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Summary

The production of plosmo-based medicinal
products is vital in the treatment ond
monogement of coogulation factor deficiencies,
immune diseoses, ond vorious severe medicol
conditions. This study focuses on the preparation
of plasmo-based products using the opheresis
technique, with o particulor emphosis on
ensuring the highest stondords of sofety ond
efficacy throughout the production process. The
research outlines the comprehensive methods
employed in plosma fractionation, particulorly
the cold ethanol method, which remains o
cornerstone in modern plasmao-derived product
monufocturing. The froctionation process not
only enables the extraction of critical therapeutic
components such os olbumin, immunoglobulin
G (IgG), and coogulation foctors VIII and IX, but
also involves stringent safety meosures to ensure
the removal ond inactivation of potential viral
contominonts. The poper highlights the
importance of oadhering to regulatory
frameworks governing the production ond
administration of these plasmoa-derived
products, ensuring they remain omong the sofest
ond most relioble biological theropies avoiloble
today. The study underscores the critical role
these products play in the monogement of
coagulation disorders and other related

deficiencies, thus contributing significontly to
public heolth.

Keywords: Plosma froctionation, opheresis,
cooagulation factors, cold ethanol method,
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inactivotion, regulotory complionce.
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Introduction

The preporation of plasmo-bosed medicinol
products has been the cornerstone in the
treatment of coogulation foctor deficiencies ond
other blood disorders for decades. This field has
evolved significantly since the 1940s when Cohn
ond Colleagues (1964) introduced the
groundbreoking cold ethonol fractionation
method, revolutionizing the separotion of plasma
into its various protein components. This
innovation marked o pivotal shift from whole
blood tronsfusions, which were widely used
during World War 1I, to more torgeted ond
efficient treatments (Heim ez al., 2009).

Plasmo-derived medicinal products (PDMPs)
have since become essential in modern
healthcore, recognized by the World Health
Orgonizotion (WHO) as crucial elements in their
model list of essentiol medicines (WHO, 2021).
These products, which include albumin,
immunoglobulins, ond coogulotion foctors, are
vitol in treoting o ronge of serious heolth
conditions, poarticulorly coagulation foctor
deficiencies.

The opheresis technique, o key focus of this
study, hos further refined the process of plasma
collection. This method allows for the selective
extroction of plasma while returning other blood
components to the donor, enabling more frequent
donations ond increosing the efficiency of
plasma collection. When combined with
advonced fractionation techniques, opheresis hos
significontly enhonced the production of
PDMPs, improving both yield ond purity.



The production of these life-saving products
involves o complex interplay of scientific
methodology and stringent regulatory oversight.
From donor selection to final product
formulation, each step is carefully controlled to
ensure the highest stondords of safety ond
efficocy. Particularly crucial are the advonced
viral inactivation ond removal processes, which
mitigote the inherent risks ossocioted with
products derived from humoan donors
(Dichtelmuller et al., 2011).

As global demond for PDMPs continues to rise,
ongoing reseorch ond development in plosma
fractionation ond related technologies remain
essential. This poper explores the current stote-
of-the-art in the preporation of plasmo-bosed
medicinal products, with aspecific focus on their
role in comboating coagulation foctor deficiencies
through the opheresis technique. By examining
the intricate processes involved, from ploasma
collection to final product formulation, we aim to
provide o comprehensive overview of this
critical field in modern medicine. Our onalysis
encomposses the scientific, regulatory, ond
practical aspects of PDMP production, offering
insights into current proctices ond future
directions in this vital areaof healthcore.

Methodology

Plasma Collection

Plasma collection through plasmopheresis
remains the primory method for obtaining lorge
volumes of plasma efficiently. Recent
advoncements in opheresis technology have
further improved the process. For instonce, the
introduction of outomated, multi-component
collection devices ollows for simultoneous
collection of plasma and other blood
components, optimizing donor time ond resource
utilization (Burgstoler, 2019). These systems con
now collect up to 880 mL of plosma in a single
session, a significont increose from the previous
600-800 mL range (Schreiber et al.,2018).

Moreover, there's growing interest in pothogen
reduction technologies (PRT) opplied ot the collection
stoge. The INTERCEPT Blood System for plosma,
which uses omotosalen ond UVA light, hos shown
promise in reducing the risk of tronsfusion-
tronsmitted infections (Irsch ond Lin, 2021).

