times/week)
represents the current plasma donation regulation in countries such as
Austria, Germany, Hungary, the United States, and Canada, whereas
most other countries have a minimum donation interval of 14 days [17].
The P group donated at the same frequency as LF (once/month). All
participants were blinded to the group selection.

Inclusion criteria were as follows: male, age 18-50 years, body
mass index (BMI) 20-28 kg/m?, and no contraindication to perform
maximume-intensity exercise assessed by the physical activity readi-
ness questionnaire. During the whole duration of the study, subjects
were asked to maintain their habitual lifestyle, that is, physical activity
and diet. All participants provided written informed consent after
being explained about all potential risks of the study and the right to
withdraw from it at any time. This study was conducted at UCLouvain,
Belgium, from March 2022 to December 2022, and was approved by
the Ethics Committee of UCLouvain (2020/04NOV/541). The investi-
gation was performed according to the principles outlined in the
Declaration of Helsinki. The study (RK2020) was registered at
clinicaltrials.gov and received the identifier NCT05815615. Partici-
pants and the public were not involved in the research other than by

their participation in the study.

Experimental procedures

One week before the first plasma donation (DO, Visit 1), subjects
reported to the exercise physiology laboratory. First, systolic and
diastolic blood pressure (SBP and DBP) were measured automatically
(Omron) in the supine position. Then, five blood samples were taken
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from an antecubital vein from the non-dominant arm: three 4-mL
EDTA tubes, one 8-mL clot activator tube and one 4-mL sodium
fluoride/potassium oxalate tube. After blood sampling, a maximum
strength test of the dominant arm was performed using an electronic
dynamometer (Grip-D, Takei, Japan) followed by a maximum strength
test (1RM) with the dominant leg on a leg extension machine
(ProDual, Body-Solid, IL, USA). After an individualized and standard-
ized warm-up protocol, the 1RM test consisted of a maximum of five
attempts interspersed by 3 min of rest. The 1RM corresponded to the
highest load lifted once with a correct technique. Then, body mass
and height were measured (Seca GmbH, Hamburg, Germany)
and body composition (bone mineral content, fat-free mass and fat
mass) was assessed by dual-energy X-ray absorptiometry scan
(Discovery W, Hologic Inc., MA, USA). Finally, a progressive test on a
bicycle ergometer (Cyclus 2, RBM elektronik automation GmbH,
Leipzig, Germany) was performed to measure the peak oxygen con-
sumption (VO, peak). The test started at 70 W, followed by incremen-
tal loads of 30 W every 2 min until exhaustion. The maximum power
output (Pmax) Was calculated as the last step completed plus the last
increment corrected for the sustained duration, which corresponded
to the total time of the test. VO,, carbon dioxide production (VCO,)
(Medisoft Ergocard, MGC Diagnostics Corporation, MN, USA) and the
heart rate (HR) (Polar, Kempele, Finland) were continuously monitored
during the test. Pulse oxygen was calculated by dividing VO, peak
and HRmax at the end of the test. Blood lactate was measured before,
during (at 190 W) and at the end of the test by taking a capillary blood
sample (5 uL) from an earlobe (Lactate Pro, Arkray, Japan). The whole
sampling and testing procedure was repeated 42 days (D42, Visit 2)
and 84 days (D84, Visit 3) after the first plasma donation under
exactly the same conditions. Adverse events, categorized according to
international standards [18], were recorded in the blood information
system throughout the entire experiment. Citrate reactions were not
considered in our analysis because preventive calcium supplements

were provided routinely to the regular donors.

Plasma donation

One week after blood sampling and exercise pre-testing (DO or Visit
1), participants reported to the Red Cross Center in Leuven or Meche-
len (Belgium). They underwent a plasma donation of maximum
650 mL (exclusive of anticoagulant) according to the Belgian Law of
01/02/2005, without exceeding 20% of total body volume during or
16% of total body volume at the end of the plasma donation (donation
group), or had a similar sensation of undergoing a plasma donation
(P group), by infusing NaCl 0.9% using a NexSys PCS device
(Haemonetics). During each donation or simulation of donation, the
punctured arm was shielded, and subjects were listening to music
through a headset. According to our standard operating procedures,
a rinse back with NaCl 0.9% (34 or 50 mL) was given after each cycle
and at the end of the plasmapheresis procedure. In total, a volume
of 30 mL of whole blood (six samples) was collected at each

donation.

Blood analyses

Each tube was centrifuged for 10 min at 2000g at 4°C and analysed
within 24 h following the blood drawing. The supernatant was collected
and stored at —80°C. The following parameters were analysed in a med-
ical analysis laboratory (LIMS MBnext Group Europe, LLN, Belgium): red
blood cells, haemoglobin, haematocrit, reticulocyte, iron, ferritin,
C-reactive protein (CRP), glycaemia, insulinemia, glycated haemoglobin
(HbA1c), creatine kinase (CK), total cholesterol, albumin, immunoglobulin
A (IgA), 1gG and immunoglobulin M (IgM).

Statistical analysis

A statistical power analysis was carried out to determine the optimum
number of subjects needed to find a difference in total serum protein
mean of 10% [8] with a standard deviation of 8% and a power of 80%
according to the calculator developed by Wang and Ji [19]. According
to this analysis, a total of 64 subjects were needed to participate in
the study to reach an optimum number of 16 subjects per group.
Potential differences in the subjects’ characteristics at baseline were
analysed with one-way analysis of variance (ANOVA) (IBM SPSS
Statistics, Version 28.0, Armonk, NY, USA). A mixed ANOVA model
for repeated measures (SAS Statistical Software 9.4, SAS Institute,
Cary, NC, USA) was used with the subjects as the random variable
and groups (P and donations) and condition (time) as fixed indepen-
dent variables. The p-values of the main effects can be found in
Table S1. The model used the Kenward-Roger approximation of the
degree of freedom with compound symmetry variance-covariance
structure. When appropriate, contrast analyses were performed to
compare means, applying a Sidak correction. Linear mixed models for
repeated measures give unbiased results in the presence of missing
data and take potential differences at baseline into account. Normality
of residuals was tested using a Q-Q plot. The total number of adverse
events and the adverse event rate (per 50 donations) were calculated.
Statistical significance was set at p <0.05. All values are expressed as
mean + SEM, except donation history which is reported as a median

(interquartile range).

RESULTS
Subject characteristics

Seventy-two volunteers were enrolled in the study: 17 in P, 16 in LF,
20 in HF and 19 in VHF groups (Figure 1). Nine subjects (two in the
P group, four in the HF group and three in the VHF group) withdrew
before the end of the study due to personal reasons or impossibility
to comply with the repeated appointments. At the time of with-
drawal, 1gG (9.9 £ 1.0 g/L), Hb (14.1 £ 0.4 g/dl) and ferritin levels
(64 + 15 pg/L) were not different in this group of nine subjects com-
pared to the other subjects. Only one subject in the VHF group pre-
sented low IgG levels (4.9 g/L) at the time of withdrawal. As they
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Enrolled in the study (n=72)

Placebo (n=17)

Donation
(n=55)
|

Low-frequency (LF)
(n=16)

High-frequency (HF) Very high-frequency
(n = 20) (VHF) (n=19)

DO0: medical examination, blood sampling and exercise testing

2 drop-outs

No Plasma donation
plasma donation once/month

Plasma donation
two times/week

Plasma donation
three times/month

4 drop-outs

D42: blood sampling and exercise testing

No Plasma donation
plasma donation once/month

Plasma donation
two times/week

Plasma donation
three times/month

D84: blood sampling and exercise testing

Placebo (n=15) LF (n=16)

HF (n=16) VHF (n=16)

FIGURE 1 Subjects flow-chart.

were incomplete, the data of drop-outs were not included in the analyses,
resulting in a total of 63 subjects: 15 in P, 16 in LF, 16 in HF and 16 in
VHF groups. All participants were regular donors, except one new donor
(who was allocated to the LF group). At the start of the study, the four
groups were not different regarding age, BMI, the amount of physical
activity per week, VO, peak and plasma donation history (Table S2). In
addition, the recent history of whole blood donations was not different
among the study groups—4 out of 16 donors in the VHF group, 3 out of
16 donors in the LF and HF groups and 3 out of 15 donors in the
P donated whole blood once in the 3 months before entering the study.
Forty-nine study participants were 100% compliant with the cor-
responding donor regimen (5 [31%] in the VHF group, 14 [88%] in the
HF group, 15 [94%] in the LF group and 15 [100%] in the P group). In
the VHF group, six participants missed 1 donation, two participants
missed 2-3 donations, two participants missed 5-6 donations and
one participant missed 10 donations. Donors with missed donations

were included in the data analysis.

VHF donation affects ferritin levels

In VHF, red blood cells (p < 0.001), Hb (p < 0.001) and haematocrit
(p = 0.003) levels decreased, whereas reticulocyte levels (p < 0.001)

increased from DO to D84 (Table 1 and Figure 2a,b). In addition, retic-
ulocyte levels were higher at D42 compared to DO (p < 0.001). In
both HF and VHF, plasma ferritin levels were lower at D42
(p =0.039 in HF; p = 0.001 in VHF) and at D84 (p = 0.008 in HF;
p < 0.001 in VHF) compared to DO. Except for red blood cells, all
aforementioned effects of repeated plasma donation in HF and VHF
were different from those of P at the same time point.

The reduced ferritin levels in the VHF (from 50.2 [DO] to
20.1 pg/L [D84], 60% reduction) were considered to be clinically
meaningful. The other statistically significant differences were of no

clinical importance.

VHF donation affects IgG levels

In VHF, the plasma levels of albumin (Figure 2c), IgG (Figure 2d), IgA and
IgM dropped substantially from DO to D42 (p < 0.001) and remained
lower at D84 than at DO (p < 0.001) (Table 1). Albumin and IgG levels at
D42 and D84 in VHF were lower than those of P at the same time
(p < 0.01-0.001). In HF, compared to DO, plasma IgG (p < 0.001), IgA
(p = 0.011) and IgM (p = 0.006) were lower at D42, and IgG (p < 0.001)
and IgM (p < 0.001) lower at D84. CRP, CK, SBP and DBP were unaf-
fected by repeated plasma donation (data not shown).

85U8017 SUOILIOD BAEaID 3(edlidde ay) Aq peusench ase SSpe YO ‘85N JO S9N 10} A%iqiT8UIIUQ AB|IAN UO (SUONIPUCD-PUR-SLLBYLIOD A 1M ARIq 1 BU1UO//SANY) SUORIPUOD PUe SWiB | 8L} 88S *[5202/20/vz] Uo Arigiauliuo A8|IM ‘Wewiedeq SeLRS 7 $801n0sey-3 AISRAIUN [BUI0D AQ 69SET XONTTTT 0T/I0P/WO0 A8 |imArelq1pUl|UO// Sy WO1S pepeolumod ‘Z ‘¥202 ‘0TYOEZT



38| Vox San guinis q%_%) it oty MORTIER €7 AL.

TABLE 1 Effects of repeated plasma donation on haematological parameters.

DO D42 D84
RBC (10¢/mm?) P 48+0.1 49£0.1 5.0 0.1%##
LF 50+0.1 50+0.1 50+0.1
HF 49+0.1 50+0.1 50+0.1
VHF 5001 49+£0.1 4.8 £0.01%##*
Haematocrit (%) P 41.8+0.7 423+0.7 435 + 0.7%#*
LF 42.0+03 421+03 420+05
HF 423+0.6 423+07 432+05
VHF 42.1+04 41.8+0.7 40.6 + 0.4##8%8
Reticulocytes (%) P 1.3+0.1* 14+01 13201
LF 1.3+0.1% 1.3+0.1 1.3+0.1
HF 1.5+0.1 1.5+0.1 1.5+0.18
VHF 1.3+0.1* 1.6 £ 0.1%##8 1.6 £ 0.1%##8
Iron (ug/dL) P 109.3 + 12.0 109.8 + 12.3 122.7 + 139
LF 106.8 + 10.2 1003+ 7.4 1033+ 7.1
HF 83.6 +10.1 106.4 + 10.6 91.3 £ 9.6
VHF 75.7 + 10.0%* 788+ 9.1 65.0 + 8.2
Glycaemia (mg/dL) P 92.5+3.5 823+53 914+ 4.6
LF 91.6 4.2 91.9 + 34 924+56
HF 94.9+3.1 94.2 + 4.2° 78.6 £ 3.7%#%
VHF 90.6 + 2.4 82.4 + 3.5° 79.9 £ 3.6"%
Insulinemia (pmol/L) P 73.5+12.2 89.6+16.4 92.6 +14.7
LF 763+ 17.2 83.1+127 98.6 + 15.0
HF 76.8 +15.9 138.2 + 31.4* 87.0+ 183
VHF 77.5+157 133.4 + 47.0* 114.9 £ 29.9
HbA1c (%) P 52+01 52+0.1 52+0.1
LF 53+0.1 53+0.1 53+0.1
HF 53+0.1 53+0.1 53+0.1
VHF 5301 52+0.1* 5.1+ 0.1%#
Total cholesterol (mg/dL) P 162.7 + 10.3 167.1+8.9 175.9 + 8.2*
LF 161.3+7.2 167.9 7.3 171.4 + 8.9*
HF 160.5 £ 5.6 180.6 + 8.2%##* 175.2 + 8.1**
VHF 182.9 + 10.9 188.4 + 12.5 189.4 + 10.8
IgA (g/L) P 22+02 24+03 24+03
LF 1.9 +0.2 20+02 1.9+0.2
HF 22+02 1.9 +0.1% 21+02
VHF 25+03 2.0 £ 0.2%# 2.1 +£0.2%#
IgM (g/L) P 08+0.1 09+01 09+01
LF 0.9 +0.1 0.8+0.1 0.8 +0.1*
HF 09+01 0.8 +0.1%# 0.7 £ 0.1%##
VHF 0.9 £0.1 0.6 £ 0.1%## 0.7 + 0.1%##

Note: Values are means + SEM. n = 15 in the P group, n = 16 in LF, HF and VHF groups.

