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Abstract

This review, written from the perspective of the plasma industry, discusses plasma
procurement and plasma product safety in light of the COVID-19 pandemic. The
COVID-19 pandemic impacted the whole world and, therefore, not unexpectedly,
the pharmaceutical industry too. In spite of this, the plasma protein industry has con-
tinued to provide life saving therapies to critically ill patients. Moreover, companies
have collected COVID convalescent plasma (CP) to support development of investi-
gational therapies, for example, hyperimmune globulins to potentially treat SARS-
CoV-2 infection, and collaborated with those collecting COVID CP for direct transfu-
sion, which has been made available under emergency use in the United States. For
plasma that is fractionated to become a therapy, general knowledge of coronaviruses
and numerous new studies on the structure and function of SARS-CoV-2 provide
reassurance that existing industry precautions, including donor selection, as well as
virus inactivation and removal steps during the manufacturing process are sufficient
to maintain the high standards of virus safety of plasma products. The pandemic also
revealed the vulnerability and inadequacy of the current plasma ecosystem. There is
a need for more plasma to be collected around the world to meet the growing need
for safe and efficacious plasma-derived therapies. This requires outdated regulatory
and policy restrictions to be realigned with current scientific evidence. More coun-
tries around the world should be in a position to contribute to global supply of
plasma so that patients with life-threatening conditions - and often no alternative

therapeutic solutions - have better access to care.
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Highlights

e COVID-19 pandemic reemphasized the need for more plasma to be collected around the
world to meet the growing need for safe and efficacious plasma-derived therapies.

o Although SARS-CoV-2 RNA was occasionally detectable in serum samples, the risk of trans-
mission of infectivity by blood and blood products is considered negligible.
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e Standard precautions for donor selection as well as virus inactivation and removal steps dur-

ing the manufacturing process were sufficient to maintain the high standards of safety of

plasma products, even during the COVID-19 pandemic.

INTRODUCTION

The production of plasma products depends on a diligently planned,
complex system of willing donors, donation facilities, global
manufacturing networks and pharmaceutical product distribution
channels, which is largely robust under normal circumstances. How-
ever, since the advent of the coronavirus disease pandemic in late
2019 (COVID-19), the situation has been challenged. From early
2020, the pandemic significantly impacted the balanced and well-
developed system of plasma procurement in ways not previously
experienced, further hindering the industry’s ability to keep pace with
growing patient demand for these life-changing therapies. Challenges
included the disruption of donor networks and blood/plasma dona-
tion, as well as supply chain networks, leading to reduced supply of
plasma and plasma therapies. Local and global travel and trade restric-
tions hampered the acquisition of source plasma and reduced the
available number of blood donations from which recovered plasma is
obtained. In turn, this impacted pharmaceutical manufacturing and
distribution by interfering with global supply channels of raw materials
and devices, and affected the delivery of final drug products to the
patients [1-3]. In parallel, global demand for plasma products has con-
tinued to grow across approved indications as a result of broader
access in more countries and more patients with rare diseases being
diagnosed. The notion that convalescent plasma (CP) and hyper-
immune globulin products could be viable treatment options for
COVID-19 patients has further increased the demand for plasma [4-
6]. Moreover, with only a small percentage of the 3000+ proteins [7]
circulating in plasma being used therapeutically today, research is cur-
rently under way to unlock the untapped potential in plasma to sup-
port treatment for many diseases such as rheumatoid arthritis, sickle
cell anaemia and age-related macular degeneration [8-10]. Cumula-
tively, this is creating additional strain on sourcing this scarce life-
changing resource.

