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Plasma is a strategic resource
Paul EW Strengers1' 2 and Harvey G. K7ein3

Plasma-derived medicinal products (PDMPs) such as
immunoglobulins and clotting factors are listed by the
World Health Organization as essential medicines.
These and other PDMPs are crucial for the prophylaxis
and treatment of patients with bleeding disorders,
immune deficiencies, autoimmune and inflammatory
diseases, and a variety of congenital deficiency
disorders. While changes in clinical practice in developed
countries have reduced the need for red blood cell
transfusions thereby significantly reducing the collection
volumes of whole blood and recovered plasma suitable
for fractionation, the need for PDMPs worldwide
continues to increase. The majority of plasma supplies
for the manufacture of PDMPs is met by the US
commercial plasma industry. However, geographic
imbalance in the collection of plasma raises concerns
that local disruptions of plasma supplies could result in
regional and global shortages of essential PDMPs.
Plasma, which fits the definition of a strategic resource,
that is, "an economically important raw material which is
subject to a higher risk of supply interruption," should be
considered a strategic resource comparable to energy
and drinking water. Plasma collections should be
increased outside the United States, including in low- and
middle-income countries. The need for capacity building
in these countries is an essential part to strengthen
quality plasma collection. This will require changes in
national and regional policies. We advocate the need for
the restoration of an equitable balance of the
international plasma supply to reduce the risk of supply
shortages worldwide. Strategic independence of plasma
should be endorsed on a global level.

lasma is a vital fluid. Comprising more than half
of total blood volume, blood plasma plays a critical role in the maintenance of intravascular volume as well as the circulation and homeostasis
of proteins, electrolytes, and hormones. Plasma for transfusion and such plasma-derived medicinal products
(PDMPs) as clotting factor concentrates FVIII and F IX,
immunoglobulins, and hyperimmune globulins (rabies,
hepatitis B, RhIG) are included on the World Health Organization (WHO) Model List of Essential Medicines (EML).1
EML listing is crucial for low- and middle-income countries, since governments often consult the EML to guide
allocation of scarce healthcare resources.2 Importantly, a
recently published randomized multicenter clinical study
reported that recombinant FVIII is almost twice as likely
as plasma-derived FVIII containing von Willebrand factor
to induce anti-FVIII-inhibiting antibodies in previously
untreated severe hemophilia A patients arguing for the
continued availability of plasma-derived FVIII as a therapeutic choice .3'4 After separation of whole blood into
components (red blood cells [RBCs], platelets, and plasma
for transfusion), developed countries collect more plasma
than is needed for transfusion and send the balance of
recovered plasma for further manufacture of PDMPs.
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However, plasma prepared in developing countries is frequently unsuitable for fractionation and commonly discarded.s PDMPs must be imported. In developed
countries, PDMPs are generally available, albeit at considerable cost due to the high cost of plasma and the degree
of sophistication of the plasma fractionation process to
ensure quality and safety. Changes in medical practice
such as minimally invasive surgery and restrictive transfusion policies have resulted in a marked decline in RBC
transfusion .6 These changes also affect the plasma supply.
Decreased RBC use has resulted in fewer whole blood collections and a consequent decline in supply of recovered
plasma for fractionation. In the latest national survey in
the United States, some 4.3 million units of plasma
(approx. 1 million liters) were collected from volunteer
donors, and 3.6 million units were transfused, 26.8% fewer
units produced than in the previous survey.7 The NHS
Blood and Transplant Service reports that in the United
Kingdom, RBC use has fallen from 43 units per 1000 population in 1999 to 2000 to 31.5 units in 2014.8 Other European countries have experienced similar reductions.
Decreasing volunteer plasma supply raises a critical issue
for developed and developing countries alike: the vulnerability of the global plasma supply needed for preparing
PDMPs.