Abbreviations: HbA1c, glycated haemoglobin; HF, high-frequency; IgA, immunoglobulin A; IgM, immunoglobulin M; LF, low-frequency; P, placebo; RBC,
red blood cells; VHF, very high-frequency.

#p < 0.05; #p < 0.01 and #**#p < 0.001 different from DO, same group. *p <0.05; ¥¥%p <0.001 different from P, same time.

The reduced IgG levels in the VHF group (from 9.23 be clinically meaningful. The other statistically significant differ-
[DO] to 5.73 g/L [D84], 38% reduction, 9 out of 16 [56%] individ- ences were within the normal ranges and of no clinical
uals with IgG levels <6 g/L at D84) were considered to importance.
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FIGURE 2 Plasma haemoglobin, ferritin, albumin and immunoglobulin levels. Evolution of plasma haemoglobin (a), ferritin (b), albumin (c),
mean immunoglobulin G (IgG) (d) and individual IgG (e) levels before (DO0), during (D42) and after (D84) the 3-month trial in the placebo (P) and
donation groups. Data are expressed as means + SEM. n = 15 in the placebo group and n = 16 in each of the three donation groups. *p <0.05;

# 1 <0.01 and ##p <0.001 different from DO, same group. *p <0.05; %¥p <0.01 and ¥*%p <0.001 different from P, same time.

No effect of repeated plasma donation on glycaemia,
insulinemia and cholesterol levels

Glycaemia decreased from DO to D84 in the HF (p = 0.002) and VHF
(p = 0.042) groups and was lower in both at D84 compared to P
(p <0.05) (Table 1). Insulinemia increased from DO to D42 in HF
(p =0.035) and VHF (p =0.019). In VHF, plasma HbAlc levels
decreased from DO to D42 (p = 0.007). Compared to DO, total cho-
lesterol levels were higher at D42 in HF (p < 0.001) and at D84 in
P (p = 0.014), LF (p = 0.049) and HF (p = 0.005). These differences

were of no clinical importance.

No effect of repeated plasma donation on body
composition

Fat-free mass and fat-free mass + bone mineral content were lower
at D84 compared to DO (p = 0.040 and p = 0.049, respectively) in
P (Table 2). Fat mass increased from DO to D84 in HF (p = 0.038) and
VHF (p = 0.041). No effect was found for body mass, BMI or bone

mineral content.

No effect of repeated plasma donation on exercise
performance

The maximum power output decreased from DO to D42 in LF
(p = 0.019) and from DO to D42 (p = 0.013) and D84 (p = 0.012) in
VHF (Figure 3a). VO, peak was higher at D42 compared to DO in HF
(p = 0.009, Figure 3b). Pulse oxygen was higher at D42 in

P (p = 0.037) and HF (p = 0.006) and higher at D84 (p = 0.027) in LF
compared to DO (Table 3). No effect was found for lactate at 190 W,
lactate post exercise, maximum ventilation, maximum heart rate, maxi-

mum quadriceps (Figure 3c) and arm strength.

Few clinical adverse events were reported in the HF
and VHF groups

The occurrence of clinical adverse events was monitored in each
group during the whole experimental trial (Table S3). Five haema-
tomas were present in HF (three events in three donors, adverse
event rate: 1.08) and VHF (two events in one donor, adverse
event rate: 0.28). Five vasovagal reactions were reported, one in
HF (one donor, adverse event rate: 0.36) and four in VHF (three
donors, adverse event rate: 0.57). Five anaemia events, defined as
a Hb level below 135 g/L, were detected in four VHF donors
(adverse event rate: 0.71). All anaemic participants had ferritin
levels below or equal to 50 pug/L at DO. No other (major) events
were reported.

DISCUSSION

For the first time, data on (1) haematological and biochemical markers,
(2) physiological and exercise-related parameters and (3) adverse
events were prospectively collected over 3 months to get a compre-
hensive picture of the health consequences of intensive or less inten-
sive plasma donation protocols. We found that repeated plasma

donation induced (1) a large reduction in ferritin and IgG levels in the
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TABLE 2 Effects of repeated plasma donation on body composition.

DO D42 D84
Body mass (kg) P 774 +38 77.7 +3.8 77237
LF 789 + 2.6 791 +27 79.5+25
HF 82.8+2.1 83.7+25 835+25
VHF 80.7 £ 2.9 80.2+28 80.7 + 3.0
BMI (kg/m?) P 23.6+0.9 237+09 23.6+0.9
LF 23.7+0.6 23.6 +0.6 238+0.7
HF 24.4+0.7 24.7 +0.8 24.7 +0.8
VHF 240+0.6 238+0.5 240+ 0.6
BMC (kg) P 2.87 £0.12 2.88 £0.12 2.91+0.12
LF 297 +0.13 2.95+0.13 298 +0.13
HF 2.95+0.06 2.95+0.05 2.93 +0.06
VHF 2.89 +0.11 2.87 £0.11 2.88£0.11
Fat mass (kg) P 127+ 19 124+18 133+ 1.9
LF 115+ 1.1 115+ 1.1 11.8+1.1
HF 14.6 + 1.4 151+ 15 154 + 1.5%
VHF 14.1£1.3 13.7 £ 1.3 14.9 £ 1.4*
FFM (kg) P 60.6 +2.3 60.9 +2.2 59.8 +2.1*
LF 632+17 632+18 632+17
HF 63.9 1.2 64212 63.6+1.2
VHF 61.8+2.0 619 +1.8 615+ 19
FFM + BMC (kg) P 63.5+24 638+23 62.7 £ 2.2*
LF 66.1+1.8 66.1+ 1.9 66.2+1.7
HF 66.8+ 1.2 67.2+12 66.6+1.2
VHF 64.7 £2.1 64.8 £1.9 643 +1.9
% Fat P 159+16 155+ 1.6 168+ 1.6
LF 146+ 1.0 145+ 1.0 149+ 1.0
HF 175+13 179+ 1.4 183+ 14
VHF 17.7+1.2 171+1.2 184+ 1.2

Note: Values are means + SEM. n = 15 in the P group, n = 16 in LF, HF and VHF groups.

Abbreviations: BMC, bone mineral content; BMI, body mass index; FFM, fat-free mass; HF, high-frequency; LF, low-frequency; P, placebo; VHF, very high-
frequency.

#p <0.05 versus DO, same group.
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FIGURE 3 Markers for endurance and strength performance. Evolution of the maximum power output (a), peak oxygen consumption (VO,
peak) (b) and maximum strength of the quadriceps (1RM) (c) before (DO), during (D42) and after (D84) the 3-month trial in the placebo and
donation groups. Data are expressed as means + SEM. n = 15 in the Placebo group, and n = 16 in each of the three donation groups. #p <0.05,
#1y <0.01 different from DO, same group.

VHF group; (2) a few minor clinical adverse events in both the HF and This is the first randomized controlled trial prospectively investi-
VHF group; (3) little to no difference in other biochemical, haematolo- gating the health consequences of repeated plasma donation. Most
gical, physiological and exercise-related parameters. previous studies in this domain had an observational study design,

85U8017 SUOILIOD BAEaID 3(edlidde ay) Aq peusench ase SSpe YO ‘85N JO S9N 10} A%iqiT8UIIUQ AB|IAN UO (SUONIPUCD-PUR-SLLBYLIOD A 1M ARIq 1 BU1UO//SANY) SUORIPUOD PUe SWiB | 8L} 88S *[5202/20/vz] Uo Arigiauliuo A8|IM ‘Wewiedeq SeLRS 7 $801n0sey-3 AISRAIUN [BUI0D AQ 69SET XONTTTT 0T/I0P/WO0 A8 |imArelq1pUl|UO// Sy WO1S pepeolumod ‘Z ‘¥202 ‘0TYOEZT



PLASMAPHERESIS, HEALTH AND EXERCISE PERFORMANCE

TABLE 3 Effects of repeated plasma donation on exercise performance.

Vox Sanguinis %ﬁ

International Society
of Blood Transfusion.

DO D42 D84
Lactate 190 W (mmol/L) P 3.5+05 3.5+05 3304
LF 29+05 28+0.6 31+06
HF 3.0+02 32+04 3.1+£03
VHF 3.9+08 3.8+0.6 3304
Lactate post (mmol/L) P 11.2+0.7 10.2+0.7 10.1+0.8
LF 94 +0.7 9.3+0.7 94 +05
HF 10.1 +0.8 9.8+0.6 9.6 +0.7
VHF 11.6 +0.5 11.1+04 10.9 + 0.5
HRmax (bpm) P 185+ 3 185+ 2 185+ 3
LF 1805 1815 180+ 5
HF 184 + 4 185+ 3 184 + 3
VHF 188 + 2 189 £ 2 189 £ 2
VEmax (L/min) P 150+ 8 150+ 9 145+ 8
LF 141 +7 1457 144 + 9
HF 145+ 3 148 £+ 4 146 £ 4
VHF 142 +7 140+ 6 140+ 5
Oxygen pulse (mL/beat-kg) P 0.20 £ 0.01 0.21 +0.01* 0.21 +0.01
LF 0.20 £ 0.01 0.21 £0.01 0.21 + 0.01*
HF 0.20 £ 0.01 0.21 + 0.03** 0.20 +0.03
VHF 0.19 £ 0.01 0.19 £0.01 0.19 +0.01
Max arm strength (kg) P 43 +2 43 + 2 45 + 2
LF 44 + 2 45+ 2 45+ 3
HF 41+1 41+ 2 41+1
VHF 44 £ 2 43 +2 43 +2

141

Note: Values are means + SEM. n = 15 in the P group, n = 16 in the LF, HF and VHF groups.
Abbreviations: HF, high-frequency; HR, heart rate; LF, low-frequency; P, placebo; VE, ventilation; VHF, very high-frequency.

#p <0.05; #p <0.01 versus DO, same group.

with different study limitation (e.g., not controlled for confounding),
resulting in high uncertainty on the (causal) link between repeated
plasma donation and health consequences [20-23]. One previous
non-randomized controlled study compared total serum protein, albu-
min, 1gG, IgA and IgM levels after weekly or bi-weekly (>14 days) plas-
mapheresis for 6 months to levels obtained in regular blood
donors [6]. This study showed that total protein and IgG levels in the
weekly group were lower than those in the control and the bi-weekly
groups, but remained well within the normal ranges. Albumin, IgA and
IgM levels were not modified by plasmapheresis. Our HF group, corre-
sponding more or less to the weekly group in Ciszewski et al., had
lower plasma ferritin, IgG, IgA and IgM levels 3 months after plasma
donation. Our VHF group was even more impacted, with Hb and albu-
min levels being down-regulated as well compared to the start of
plasma donation and compared to the P group. Except for IgG and fer-
ritin in the VHF group, the drop in all other haematological and bio-
chemical parameters in the HF and/or VHF group did not cross the
lower acceptable limits, on average. Of note, before the start of
the study, IgG levels were slightly lower in the LF and VHF groups
compared to the P group but still well within physiological range.

All studies that investigated IgG found reduced levels in donors with
frequencies from once a month to twice a week, with a higher risk at
falling below the normal range [4, 6, 8, 11]. Here, we found that 1gG
levels were reduced even in the LF group, donating once a month,
while IgA and IgM levels were decreased only in the HF and VHF
groups. IgG levels dropped below the lower limit of normal in the
majority of donors in the VHF group. In the absence of solid evidence
demonstrating that induced hypo-IgG is harmless for the donor, VHF
donation regimens are not in line with the precautionary principle to
avoid harm to the donor. Although Belgian plasma donors donate, on
average, only 4-5 times per year, more than 50% of plasma-derived
IgG administered to patients in Belgian hospitals originates from Bel-
gian donors, indicating that VHF donation regimens are not essential
to obtain self-sufficiency.

Lower ferritin values were previously reported in frequent plasma
donors compared to non-donors [9, 11], with its levels being nega-
tively correlated to the number of donations per year [9]. When look-
ing at individual values for ferritin levels, 5 volunteers out of 16 in the
VHF group had values <12 pg/L at the end of 3 months. Those results
contrast with those of a previous study that retrospectively looked at
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ferritin levels over a period of 12 months, during which plasma was
donated at frequencies ranging from O to more than 70 times [10].
Less than 1% of male donors presented ferritin levels below 12 pg/L
even in the group donating at least 70 times over 12 months,
approaching the frequency in our VHF group. Divergent results have
been reported as well concerning Hb levels, with one study reporting
lower levels in frequent plasma donors [9] and another finding no
effect [11] even when donating at least once a week for 12 months.
In donors donating plasma several times per month, strategies to
reduce the loss of red blood cells, such as rinsing back at the end of
the procedure, limiting the number of whole blood samples and reduc-
ing the number of procedural failures resulting in incomplete return of
red cells to the donor, should be considered and tested for their
effectiveness.