In the early 1980s, recipients of biopharmaceuticals derived from
human plasma were devastated by widespread infections with the
human immunodeficiency virus (HIV) and hepatitis C virus (HCV),
which were transmitted through plasma-derived concentrates sourced
from virus-carrying donors. Recognition of this serious problem led to
major changes in procedures for donor screening and testing and the
validation of new process steps embedded into the manufacturing
processes of plasma derivatives to remove or inactivate blood con-
taminants such as viruses and even prion agents [11]. The occurrence
of new infectious and transmissible agents always alerts recipients,
regulators, prescribers and manufacturers of blood products. This is
what happened with SARS-CoV-2: The potential for transmission by
transfusion and, therefore, blood derivatives prompted serious consid-

erations towards the safety of blood and plasma products.

In this review, we assess the impact of the COVID-19 pandemic,
and particularly the causing pathogenic SARS-CoV-2 on procurement
of plasma for fractionation from the plasma industry perspective and
focus specifically on sustaining supply of safe and efficacious plasma-
derived medicines. Information was collected by literature search in
PubMed® (https://pubmed.ncbi.nlm.nih.gov/; cut-off date, 10 January
2022), web search and personal communication of the authors who

are connected to the specialist network of the plasma industries.

CORONAVIRINAE AND SARS-CoV-2

The severe acute respiratory syndrome (SARS) called COVID-19 is
induced by SARS-CoV-2, which belongs to the group of p-cor-
onaviruses. The virus has a single-stranded genome of about 26-
32 kb (-++ssRNA), which is the largest known genome size of an RNA
virus. Coronaviruses belong to the order Nidovirales, family
Coronaviridae and the subfamily Coronavirinae, which consists of «-,
B-, y- and &-coronaviruses [12]. Coronavirus was first isolated from
chicken in 1937. Before the SARS outbreak in February 2003, corona-
virus was not considered highly pathogenic to humans [13]. Since
2002, three zoonotic outbreaks have been caused by p-coronaviruses:
SARS-CoV in 2003 [14], MERS-CoV in 2012 [15] and the latest out-
break of SARS-CoV-2 at the end of 2019 [16]. There is ongoing
debate about the origin of SARS-CoV-2 and a final assessment has
not been made, but it seems likely that SARS-CoV-2 is a new evolu-
tionary branch of coronaviruses originating from bats [17]. Despite
their genomic differences, coronaviruses share a common structure.
Human coronaviruses contain phosphorylated nucleocapsid (N) pro-
tein with genomic RNA as core enveloped by phospholipid bilayers to
form spherical or pleomorphic particles of 80-120 nm size and outer
surface-projected spike (S) proteins [18].

SARS-CoV-2 is a respiratory virus and primarily infects the air-
ways. There is no reported evidence for the transmission of respira-
tory viruses, including the influenza viruses and the coronaviruses
responsible for SARS (SARS-CoV) and Middle East respiratory syn-
drome (MERS) (MERS-CoV), by blood and blood components includ-
ing plasma and plasma-derived medicinal products (PDMPs) [19-21].

BLOOD AND PLASMA DONATIONS

Testing of blood donations for the absence of infectious agents plays
a vital role in providing safe blood for transfusion. Blood services are
constantly on alert for the reported detection of emerging pathogens
that may impact the safety of the blood supply [22]. When there is a
risk that an infectious agent may be transmitted by blood transfusion,
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this may trigger the implementation of additional screening of donors
and testing of blood donations. The best example in this regard was
the introduction of HIV testing in the 1980s. Other examples of
potential risks to the safety of the blood supply occurred with the
expanded geographic range of pathogens, including the West Nile
virus (WNV), Zika virus and babesiosis.

To mitigate the impact of these emerging pathogens on the safety
of the blood supply in a timely and effective manner, an effective
interaction between all stakeholders, that is, blood services, regulatory
authorities, public health institutions and industry, has been
established. An example of this was the epidemic occurrence of the
WNV, which first appeared in the United States in 1999 and has since
spread across the entire country, resulting in thousands of cases of
disease. By 2002, it was clear that the virus could be transmitted by
blood transfusion, and by the middle of 2003, essentially all blood
donations were being tested for WNV [23]. Subsequently, the
resulting plasma products like immune globulins were tested for neu-
tralizing antibody titers in plasma-derived intravenous immune globu-
lin released in the United States during 2003-2008. Antibody titers
correlated closely with the cumulative incidence of past WNV infec-
tion in blood- and plasma donors, with the lots released in 2008 indi-
cating a seroprevalence of 1% [24]. Similarly, upon the occurrence of
the corona pandemic, the discussion around testing of blood and
blood derivatives for SARS-CoV-2 started early in 2020 [25].

