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Blood plasma 

 Blood plasma is the liquid component of whole blood, and makes up approximately 55% of the total 

blood volume. It is composed primarily of water with small amounts of minerals, salts, ions, nutrients, 

and proteins in solution. In whole blood, red blood cells, leukocytes, and platelets are suspended within 

the plasma. 

 60 % of all plasmaprotein is albumin 35-55 mg/ml - main responsible for osmotic pressure; carrier for 

substances with low water solubility (lipid soluble hormones, enzymes, fatty acids, metal ions, 

pharmaceutical compounds), 17 disulfide-bonds stabilize the protein, highest water solubility and 

lowest pI of all plasma proteins, very stable; used to replenish and maintain blood volume after 

traumatic injury, during surgery, and during plasma exchange  

 Immunoglobulines (GE is able to purify 4 g from 1 litre plasma)

 Clotting factors (fibrinogen) etc.
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Blood cells 

 Cell density of blood:

 erytrocytes 3.8 x 10^12 – 5.3 x 10^12 per 1L 

 trombocytes 150 – 300 x 10^9 per1L 

 granulocytes 3.05 – 6.35 x 10^9 per 1L 

 lymphocytes 1.5 – 3 x 10^9 per 1L 

 monocytes 0.3 – 0.5 x 10^9 per 1L
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Main plasma proteins for clinical use

Plasma Component Reasons for Use

Faktor VIII Hemophilia A

Faktor IX complex

Hemophilia B 

Anticoagulant overdosis

Faktor II and Faktor X deficiencies

Liver disease

Immunoglobulin

Passive prophylaxis,  

some types of immune thrombocytopenic purpura,

immune deficiency disorders

Antithrombin III
Congenital deficiency, 

dissemination intravascular coagulation

Alpha-I-Antitrypsin

hereditary deficiencies, 

emphysema and COPD,

cirrhosis
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Serum protein electrophoresis
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Serum protein electrophoresis commonly is performed when multiple myeloma is suspected. The examination also should be considered 

in other “red flag” situations

Understanding and Interpreting Serum Protein Electrophoresis

THEODORE X. O’CONNELL, M.D., TIMOTHY J. HORITA, M.D., and BARSAM KASRAVI, M.D., 

Kaiser Permanente Woodland Hills Family Medicine Residency Program, Woodland Hills, California

Am Fam Physician. 2005 Jan 1;71(1):105-112.
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Identity of Serum protein 

electrophoresis fractions
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ALBUMIN

The albumin band represents the largest protein component of human serum. The albumin level is decreased under 

circumstances in which there is less production of the protein by the liver or in which there is increased loss or 

degradation of this protein. Malnutrition, significant liver disease, renal loss (e.g., in nephrotic syndrome), hormone 

therapy, and pregnancy may account for a low albumin level. Burns also may result in a low albumin level. Levels of 

albumin are increased in patients with a relative reduction in serum water (e.g., dehydration).

ALPHA FRACTION

Moving toward the negative portion of the gel (i.e., the negative electrode), the next peaks involve the alpha1 and 

alpha2 components. The alpha1-protein fraction is comprised of alpha1-antitrypsin, thyroid-binding globulin, and 

transcortin. Malignancy and acute inflammation (resulting from acute-phase reactants) can increase the alpha1-

protein band. A decreased alpha1-protein band may occur because of alpha1-antitrypsin deficiency or decreased 

production of the globulin as a result of liver disease. Ceruloplasmin, alpha2-macroglobulin, and haptoglobin

contribute to the alpha2-protein band. The alpha2 component is increased as an acute-phase reactant.

BETA FRACTION

The beta fraction has two peaks labeled beta1 and beta2. Beta1 is composed mostly of transferrin, and beta2 contains 

beta-lipoprotein. IgA, IgM, and sometimes IgG, along with complement proteins, also can be identified in the beta 

fraction.