Alongside determining the effects of repeated plasma donation
on haematological and biochemical markers, the second aim of the
study was to investigate the functional and physiological impact of
repeated donation. We found no effect of 3-month plasma donation
on blood pressure, body mass, body composition, markers for endur-
ance performance and maximum strength. SBP and DBP were found
to be decreased after 4-month plasma donation at intervals of less
than 14 days in donors with high baseline blood pressure levels [5].
Here, in donors with normal blood pressure levels at the start of the
study, no change of blood pressure was observed, even in the most
intensive groups. Based on the decrease in some haematological
parameters and a previous study looking at the effect of one single
plasma donation on exercise performance [15], we would have
expected a decrease in markers for endurance performance in the
VHF group. The maximum power output, maximum oxygen consump-
tion or blood lactate levels were not modified by repeated plasma
donation, whatever the intensity of the donation. One previous study
looked at the effects of one single plasma donation on the time to
exhaustion, maximum oxygen consumption and markers for anaerobic
capacity, that is, blood lactate levels and maximum accumulated oxy-
gen deficit [15]. Although the maximum oxygen consumption was
unaffected by plasma donation, time to exhaustion, blood lactate
levels and maximum accumulated oxygen deficit were all decreased
by 10%-20%. Our results suggest that the negative effects of acute
plasma donation on endurance performance are not observed in the
longer term when donation is repeated and performance is deter-
mined a few days after the last donation in basal conditions. It is
important to highlight that, despite the down-regulation of key hae-
matological parameters, endurance performance was not affected.
We previously found that a partial dissociation and/or delay may be
found between the regulation of haematological parameters, and
more particularly those related to the iron status, and endurance per-
formance after repeated blood donation [16, 24]. Given the impor-
tance of iron status for exercise performance [25], it cannot be
excluded that the 3-month period of investigation was too short to
induce detectable down-regulation of endurance and strength perfor-
mance in the VHF group.

Finally, no serious adverse events were reported, and only a few

events (anaemia, haematomas, vasovagal reactions without syncope)

were present in the HF and VHF groups, which are classically
reported by others after plasma donation [4, 12, 13].

VHF donation affects the IgG levels of donors down to a level
that may impact their immune system and may affect haematological
parameters. Therefore, countries should invest in building large donor
bases to ensure a sustainable plasma supply while avoiding potential
negative health effect to their donors.

This study has some limitations. First, only middle-aged men were
included in this study and only one new donor was recruited. There-
fore, the external validity is limited and the present results cannot be
extrapolated to new donors or to female or elderly donor populations.
Further studies should investigate whether those results are similar in
women and older people.

Second, this randomized controlled trial lasted for 3 months. It
cannot be excluded that the severe haematological and biochemical
changes measured during this period in the VHF group, although not
falling below normal values for most of them, will not affect physio-
logical function and exercise performance in the longer term.

Third, the randomization procedure was sub-optimal since alloca-
tion to the HF/VHF group was sometimes in conflict with the avail-
ability of the participant. Therefore, the donor was assigned to the
first available position on the randomization list that did not conflict
with his availability. The impact of this sub-optimal randomization pro-
cedure was considered limited.

In conclusion, VHF plasmapheresis may result in a large reduction
in ferritin and 1gG levels. HF and VHF plasmapheresis may result in lit-
tle to no difference in other biochemical, haematological, clinical,

physiological and exercise-related parameters.
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Abstract

Background and Objectives: The present study aims to evaluate the iron stores in
plasmapheresis donors and develop and validate an iron deficiency (ID) risk predic-
tion model for plasmapheresis donors with potential or existing ID.

Materials and Methods: We assessed plasmapheresis donors’ serum ferritin (SF) and
haemoglobin (Hb) levels. The candidate factors showing significant differences in the
multivariate logistic regression analysis were used to establish a risk prediction scor-
ing system. The participants were divided into a training cohort and an internal vali-
dation cohort in a 7:3 ratio. Additional plasmapheresis donors from a different
station were recruited for external validation.

Results: The SF levels in both male and female donors in the high-frequency group
were significantly lower than those of new donors (male: p < 0.001; female:
p = 0.008). The prevalence of ID in female regular donors with a high frequency was
significantly higher than that in new donors (33.1% vs. 24.6%; odds ratio = 1.209
[95% CI: 1.035-1.412]). Donation frequency, age, Hb, body mass index and being
pre-menopausal were identified as independent risk factors for ID (p < 0.05). The
developed model exhibited good discrimination ability (area under the receiver oper-
ating characteristic curve >0.7) and calibration (p > 0.05) in development, internal val-
idation cohorts and external validation cohorts.

Conclusion: A higher donation frequency has been associated with reduced SF levels

and an increased risk of ID in women. The developed ID risk prediction model

144 © 2023 International Society of Blood Transfusion.
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IRON DEFICIENCY IN PLASMAPHERESIS DONORS

Keywords
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(ID) among women.

INTRODUCTION

Iron deficiency anaemia (IDA) is the most common nutritional defi-
ciency, affecting approximately one-third of the global population [1].
Repeated blood donation, which is often underestimated, is a signifi-
cant cause of IDA. Research indicated that regular blood donors had a
higher risk of developing IDA than first-time donors due to frequent
loss of whole blood [2]. In the United States, a study reported that
48.7% of male donors and 66.1% of female donors experienced iron
deficiency (ID) or IDA [2].

Men typically lose around 225 mg of iron during whole blood
donation, whereas women lose about 217 mg per whole blood dona-
tion [3]. This iron loss is primarily due to the significant loss of red
blood cells (RBCs). In contrast, plasmapheresis donation only collects
plasma, whereas RBCs are returned to the donor. However, there is
still a tiny loss of RBCs during plasmapheresis donation, amounting to
approximately 30 mL of whole blood per donation. The Association
for the Advancement of Blood & Biotherapies (AABB) [4] has recom-
mended that blood banks establish a definition for the number of
platelet and plasma apheresis procedures (including incomplete proce-
dures and blood samples) that result in a loss of RBCs roughly equiva-
lent to the loss of RBCs in a single whole blood donation. Based on
residuals in the collection kits and losses in testing tubes, it is esti-
mated that this would amount to around four or five plateletpheresis
or plasmapheresis donations [5, 6].

Interestingly, some countries have started paying attention to the
iron metabolism of plasmapheresis donors. A study conducted in
Japan observed that regular plasmapheresis donors had significantly
lower serum ferritin (SF) levels compared with new donors [7].
Similarly, a study at the New York Blood Center found that plasma-
pheresis donors exhibited a significant decrease in SF levels compared
with the general healthy population [5].

Notably, Chinese plasmapheresis donation standards differ from
those of other countries. China implements a 14-day interval for plas-
mapheresis donation, and the number of donations within a year shall
not exceed 24 times [8]. In contrast, donors in the United States can

potential clinical utility.
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demonstrates moderate discriminative power and good model fitting, suggesting its

iron deficiency, iron stores, plasmapheresis donation, prediction model, serum ferritin

o Under the current standard of plasmapheresis donation in China, a higher frequency of dona-

tion may lead to a reduction in serum ferritin levels and increase the risk of iron deficiency

e Age, body mass index, donation frequency, haemoglobin levels and menstrual history were
highly correlated with the occurrence of ID in female regular donors.

e The risk prediction model for ID in female regular donors has moderate discriminative power
and a good model fit, and is of some clinical utility.

donate twice a week [9]. Chinese plasmapheresis donors can donate
580 g of anticoagulant-free plasma per donation [8], whereas the
range for U.S. donors is 625-800 mL [10]. As a result, conclusions
drawn from international studies on plasmapheresis donations may
not directly apply to Chinese donors. Therefore, it is essential to con-
duct research and validation specific to China’s circumstances to
ensure plasmapheresis donations’ effectiveness and safety.

MATERIALS AND METHODS
Study design and population

We performed a multi-centre cross-sectional study from September
2021 to October 2022, focusing on SF and haemoglobin (Hb) in plas-
mapheresis donors. The study was conducted in six plasmapheresis
centres across Sichuan, Hunan, Henan and Yunnan provinces. The
Ethics Committee of the Institute of Blood Transfusion, Chinese
Academy of Medical Sciences (IBT) approved this study
(No. 2021042). All participants gave written consent for the donation.
New donors with no plasmapheresis history were recruited as the
control group, whereas regular donors were included in the investiga-
tor group. To investigate the impact of donation frequency on iron
metabolism, we further divided the regular donors into three groups
based on the number of plasmapheresis donations in the previous
12 months: 1-8 donations (low-frequency group), 9-16 donations
(medium-frequency group), and 17-24 donations (high-frequency

group).

Inclusion and exclusion criteria

Donors were eligible to participate after completing a pre-donation
health history and physical examination. According to Chinese donor
standards, all participants were required to be aged between 18 and
60 years. [10]. Individuals who had experienced moderate to
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significant blood loss or had donated whole blood or platelets within
the past 12 months were excluded from the study. In addition, those
who had taken iron supplements in the previous 6 months were

excluded from participation.

Diagnostic criteria for ID

ID is commonly assessed using biomarkers, among which SF is an indi-
cator of total body iron storage [11]. The AABB Iron Deficiency Work-
ing Group recently considered the occurrence of iron-deficient
erythropoiesis as SF levels below 26 ng/mL [12]. In comparison, the
World Health Organization considered the occurrence of ID to be SF
levels below 15 ng/mL [13]. To safeguard the health and safety of
plasmapheresis donors, we utilized a high-sensitivity diagnostic crite-
rion, defining SF <26 ng/mL as the primary outcome for

ID. SF < 15 ng/mL was used as the secondary outcome for ID.

Samples and laboratory testing

Once a donor was deemed eligible for the study, a 1 mL sample of
pre-donation blood was collected in sterile tubes for Hb detection
(Automated Haematology Analyser, Matenu, China) at local laborato-
ries. A 2mL sample of pre-donated blood was centrifuged at
3000 rpm for 10 min. Serum samples were separated and stored at
—20°C until further analysis. The same batch was tested for SF (full-
automatic chemiluminescence instrument, Alinity, USA) in a central
laboratory.

Data collection

The number of plasmapheresis donations in the prior 12 months was
retrieved by the Donor Management System from each plasmaphere-
sis donation centre. Demographic information, including living place,
sex, age, weight, height, female menstrual history and socioeconomic
factors such as education and annual household income, were
obtained through questionnaires. Lifestyle variables such as smoking,
drinking and meat intake were also assessed. Annual household
income was calculated in Chinese yuan (CNY) and converted to US
dollars (USD) based on September 2021 exchange rates
(1 USD = 6.4599 CNY). Annual household income was categorized
into three intervals: low (less than 4644 USD), moderate (between US
$4644 and US$12,384) and high (greater than 12,384 USD), based on
the per capita household income of the study participants. Body mass
index (BMI) = weight (kg)/height (m) squared.

Quality control

Training materials were developed to provide standardized and uni-

fied instructions before information and sample collection. The

plasmapheresis collection centre staff were trained on technical
requirements, technical operations and additional related content.
After collection, serum samples were chilled to avoid repeated freez-
ing and thawing. The standard curve accuracy and quality control
measurements were monitored in real-time during the sample testing

phase.

Statistical analysis

We summarized continuous measurements using the mean and stan-
dard deviation if normally distributed; otherwise, we used the median
and interquartile range (IQR). We gave frequencies and percentages
for categorical observations. The Mann-Whitney-Wilcoxon test com-
pared each donation frequency group with new donors. We consid-
ered confounding factors that could affect the SF level for more
accurate results. Literature-based covariates were identified a priori
[14-16]. Multiple linear regression compared SF levels between regu-
lar and new donors. In model 1, age and BMI were adjusted. Model
2 also included living place, meat intake, education, smoking, drinking,
household income and female donors additionally adjusting their men-
strual history. Text and figure legends indicate whether p values retain
statistical significance at the p < 0.0167 (0.05/3) level after the Bon-
ferroni adjustment. The Benjamini-Hochberg procedure was used as
the sensitivity analysis to control the false-discovery rate for multiple
comparisons based on the number of time points analysed for each
outcome. The p values before and after correction are presented.

We used univariate logistic regression to compare the ID rates
between regular and new donor groups. Different ID rates between
each regular donor group and the new donor were compared using
multivariate logistic regression for confounding factors by establishing
model 1 and model 2. If no instruction is given, a p value of 5% is con-
sidered significant.