PDMPs AND THE IMBALANCE IN PLASMA
SUPPLY
Plasma for producing PDMPs derives from two sources:
plasma recovered from the separation of whole blood collections into components (recovered plasma) and plasma
obtained by plasmapheresis (apheresis plasma or source
plasma). Most source plasma comes from the commercial
plasma industry. Even as whole blood collections and the
volume of recovered plasma suitable for fractionation
decline, global needs for PDMPs are increasing.9 The
World Federation of Hemophilia estimates that 400,000
people are living with hemophilia and only 25% receive
adequate treatment An estimated 1 in 2500 Americans
has inherited a-i antitrypsin deficiency, and as many as
3% of patients diagnosed with chronic obstructive pulmonary disease may have undetected a-i antitrypsin deficiency and be eligible for a-i antitrypsin augmentation
therapy.'° The International Patient Organization for Primary Immune Deficiencies calculates that 70% of patients
with primary immune deficiency lack treatment due to
inadequate programs and insufficient immunoglobulin
supplies.1' Some developing countries put off diagnostic
screening for these disorders since they will be unable to
provide treatment to patients so identified.
Whereas whole blood collections in developed countries are declining, collections in low- and middle-income
countries are growing. The US Centers for Disease Control
and Prevention reports that annual blood collections by
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national programs in 14 African countries increased 19%,
from 1,856,334 units in 2011 to 2,203,190 units in 2014
and by as much as 147% in Ethiopia. 12 Continued collections growth in low-income countries is likely, since the
rate of collections (an estimated 3.9 units/1000 population) remains well below WHO's minimum target for adequacy (10 units/ 1000) and far below the approximately 30
units/1000 population in developed countries. 13 Unfortunately most of the growth in whole blood collections will
not translate into additional recovered plasma and
PDMPs; most of the plasma, often prepared from donors
inadequately screened and in facilities lacking Good
Manufacturing Practices and a lack of freezing and storage
capacity of plasma, does not meet quality criteria for fractionation and is discarded.
In contrast to the diminishing supply of recovered
plasma, in developed countries source plasma collection
has increased considerably (Fig. 1). The majority of this
increase comes from the US commercial plasma industry,
which historically has dominated international plasma
markets. This plasma provides not only for the PDMP
needs of US patients but also for international export. The
Plasma Protein Therapeutics Association reports that the
volume of source plasma has increased from 11,000,000 L
in 2004 to 34,000,000 L in 2014.14 Source plasma was collected by 552 commercial plasmapheresis centers of
which 80% are located in the United States. Sixty percent
of this plasma originates from US paid donors, the majority contribution to the worldwide supply (Fig. 1). Other
regions contribute considerably less (Fig. 2). Although US
source plasma is crucial for meeting increasing international needs, reliance on any single country or region to
supply the bulk of the world's plasma raises significant
concerns. Any disruption in supply could devastate vulnerable patient populations such as those with coagulation or immune deficiency disorders. Patients in lowincome countries, for whom recombinant protein preparations are not a practical alternative due to high cost,
shortages, or lack of marketing interest of suppliers, are at
particular risk.

POTENTIAL THREATS TO AN IMBALANCED
PLASMA SUPPLY
Several situations might lead to plasma supply interruptions. Regional plasma shortages may arise from the
emergence of unexpected transfusion-transmissible infections, economic and political factors, military conflicts,
commercial consolidation, changes in demand, and the
flow of medicines from countries with lower prices to
countries with higher prices. The appearance of human
immunodeficiency virus in the 1980s resulted in an historic interruption of blood services. Detection of a novel

transfusion-transmissible pathogen in the United Kingdom in 1996, a prion causing variant Creutzfeldt-Jakob
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industry, US plasma collections could face a serious threat
disastrous consequences for global supplies of
plasma.
Changes in market conditions have also resulted in
regional and spot shortages of plasma and PDMPs.
National health services that depend on importation
become vulnerable to regulatory actions such as recalls
and market withdrawals. Such actions have occurred with
several PDMPs, most recently with intravenous immunoglobulin. Imbalance in supply of a strategic raw material
may create other serious risks such as unwanted price
dependency, disruptions in supply due to natural disasters, and flow of medicines from countries where prices
are lower to countries with higher prices.
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Fig. 1. Worldwide plasma processed (X1000 L) by collection
source (1996-2014), commercial companies and nonprofit
organizations. Total in 2014: 36,792,000 L Source with permission: Marketing Research Bureau, Inc., Orange, CT.
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Fig. 2. Global plasma collection volume (X 1000 L) by geographic region (2007-2015). Source with permission: Marketing Research Bureau, Inc., Orange, CT.

disease, resulted in termination of all plasma collections
in the United Kingdom and Ireland and necessitated plasma importation from the United States to meet UK
patient needs.15 The US Food and Drug Administration
acted quickly and prudently to protect US patients by prohibiting US distribution of all PDMPs manufactured from
non-US plasma, further amplifying the imbalance in global plasma supplies. Despite modem safety measures and
international surveillance for emerging blood-borne
pathogens, the blood supply of the French island of La
Réunion was interrupted during the past decade by the
unexpected appearance of Chilcungunya virus as were
blood collections more recently in the US territory of
Puerto Rico by epidemics of Dengue and Zika viruses.
Future epidemics are unpredictable but highly likely.'6
Should some novel transmissible agent appear in the
United States, a p-non or a virus resistant to inactivation or
removal technology used in the plasma fractionation