GAMMA FRACTION

Much of the clinical interest is focused on the gamma region of the serum protein spectrum because 

immunoglobulins migrate to this region. It should be noted that immunoglobulins often can be found throughout the 

electrophoretic spectrum. C-reactive protein (CRP) is located in the area between the beta and gamma components.
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Kinds of Antibodies Produced By The Body
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There are 5 different kinds of antibodies produced by the body, namely, IgA, IgG, IgM, IgE, and IgD. Each of 

these antibodies helps in protecting the body against specific infections and diseases. Low antibody levels can 

make the body susceptible to diseases.

•IgA antibodies help in protecting the parts of the body that are exposed to the environment. They are found in 

the nose, ears, eyes, digestive tract, and vagina.

•IgG antibodies help in fighting bacterial and viral infections. These antibodies are found in body fluids.

•IgM antibodies are found in the blood and lymph fluids. They are produced by the body in response to an 

infection and help the immune system to fight an infection.

•IgE antibodies help in fighting foreign substances such as pollen and spores. They are found in the lungs, 

skin, and mucous membranes.

•IgD antibodies are found in tissues that line the chest and the belly. It is found in a very small percentage, 

and the exact function of this antibody is yet to be understood well.
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Antibody subgroups in the body
Gamma Globulin Therapy

It has been proven that gamma globulin extracted from multiple individuals can be 

used to treat infections. 

This method is called as the gamma globulin therapy. 

The procedure involves intravenous injection of  gamma globulin into a vein or a 

muscle.
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Blood 

concentration

IgA 850-3850 mg/I Higher values indicate chronic hepatitis, liver disease, 

rheumatoid arthritis, and cancer of plasma cells. Lower values

indicate enteropathy, leukemia, and kidney problems

IgG 5650-17650 mg/I Higher values indicate chronic hepatitis, multiple sclerosis, and

AIDS. Lower values indicate kidney damage, cancer of

lymphocytes, and leukemia

IgM 550-3750 mg/I Higher values indicate kidney damage, parasitic infections, viral 

hepatitis, cancer of the lymph cells, and mononucleosis. Lower

values indicate genetic immune disorders, multiple myeloma, 

and leukemia

IgD 80 mg/I or below

IgE 42-5920 mg/I Higher values indicate dermatitis (atopic), parasitic infections, 

and asthma. Lower values indicate muscles disease
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Plasma processing

When the ultimate goal of plasma processing is a purified plasma component for injection or transfusion, 

the plasma component must be highly pure. The first practical large-scale method of blood plasma 

fractionation was developed by Edwin J. Cohn during World War II. It is known as the Cohn process (or 

Cohn method). This process is also known as cold ethanol fractionation as it involves gradually 

increasing the concentration of ethanol in the solution at 5°C and 3°C. The Cohn Process exploits 

differences in properties of the various plasma proteins, specifically, the high solubility and low pI of 

albumin. As the ethanol concentration is increased in stages from 0% to 40% the pH is lowered from 

neutral (pH ~ 7) to about 4.8, which is near the pI of albumin. At each stage certain proteins are 

precipitated out of the solution and removed. The final precipitate is purified albumin. Several variations to 

this process exist, including an adapted method by Nitschmann and Kistler that uses less steps, and 

replaces centrifugation and bulk freezing with filtration and diafiltration.

Some newer methods of albumin purification add additional purification steps to the Cohn Process and 

its variations, while others incorporate chromatography, with some methods being purely 

chromatographic. Chromatographic albumin processing as an alternative to the Cohn Process emerged 

in the early 1980s, however, it was not widely adopted until later due to the inadequate availability of large 

scale chromatography equipment. Methods incorporating chromatography generally begin with 

cryodepleted plasma undergoing buffer exchange via either diafiltration or buffer exchange 

chromatography, to prepare the plasma for following ion exchange chromatography steps. After ion 

exchange there are generally further chromatographic purification steps and buffer exchange.
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Cohn's diagram depicting the separation of the various components of 

plasma into five major fractions. From Cohn (1948)

http://www.sciencedirect.com/science/article/pii/S1369848699000175#BIB15
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Ethanol precipitation of plasma proteins

Factor VIII

Alpha I acid glycoprotein

Alpha I antitrypsin
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Plasma for analytical uses

In addition to the clinical uses of a variety of plasma proteins, 

plasma has many analytical uses. 