While there was much uncertainty at the beginning of the pan-
demic, as it had been unclear whether SARS-CoV-2 could be transmit-
ted from those with pre-symptomatic or asymptomatic infection,
some tangible data have become available as of now. In May 2020,
researchers from China found no evidence of SARS-CoV-2 RNA in
the blood of donors in a multi-centre study in the province of Hubei
[26]. They examined 98,342 blood donations including 87,095 whole-
blood donations and 11,247 platelet donations by individual or
minipool testing with the commercially available SARS-CoV-2 real-
time RT-PCR assay from PerkinElmer (SYM-BIO LifeScience, Suzhou,
China). All donations were negative for SARS-CoV-2 RNA over an
observation period of 12 weeks. With a similar set-up, samples from
17,995 minipools of 6 or 16 donations corresponding to approxi-
mately 258,000 donations were tested for viral RNA (VRNA) in the
United States from March to September 2020 [27]. In this study, a
research-use-only transcription-mediated amplification (TMA) assay
was used. Reactive results were confirmed using an alternate target
region TMA assay. To estimate the viral load of reactive minipools,
those were tested by TMA after serial dilution. Additionally, testing
for anti-SARS-CoV-2 antibodies and infectivity was performed. Three
confirmed reactive minipools from 16 donations were identified,
which resulted in an estimated prevalence of VRNA reactive donations
of 1.16/100,000 (95% Cl 0.40-3.42). The vRNA-reactive samples
were non-reactive for antibody. The estimated viral loads of the pre-
sumed single positive donations within each minipool ranged from
<1000 to <4000 copies/ml. Most importantly though, for all these
TMA-positive samples, no infectivity was observed in inoculated per-
missive cell cultures. At this point, it remains unclear why the study

performed in China did not find any VRNA in blood donors while in

the United States, VRNA could be detected in a few minipools. Most
relevant, though, is the fact that a positive TMA signal did not predict
the presence of infectivity.

Diagnosis of SARS-CoV-2 infections has largely been based on
RT-PCR tests from nose or throat swabs resembling the viral load in
the upper respiratory tract [28]. However, detection of VRNA has also
been reported in blood, serum and plasma [29, 30]. A study in the
United Kingdom aimed to determine whether PCR-positive blood
samples could pose an infection risk by investigating the frequency
and determinants of VRNA detection in blood using 424 samples col-
lected from acutely infected and convalescent patients infected with
SARS-CoV-2 [31]. The study group also attempted virus isolation from
a subset of RNA-positive samples to determine whether RNA detec-
tion could be a marker of infectious virus. The results of this study
reported that among the PCR-positive samples, cycle threshold (ct)
values were high (range 33.5-44.8), suggesting low VRNA copy num-
bers. PCR-positive sera inoculated into SARS-CoV-2-susceptible cell
culture did not produce any cytopathic effect or yield an increase in
detectable SARS-CoV-2 RNA. The authors concluded that vVRNA was
detectable at low viral loads in a minority of serum samples collected
in acute infection but was not associated with infectious SARS-
CoV-2.

These studies and similar other observations resulted in consider-
ations around blood and plasma donor deferral criteria for COVID-19
patients. The US FDA published several points that responsible physi-
cians who evaluate prospective donors for blood establishments may
wish to consider. Among these, the agency suggested individuals diag-
nosed with COVID-19 or who are suspected of having COVID-19,
and who had symptomatic disease, as well as individuals who had a
positive diagnostic test for SARS-CoV-2 but never developed symp-
toms, should refrain from donating blood for at least 10 days after
complete resolution of symptoms or 10 days following the date of the

positive test result, respectively [20].