Donor Selection and Screening

Recent updates in donor selection ond screening
protocols hoave incorporated new criteria to
oddress emerging infectious diseoses. For
example, in response to the COVID-19
pondemic, additionol screening meosures ond
temporory deferrol periods for donors with
potential exposure to SARS-CoV-2 have been
implemented (Pogono ez al., 2020).

Advoncements in nucleic ocid testing (NAT)
technologies have improved the detection of
viral contominonts. Multiplex NAT ossoys now
allow for simultoneous detection of multiple
pathogens, including emerging threats like Zika
virus, with increased sensitivity ond reduced
window periods (Stromer ez al.,2019).

Plasma Fractionation

While the cold ethonol froctionotion method
remains foundational, significont advoncements
have been made in chromatographic techniques.
The implementation of continuous
chromotogrophy systems, such os simulated
moving bed chromatogrophy, hos improved
process efficiency ond product yield (Jungbauer
ond Gobel, 2018).

Membrone-based separation techniques ore olso
goining troction. For instonce, the use of high-
performonce tongential flow filtration (HPTFF) has
shown promise in improving the purity ond yield of
specific plosmaproteins (Grilo et al.,2017).

Viral Inactivation and Removal

Recent developments in viral inoctivation
methods include the use of ultraviolet C (UVC)
light in combination with riboflovin. This
method hos shown effectiveness against o wide
ronge of pothogens, including non-enveloped
viruses, while maintaining protein functionolity
(Seltsom ond Miiller, 2018).

Nonofiltrotion techniques have also evolved,
with the introduction of filters capoble of
removing smoller viruses without compromising
product quality. For instonce, filters with a pore
size of 15-20 nonometers have demonstrated
effective removal of parvovirus ond other small
non-enveloped viruses (Brautigom et al., 2020).
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Quality Control and Testing

Advoncements in onolytical techniques have
enhonced quality control measures. The
implementation of high-resolution mass
spectrometry ollows for more precise
choracterization of plasma proteins ond potentiol
contominonts (Zhong et al.,2020).

Real-time monitoring systems ond process
onolytical technology (PAT) oare being
increasingly integrated into monufocturing
processes. These systems provide continuous
data on critical process parometers, allowing for
rapid adjustments ond improved consistency in
product quality (Reod ez al.,2018).

Regulatory Compliance and Documentation
Regulotory fromeworks continue to evolve to address
new challenges ond technologies. The Europeon
Medicines Agency (EMA) hos updated its guidelines
on plosmo-derived medicinal products, emphosizing
the importonce of o comprehensive quality
monogement system throughout the monufocturing
process (EMA,2021).

The implementation of electronic systems for
mointaining the Plasma Maoster File (ePMF) hos
improved doto monogement ond accessibility for
regulatory authorities (Seitzet al.,2019).

Documentation and Record-Keeping

The adoption of block chain technology in the
pharmoceutical industry has potential
opplications in plosma product monufocturing.
This technology could enhance troceobility, from
donor to final product, ensuring doto integrity
ond facilitating ropid response to potential sofety
issues (Mackey et al., 2019).

Advonced dota. onolytics ond mochine learning
algorithms are being explored to improve process
understonding ond predictive copabilities in
plosmafractionation (Rathore ez al., 2020).

Safety and Risk Management

Recent focus hos been on developing strotegies to
mitigote the risk of emerging pothogens. The
implementotion of ropid response protocols for
emerging infectious diseoses, as demonstrated during
the COVID-19 pondemic, hos become o cruciol
aspectofrisk monagement (DiMinno et al., 2020).

Phoarmacovigilonce systems have been enhonced to
improve post-morket surveillonce of plosmo-
derived products. This includes the use of real-world
evidence ond potient registries to monitor long-term
safety ond efficocy (Peyvondietal.,2019).

Table 1: Role of Plasma Derived Products in Combating oagulation Factors Deficiencies.

Plasma
Component

Albumin

Clinical Use

Shock, Burns, Hypoalbuminemia, Loss of blood

Possive Prophylaxis, Immune deficiency disorder, Immune thrombocytopenic

IgG purpura
Foctor VIII

Factor IX
Complex

Hoemophilia A

al-ontitrypsin Hereditary deficiencies

Anti-thrombin III Congenitol deficiency

Hoemophilia B, Factor 11 ond Foctor X deficiencies
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Table 2: Legal Basis: Special Regulations for Medicinal Products Derived from Human Blood or
Human Plasma, in Addition to General Regulations for Biological Medicinal Products.