PLASMA AS A STRATEGIC RESOURCE
The European Union (EU) defines strategic resources as
"economically important raw materials which are subject to a higher risk of supply interruption." 7 What
makes these materials critical for a region or a country
is insufficient domestic production and/or inability to
guarantee supply through importation. National industries can become dependent on importation, particularly during periods of expanding market demand. The
imbalance in the supply of strategically vital energy
resources resulted in the worldwide oil crisis in the
1970s and in the Russian threat to the supply of gas to
Europe in 2014.' Clean and safe drinking water is so
scarce that nearly 1 billion people in the developing
world are at risk from a lack of access.'9 Worldwide consensus and advocacy exist for special attention to and
management of strategic resources."
Plasma fits the definition of a 'strategic resource."
There is need for improved and equitable balance of the
international plasma supply to reduce the risk of supply
shortages worldwide. We propose that blood and plasma
be considered strategic resources comparable to energy,
water, and other products and services deemed important
for national or regional independence. The aim is to highlight the importance of balanced and diverse collection
and preparation and to minimize the risk of shortages of
plasma and essential PDMPs upon which patients' lives
depend. Measures should be taken by governments or regulatory bodies to mitigate the existing risk of dependency
on the supply of plasma from any single country or
region. The United States currently enjoys an enviable
position of "strategic independence" through its collection of plasma in excess of domestic needs. However
through exclusion of plasma from non-US sources, the
United States, too, is vulnerable to potentially catastrophic
supply failure in the event of new emerging transfusiontransmissible infections.
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MOVING FROM A MARKET-DRIVEN TO A
PUBLIC HEALTH APPROACH
The World Health Assembly resolution WHA63.12 directs
the WHO to promote self-sufficiency in the supply of safe
blood components using voluntary blood donations
whenever possible and advocates "security of supply" as
an important goal to prevent blood shortages and to meet
national transfusion requirements.2' Self-sufficiency
assures that a nation's patient needs for safe blood products are met in a timely manner, that patients have equitable access to transfusion services and blood products,
and that these products are obtained ideally from donors
of national or regional origin. However, placing medicines
on the EML does not guarantee timely patient access, but
represents only a first step in a policy to assure availability
of these medicines.22 The current European Directive
2002/98/EC on human blood and blood components
directs that "Member States should take measures to promote Community self-sufficiency in human blood or
blood components and to encourage voluntary unpaid
donations of blood and blood components. ,13 In the EU,
however, some countries still have not reached selfsufficiency in immunoglobulin and albumin, such as
Greece, Italy, and Spain. The US National Blood Policy of
1973 endorsed four principles: adequate supply; high
quality; access by everyone in need regardless of economic status; and efficiency in collection, processing, storage,
and utilization .24 Although these principles form the basis
of blood and plasma supply policies in the EU and in the
United States, the EU and United States regulate blood
components primarily to assure safety and efficacy, but
have taken few steps to assure access and availability.
We believe that these goals will be best achieved
through increased plasma collection in countries and
regions outside the United States including in low- and
medium-income countries where an estimated 9.3 million
liters of plasma are discarded each year.5 Developed countries must first recognize and understand the risks inherent in exclusively market-driven strategies. The status of
plasma should be elevated to that of a strategic resource
with appropriate sector supervision, governance, control,
and sustainable management. National and regional policies should be developed to increase the contribution of
non-US countries to the worldwide plasma supply and to
regulate the export of plasma during periods of threatened
shortage. Realization of these objectives will require the
cooperation of stakeholders at national and international
levels of policy making and regulation.
The global supply of plasma and PDMPs is and will
remain critically dependent on US supply. Strategic independence does not imply a need to reduce this contribution. Market-driven and public health approaches need
not be mutually exclusive. Blood and plasma are highly
valued by the general public and the prevention of
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potential shortages should become part of national political agendas. Blood for transfusion is already managed by
these principles in most countries. If national authorities
would endorse the concepts of strategic independence for
plasma, the supply of the "raw material" for manufacturing PDMPs would become better secured for their
patients.
Strategic independence poses special problems
for developing countries, where annually millions of
liters of plasma are discarded as unfit for fractionation, a loss that is both economically and morally
inexcusable. Improving this condition requires investment to assure that plasma from these regions meets
standards of quality and safety accepted by international regulations. Suitable plasma could then be
manufactured into PDMPs by contract fractionation
where excess capacity exists and returned to the collecting regions. High-income countries have the
resources, experience, and capability to manage blood
and plasma as strategic resources. What is lacking is
the political will. Low- and middle-income countries
need assistance with resources and training to develop blood systems capable of preparing safe, highquality blood components. A primary objective of
WHO's blood program has been to provide support to
these countries to enable them to prepare recovered
plasma suitable for fraction ation.25 Efforts to establish
blood and plasma as strategic resources should better
assure access to essential medicines worldwide. Such
efforts must be pursued.
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Strengers PFW and Klein FIG Plasma is a strategic resource. Trans 2016; 56(12): 3133-3137
The authors wish to correct the following data. The numbers cited in the figures and body of the manuscript for
plasma volumes represent plasma collections rather than plasma volumes which are approximately 18% lower for the
year 2015. This change does not affect the conclusions of the paper. We thank Mr. Joshua Penrod of PPTA for bringing
c; this to our attention.
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