The risk prediction scoring system is a valuable tool for estimating
the risk of diseases [17]. The donors were randomly divided into a
training and an internal validation cohort, typically in a 7:3 ratio. For
external validation, additional plasmapheresis donors from another
plasmapheresis station were recruited. Logistic multivariate analysis
adopted the stepwise method to determine the independent pre-
dictors of ID. The final nomogram model was determined according
to the Akaike information criterion (AIC). Model performances were
quantified using the area under the receiver operating characteris-
tic curve (AUC) and metrics derived from the confusion matrix
accuracy, sensitivity, specificity, positive prediction value (PPV) and
negative prediction value (NPV). We used a calibration curve to dis-
play the consistency between the predicted probability and the
observed probability to evaluate the calibration of the model. Deci-
sion curve analysis (DCA) was used to evaluate the clinical benefits
and utility of the nomogram [18]. All statistical analyses were per-
formed using the R programming language and environment
(R 4.1.3 http://www.r-project.org/, Vienna, Austria), and the fol-
lowing software packages are used: caret, pROC, calibrate, MASS,

rms and rmda.
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RESULTS

In the study, there were a total of 1493 donors. Among them,
774 were male donors, and 719 were female donors. Of the male
donors, 384 were new donors, and 390 were regular donors. Of the
female donors, 342 were new donors, and 377 were regular donors
(Table 1).

The detected values of SF and Hb for donors with different
donation frequencies and their variations are shown in Figure 1. For

male new plasma donors, the SF level was 175.92 ng/mL (IQR:

TABLE 1 Baseline data of regular male donors and new male donors.
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108.98-276.49 ng/mL) and that in the high-frequency group was
139.14 ng/mL (IQR: 86.59-207.73 ng/mL). After adjusting for the
confounding factors, the SF level of the high-frequency group was
significantly lower than that of the new plasma donors (p < 0.001).
The SF level of female new plasma donors was 48.04 ng/mL (IQR:
25.28-97.87 ng/mL) and that in the high-frequency group was
36.39 ng/mL (IQR: 18.85-75.41 ng/mL). After adjusting for the
confounding factors, the SF level in the high-frequency group was
significantly lower than that in new plasma donors (p = 0.008)
(Table 2). The Hb concentration did not exhibit a statistically

Male Female
Variables New donors Repeat donors p New donors Repeat donors p
Total number 384 390 342 377
Living place
Hunan 78 (20.3) 89 (22.8) 0.601 62 (18.1) 101 (26.8) 0.991
Yunnan 90 (23.4) 100 (25.6) 97 (28.4) 71(18.8)
Henan 109 (28.4) 98 (25.1) 92(26.9) 101 (26.8)
Sichuan 107 (27.9) 103 (26.4) 91 (26.6) 104 (27.6)
Age (year) 36 (25-46) 41 (31-50) <0.001 41 (32-49) 42 (32-50) 0.102
BMI (kg/m?) 24.48 (21.82-27.10) 25.57 (22.65-28.39) 0.002 23.76 (21.48-26.59) 24.60 (22.06-27.25) 0.018
Education
Elementary school 50(13.0) 71(18.2) 0.001 98 (28.7) 121(32.1) 0.62
Junior high school 170 (44.3) 190 (48.7) 143 (41.8) 156 (41.4)
High school 147 (38.7) 100 (25.6) 90 (26.3) 92 (24.4)
Universities 17 (4.4) 29 (7.4) 11(3.2) 8(2.1)
Meat intake
None 3(0.8) 4(1) 0.302 7(2) 5(1.3) 0.019
Occasionally 161 (41.9) 184 (47.2) 192 (56.1) 250 (66.3)
Frequently 220 (57.3) 202 (51.8) 143 (41.8) 122 (32.4)
Smoking
None 112 (29.2) 126 (32.3) 0.012 328 (95.9) 369 (97.9) 0.304
Occasionally 136 (35.4) 100 (25.6) 11(3.2) 6(1.6)
Frequently 136 (35.4) 164 (42.1) 3(0.9) 2(0.5)
Drinking
None 126 (32.8) 147 (37.7) 0.129 330 (96.5) 352(93.4) 0.058
Occasionally 245 (63.8) 223 (57.2) 12 (3.5) 25 (6.6)
Frequently 13(3.4) 20(5.1) 0(0) 0(0)
Annual household income
Low 99 (25.8) 73(18.7) 0.008 137 (40.1) 125(33.2) 0.004
Moderate 178 (46.4) 223(57.2) 140 (40.9) 200 (53.1)
High 107 (27.9) 94 (24.1) 65(19) 52(13.8)
Menstrual history
Pre-menopausal - - - 272 (79.5) 294 (78) 0.612
Post-menopausal - - 70 (20.5) 83(22)

Note: Continuous measurements are expressed as mean * SD if normally distributed; otherwise, as median (IQR). Categorical observations are expressed

as n (%).
Abbreviation: BMI, body mass index.
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FIGURE 1 SF and Hb levels between regular donors and new donors. SF in male (a) and female (b) groups with different donation
frequencies. Hb in male (c) and female (d) groups with different donation frequencies. Hb of male is expressed as mean + SD. Hb in female and SF
in both male and female is expressed as median (IQR). New donors were as control group. *The Mann-Whitney-Wilcoxon test was used to
compare each donation frequency group with new donors and significance after Bonferroni correction. Hb, haemoglobin; IQR, interquartile range;

SF, serum ferritin.

significant difference between male regular donors and new donors
among male donors. The Hb level of female new donors was
133.00 g/L (IQR: 124.00-143.00 g/L). The Hb level of the medium
frequency group was 127.00 g/L (IQR: 119.50-138.00 g/L). The dif-
ference was statistically significant after adjusting for all confound-
ing factors (p = 0.003). The high-frequency group was 125.80 g/L
(IQR: 119.00-131.00 g/L). After adjusting for all confounding fac-
tors, the difference was statistically significant (p < 0.001) (Table 2).
The results did not change after the Benjamini-Hochberg procedure
(Table S1).

ID rates showed significant gender differences. The ID rate of
male new donors was only 1%. The ID rate of regular male donors
was 0.5% in the low-frequency group, 0.3% in the high-frequency
group and no ID in the medium-frequency group. The number of
new female donors with ID was 84, accounting for 24.6%, and the
number of female ID donors in the high-frequency group was
54, accounting for 33.1%. After adjusting for all confounding fac-
tors, there was a statistical difference between the high-frequency
group and new donors (odds ratio [OR]: 1.209, 95% Cl = 1.035-
1.412, p<0.05) (Table 3). In addition, we repeated the
analysis using a cut-off value of 15 ng/mL, whereas the difference
was not significant (OR: 1.150, 95% Cl = 0.962-1.375, p > 0.05)
(Table S2).

The training cohort comprised 265 donors, the internal validation
cohort comprised 112 donors and the external validation cohort com-
prised 110 donors. The general data for the training and validation
cohorts are shown in Table S4. We identified five independent risks
through stepwise multivariate logistic regression analysis, including age,
BMI, Hb, menstrual history and donation frequency (Table 4), which
demonstrated the lowest AIC value (AIC = 271.92, Table S3). The AUC
was 0.798 (95% Cl = 0.742-0.854) in the training cohort, 0.763 (95%
Cl = 0.669-0.858) in the internal validation cohort and 0.703 (95%
Cl = 0.586-0.820) in the external cohort, indicating favourable discrimi-
nation by the model (Figure 2). The accuracies ranged from 62.7% to
74.3%, sensitivities ranged from 68.3% to 87.1%, specificities ranged
from 57.0% to 77.1%, PPVs ranged from 35.1% to 57.1% and NPVs ran-
ged from 84.4% to 92.5% (Table S5 and Figure S2). The calibration curve
of this model shows a high degree of consistency between prediction
probability and observation probability in the training cohort (Hosmer-
Lemeshow [HL] test: p = 0.803), internal validation cohort (HL test:
p = 0.469) and external validation cohort (HL test: p = 0.426) (Figure 3).
The DCA curve shows that the model has certain clinical practicality
(Figure 4). Finally, we constructed a nomogram of ID based on the inde-
pendent predictors of ID screened by a stepwise regression method
(Figure 5). The cut-off point was determined using Youden's index
(Table Sé).
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TABLE 2 SF and Hb level between regular donors and new donors.

Model New donors 1-8 9-16
Male
SF (ng/mL, IQR) 175.92 (108.98-276.49) 185.99 (126.20-290.71)
Model 1 Reference group p =0.730 p=0.713
Model 2 Reference group p =0.996 p = 0.633
Female
SF (ng/mL, IQR) 48.04 (25.28-97.87) 53.01 (26.63-94.20) 40.92 (22.19-98.57)
Model 1 Reference group p=0.57 p =0.378
Model 2 Reference group p =0.424 p =0.378
Male
Hb (g/L, mean £ SD)  149.61 £ 0.75 150.18 £ 0.95 151.10 £ 1.70
Model 1 Reference group p=0.101 p=0.187
Model 2 Reference group p=0.12 p=0.34
Female
Hb (g/L, IQR) 133.00 (124.00-143.00)  132.00 (120.4-139.35)
Model 1 Reference group p =0.08 p = 0.004
Model 2 Reference group p = 0.008 p = 0.003

Donation frequency (times/per year)

Vox Sanguinis %ﬁ

International Society
of Blood Transfusion.

200.12 (109.47-282.71)

127.00 (119.50-138.00)

>16
139.14 (86.59-207.73)
p < 0.001

p < 0.001

36.39 (18.85-75.41)

p = 0.002
p = 0.008
145.75 + 1.68
p=0.128
p = 0.547

125.8 (119.00-131.00)
p < 0.001
p < 0.001

p for trend

p < 0.001
p = 0.001

p < 0.001
p < 0.001

p = 0.599
p=0.194

p < 0.001
p < 0.001

149

Note: Hb of male is expressed as mean + SD. Hb in female and SF in both male and female is expressed as median (IQR). Model 1 adjusted for age and
BMI. Model 2 additionally adjusted for living place, meat intake, education, smoking and drinking, household income, and female donors additionally

adjusted menstrual history.

Abbreviations: BMI, body mass index; Hb, haemoglobin; IQR, interquartile range; SF, serum ferritin.

TABLE 3 Relation between the rate of ID and plasmapheresis donation.

Model
Male

ID, N (%)
Female

ID, N (%)

Base model (OR [95% ClI])

Model 1 (OR [95% Cl])
Model 2 (OR [95% ClII)

New donors
384

4(1.0)

342

84 (24.6)
Reference group
Reference group

Reference group

Donation frequency (times/per year)

1-8

107

2(1.9)

108

24 (22.2)

0.88 (0.52-1.47)
0.87 (0.52-1.46)
0.94 (0.54-1.63)

9-16

109

0

106

29 (27.4)

1.08 (0.84-1.38)
1.10(0.86-1.41)
1.18 (0.90-1.54)

>16

174

1(0.6)

163

54 (33.1)
1.15(1.00-1.32)
1.21(1.05-1.39)
1.21(1.04-1.41)

Note: Categorical observations are expressed as n (%). Model 1 adjusted for age and BMI. Model 2 additionally adjusted for living place, meat intake,
education, smoking and drinking, household income, and female donors additionally adjusted menstrual history.
Abbreviations: BMI, body mass index; Cl, confidence interval; ID, iron deficiency; OR, odds ratio.

DISCUSSION

This study observed that the SF level in the higher frequency group
was significantly lower than that in the new group. This suggests that
the high frequency of plasmapheresis donation under the current Chi-
nese policy has some effect on the SF level of the donors. Similar find-
ings were reported in a Japanese study [7], showing that SF levels in
regular donors were significantly lower than in new donors. Specifi-
cally, the significant decline in SF levels was seen primarily among
female donors who gave more than 21 donations per year. An Ameri-
can study [5] demonstrated a significant decrease in SF levels among

male regular plasmapheresis donors compared with the control group.
Furthermore, the SF level negatively correlated with the frequency of
plasmapheresis donation (r= —0.4, p = 0.007). In contrast to the
above results, George et al. [19] showed that the SF level of female
regular donors was higher than that of women who did not donate
plasma. The authors attributed this increased SF level in women to
their refusal to donate blood due to unqualifying haematocrit levels,
leading to the replenishment and growth of SF.

The findings of this study indicated that the rate of ID among
female donors in the high donation frequency group was significantly

higher than that of new donors. However, ID was rare among male
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TABLE 4 Uni- and multivariate analyses of preoperative predictors of ID of female regular donors in training cohort.

Group

Living place
Hunan
Yunnan
Henan
Sichuan

Age (year)

BMI (kg/m?)

Hb (g/L)

Education
Elementary school
Junior high school
High school
Universities

Meat intake
None
Occasionally

Frequently

No ID

45 (32-53)
25.0(22.2-28.1)
132.0 (124.0-141.0)

70 (80.5)
72 (66.7)
37(57.8)
4(66.7)

3(60.0)
116 (68.2)
64(71.1)

Annual household income

Low
Moderate
High
Menstrual history
Pre-menopausal

Post-menopausal

65 (73.0)
92(67.2)
26 (66.7)

134 (63.2)
49 (92.5)

Donation frequency (times/year)

1-8
9-16
>16

60(77.9)
52 (67.5)
71 (64.0)

22 (31.0)
6(12.0)

17 (23.0)
23(32.9)

36 (29-43)
23.3(21.3-25.6)
121.7 (118.0-131.1)

17 (19.5)
36(33.3)
27 (42.2)
2(33.3)

2 (40.0)
54 (31.8)
26(28.9)

24 (27.0)
45 (32.8)
13(33.3)

78 (36.8)
4(7.5)

17 (22.1)
25(32.5)
40 (36.0)

Univariate logistic regression

Multivariate logistic regression

p

0.001
0.187
0.129
<0.001
0.001
<0.001

0.033
0.003
0.426

0.699
0.599

0.349
0.465

<0.001

0.15
0.042

OR

345
1.64
0.46
0.95
0.89
0.93

2.06
3.01
2.06

0.70
0.61

1.33
1.35

0.14

1.70
1.99

95% Cl p OR 95% ClI

1.69-7.04
0.79-3.43
0.17-1.26
0.92-0.97
0.83-0.95
0.91-0.96

0.93-0.99
0.84-0.99
0.90-0.96

0.011 0.96
0.022 0.91
<0.001 0.93

1.06-4.00
1.45-6.21
0.35-12.19

0.11-4.30
0.10-3.86

0.74-2.39
0.60-3.06

0.05-0.40 0.02 0.23 0.06-0.79

0.65-3.37
1.04-4.74

0.83-3.48
1.02-3.86

0.345 1.49
0.04 222

Note: Continuous measurements are expressed as mean + SD if normally distributed; otherwise, as median (IQR). Categorical observations are expressed as n (%).
Table 1 shows that most women had no history of smoking (97.9%) and drinking (93.4%), so the history of smoking and drinking is excluded from factor analysis.
Abbreviations: BMI, body mass index; Cl, confidence interval; Hb, haemoglobin; ID, iron deficiency; IQR, interquartile range; OR, odds ratio.