PLASMA FOR FRACTIONATION

Plasma for fractionation can be obtained as surplus plasma separated
from whole blood (recovered plasma), plasma intended or repurposed
for fractionation collected by apheresis concurrently with a cellular
product (in some regions called concurrent plasma) and as plasma
solely intended for fractionation (source plasma). The assessment of
blood and plasma donor suitability and deferral, where appropriate,
aims to exclude donations from individuals at risk of transfusion-
transmissible infection. All blood components should be obtained
from healthy voluntary donors who are carefully selected using a sys-
tematic and validated process comprising review of the donor’s health
assessment and social behaviour history assessed through a donor
questionnaire, as well as a medical examination. Current guidelines
require a clearly defined list of permanent or temporary deferral
criteria used for potential donors. However, standards for donor
selection have always differed for the different types of plasma

resulting from the circumstances of collection, which is particularly



PLASMA PRODUCT SAFETY AND PROCUREMENT IN COVID-19 PANDEMIC

relevant for newly discovered pathogens. Emerging infections that
may influence donor and patient safety should be monitored and may
necessitate the revision and modification of donor selection criteria.
Donor acceptance and deferral criteria and blood screening proce-
dures need to be balanced to provide optimal safety for both donors
and recipients while at the same time ensuring an adequate supply of
blood products [32, 33].

Early in the corona pandemic, Chinese authors discussed evi-
dence and understanding of the transmission of SARS-CoV-2
through blood products, and also pathogen inactivation methods on
coronaviruses. Although coronaviruses usually infect the upper or
lower respiratory tract, the presence of VRNA in plasma or serum is
possible, although infectivity has never been detected. Therefore, the
risk of transmission of coronaviruses through the transfusion of
blood products is theoretical. Given that many asymptomatic infec-
tions are found among COVID-19 cases, donor selection would fail
under the current circumstances. So far, donation testing for plasma
has not been implemented. Testing has not even been required for
blood donations, that is, directly transfused components without any
virus reduction before application to recipients. Low amounts of
VRNA were only rarely found in blood donations (~1:100,000) and
did not result in transfusion transmission. No infectivity was
observed in inoculated permissive cell cultures, indicating no risk of
transmission of the infection by blood components including
plasma [26].

In low- and middle-income countries, an increase of blood dona-
tions from voluntary, unpaid donors to cover the unmet demand for
red blood cell concentrates was observed because of global efforts
[34, 35]. However, there is a continuous but slow decline in demand
for red blood cells in high-income countries, and with the economic
developments across the world, the decline in blood collection will
likely continue [36]. Consequently, the amount of available recovered
plasma used for plasma fractionation appears to decline. Simulta-
neously with the rise of the first wave of infections of the corona pan-
demic, a substantial decrease in the blood supply was observed. For
example, in the Hubei province in China, the number of donations
was 86% lower in February 2020, dropping from 34,059 to 4778. In
some cities in the province, the reduction could reach 90% or even
95% [26]. Until April 2020, the number of donations gradually recov-
ered but did not reach the numbers of the corresponding period of
the earlier years. Similar observations were reported from all parts of
the world but with varied numbers [37-39]. This caused a dramatic
call to action by the International Foundation of Patient Blood Man-
agement (IFPBM) and the Society for the Advancement of Blood
Management (SABM) Work Group, urging regional and national short-
age plans worldwide and, more vitally, dissemination of knowledge
and immediate implementation of patient blood management to opti-
mize medical and surgical patient outcomes by clinically managing and
preserving a patient’s own blood [40]. Along that line, the UK National
Blood Transfusion Committee provided a framework and triage tool
to guide the allocation of blood for patients with massive
haemorrhage during severe blood shortage. The goal of this document

was to provide blood transfusions in an ethical, fair and transparent
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manner to ensure that the greatest number of life-years were
saved [41].