Aspect Regulation

General Regulations Directive 2001/83/EC

Plasma Maoster File (PMF)
System

Description

Sets the foundation for all
medicinal products, including
those derived from humon
plosmo.

Provides guidelines for
documenting plasma collection,
fractionation, ond testing

Specific Regulations (EMEA/CHMP/BWP/3794/03) procedures.

Additional Requirements Annuoal Updotes

Regular updates to the PMF
system ore required to
demonstrote batch-to-batch
consistency ond the obsence of
specific viral contominonts.

May require product somple
submission for independent
testing before morket release to
ensure adherence to Europeon

Additional Requirements Competent Authority Approval Phormocopoeia stondords.

Table 3: Special Regulations for Medicinal Products Derived from Human Blood or Human
Plasma, in Addition to General Regulations for Biological Medicinal Products.

Parameter Test Method

Ph pH meter
Temperoture Thermometer
Ethonol Concentration Refractometer
Protein Content Spectrophotometer

Biological Activity (e.g.
Clotting Foctors) Coogulation Foctor Assays

Bocterial Counts Microbiological Assays

Limulus Amebocyte Lysate
Endotoxin Levels (LAL) Assay

Immunochemical Methods Specific Assays (e.g. ELISA)

Importance

Ensures optimal protein
structure ond functionality.

Monitors critical processing
steps.

Maintains proper protein
precipitation during
fractionation.

Verifies desired protein yield.

Confirms the potency ond
theropeutic efficacy of the
product.

Ensures absence of microbiol
contominotion.

Detects bocteriol endotoxins thot
con cause fever or infloammotory
reoctions.

Quontifies immunoglobulins
ond verifies their functionality.
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Table 4: AComprehensive List of the General Methods

Method Code

Method Name
Anti-A ond onti-B hoaemogglutinins

Description

Detects the presence of red blood cell
ontigens A ond B.

Detects ond amplifies specific DNA or
RNA sequences, used for viral detection.

Meosures the octivity of various
coagulation foctors involved in blood
clotting.

Detects ontibodies ogainst the D ontigen

2.6.20 (indirect method)
Nucleic Acid Amplification
2.6.21 Techniques
2.6.22 Activated coagulation factors
Test for onti-D ontibodies in humon
immunoglobulin for intravenous
2.6.26 administration
2.6.15 Prekallikrein activotor
Test for onticomplementory octivity
2.6.17 of immunoglobulin
2.7.1 Immunochemicol methods
Assay of humon coogulation foctor
2.7.4 VIII
Test for Fc function of
2.7.9 immunoglobulin
Assay of humon coogulation foctor
2.7.10 VII
Assay of humon cooagulation factor
2.7.11 IX
Assay of humon onti-D
2.7.13 immunoglobulin

in Rh-negoative individuals.

Meaosures the activity of on enzyme
involved in the blood clotting cascade.

Assesses the ability of immunoglobulins
to activote the complement system.

Quontifies ond chorocterizes proteins
using techniques like ELISA or Western
blotting.

Meosures the octivity of foctor VIII,
essential for blood clotting.

Evoluates the obility of immunoglobulins
to bind to cellular receptors.

Meosures the activity of factor VII,
involved in the initiotion of blood
clotting.

Meosures the octivity of factor IX,
onother key foctor in blood clotting.

Quontifies the omount of anti-D
ontibodies in Rh-negative individuals.

Conclusion and Recommendations

Plosmo-bosed medicinal products (PDMPs)
have emerged os indispensoble tools in modern
healthcare, oddressing critical medical
conditions such as coogulation factor
deficiencies ond immune disorders. The
evolution of plasma froctionation techniques,
coupled with stringent regulatory oversight ond
advancements in biotechnology, has
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significantly enhonced the sofety, efficocy, ond
accessibility of these products. PDMPs continue
to play a pivotol role in treating o wide ronge of
diseases, including hemophilia, immune
deficiencies, ond emerging infectious diseases
like COVID-19. As global demond for these
products grows, ongoing research and
development are crucial to ensure their
continued effectiveness ond availobility.



To further improve the field of plasmo-bosed
medicinal products, the following
recommendations are proposed:

= Optimize plosmacollection proctices: Expond
donor recruitment efforts, improve donor
retention strotegies, ond invest in advonced
technology to moximize efficiency ond sofety.

* Investment in advonced fractionation
technologies: Explore ond odopt newer
fractionation methods like exponded bed
adsorption chromatogrophy to enhonce
product yield, purity, and safety.