(C) External Validation Cohort ROC Curve
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FIGURE 2 ROC curve for evaluating the model’s discrimination performance. (a) ROC curve of training cohort. (b) ROC curve of internal
validation cohort. (c) ROC curve of external validation cohort. ROC, receiver operating characteristic.
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FIGURE 3 Calibration curves depict the calibration of the nomogram in terms of agreement between predicted risks and actual outcomes of
ID in female regular donors. The x-axis represents predicted probability; the y-axis represents actual probability. The diagonal represents the
reference line that the predicted value coincides with the actual value, the apparent line represents the actual situation of the prediction model,
and the Bias—corrected line represents the actual situation of the corrected prediction model. (a) Calibration curve of the training cohort.

(b) Calibration curve of the internal validation cohort. (c) Calibration curve of the external validation cohort.
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FIGURE 4 Decision curve analysis for the risk prediction of iron deficiency for female regular donors. (a) Decision curve analysis of training
cohort. (b) Decision curve analysis of internal validation cohort. (c) Decision curve analysis of external validation cohort. The decision curve plots
the standardized net benefit (y-axis) across a variety of risk thresholds (x-axis) for three scenarios: intervene on all (All), intervene on none (None),
or intervene based on predicted risk from the nomogram (blue line). The y-axis measures the standardized net benefit, quantifying the total
benefit (true-positive rate) minus the total harm (false-positive rate). The x-axis represents the threshold probability. The grey oblique line
represents the assumption that all donors will be ID and intervene in all. The horizontal black line represents the assumption that no donor will be
ID and intervene on none.

donors, possibly due to their higher iron storage and SF level. We found that younger age and pre-menopausal status were pos-
Although plasma donation caused a reduction in SF, it remained itively associated with ID risk, consistent with previous studies. For
within the normal range. Nevertheless, women who are more suscep- instance, a US study [21] demonstrated a positive association
tible to ID due to their lower SF levels face an increased risk of ID between age and ferritin concentration in women, and the
with the high frequency of plasmapheresis donation. In a 2017 trial association between age and ferritin concentration in women was
involving 45,263 whole blood donors randomly assigned to different mainly due to the impact of menstrual blood loss on ferritin. Other
donation intervals, it was observed that the prevalence of ID among studies have indicated that, in post-menopausal women, when oestro-
men was 24% in the shortest interval and 12% in the longest interval. gen drops to 10% of its standard value, SF could increase by 2-3
Among women, the corresponding prevalence was 27% in the short- times [22]. Furthermore, a study focusing on SF among female whole

est interval and 22% in the longest interval [20]. This suggests that a blood donors found that SF was higher in the age group of 41-50
shorter donation interval increases the risk of developing ID. (54.31 + 35.38 pg/L), whereas it was lower in the age group of 18-40
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FIGURE 5 Nomogram predicting the probability of ID in female regular donors. The nomogram incorporates age, BMI, Hb, menstrual history
and donation frequency to predict ID in regular female donors. Each donor’s characteristic was assigned ‘Points’ based on its position on the
respective axis, and the total points were calculated on the ‘Total Points’ line to determine an individual's probability of developing ID as
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mass index; Hb, haemoglobin; ID, iron deficiency.

(22.60-37.99 pg/L) [23]. In a study involving 1359 Danish women, it
was observed that the prevalence of ID (SF < 15 pg/L) was 17.2% in
women aged 30-40, 10.3% in women aged 50, and further decreased
in women aged 60 (1.6%) [24].

The study revealed a negative association between BMI and the
risk of ID. Many studies have reported the relationship between iron
levels and BMI. A Chinese study involving 7672 adults found a posi-
tive correlation between BMI and ferritin concentration in females
(trend test p < 0.001) [25]. The positive correlation between BMI and
ferritin has yet to be understood [26]. One potential explanation is
that a higher meat intake, positively correlated with BMI, can provide
a richer source of dietary iron [27]. Furthermore, it has been found
that obesity-related inflammatory processes could elevate ferritin
levels [25].

Most body iron is contained in Hb (2500 mg) in RBCs [28]. Con-
sequently, the Hb concentration can partly reflect the donor’s iron
storage status. However, studies have shown that changes in erythro-
cyte morphological indicators, such as mean erythrocyte volume and
mean erythrocyte Hb concentration that are commonly used as part
of routine assessments for anaemia, were only associated with
changes in the later stages of iron consumption and were poorly corre-
lated with reduced iron levels [29]. Simon et al. [30] tested Hb and ferri-
tin levels in ID donors. They found that Hb did not accurately reflect the
ID of donors. Although Hb was associated with the risk of ID, it is not a

reliable screening indicator for identifying individuals with ID.

The five aforementioned characteristic variables were incorporated
to develop a risk prediction model for ID in female regular donors
(Table 4). The model demonstrated moderate discriminative ability in
the training cohort (AUC = 0.798), the internal validation cohort
(AUC = 0.763) and the external validation cohort (AUC = 0.727). Fur-
thermore, the HL test results indicated that the model fit well in all
three cohorts. In summary, the ID risk prediction model holds potential
clinical utility for female regular plasmapheresis donors.

This study represents the first investigation in China focusing on
the iron metabolism of plasmapheresis donors. It provides a reference
for donor health and safety by conducting a preliminary study on the
risk factors for ID in women who are regular plasmapheresis donors.
Both internal and external validations were performed to evaluate the
reliability of the ID risk prediction model. Nonetheless, the study has
some limitations. First, donors with low Hb were systematically
excluded from our study during the pre-donation examination. This
was a limitation to our finding that repeat plasmapheresis donations
were not associated with a decrease in Hb. However, the impact of
this limitation on the results might be insignificant. According to our
previous research in China [31], the proportion of temporary deferral
due to low Hb deferral (LHD) is tiny (female donors’ LHD rate: 0.15%;
male donors’ LHD rate: 0.01%), so the potential relationship between
plasmapheresis donation intensity and Hb would not determine the
result. Second, background information such as educational back-

ground, annual household income, meat intake level, smoking history

85UBD17 SUOWIWOD SA1IES1D 3(dedt dde ay) Ag peusenob a2 sajoluie O '8sN J0 SajnI 10) AT UIUQ 9|1 UO (SUONIPUOD-PUE-SWLISIW0D A 1M Afe.q 1 Bu1|UO//SANL) SUONIPUOD PUe SWie | 81 89S *[6202/20/72] U0 ARiq1Tauliuo A8 ‘uswieded SLBS 7 $99IN0say-3 AISIBAIUN [BUI0D A Z/SET XOATTTT OT/I0p/W0d A| 1M Akeaqipul|uoy/sdny wouy pepeo|umoq 'z ‘%202 ‘0Tr0sZyT



IRON DEFICIENCY IN PLASMAPHERESIS DONORS

and drinking history were not adequately quantified, potentially
affecting the accuracy of the findings.

In conclusion, under the current standard of plasmapheresis
donation in China, a higher frequency of donation may lead to a
reduction in SF level and increase the risk of ID among women.
Age, BMI, donation frequency, Hb test value and menstrual history
were highly correlated with the occurrence of ID in regular female
donors. The risk prediction model for ID in regular female donors
has moderate discriminative power and a good model fit, which is
of some clinical utility. This model has enabled quantitative evalua-
tion of the risk of ID among female regular donors and provided a
tool for identifying high-risk groups, thus ensuring their health and
safety.
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Abstract

Background and Objectives: Using evidence from one Australian university's
participation in the Vampire Cup (an 8-week national inter-university blood donation com-
petition), this study aimed to (1) understand important motivators and successful promo-
tional strategies driving engagement in the competition, and (2) determine the impact of
competition on the recruitment and retention of young adult plasma donors.

Materials and Methods: We used a sequential explanatory mixed-methods design
involving a self-administered survey (Study 1, n = 64) and four focus groups (Study
2, n = 20) with plasma donors aged 18-29 years who participated in the 2021
Vampire Cup. Also, we used a 12-month prospective comparative cohort analysis
(Study 3) of those who did (n = 224 ‘competition donors’) and did not (n = 448
control group) present to donate for the Vampire Cup.

Results: Competition was a strong motivator, with 76% of survey participants donating
to help their university win the Vampire Cup. The survey and focus groups suggested
that successful engagement in the competition was due to peer-led recruitment, leverag-
ing existing rivalries at both the inter- and intra-university level, and using prize draws to
create an active online social community promoting blood donation. Competition donors
donated plasma significantly more often during the competition but donated at similar
rates after the competition, compared to the control group.

Conclusion: Rivalry-based competition strategies, combined with enthusiastic team
leaders and an active social media community, can help to recruit, and retain, young
adult plasma donors, and motivate an intermittent boost to donation frequency over

a short period each year.

Keywords
competition, plasma donor, recruitment, retention

Highlights

o Competition is not only an effective method of donor recruitment but can also encourage
new donors to return sooner.

o Competition resonates with younger donors and can motivate increased plasma donation frequency
over short periods each year without reducing donation activity between competitions.

e Leveraging existing rivalries at multiple levels and creating an online community that pro-

motes blood donation as a normative behaviour can improve competition engagement.
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INTRODUCTION

Ensuring adequate numbers of blood, plasma and platelet donors is
essential to maintaining the vital supply of life-saving blood products
globally. In Australia, which has a voluntary non-remunerated dona-
tion (VNRD) policy, plasma can be donated as often as every 2 weeks,
yet donors make only on average 4.1 plasma donations each year [1].
Further, <60% of new donors return to donate, with young adults
having the lowest likelihood of returning [2]. Therefore, understanding
the factors behind why people donate and how more people may be
encouraged to donate and continue donating voluntarily—especially
young adults—is important.

The influence of close and/or trusted others (e.g., friends, family,
peers) in the decision to donate blood is well documented [3, 4], partic-
ularly for young adults and new donors [5, 6]. Simnig et al. [7] found
friends and/or relatives to be the strongest motivational factor for first-
time donors. Other studies have shown that peer-driven recruitment of
blood donors among college students is more effective than traditional
methods, with higher rates of reported motivation and lower rates of
discouraging factors towards donation [8]. Although social influence
generally ranks lower when compared to intrinsic motivators such as
altruism and moral duty [3], motivation to donate is said to shift from
external to internal sources as the donor career develops [9]. Thus,
although the desire to help others (intrinsic motivation) underpins blood
donation throughout a donor’s career, the support and encouragement
from others (extrinsic motivation) may be particularly important for
new and novice donors.

Social identity theory argues a person’s sense of belonging to a
social group (ingroup) and the extent that belonging is important to
them (i.e., high level of identification with their ingroup) can affect
their behaviour [10]. This is particularly true in inter-group contexts,
where the presence of an outgroup (i.e., those not part of the ingroup)
serves to activate the effects of ingroup identification [11]. Social
identity theory further postulates that in a competition setting, people
are motivated to enhance the status of their ingroup relative to an
outgroup on a salient dimension for social comparison (e.g., giving the
highest number of blood donations) by undertaking an activity
(e.g., donating blood) [12]. Competition (also referred to as a ‘challenge
campaign’ or ‘rivalry campaign’) has been shown to increase health
behaviours (e.g., step challenges) [13] and prosocial behaviour among
those with available resources to donate (e.g., money) [14]. Rivalry
campaigns are also shown to be more effective at increasing voluntary
organ donor registrations than ingroup targeting strategies [15, 16]. We
would expect competition to similarly increase plasma donation activity
among those able to donate, possibly more so given that people can
donate more than once. One paper observed the use of competition in
the workplace with anecdotal evidence from donors supporting
the program as an important reason to donate blood [17]. However,
the impact and success of using competition as a means for blood
donor recruitment and retention, as well as the effect on blood
donation behaviour post competition, remains unexplored.

Using evidence from one Australian university’s team participation

in an 8-week national inter-university blood donation competition, this

study aimed to (1) understand important motivators and successful pro-
motional strategies driving engagement in the competition, and
(2) investigate the impact of competition on the recruitment and reten-

tion of young adult plasma donors.