Plasma contains many biomarkers that can play a role in clinical 

diagnosis of diseases, and separation of plasma is a necessary step 

in the expansion of the human plasma proteome. 
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Plasma in clinical diagnosis

 Plasma contains an abundance of proteins many of which can be used as biomarkers, indicating the 

presence of certain diseases in an individual. Currently, 2D Electrophoresis is the primary method for 

discovery and detection of biomarkers in plasma. This involves the separation of plasma proteins on a 

gel by exploiting differences in their size and pI. Potential disease biomarkers may be present in plasma 

at very low concentrations, so, plasma samples must undergo preparation procedures for accurate 

results to be obtained using 2D Electrophoresis. These preparation procedures aim to remove 

contaminants that may interfere with detection of biomarkers, solubilize the proteins so they are able to 

undergo 2D Electrophoresis analysis, and prepare plasma with minimal loss of low concentration 

proteins, but optimal removal of high abundance proteins.

 The future of laboratory diagnostics are headed toward lab-on-a-chip technology, which will bring the 

laboratory to the point-of-care. This involves integration of all of the steps in the analytical process, from 

the initial removal of plasma from whole blood to the final analytical result, on a small microfluidic 

device. This is advantageous because it reduces turn around time, allows for the control of variables by 

automation, and removes the labor intensive and sample wasting steps in current diagnostic processes.
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Expansion of the human plasma 

proteome

 The human plasma proteome may contain thousands of proteins, however, 

identifying them presents challenges due to the wide range of concentrations

present. Some low abundance proteins may be present in picogram (pg/mL) 

quantities, while high abundance proteins can be present in milligram (mg/mL) 

quantities. 

 Many efforts to expand the human plasma proteome overcome this difficulty by 

coupling some type of high performance liquid chromatography (HPLC) or reverse 

phase liquid chromatography (RPLC) with high efficiency cation exchange 

chromatography and subsequent tandem mass spectrometry for protein 

identification.
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Blood fractionation

 Blood fractionation is the process of 

fractionating whole blood, or separating it 

into its component parts. This is typically 

done by centrifugation the blood.

 The resulting components are:

 a clear solution of blood plasma in the upper

phase (which can be separated into its own 

fractions, see Blood plasma fractionation), 

 the buffy coat, which is a thin layer of 

leukocytes (white blood cells) mixed with 

platelets in the middle, and 

 erythrocytes (red blood cells) at the bottom 

of the centrifuge tube. 

 Serum separation tubes (SSTs) are tubes 

used in phlebotomy containing a silicone gel; 

when centrifuged the silicone gel forms a 

layer on top of the buffy coat, allowing the 

blood plasma to be removed more effectively 

for testing and related purposes.
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Modern Plasma Fractionation,  Transfusion Medicine Reviews

Volume 21, Issue 2, April 2007, Pages 101–117

http://www.sciencedirect.com/science/article/pii/S0887796306000940

Protein products fractionated from human plasma are an essential class of therapeutics used, often as the 

only available option, in the prevention, management, and treatment of life-threatening conditions resulting 

from trauma, congenital deficiencies, immunologic disorders, or infections. Modern plasma product 

production technology remains largely based on the ethanol fractionation process, but much has evolved in 

the last few years to improve product purity, to enhance the recovery of immunoglobulin G, and to isolate 

new plasma proteins, such as α1-protease inhibitor, von Willebrand factor, and protein C. Because of the 

human origin of the starting material and the pooling of 10 000 to 50 000 donations required for industrial 

processing, the major risk associated to plasma products is the transmission of blood-borne infectious 

agents. A complete set of measures—and, most particularly, the use of dedicated viral inactivation and 

removal treatments—has been implemented throughout the production chain of fractionated plasma 

products over the last 20 years to ensure optimal safety, in particular, and not exclusively, against HIV, 

hepatitis B virus, and hepatitis C virus. In this review, we summarize the practices of the modern plasma 

fractionation industry from the collection of the raw plasma material to the industrial manufacture of 

fractionated products. We describe the quality requirements of plasma for fractionation and the various 

treatments applied for the inactivation and removal of blood-borne infectious agents and provide examples 

of methods used for the purification of the various classes of plasma protein therapies. We also highlight 

aspects of the good manufacturing practices and the regulatory environment that govern the whole chain of 

production. In a regulated and professional environment, fractionated plasma products manufactured by 

modern processes are certainly among the lowest-risk therapeutic biological products in use today. 