Reduced or constant availability of recovered plasma before the
corona pandemic was compensated by a steady increase of source
plasma collections, which had improved by a factor of 3.4 from 2000
to 2017 [42]. Plasma supply and demand are held in fine balance. If
demand exceeds supply, or in cases of disruptions in the supply chain,
shortages of plasma-derived products can occur [43]. In the past,
shortages of plasma-derived coagulation factors and albumin concen-
trates have altered medical practice. In recent years, intravenous
immunoglobulin has been in short supply [44, 45], with the corona
pandemic introducing additional stress on plasma supply and creating
constraints across geographies ([46] and personal communication
from plasma industry representatives).

At the same time, in absence of specific therapies, PDMPs have
been proposed for the treatment of COVID-19, thereby further
increasing plasma demand. Transfusions of CP have been used and are
under investigation in approximately 200 studies worldwide with
mixed results [47]. Some preliminary observations of treatment with
CP therapy resulted in a clinically relevant increased risk of severe
adverse events, prompting uncertainty whether CP would be beneficial
for people admitted to hospital with COVID-19 [48]. In contrast, other
studies have shown that CP could provide a safe and efficacious ther-
apy, improving outcomes in severe SARS-CoV2 infection (e.g., [49]). A
recent systematic review and meta-analysis of randomized clinical tri-
als investigated the association between CP treatment and mortality
and concluded that CP treatment of patients with COVID-19 did not
reduce all-cause mortality [50]. Commonly, all studies have shown that
most CP donations had high neutralizing antibody titers. Pre-testing of
donations by ELISA which correlated to the neutralization titre with a
certain threshold could be used to eliminate lower titre units, thus
enabling an adequate pooling strategy of CP to level out variations of

antibody titres and quality in the therapeutic units [51].

NEW PLASMA PRODUCTS AND SUPPLY

As plasma concentrates are the preferable alternative to whole plasma
for safety, efficacy and convenience reasons, hyperimmune globulins
(H-Igs) derived from CP have been produced for research use in clini-
cal trials. Several attempts have been made around the world to pro-
duce such H-Igs, and studies on their use have been conducted in
different centres. One global initiative was the CoVIg-19 Plasma
Alliance, which comprised global and regional plasma product
manufacturers who combined knowledge, resources and existing
infrastructure to accelerate the collection of CP to produce a non-
branded H-lg. In parallel, two other plasma producers initiated similar
development programmes independently. The four resulting investiga-
tional H-Ig products were clinically tested for safety, tolerability and
efficacy in adult hospitalized patients at the onset of clinical progres-
sion of COVID-19 under the guidance of the National Institute of
Allergy and Infectious Diseases (NIAID), one of the National Institutes
of Health (NIH) NCT04546581).

(ClinicalTrials.gov  Identifier:
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Regrettably, the trial did not meet its endpoint to show meaningful
improvement in the clinical status of hospitalized adult COVID-19
patients through treatment with an H-lg when given with standard of
care including remdesivir [52]. Importantly, this outcome should not
be interpreted as negating the value of plasma in approved indica-
tions. The particular study design did not prove a clinical benefit of an
H-Ig for this targeted COVID-19 patient population in a hospitalized
setting. However, it has significantly contributed to scientific under-
standing and mirrors mixed experience with CP [53]. The antibody
treatment approach has thus far demonstrated efficacy at an earlier
stage, namely pre-hospitalization, of the disease through trials with
monoclonal antibodies. This was not something that was so apparent
when the clinical trial was designed and warrants more research for
better understanding [54-57].

The plasma industry’s response to the pandemic has forced new
ways of thinking and greater collaboration, bringing into sharp focus
what must change if we are to improve access to essential plasma-
derived therapies for people with rare and complex diseases who
often have few alternative treatment options, regardless of the

pandemic.