METHODS
Context

One novel initiative that leverages social influence and competition
to encourage blood donation is the Vampire Cup (VC)—an annual
competition run by the Australian Medical Student Association
(AMSA) to see which Australian medical school can donate the
most over an 8-week period (https://www.amsavampirecup.com.
au/). Although Australian Red Cross Lifeblood facilitates the com-
petition by keeping an electronic record of team donation tallies,
the competition and promotional efforts are driven by student rep-
resentatives from each university using word of mouth, campus
activities, social media and prize draws. The winning university
team receives an engraved trophy and national recognition through
AMSA communication channels.

The James Cook University Medical Student Association
(JCUMSA) team has competed in the VC and experienced profound
growth in donations from 2018 to 2020. The team increased their
annual donation tally from below 300 in 2017 to 2500 annual
donations in 2020 and led the inter-university competition
(Figure 1). During this time, key social media and competition strat-
egies were implemented. In 2018, the JCUMSA team introduced a
Facebook group and ‘selfie’ competition to build an online commu-
nity that valued blood and plasma donation as a normative behav-
iour. Intra-university competition between study disciplines in
2018 (e.g., medicine vs veterinary science) and residential colleges
in 2019 (on-campus accommodation facilities), having strong exist-
ing rivalries, were also introduced to further encourage donations
within the larger team.

Research design

This research used a sequential, explanatory mixed-methods design
involving three studies:

1. A self-administered survey of donors who participated in the 2021
VC for JCUMSA.
2. Four focus groups with JCUMSA VC participants.

3. A prospective comparative cohort analysis of plasma donors.

Together, these studies enabled triangulated analysis of how
the VC and associated promotional strategies influenced donation
motivations, intentions and behaviour of young adult plasma donors
(aged 18-29) who live and/or donate in Queensland, Australia.

Ethical approval for the study was obtained in 2021 from both the
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3 115 222 91 60 118
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FIGURE 1 The James Cook University Medical Student Association (JCUMSA) Vampire Cup Statistics 2015-2022. JCUMSA Annual, total
donations and number of new donors for the JCUMSA team each year; JCUMSA Vampire Cup, total donations and number of new donors for
the JCUMSA team during the Vampire Cup each year; Average Vampire Cup, average total donations and number of new donors across all teams
(21-283 teams) competing in the Vampire Cup (excluding JCUMSA) each year.

James Cook University (H8376) and Lifeblood Human Research Ethics
Committees (Chell 20092021).

Study 1: Survey

Participants and procedure

Donors aged 18-29 years who presented to donate at the Townsville

Donor Centre* for the JCUMSA team during the 2021 VC (3 April 2021
to 31 May 2021) were invited by staff to complete a paper-based survey

*Townsville Donor Centre is a regional plasma-only donor centre in Queensland, Australia.
The James Cook University medical school is based in Townsville and is located close to the
Townsville Donor Centre. Therefore, this donor centre is the primary donor centre for donors
in the JCUMSA team. All other Queensland-based donor centres collect plasma and whole
blood donations.

and consent form following their donation. The survey asked donors
about their university status (current student, past student, non-student)
and study area, past competition participation, how they heard about the
competition, what encouraged them to donate during the 2021 VC,
future donation intentions and positive word-of-mouth intentions.
Donor ID was used to check for duplicate responses and link to donor
records to obtain age, gender and donation history. Overall, 224 donors
presented to donate (referred to as competition donors). Of those, 64

useable surveys were obtained, achieving a response rate of 28.6%.
Analysis
Survey responses were entered into SPSS version 25 and linked

to donor records. Descriptive statistics are reported for all items,

and t-tests were used for sub-group comparisons by course

85UBD17 SUOWIWOD BA1IES1D 3(cedt dde ay) Ag peusenob a2 sajoliie O ‘88N J0 Sa[nI 10J AT UIIUQ 9|1 UO (SUONIPUOD-PUE-SWLISIW0D B 1M Afe.q 1 Bu1|UO//SANL) SUONIPUOD PUe SWie | 81 39S *[6202/20/72] U0 ARiq1Tauliuo A8 ‘uswieded SLBS 7 $90In0say-3 AISIBAIUN [BUI0D A Z8SET XOATTTT OT/I0p/W00 A| 1M Akeaqipul|uoy/sdny wouy pepeojumoq 'z ‘%20z ‘0Tv0sZyT



BRYANT ET AL

MVOX Sa n g u i n iS q%_}DF‘U) Lr;teEvlzzgoTna\ S?C\e(y

(medicine vs. non-medicine), gender, donor status (new vs. returning

donor) and past VC participation (once vs. more than once).

Study 2: Focus groups
Participants and procedure

Four in-person, semi-structured focus group (n =20 competition
donors) discussions were held to further explore motivations to par-
ticipate in the VC and effectiveness of promotional strategies used. A
stratified purposeful sampling approach, with online and in-person
convenience recruitment methods, was used to identify an even
representation of new and returning donors in medicine and
non-medicine study areas. Focus groups ran for 40-50 min and were

audio-recorded and transcribed.

Analysis

Focus group transcriptions were read repeatedly to develop a high level
of familiarity with the data (immersion), and then analysed using an induc-
tive thematic analysis approach [18]. Thematic analysis was conducted by
T.W. and checked by J.B. for investigator triangulation; differences were
resolved through discussion between the authors. The sample size in the
study appeared sufficient to allow a point-of-theorysaturation to be
reached [18]. Quotes were included in the text if they clearly illustrated
concepts held by multiple participants and given a label to indicate partic-
ipant gender (M = male, F = female), study area and donor status (new

donor or returning donor).

Study 3: Prospective comparative cohort analysis
Participants and procedure

A prospective cohort analysis of plasma donation activity compared
two cohorts of donors who made at least one plasma donation during
the 2021 VC at a Queensland-based donor centre: (1) n = 224 compe-
tition donors (i.e., donating as part of the JCUMSA team), and (2) a
comparative control group (n = 448). A stratified random sampling
approach was used to identify a matched control group whose mem-
bers were not members of a Lifeblood Team and were not Lifeblood
staff. A 1:2 competition versus control group ratio was used, stratified
on the basis of donor status (new donor, first-time plasma donor or
repeat plasma donor), to account for greater variability in the donor

centres attended by the control group.

Analysis

t-Tests were performed to compare sample characteristics between

competition and control group donors, and between competition

donors who did and did not complete the survey. Analysis of variance
and analysis of covariance (controlling for donation recency and dona-
tion history) were performed to compare plasma donation activity
(collections and return rates) between competition and control group
donors at four time periods: (1) during the 2021 VC; (2) 3 months fol-
lowing the competition; (3) 10 months following the competition and
(4) during the 2022 VC (see Table 2 for date range). Results were also
split by donor status (new donors, first-time plasma donors and repeat

plasma donors separately).

RESULTS
Sample characteristics

Overall, n = 224 competition donors were identified, together contribut-
ing 378 donations to JCUMSA's 2021 VC competition tally. At the
same time, a control group of n = 448 young adult plasma donors were
identified. Among first-time plasma donors, the control group had
donated significantly more recently (last attendance = 101.5 days;
p =0.021) and more often (total donation count = 21.5; p <0.001)
before the competition compared to the competition donors (last
attendance = 249.1 days, total donation count = 9.7). Table 1 summa-
rizes the sample characteristics.

Further, of the 64 competition donors who completed the survey,
61 were current or past students, with 35 (57.4%) from medicine,
16 (26.2%) from veterinary science or nursing and 10 (16.4%) from
other non-health disciplines. In terms of VC participation, 2021 was the
first competition for 24 (37.5%) donors, while 62.5% had participated in
2-5 VCs. Survey participants also donated more times during the
2021 VC (mean = 2.0, SD = 1.0) than non-participants (mean = 1.6,
SD = 0.9; p =0.002). There were no other significant differences

between survey participants and non-participants.

Competition motivation and promotional strategies
Motivation to participate in the VC competition

Although helping to win the inter-university and intra-university com-
petitions encouraged donors most (Figure 2), only 30% ‘agreed’ or
‘strongly agreed’ that the competitive aspects of the VC was the main
reason for donating. When survey participants were asked to describe
in their own words why they chose to donate, 50% mentioned
altruism (to help others), 26% were already a regular donor and
viewed participating in the VC as an ‘add on’, while 24% described
the competition as a needed push to start donating or donate more
regularly. Focus group discussions mirrored the underlying impor-
tance of altruism in the decision to donate (both during and after
the competition).

There were also some significant sub-group differences in the
reasons to donate during the 2021 VC. Females more strongly agreed

with ‘To help my course win the intra-JCU competition’ (mean = 3.9)
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TABLE 1 Sample characteristics.

Vampire Cup survey participants

N 64
Age on 31 May 2021 (years)
Range 18-28
Mean (SD) 21.1(2.5)
Median (IQR) 20 (19-22)
Gender
Male 25 (39.1%)
Female 39 (60.9%)
Donor status”
New donor 11 (17.2%)
First-time plasma donor 10 (15.6%)
Repeat plasma donor 43 (67.2%)
Plasma donation history®
0 21 (32.8%)
1-5 17 (26.6%)
6-10 12 (18.7%)
11+ 14 (21.9%)
Last attendance®
No prior attendance 11 (17.2%)
1-178 days (6 months) 38 (59.4%)
179-365 days (6-12 months) 11 (17.2%)
>365 days (>12 months) 4 (6.3%)
Donor career (years)®
Range 0-10
Mean (SD) 1.9 (2.3)
Median (IQR) 1.5(0-2.8)

Vox Sanguinis qg_%) ey | 159

Competition donors Control group

2247 448

18-29 18-29
21.5(2.7) 24 (3.4)

21 (19-23) 24 (21-27)
88 (39.3%) 212 (47.3%)
136 (60.7%) 236 (52.7%)
57 (25.4%) 113 (25.2%)
36 (16.1%) 73 (16.3%)
131 (58.5%) 262 (58.5%)
93 (41.5%) 186 (41.5%)
51(22.8%) 91 (20.3%)
22 (9.8%) 68 (15.2%)
58 (25.9%) 103 (23.0%)
55 (24.6%) 112 (25.0%)
118 (52.7%) 286 (63.8%)
28 (12.5%) 26 (5.8%

23 (10.3%) 24 (5.4%)
0-12 0-20
2.1(2.7) 2.8(3.5)
1(0-3) 1(0-5)

Abbreviations: IQR, inter-quartile range; SD, standard deviation.
?Including survey participants.

bPrior to 2021 Vampire Cup. New donor is someone who made his or her first donation during the 2021 Vampire Cup. First-time plasma donor is someone
who made his or her first plasma donation during the 2021 Vampire Cup but had donated whole blood and/or platelets previously. Repeat plasma donor is
someone who had donated plasma (and possibly whole blood and platelets) before the 2021 Vampire Cup.

than males (mean = 3.7; t(df) =2.8(62); p=0.006). A ‘personal
request from a Vampire Cup organiser’ was more motivating for those
who had participated in a VC more than once (mean = 3.0) compared
to those who had participated only once (mean = 2.3; t(df) = —2.1(62);
p = 0.043).

Importance of existing rivalries

Although most focus group participants reported that they were some-
what competitive by nature, competition was, as expected, a prominent
theme underlying participation in the VC. However, feelings of compet-
itiveness and rivalry were more salient at the intra-university level (e.g.,
between disciplines or colleges within a university) than at the inter-
university-level, particularly by those who identified with groups that
had a pre-existing rivalry. For example, both Medicine and Veterinary

Science disciplines and different campus college halls have a strong

history of healthy competition on campus. Linking these existing
rivalries to the VC proved to be a successful motivator, and for some

was the final push needed to start donating:

I'd always wanted to donate. | just hadn’t got around
to it. But then, “Oh, donate for your college, donate for
your faculty”. College really gave a big push. They're
like “You have to beat everyone else.” So, | think just
that extra push.

[F, medicine student, new donor]

Importance of peer-to-peer communication
Encouragement by friends and being involved in the JCUMSA VC

Facebook group were reported as reasons for participating in the

competition by over 50% of survey participants. The importance of
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FIGURE 2 Reasons to donate during the 2021 Vampire Cup (survey results). AMSA, Australian Medical Student Association.

JCU/ JCUMSA/ Vet social media NN 0 (659%)

Word-of-mouth I 37 (58%)

In-person promotions (e.g., lectures) I 20 (40%)
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On-campus events (e.g., sign-up stalls) NEEEGEG—_—_—_———NG— 22 (33%)
Other EEG—_— 13 (4%)

0
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# donors who heard about the Vampire Cup via channel

FIGURE 3 Responses to ‘How did you hear about the Vampire Cup?’. AMSA, Australian Medical Student Association.

peer-to-peer communication is further illustrated in Figure 3, with pro-
motions via social media and word of mouth being the two most com-
mon ways donors heard about the VC. Social media posts by VC
organizers primarily highlighted competition details (e.g., dates, process
for joining team), prize draws and competition updates (e.g., donation
tally compared to other university teams), as well as encouraging user-

generated content via a ‘donation selfie’ competition.