http://www.sciencedirect.com/science/journal/08877963
http://www.sciencedirect.com/science/journal/08877963/21/2
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Modern Plasma Fractionation, Transfusion Medicine Reviews

Volume 21, Issue 2, April 2007, Pages 101–117

 COLLECTED HUMAN PLASMA may be used as a therapeutic product (known as “clinical plasma” or “fresh frozen plasma”) or as source 

material for the production of pharmaceutical fractionated products (also called “plasma products” or “plasma derivatives”). This complex 

biologic material contains hundreds of proteins covering a myriad of physiological functions. Many components still have undiscovered 

roles. The most abundant proteins, albumin and immunoglobulin (Ig) G, are present at about 35 and 10 g/L, respectively, representing 

about 80% of all plasma proteins. Less abundant proteins include the protease inhibitors, like α1-antitrypsin (AAT) (1.5 g/L) and 

antithrombin (AT) (300 mg/L), and the coagulation factors such as factor VIII (FVIII) (a few ng/L), which exhibit potent physiologic activity. 

Currently, about 20 different plasma protein therapeutics are used for treating life-threatening diseases or injuries associated to bleeding 

and thrombotic disorders, immunological diseases, infectious conditions, as well as tissue degenerating diseases, thus addressing the 

clinical needs of countless patients. An updated list of the major therapeutic applications of plasma protein products can be found 

elsewhere.

 This industrial process used to isolate therapeutic plasma proteins is known as “fractionation.” Over 23 to 28 million liters of human 

plasma are fractionated each year in the world, in batches of several thousand liters, in about 70 factories. Modern plasma fractionation 

combines manufacturing steps to isolate, in a sequential and integrated manner, the crude fractions that are further purified into individual 

therapeutic products. Validated dedicated steps inactivate and/or remove infectious agents potentially present in the starting plasma pool. 

This sophisticated industrial process is performed under highly hygienic conditions in licensed facilities (plasma fractionation plants) that 

are operated in compliance with good manufacturing practices and following quality assurance principles.

 Over the years, plasma fractionation has evolved from a medical service activity mostly oriented toward the needs of local communities 

into a global manufacturing industry conforming to high regulatory standards. These strict requirements start from the collection of plasma 

for fractionation and include product manufacture and distribution steps. In this article, we review the most current practices 

encompassing the collection of plasma for fractionation, the core industrial plasma fractionation process, and the purification and 

pathogen reduction technologies of individual plasma products.

http://www.sciencedirect.com/science/journal/08877963
http://www.sciencedirect.com/science/journal/08877963/21/2
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Production of Plasma for Fractionation

The practices used for the collection of plasma for fractionation have direct influence on the safety profile of protein 

products since individual donations contribute to large plasma pools used to manufacture therapeutic preparations 

intended for hundreds or even thousands of patients. It is therefore logical that the production of plasma is regarded 

as an integral part of the manufacture of modern fractionated products. Collection requirements of plasma for 

fractionation may differ from those relevant to fresh frozen plasma. In a regulated environment, plasma for 

fractionation is collected by licensed/registered blood establishments (blood centers and apheresis collection 

centers) that are inspected by the relevant National Regulatory Authorities (NRAs). Compelled by the same safety 

concerns, the plasma fractionators conduct audits to verify that the contractual plasma collection and quality and 

safety measures, agreed upon with the plasma supplier, are met. Areas of specific relevance include 

a) procedures for donor screening and donation testing; 

b) labeling, documentation, and traceability requirements; and 

c) the handling of blood and plasma. 