PLASMA PRODUCTS

The COVID-19 pandemic has further exposed the gap between
plasma supply and demand, as well as the fragility of a system that is
dependent on a scarce resource and heavily reliant on plasma dona-
tions from relatively few countries.

Throughout the pandemic, we have seen challenges to plasma
donation across the industry, fluctuating in line with restrictions on
the movement of people and travel. In spite of significant industry-led
investment in new donation and production facilities, as well as major
awareness campaigns, industry donation volumes are still lagging pre-
pandemic levels. Ultimately, this shortfall is impacting the supply of
plasma-derived therapies, particularly immunoglobulins, those plasma-
derived therapies that are in highest demand and for which demand
grows year on year. This risks potentially compromising patient care.
Many of those patients with life-long, life-threatening conditions who
rely on immunoglobulins—and who are more vulnerable during a pan-
demic—have no alternative treatment option. Hundreds of donations
are required to keep just one patient on treatment for one year and it
takes several months to make these therapies, from donation through
to delivery to the patient [58]. There is a lack of global infrastructure
for collecting and fractionating plasma across the world and highly
restrictive regulatory and legislative frameworks are in place based on
limited understanding of the unique profile of plasma and the extent
of its potential therapeutic value. Currently, source plasma collection
for manufacturing plasma-derived medications is limited to very few
countries, predominantly the United States, because of these con-
straints. For example, the plasma volume collected in Europe meets
only approximately 63% of the European clinical need for PDMPs,
with the rest being imported from the United States. Only six coun-

tries in Europe account for about 80% of all plasma donations to be

used for fractionation in Europe to manufacture PDMPs (Germany,
France, Italy, Austria, Czechia and Hungary). However, since lItaly,
France and Spain use their collections exclusively for their own
domestic clinical needs, only four countries (Austria, Czechia, Ger-
many and Hungary) actually contribute more than 55% of the total
plasma collected in Europe for use in manufacturing PDMPs [59].
Moreover, many of the policies and regulations that impede increased
supply have not kept pace with current scientific understanding and
should be revisited. The solution to increased availability lies in
active collaboration between scientific researchers, the industry,
policymakers and regulatory authorities to foster environments that
encourage source plasma donation and support sustainable supply
solutions. To this end, plasma fractionators are engaging broadly
across the blood and plasma industries, with peers, researchers, pro-
fessional associations, patient organizations, regulators and govern-
ments, to emphasize scientific developments and the critical
importance of plasma sourcing for ensuring continuous supply of ther-
apies for patients with chronic and complex conditions. Sustainable
solutions include establishing or reviewing regulations to better
encourage and incentivize donation as well as better global regula-
tions, allowing collection and manufacture of plasma in a global net-
work. lllustrative examples of changes in the scientific, societal, and
regulatory environment of plasma collection can be found in the
recently updated US guidance for reducing the risk of HIV transmis-
sion by blood and blood products [60]. As described in the document’s
background, the acquired immune deficiency syndrome (AIDS) was
first identified in men who have sex with men (MSM). When it was
recognized that AIDS could be transmitted through the transfusion of
plasma-derived clotting factor concentrates, it was decided to indefi-
nitely defer MSM from donating blood or plasma. Based on the imple-
mentation of pathogen inactivation and removal procedures for
products manufactured from pooled plasma from the 1980s [61] and
nucleic acid testing for HIV, HBV and HCV [62], it was concluded in
2015 that the indefinite deferral could be changed to a 12-month
deferral. In 2021, with additional data on the effectiveness of the
measures accumulated, the MSM deferral period was further short-
ened to three months, acknowledging though that it may not be possi-
ble to implement the change for all plasma collected in the United
States, as it may be destined for fractionation elsewhere and thus dif-
ferent regulations may apply. Scientific advances have led to similar
changes for other blood-transmissible infectious-agent risk factors,
such as receipt of tattooing and piercing. In summary, regulations that
are not harmonized across major geographies and not fully consistent
with current science may still limit effective plasma collection. The
ability to expedite the CoVIg-19 programme (explained above) in just
one year was made possible only by temporary regulatory exemptions
across the plasma value chain, which were granted by regulators and
governments in the United States and European Union, in view of the
urgent need and the available supporting scientific evidence. These
included rapid approval of protocols to collect CP and to pool it for
manufacture, regulatory exceptions to allow for faster processing and
manufacture, for example, reduced inventory hold period, and facili-