Positive blood donation culture and community

The JCUMSA VC Facebook group was discussed as an effective pro-
motional strategy to create a positive donation culture, sense of
responsibility to contribute to the competition and positive peer pres-
sure to donate:

| think it was really cool [being part of the Facebook
group]. And seeing your friends also posting up on
there, strangers as well, like everyone sort of seemed

to interact with each other’s posts and things like that,
even if you didn't know them.
[M, non-medicine student, returning donor]

A photo competition was run to encourage activity within the Face-
book group, whereby donors posted a photo of themselves donating
and used a hashtag representing their course (e.g., #medicine) or col-
lege. This not only contributed to keeping track of intra-university
competitions but also allowed donors to self-identify with their
ingroup and drive online community engagement. While 34% of sur-
vey participants agreed that the chance to win prizes was a reason to
donate, prizes were offered only for social actions (e.g., posting a
“selfie” to the Facebook Group, or tagging friends in Facebook posts)
rather than an actual donation (Figure 4). Some existing donors also
viewed such prizes as a welcome additional benefit for something
they were already doing:

Definitely there’s incentive with the prizes. Because |
was already a donor, | was like, ‘Yeah, why not sign up
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FIGURE 4 The James Cook University Medical Student Association Facebook Group post examples. All participants pictured have provided

consent for their image to be used in this publication.

and do it through the Vampire Cup to get prizes?” and |
was donating anyway, so why not?
[F, medicine student, returning donor]

The positive donation culture created on the JCUMSA VC Facebook
group extends beyond donating, by eliciting word of mouth as a social
norm. Most survey participants (>95%) would also engage in opportu-
nistic positive word of mouth about plasma donation. Donors seem
more motivated to recruit others when blood donation is linked to a
salient social identity (ingroup), thereby changing blood donation from
an individual activity to a group effort. Focus group participants sug-
gested that giving positive word of mouth and encouraging others to
donate for the VC come with experience and are more likely to actively

recruit others when they themselves have participated in the VC:

| think | try to get more people into it now. | have a
feeling that's because of the Vampire Cup. Because
I've been donating since 2016, but | never really
posted much about it or anything until Vampire Cup.
Now, even when it's not on, I'm always trying to get
other people doing it more.

[F, medicine student, returning donor]

Impact of competition on blood donor recruitment and
retention

To understand the impact of competition on blood donor recruitment
and retention, donation activity was compared between the competi-
tion donors and a control group during the 2021 VC, 3 and 10 months
following the competition and during the 2022 VC. Table 2 summa-
rizes all donation activity and by donor status (new donors, first-time

plasma donors and repeat plasma donors).

Donation activity during the 2021 VC

Overall, competition donors donated significantly more often during
the 2021 VC compared to the control group, but only among new
donors and repeat plasma donors. Further, 29.8% of new competi-
tion donors, compared to only 10.6% of new control group donors,
returned for a second donation. This suggests that the competition
can bring back new donors sooner. However, there was no differ-
ence in plasma donation activity among first-time plasma donors
during the 2021 VC. There was also some evidence of reactivating
lapsed donors, with 10.3% of competition donors having last
donated over 12 months before the 2021 competition. Focus group
participants suggested that the competition could serve as a

reminder to come back:

They had one of the booths at the college I'm at, and
the person who was talking, he was someone | knew
from the previous year. So, | went over to have a chat,
and they told me about the Vampire Cup. And |
thought, well, I'd been meaning to get back to doing
plasma donation, so | thought, yeah, I'll do that.

[M, medicine student, previous donor]

Donation activity 3 and 10 months following the
2021 VC

Although 94.7% of survey participants ‘agreed’ or ‘strongly agreed’
that they intended to donate again within 3 months following the
2021 VC, only 56.3% returned to donate within 3 months and 71.9%
returned within 10 months. Return donation behaviour did not sig-
nificantly differ between competition donors who did and did not

complete the survey, or by motivation to participate in the VC
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PLASMA DONOR COMPETITION CASE STUDY

(i.e., competition and social influence motivations did not significantly
vary between those who did and did not return). Plasma collections and
return rate 3 and 10 months following the 2021 VC were statistically

similar between competition donors and the control group.

Motivational shift following the 2021 VC

Focus group participants stated they felt more ‘accountable’ to donate

during the VC and less motivated to donate as regularly afterwards:

During the Vampire Cup, | definitely feel more
accountable, and try to line up my donations so | can
get as many as | can. Because when it’s not on, | defi-
nitely kind of am not that regular of a donor, as much
as I'd like to be.

[F, medicine graduate, returning donor]

Several explanations were put forward for this, with ‘donation
fatigue’ (from frequently donating during the competition) as the most
common reason. With a lessened sense of accountability, external life
pressures and commitments (that likely occur all year round) were also

perceived as more of a barrier following the competition.

Big push during Vampire Cup ... | think most people
really try and donate as much as possible for that spe-
cific cause. | think if you tried to push it too long, peo-
ple would kind of get tired.

[F, non-medicine student, new donor]

Participants also mentioned that the donation experience after the
competition was less enjoyable without friends and peers in the cen-
tre (and more donors from very different demographics), making it less

inviting to return:

It just goes dead in the centres after the Vampire Cup.
| can barely get an appointment during it, and then it's
just so quiet. And if | go by myself, it's all like old peo-
ple. Which is great, but you feel like the only young
person, so you feel a bit like “Oh, there's no-one else
young here”.

[F, medicine student, returning donor]

Donation activity during the 2022 VC

Although 88% of survey participants ‘agreed’ or ‘strongly agreed’ that
they intended to donate again in the 2022 VC, only 47% donated.
Competition donors who completed the survey were more likely to
return (n = 76, 47.4% return rate, p <0.05), compared to those who
did not complete the survey (n = 212, 33.0% return rate). When com-
paring collections and return rate during the 2022 VC, competition

donors were significantly more likely to return and donate more often
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than the control group, but only for new donors and repeat plasma
donors (Table 2).

DISCUSSION

Using evidence from one team’s participation in an inter-university
blood donation competition as a case study, this study has helped to
better understand why donors engage in a blood donation competition
and the impact of competition on the recruitment and retention of
plasma donors. The context is particularly important for understanding
a young adult population who are often a difficult demographic group
to recruit and retain [2]. In doing so, the combined effects of social
influence (e.g., peer-to-peer communication, online social community)
and social identity in an inter-group competition context were consid-
ered [8, 12]. As the first study to empirically examine a blood donation
competition, this study strengthens the evidence base suggesting that
competition can be used to increase one-off (e.g., organ donor registry,
stem-cell registry) and repeatable (e.g., physical activity, blood donation)
health and pro-social behaviours [13-16].

Overall, the competition seemed to resonate with younger
donors, and positively impact retention and donation frequency of
new and repeat plasma donors. Competition donors donated signifi-
cantly more often during the 2021 and 2022 VCs. New competition
donors were also more likely to donate more than once during the
competition dates; thus competition can encourage new donors to
return sooner. This is important, as people who donate multiple times
in the first 12 months of their donor career are more likely to continue
to donate regularly compared to those who donate once [19]. How-
ever, both groups donated at a statistically similar rate between the
competitions. This suggests that competition and related activities can
motivate increased plasma donation frequency over short periods
each year without negatively impacting donation frequency outside of
a competition context. Possible explanations as to why competition
donors did not sustain increased donation frequency outside of com-
petition dates include not feeling as accountable to donate, donation
fatigue and a less enjoyable (less social) donation experience.

This study suggests that the JCUMSA team’s success is built
around three key strategies: peer-led activities, leveraging existing
intergroup rivalries at multiple levels and creating an online commu-
nity in which donating and promoting blood donation is a normative
behaviour. First, the VC organizers recruiting for the JCUMSA team
are longer term student donors (in-group members) who use peer-
to-peer communication strategies targeting a younger demographic
group (e.g., attending university events and lectures to sign people
up). Team leaders also produced engaging videos about the competi-
tion and donation process for promotion on social media. Such peer-
driven recruitment is important for motivating blood donation among
young adults and new donors [3, 8].

Second, social-identity-based competition is used to drive recruit-
ment and engagement at two levels (inter-university and intra-
university based on study area or campus accommodation). Salient

social identities are more likely to influence behaviour [10, 20];
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therefore, identifying salient and meaningful ingroups and outgroups
ensured all students felt a spirit of competition. Although this case
study was within a university context, blood donation challenges in
other sectors can also leverage existing rivalries nationally or locally.
National challenges, such as across the healthcare (e.g., hospital vs
hospital) or military (e.g., Army vs. Navy vs. Airforce) sectors, are
important to optimize resources. However, targeting existing rivalries
at a local level (e.g., inter-departmental challenges within a hospital or
Army base) with more salient social identities may encourage greater
participation. National challenges may be more effective where there
is a strong pre-existing rivalry (i.e., salient ingroup and outgroup) at a
national level, such as fans of sport teams.

Third, an online community provides team members with social
support and peer encouragement to donate and allows further
enhancement of the competition aspects and the chance of receiving
prizes for posting about their donations. France and colleagues [21]
found that belonging to an online community of blood donors over a
30-day period, with content uploaded twice daily by the research
team, could improve blood donation intentions but only when paired
with other motivational interventions. In addition to motivating blood
donations [22], prize draws based on a social action linked to donating
(e.g., posting a photo in a donor centre) can provide a motivational
alternative in VNRD contexts where prize draws are not allowed or
are discouraged. Encouraging donors to share photos of donation
activity can benefit the individual (i.e., prize draw) and team by estab-
lishing blood or plasma donation as a normative behaviour [23]. When
blood donation is considered more of a social (vs individual) activity,
donors were more motivated to recruit others to contribute to the
group effort, thereby amplifying their impact and group status.

However, it is important to note that the case study methodology
adopted for this research examined only one team (JCUMSA) donat-
ing at one donor centre (Townsville) within one competition (VC), lim-
iting the generalizability of the findings. Further, this study focused on
plasma donations and compared donation frequency and return rates
during the 8-week competition period and after the competition.
However, only one whole-blood donation could have been made over
the same timeframe. Therefore, competition is unlikely to affect
whole-blood donation frequency but could improve recruitment and
retention of whole-blood donors or the likelihood of responding to
invitations to donate at local mobile blood drives. The James Cook
University campus is also adjacent to the Townsville Donor Centre,
making it more convenient for JCUMSA team members to donate
(compared to other university teams). In addition, the survey data is
limited by the small sample responding to the survey (n = 64) and the
self-report nature of responses. The low survey response rate can be
attributed to relying on busy donor centre staff to identify and
approach eligible donors [24], and so not all competition donors were
offered the survey. The 2021 VC was also less successful than of pre-
vious years, likely due to COVID restrictions impacting campus activi-
ties with fewer students on campus, reducing the competition group
sample size.

In conclusion, this study provided preliminary evidence to support

the use of competition to motivate plasma donors, particularly for

new and younger donors who are often more difficult to recruit and
retain. Although altruism still underpins blood donation, rivalry-based
competition strategies, in conjunction with peer-led promotions and
an active social media community, can be effective methods for
plasma donor recruitment, retention and intermittent boosts to

donation frequency.
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Abstract

Background and Objectives: Plasma-derived medicinal products (PDMPs) are essen-
tial to treat many chronic conditions such as haemophilia and primary immunodefi-
ciency. Patients living in low middle-income and low-income countries (LMICs and
LICs, respectively) have limited access to PDMPs. The aim of this article is to explore
the challenges of accessing PDMPs in LMICs and LICs.

Materials and Methods: A review of the literature and reports on blood safety, plasma
production and its utilization to produce PDMPs in LMICs and LICs was carried out.
Results: There is huge wastage of recovered plasma in LMICs and LICs as a result of
a lack of good manufacturing practice (GMP) in the production of plasma for fraction-
ation. Together with the high cost of imported PDMP procurement, patients have
limited access to such products.

Conclusion: There is a need to improve the situation by using domestically sourced
plasma through the initiation of local plasma programmes through a stepwise

approach to improve access to PDMPs in LMICs and LICs.

Keywords
access, developing countries, plasma products

Highlights

e There is a great amount of wastage of recovered plasma in low middle-income countries
(LMICs).

o This is due to a lack of good manufacturing practice in the production of plasma for fraction-
ation in these countries.

e Therefore, there is a need to establish a stepwise approach for the utilization of domestically
sourced plasma for fractionation in LMICs.

FVIII, FIX, IVIG, SCIG and hyper-Igs (anti-D and anti-HB Igs) are on
the World Health Organization’s (WHO) List of Essential Medicines

Plasma-derived medicinal products (PDMPs) include mainly clotting fac-
tor concentrates (CFCs) of FVIII and FIX; intravenous and subcutaneous
immunoglobulins (IVIGs and SCIG) and albumin [1]. In addition, hyper-
immunoglobulins (Igs) such as anti-D Ig and anti-hepatitis B virus (HBV)
Ig are strategic products for prophylaxis from foetal and neonatal hae-
molytic disease as well as passive immunization against HBV such as in

cases of vertical transmission from mother to the new born [2, 3].

(LEM) [4]. These products are essential to treat many chronic conditions
such as haemophilia, primary immunodeficiency and others [5, 6].

In developed economies, there is sufficient supply of PDMPs to treat
patients according to the state of the art, which has helped improve the
quality life comparable to their healthy peers. The limited global supply of
PDMPs and the high cost have made them mainly accessible to only
high-income countries (HICs). HICs consume 70%-80% of the global

166 | © 2023 International Society of Blood Transfusion.
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ACCESS TO PDMPs IN DEVELOPING COUNTRIES

production of PDMPs. This leaves only 20% these important therapeutics
available to low middle-income countries (LMICs) and low-income coun-
tries (LICs), which represent 80% of the global population [7].