= Strengthen viral inactivation ond detection:
Integrate cutting-edge technologies like UV
light treatment with riboflavin ond sensitive
NAATs to minimize the risk of viral
contominotion.

* Promote ethical ond sustoinoble plosma
donation: Prioritize ethical considerations
ond sustainobility in plosma donation,
ensuring donor rights oare respected ond
voluntory, non-remuneroted donotions ore
encouroged where feosible.

=  Support recombinont theropies ond gene
therapy research: Explore alternative
treatment options to reduce relionce on
plasma donotions ond potentially provide
more consistent ond effective treatments.

= Expond clinical opplications: Reseorch ond
investigate new clinical opplications of
PDMPs to address emerging medical needs
ond expond their therapeutic potentiol.

* Hoarmonize regulatory stondords globally:
Work towards hormonizing regulatory
standards for PDMPs ocross different
regions to focilitate the exchonge of plasma
and products worldwide, ensuring equitoble
access to sofe ond effective therapies.

By implementing these recommendations, the
field of plosma-based medicinal products con
continue to evolve ond provide life-soving
therapies to patients worldwide.

References

Bréautigom, S., et al. (2020). Virus cleoronce by
filtrotion: Points to consider. Biologicals; 67: 59-67.

Burgstaler, J.E. (2019). Current safety ond
efficacy issues in theropeutic opheresis.
Journal of Clinical Apheresis, 34(1): 6-11.

Cohn, E.J., Strong, E. L., Hughes, W. L., Mulford,

D.J., Ashworth, J. N., Melin, M., & Taylor, H.
L. (1946). Preparation ond properties of serum
ond plosmo proteins: A system for the
separation into fractions of the protein ond
lipoprotein components of biological tissues
ond fluids. Journal of the American Chemical
Society; 72(11): 459-475.

Di Minno, G., et al. (2020). Challenges in the
Treatment of Hoemophilia in the Era of
COVID-19: A Multidisciplinary
Perspective. Blood Reviews; 43: 100743.

Dichtelmuller, H. O., Biesert, L., Fobbrizi, F.,
Falbo, A., Flechsig, E., Groner, A., & Kempf,
C. (2011). Contribution to safety of
immunoglobulin ond olbumin from virus
portitioning ond inactivation by cold ethanol
froctionation: A doto collection from Plosma
Protein Theropeutics Association member
componies. Transfusion; 51(7): 1412-1430.

Directive 2001/83/EC of the Europeon Porlioment
ond of the Council of 6 November 2001 on the
Community code reloting to medicinal
products for humaon use. Official Journal of the
European Union; 311: 67-128.

Europeon Medicines Agency (EMA). (2021).
Guideline on plosmo-derived medicinal products.
EMA/CHMP/BWP/706271/2010Rev.2.

Europeon Medicines Agency (EMEA). (2003).
Guideline on the scientific dotorequirements
for a plosma moster file (EMEA/CHMP/
BWP/3794/03).

Goarcio-Moartinez, R., Coraceni, P, Bernordi, M.,
Gines, P, Arroyo, V., & Jolon, R. (2013).
Albumin: Pathophysiologic bosis of its role in
the treatment of cirrhosis ond its complicotions.
Hepatology; 58(5): 1836-1846.

Grilo, A. L., et al. (2017). Advonces in
membrone chromatogrophy for the copture
step of humaon ontibody purification. Journal
of Membrane Science; 523: 606-621.

Heim, M. U., Meyer, B., & Hellstern, P. (2009).
Recommendations for the use of therapeutic
plasmo. Current Vascular Pharmacology;
7(2): 110-119.

Irsch, J., & Lin, L. (2021). Pathogen reduction
technology treatment of platelets, plasma
ond whole blood using riboflavin and UV
light. Transfusion Medicine and
Hemotherapy; 48(2): 79-93.

Joyner, M. J., Senefeld, J. W., Klossen, S. A.,
Mills, J. R., Johnson, P. W., Theel,E. S., ... &

SIMLS Volume 10, Number 1 March, 2025 Page 411



Wright, R. S. (2020). Evidence favouring the
efficacy of convalescent plasmo for COVID-
19 theropy. Clinical Medicine; 26: 100342.

Jungbouer, A., & Gobel, U. (2018). Continuous
downstreom processing of biophormaceuticals.
Biotechnology Journal;13(3): 1700011.

Komron, M. H., & Mehron, G. (2016).
Implementation of plasma froctionation in
biological medicines production. Iranian
Journal of Biotechnology; 14(4): ¢1401.