tated import/export between the United States and the European
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Union. CoVIg-19 serves as an important illustration of how the cur-
rent plasma landscape in many countries cannot support rapid
response with a potential plasma-derived therapy solution in times of
crisis and, more importantly, limits access to potential life-saving and
life-sustaining therapies for people with rare diseases. It is why the
world relies so heavily on the United States to meet the growing need
for plasma and plasma-derived therapies. This situation is likely not
sustainable. It is hoped that heightened awareness of plasma-derived
therapies and the positive engagement there has been with regulators
and governments will help foster recognition and support for the
urgent need to update laws and regulations supported by science that
govern the donation and processing of human plasma for the produc-
tion of these essential medicines. This will be vital towards ensuring
sustainable patient access to safe and efficacious therapies for which
demand is expected to grow for at least the next decade while new
alternative synthetic solutions are being investigated to address the

full gamut of approved indications.

PATHOGEN SAFETY

Safety of plasma-derived products relies on three complementary
measures: (1) donor selection; (2) testing individual plasma donations
and mini-pools and manufacturing pools using immunological and
nucleic acid amplification technologies (NAT) and (3) manufacturing
processes that include specific virus inactivation and removal steps.
This is known as the Safety Tripod (Figure 1). The Safety Tripod effec-
tively addressed safety concerns of plasma products, and today
plasma products feature significant virus safety margins. The concept
has proven so successful that it is now equally applied to and codified

for cell-based biotechnology manufacturing platforms and increasingly

PATHOGEN SAFETY
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FIGURE 1 The so-called Safety Tripod best describes the safety
of plasma-derived products relying on three complementary barriers:
(1) selection of donors and plasma sources; (2) testing of individual
plasma donations, and mini-pools and manufacturing pools using
immunological and nucleic acid amplification technologies (NAT) and
(3) manufacturing processes that include dedicated virus inactivation
and removal steps
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so for advanced therapy medicinal products, such as cell and gene
therapies [63]. What does the Safety Tripod mean for SARS-CoV-2?
Selection of lower-risk donors would be virtually impossible but also
not necessary, as we have learned that blood donations and therefore
also plasma would not transmit SARS-CoV-2. Consequently, also test-
ing would not be required and would also not be helpful, as even the
presence of SARS-CoV-2 vVRNA would not result in infectious blood.
Nevertheless, blood and plasma donor deferral criteria for individuals
having recovered from COVID-19 have been applied as described
above.

Coronaviruses are large lipid-enveloped viruses. Despite differ-
ences in their antigens, the main structural features regarding the size
and lipid layer are conserved among all coronaviruses, meaning that
their biochemical and physical properties are quite similar. Current
regulations for plasma products require the use of at least two
effective orthogonal virus reduction steps to eliminate infectious
agents. The leading viral inactivation/removal technologies used
today are solvent/detergent (S/D) treatment, heat treatments and
nanofiltration. Given their envelope of phospholipid bilayers, cor-
onaviruses are subject to effective inactivation by S/D treatment. A
virus size of the spherical or pleomorphic particles of 80-120 nm size
provides effective removal by nanofiltration with <35-nm virus-reduc-
tion nanofilter membranes.