To improve the situation in LMICs and LICs, there is a need to
understand the challenges that have led to the current situation.
To identify these challenges, one should improve the reach and diag-
nosis of patients who mainly consume PDMPs. Establishing national
patient registries as well as national guidelines for management of
these patient groups is essential to identify these countries’ needs of
different treatment products.

On the other hand, points to consider when establishing a plasma
fractionation programme are the national blood transfusion pro-
gramme, established donor programme, study of transfusion-
transmitted diseases prevalent in the community in order to assess
their risk, the existence of a competent national medicinal authority
and, finally, the cost effectiveness of establishing a national plasma
fractionation programme.

The aim of this study was to examine the readiness of LMICs and
LICs to engage in plasma fractionation programmes to ensure access
to safe PDMPs to treat their patients.

METHODS

We conducted a review of the literature through a search of an online
database (PubMed) as well as reports from international organizations
such as the WHO, World Federation of Haemophilia (WFH), Interna-
tional Patient Organization for Primary Immunodeficiencies (IPOPI)
and International Society of Blood Transfusion (ISBT). In addition, spe-
cialized publications that follow up regularly on news of the plasma
fractionation industry such as International Blood and Plasma News
(IBPN) or websites such as Statista were consulted. On some points,
we relied on personal communication.

The review focuses on the following:

1. Outreach, diagnosis and registries of patients who rely for their
management on PDMPs;

2. Structure of the national blood programmes and their elements
according to the WHO guidelines;

3. Requirements for the production of plasma for fractionation;

4. Situation of the above-mentioned points in LMICs and LICs;

5. Experiences from LICs and LMICs on projects of domestic plasma
fractionation.

RESULTS

Diagnosis and registries of patients who are treated
with PDMPs

While  hyperimmunoglobulin  preparations such as anti-D,
anti-hepatitis B and anti-tetanus Igs have public demand, other plasma
products on WHO LEM such as coagulation factors (FVIII and FIX)
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and Igs are used to treat rare diseases such as haemophilia A and B
and primary immunodeficiency syndromes (PIDS) [4, 8].

In LMICs and LICs, diagnosis and the establishment of national reg-
istries for rare diseases such haemophilia and PIDS is a challenge. Hae-
mophilia A and B prevalence per 100,000 male population is estimated
at 17.1 and 3.6. This estimation is based on the number of diagnosed
patients in developed countries such as the United Kingdom, France
and Canada [9]. This means that we should expect the global number of
patients with haemophilia as close to 700,000. The WFH 2021 annual
global survey (AGS) indicates that the number of patients diagnosed
with haemophilia globally is only 256,840. WFH AGS also indicates that
the number of diagnosed patients against the expected number is 83%
in Europe, 58% in the Americas and 43% in the Eastern Mediterranean
Region (EMR). On the other hand, the number of diagnosed patients
against the expected is only 8% in Africa, 17% in South and South East
Asia (SEA) and 21% in the Western Pacific Region. These last three
regions represent more than 70% of the global population [10]. The
prevalence of diagnosed patients with PIDS is reported to be
1.5/10,000 in Scandinavian countries and 1/10,000 in North America
and some European countries, while in the EMR it is 1-2/100,000 and
in the reporting African and Asian countries it is only 0.5/100,000 [11].
These data demonstrate that there is a problem of under-diagnosis of
patients with haemophilia and PIDS, who are the main consumers
of the driving products of the plasma industry (coagulation factors FVIII
and IX and Igs) in most developing countries. The low number of diag-
nosed patients does not represent a critical mass that can attract the
attention and gain support of both the governments and communities
at large. In the meantime, coagulation factor products and Igs are very
expensive, which leads to limited procurement of such products. This is
particularly true when the health budgets in LMICs and LICs are over-
whelmed by the limited to scarce resources and the mandatory prioriti-
zation of more prevalent health conditions such as viral infections (viral
hepatitis and human immunodeficiency virus [HIV]) and non-communi-
cable conditions such as diabetes and cardiovascular diseases. Patient
access to FVIII CFCs is estimated to be 100,000 IU FVIIl/patient/year
in HICs, while it is only around 16,000 IU/patient/year in LMICs and
LICs, where the majority supply comes as humanitarian aid from the
WFH Humanitarian Aid Program with very little procurement by the
governments of these countries [10].

Similar to the case of CFCs, access to IVIG products is very much
limited in LMICs and LICs. In 2021, Germany's use of different Ig
products was reported to be around 13 tons [12], while in Egypt it
was only 564 kg (author personal communication).

In summary, there are significant challenges in the diagnosis and
establishment of national registries for patients relying on CFCs and Ig
therapeutics. This will have an impact on the decisions of LMICs and

LICs to engage in plasma fractionation programmes locally.

Blood transfusion programmes in LMICs and LICs

WHO requires a national blood programme that has a unit within the

Ministry of Health (or other government departments) with
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responsibility for governing all activities related to the provision and
transfusion of blood and blood products. In addition, there should be an
established national blood policy and a multi-year national strategic plan
for blood safety. WHO encourages the formulation of a specific legisla-
tion or other legal instruments covering the safety and quality of blood
and blood products for transfusion. Blood programmes should have a
financing system which is either state funded or based on cost recov-
ery. A national blood committee (or equivalent) assists the Ministry of
Health in formulating policy and plans, setting standards and advising
on key issues [13]. Legislative framework for regulating donors and
donation of plasma for fractionation, storage, transport, cross-border
movement and registration of manufactured products is mandatory for
any country/region to enter into plasma fractionation activities. A quali-
fied national regulatory (medicinal) authority is mandatory for the
licensing of plasma collection centres, monitoring epidemiologic preva-
lence of transfusion-transmitted infections (TTlIs) in the general popula-
tion as well as in donor population, plasma collection, testing and
storage activities as well as transport from collection centres to the
manufacturing site (domestic or international) [14].

Important findings from the WHO report on blood safety issued
in 2021 [13] are given below. The report highlighted the following
results on the national blood programmes in a survey that included

170 responding countries from WHO regions:

1. The majority of LMICs and LICs have an established policy and
governance, which represents a cornerstone in developing a
domestic plasma fractionation programme.

2. Many of the LMICs' and LICs’ blood programmes are dependent
on international funding and technical assistance, which may raise
guestion about the sustainability of such programmes.

3. Many LMICs and LICs lack systems for inspection, licensing and
accreditation.

4. Sixty-four million donations were collected in LMICs and LICs. If
these donations were separated into packed red blood cells and
plasma according to good manufacturing practice (GMP), there can
be 64 million units of plasma (16 million litres) that can be
fractionated.

5. Voluntary non-remunerated blood donations account for 62.8% in
LICs and 69.5% in LMICs. On the other hand, the blood donations
obtained from repeat blood donors account for 37% in EMR, 38%
in Africa, 56% in Western Pacific and 57% in SEA.

6. Only 38% in LICs and 75% in LMICs are whole-blood donations
processed into blood components.

7. There is a higher prevalence of TTls among blood donors in LMICs
and LICs compared to HICs. There is thus a need to improve the

quality of blood screening for TTls in these countries.
Recovered plasma for fractionation in LMICs and LICs
Of the total of 311,946 L of plasma that was fractionated to plasma

products in Africa, recovered plasma was 98% (305,000); of the
126,600 L from SEA, 95% was recovered plasma (120,000); and of

the 186,277 L from EMR, 54% (100,000) was recovered plasma. As
such, out of the potential 16 million litres of recovered plasma from
LMICs and LICs, only about 526,566 L was fractionated.

History of domestic plasma fractionation projects
in LMICs

During 1960s and 1970s, driven by the need to treat patients with
haemophilia, several small to medium scale projects for the production
of low- to intermediate-purity FVIII concentrates were established.
South Africa had established plants for two FVIII products, namely
low-purity heat-treated FVIII concentrate and intermediate-purity sol-
vent detergent FVIII. The South African Natal Bioproducts Institute
(NBI) produces albumin and Igs in addition to FVIIl concentrates. Both
products could provide small quantities of FVIII concentrates that
could fill the gap in supply. A similar project was established by the
Thai Red Cross during the 1990s to produce small pools of freeze-
dried and heat-treated cryoprecipitates (low-purity FVIII). Cuba and
Brazil had similar projects to produce low- and intermediate-purity
heat-treated FVIII concentrates [15]. In Egypt, during the last three
decades of the 20th century, the Vaccine and Serum Institute
(Vac-Sera) had a small fractionation facility for the production of small
pools of lyophilized cryoprecipitate, plasma, anti-D Ig, intramuscular
polyvalent Ig and albumin. Because of the lack of virus inactivation
technologies, WHO recommended discontinuation of production at
Vac-Sera by end of 1990s.

DISCUSSION

The development of a plasma fractionation programme for the pro-
duction of PDMPs was always linked to needs of the patient commu-
nity to improve therapeutics involved in their management [1]. In the
early days, there was a recognition of the risk of transmission of
blood-borne viruses to patients who chronically received these prod-
ucts. Several important steps were taken to mitigate this risk, which
included virus inactivation of albumin by pasteurization and the intro-
duction of screening of blood to detect various blood-borne viruses
(mainly HIV, HBV and hepatitis C virus [HCV]) [14]. Because of the
nature of the industry, when large pools of donated plasma are pro-
cessed in one batch, it was found that the screening of blood was not
enough to eliminate the risk, particularly when dealing with emerging
or re-emerging new viral agents. This was typically the case for HIV
and HCV, which resulted in epidemics among patients with haemophi-
lia during the 1970s and 1980s when they were treated with concen-
trates that were not viral-inactivated [16]. As such, it was realized
that, in addition to various measures to improve the safety of donated
plasma, there should be robust technologies for virus inactivation/
elimination of PDMPs [17]. This recognition and its implementation
could effectively almost totally eliminate the risk of transmission of
blood-borne infectious agents through PDMPs [16]. In addition, pro-
gressive developments in the separation and purification of various
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plasma proteins improved considerably the efficacy of PDMPs and
reduced the risks of adverse events.

With these developments in the arena of plasma fractionation,
production facilities became extremely sophisticated and, in order to
achieve cost-efficiency balance, the industry had to go into mergers
and acquisitions to be sustainable. It also reflected on the high cost of
modern PDMPs.

The development of domestic plasma programmes has become
extremely sophisticated and requires significant resources to match
the requirements of safety and efficacy of PDMPs.

In the meantime, the superiority of prophylactic therapy in
patients with haemophilia compared to on-demand therapy [18] and
the progressive implementation of prophylaxis as a standard of care
as stated by the last version of WFH Guidelines on the Management
of Haemophilia [19] resulted in a progressive demand on FVIII and IX
concentrates. Also, prophylaxis with IVIG in patients with PIDS [6]
resulted in progressive increase in the demand on IVIG in HICs. This
resulted in the utilization of >70% of PDMPs in HICs.

These realities have largely impacted the availability and accessi-
bility of PDMPs in LMICs and LICs. The challenges in the diagnosis of
rare diseases, which are the main consumers of PDMPs, have resulted
in the lack of interest of the governments in LMICs and LICs to make
these products available to the small number of diagnosed patients.
The required blood structure for producing plasma qualified for frac-
tionation is lacking in many of LMICs and LICs [13]. The cost-income
balance to establish plasma programmes for the production of PDMPs
cannot be achieved in many LMICs and LICs because of the small
number of diagnosed patients, small volumes of recovered plasma
that can be qualified for fractionation and high cost of sourced
plasma.

In spite of the current challenges for establishing programmes for
the production of PDMPs in LMICs and LICs, it is still the main solu-
tion to fill the gap in availability of safe and effective treatment to
many patients. There is a need for international organizations such as
the WFH and IPOPI to work with LICs and LMICs to establish national
programmes for the detection and diagnosis of these rare diseases.
The cooperation should also aim to create national treatment proto-
cols and assessment of country needs of PDMPs. To address the chal-
lenges of availability of PDMPs in LMICs and LICs, an out-of-box
thinking of new models of access to PDMPs should be considered.
The initiative of the Humanitarian Aid Program of WFH to donate
CFCs to patients with inherited bleeding disorders in LMICs and LICs
is one such example [20]. Blood bank virus inactivation technologies
for small volumes of plasma produced according to GMP standards is
another option [21, 22]. In countries with the capacity to produce
large volumes of plasma, a plasma programme can be built for contract
fractionation with a commercial fractionator [23]. Finally, and if cost
effective, a long-term plan for establishing a plasma programme with
stepwise toll manufacture followed by the establishment of a domes-
tic fractionation facility should be considered, as was possible in
South Africa and Thailand.

This last example is also being persuaded in Iran, Brazil and

Egypt.
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In conclusion, PDMPs are essential medicines to treat many life-
long serious clinical conditions. They are largely unavailable to patients
living in LMICs and LICs. This unavailability is attributed to several chal-
lenges. Limited diagnosis of rare bleeding and immune disorders
together with absence of national patient registries, high prevalence of
TTls and the lack of GMP in blood transfusion systems in LMICs and
LICs are among these challenges. Complexity of plasma fractionation
programmes and the high cost of PDMPs are among the other chal-
lenges that limit their availability. There is a need for concerted efforts
between industries in developed countries, international organizations
and governments of LICs and LMICs to work together to make these
important therapeutics available through different means.
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