Lihme, A., Honsen, M. B., Andersen, M. B., &
Burnouf, T. (2010). A novel core
fractionotion process of humon plasma by
exponded bed odsorption chromatogrophy.
Analytical Biochemistry;399(1): 102-109.

Mockey, T. K., et al. (2019). 'Fit-for-purpose?'
challenges ond opportunities for applications
of blockchain technology in the future of
healthcare. BMC Medicine; 17(1): 68.

Monno, C. S., Pierce, G. F., Arruda, V. R., Glader,
B., Rogni, M., Raosko, J. J. & Kay, M. A.
(2020). Successful tronsduction of liver in
hemophilia by AAV-Foactor IX ond
limitations imposed by the host immune
response. Nature Medicine; 12(3): 342-347.

Pogono, M. B., et al. (2020). Prepare to adopt:
Blood supply ond tronsfusion support during
the first 2 weeks of the 2019 novel coronavirus
(COVID-19) pondemic offecting Woshington
State. Transfusion; 60(5): 908-911.

Peyvondi, F., et al. (2019). Reol-world
experience in hemophilia B patients treoted
with foctor IX products: Findings from the
CHESS Il study. Blood; 134(1): 2423.

Plosmoa Protein Therapeutics Association
(PPTA). (2021). Plosmo donation ond
supply: Ethical considerations and
sustoinobility. Retrieved from http://www.
pptoglobal.org.

Rothore, A. S., et al. (2020). Role of ortificial
intelligence ond mochine leorning in downstreom
bioprocessing. Bioengineering; 7(1): 26.

Reod, E. K., etal. (2018). Process onalytical technology

(PAT) for biophoarmoceuticol products: Port L
concepts ond opplicotions. Biotechnology and
Bioengineering; 115(2): 273-285.

Schreiber, G. B., et al. (2018). Increosing the
availability of plasma proteins for
froctionation by more frequently ollowing
plosmapheresis volumes up to 880 mlL.
Transfusion; 58(3): 781-789.

Seitz, R., et al. (2019). The plosmao moster file
concept ond its implementation in the
Europeon Union. Transfusion Medicine and
Hemotherapy; 46(2): 137-145.

Seltsom, A., & Miiller, T. H. (2018). Pathogen
inactivotion of cellular blood products? An
additional safety layer in tronsfusion
medicine. Transfusion Medicine and
Hemotherapy; 45(5):351-362.

Stromer, S.L., Wend, U., Condotti, D., Foster,
G.A., Hollinger, F.B., Dodd, R.Y., Alloin,
J.P., Gerlich, W. (2019). Nucleic ocid testing
to detect HBV, HCV, HIV oand HTLV oamong
blood donors: when, where ond how?
Internation Society of Blood Transfusion
Science Series; 14(1): 136-143.

Traclet, J., Delaval, P., Terrioux, P., & Mornex, J.
F. (2015). Augmentation theropy of alpho-1
antitrypsin deficiency associated
emphysema. Revue des Maladies
Respiratoires; 32(4): 435-446.

World Health Orgonizotion (WHO). (2021).
Recommendations for the production,
quolity control, ond regulation of plosma for
froctionation. Retrieved from http://www.
who.int/bloodproducts.

Yong, K. W., Sofwoni, W. K. Z. W., Xu, F., & Pingguon-
Murphy, B. (2020). Ultraviolet ond riboflovin-
medioted virus inoctivotion: A potentiol opprooch
for ensuring the sofety of tronsfusion ond blood-
derived products. Transfusion Medicine and
Hemotherapy;47(2):89-95.

Zhong, X., et ol. (2020). Moss spectrometry for structurol
chorocterizotion of theropeutic ontibodies. Mass
Spectrometry Reviews; 39(5-6): 662-680.

Citation: Dunyo, Y.*, Bukor, A., Obi, S.0., Medugu, J.T., Woziri, N.S., John, WK., Mela, T.S.,
Holimao, I., Azuike, C.G. Preparation of Plasma-bosed Medicinal Products in Combating Coogulation
Foctors Deficiencies by Apheresis Technique. Sokoto Journal of Medical Laboratory Science;
10(1): 406 —412. https://dx.doi.org/10.4314/sokjmls.v1011.38

Copyright: This is on open-occess orticle distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, ond reproduction in ony medium,
provided the original outhor ond source ore credited.

SIMLS Volume 10, Number 1 March, 2025 Poge 412



	Page 204
	Page 205
	Page 206
	Page 207
	Page 208
	Page 209
	Page 210