To our knowledge, virus reduction validation studies for dedi-
cated virus inactivation or removal steps for plasma products have not
been performed with SARS-CoV-2. Nevertheless, the current situa-
tion with SARS-CoV-2 is comparable with the situation observed with
other newly emerging pathogens. One recent example was the Zika
virus (ZIKV), which caused large outbreaks in the Americas in 2015
and 2016, resulting in an increase in travel-associated cases in US
states, which also raised concerns around the potential for ZIKV trans-
mission via blood products. Before systematic virus inactivation and
removal studies during the manufacture of PDMPs had been per-
formed, risk assessments were made building on similarities between
viruses, the so-called model virus concept. In the case of SARS-CoV-
2, we do know its structure and function. As explained, the relatively
large size and lipid envelope make SARS-CoV-2 highly susceptible to
steps with virus inactivation and removal capacity used during the
manufacturing processes, such as S/D [64], low-pH incubation, cap-
rylate, pasteurization [65] or dry-heat treatments [66], nanofiltration
or fractionation processes and others [67]. The effectiveness of these
processes has been demonstrated on other lipid-enveloped model
viruses that are quite similar to SARS-CoV-2, for example, human
coronavirus 229E and OC43, SARS-CoV, and porcine coronavirus
TGEV [68, 69]. In a recent publication, an array of effective coronavi-
rus reduction steps during the manufacture of PDMPs was evaluated
and discussed [70]. The authors concluded that, together with earlier
reports that SARS-CoV and TGEV are effectively inactivated by pas-
teurization and standard S/D treatment conditions, these studies pro-
vide further evidence that various low-pH incubation and non-
standard S/D treatment steps are also effective at inactivating cor-
onaviruses, which, taken together with other safety measures, provide

assurance of a high margin of virus safety against SARS-CoV-2 for
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PDMPs. Thus, the Plasma Protein Therapeutics Association (PPTA)
issued a statement in February 2020 - updated in April 2020 - that
the SARS-CoV-2 outbreak is not a concern for the safety of plasma

protein therapies manufactured by PPTA member companies [21].

DISCUSSION AND SUMMARY

Building on the historical use of plasma in earlier pandemics, the
corona pandemic has substantially increased public awareness of the
therapeutic use of plasma, although broader understanding of its use
remains low. Use of CP and the potential for H-lgs made from CP to
treat those at risk of serious complications from COVID-19 have been
widely recognized, and this has drawn attention to the importance of
blood and plasma as the source of life-saving human therapies.

Data obtained by in-depth investigations of the SARS-CoV-2
virus and derived from studies with highly similar viruses such as the
human coronavirus 229E and OC43, SARS-CoV and porcine coronavi-
rus TGEV confirmed that SARS-CoV-2 is not an issue for the safety of
plasma derivatives. Several studies have suggested that infectivity will
not be found in plasma donated by those individuals undergoing rou-
tine selection based on their health status.

There is a need for more plasma to be collected around the world
to meet the growing need for safe and efficacious plasma-derived
therapies—and this was evident even before the pandemic [71]. As an
example, demand for immunoglobulin products is anticipated to grow
steadily over the next few years, with an expected increase of 33%
from 2017 to 2025. A key factor behind this growth is the growth in
the use of immunoglobulins to treat secondary immunodeficiencies,
or even cancer [72]. An increase in collections requires outdated regu-
latory and policy restrictions to be realigned with current scientific
evidence. Specifically, several measures originally implemented with
the intention to enhance the virus safety margins of PDMPs have
now become redundant. This is largely a result of significantly
enhanced and fully validated virus inactivation and removal processes
that have been embedded into manufacturing processes, as well as
advancements in the science of testing for infectious agents. The con-
tinued implementation of these measures limits collection of plasma
for fractionation. By addressing this, as well as over-reliance on the
few countries with regulatory frameworks conducive to effective
plasma collection and shifting towards broader country contribution
to global plasma supply, we can create a more sustainable plasma
landscape. This means more patients around the world with life-
threatening conditions—and often no therapeutic alternative solu-
tion— would be able to count on more reliable supply and, therefore,

be more confident of access and continuity of care.
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