Such information is part of the marketing license of plasma products and, in Europe, is assembled into a document 

called the “Plasma Master File.” Various requirements for the collection of plasma for fractionation have been 

described in various guides, eg, from the Pharmaceutical Inspection Convention and Pharmaceutical Inspection 

Cooperation Scheme (jointly referred to as PIC/S), US Food and Drug Administration (FDA) and in recent World 

Health Organization Recommendations..
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Donors Screening

 Candidate donors are provided with educational materials and undergo a medical interview to establish the 

absence of risks or signs of infections and to prove compliance for a donation of plasma for fractionation. 

Potential donors presenting a health hazard are asked to exclude themselves. Medical information of donors is 

acquired and archived. Continuous epidemiologic surveillance of the donor population is being required in some 

jurisdictions. It helps to establish the background level (prevalence and incidence) and trends of known 

infectious markers (eg, HIV 1 and 2 antibodies, hepatitis C virus [HCV] antibodies, and hepatitis B surface 

antigen [HBsAg]) in the population. This is also of interest for the early detection of emerging diseases, allowing 

early implementation of counter measures (such as more stringent donor screening processes or requirements 

for additional testing procedures).

 Donors eligible to donate plasma for fractionation are individuals who meet donation criteria (such as age and 

donation frequency), do not present risk factors of blood-born infectious agents, and comply with requirements 

defined by the plasma fractionator and the NRAs of the country of plasma collection and of use of the products. 

In most situations, eligibility of whole blood donors and apheresis donors overlap, apart from donation 

frequency which is higher for plasmapheresis donors. Eligibility criteria take into account scientific information 

about the risks of transmission of infectious agents by pooled plasma products (which may differ from those by 

blood components). Special criteria may exist for the collection of hyperimmune plasma (used to make 

hyperimmune IgG preparations), such as procedures for donors' immunization and minimal antibody titer. 
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Collection Methods

 Currently, about 35% of the plasma fractionated in the world is obtained by centrifugation of whole blood (“recovered” plasma), and 65% is obtained 

by apheresis. Blood/plasma collection, processing, and storage may affect plasma quality, as well as having an impact on the recovery of the most 

labile proteins such as FVIII. In particular, risks of activation of the coagulation, complement, and fibrinolytic systems, which may lead to generation 

of plasma proteases, should be avoided. To better preserve the integrity of recovered plasma and limit risks of activation of the coagulation cascade 

and of cellular components, (a) good mixing of the blood with the anticoagulant solution (a sodium citrate based solution) should be ensured from 

the initiation till the end of the collection process; (b) the duration of the collection should not exceed 15 minutes; and (c) temperature variations of 

the blood should be avoided. A few hours after donation, whole blood is subjected to a centrifugation that separates the cellular elements (most 

specifically red cells) from plasma. The mean plasma volume obtained from one whole blood donation is about 220 mL but varies depending upon 

the volume of collected whole blood (most often 400-450 mL) and donor's hematocrit. Apheresis plasma (also called “source plasma”) is collected 

from donors through a process where blood is removed from the donor, anticoagulated (generally with a 4% sodium citrate solution),and 

immediately separated by physical means (centrifugation or filtration, or a combination of both) into components. At minimum, the red cells are 

returned to the donor while plasma is retained and collected in a container (bag or plastic bottle). The duration of a typical plasmapheresis 

procedure depends on the number of cycles (and, hence, the volume of plasma collected) and lasts generally from 35 to 70 minutes. Apheresis 

plasma volume may range from 450 to 880 mL, depending upon the country's regulations and collection protocol. Apheresis plasma can also be 

prepared as a by-product of plateletpheresis (“concurrent plasma”), a procedure used primarily for the collection of platelets.

 Both recovered and apheresis plasmas are suitable for the manufacture of the whole range of fractionated plasma products. 

 The mean content in coagulation factors, more particularly FVIII, is lower in recovered than in apheresis plasma because of (a) longer processing 

time before freezing (whole blood must be further processed to separate cellular components and plasma), (b) higher ratio of anticoagulant and, 

possibly, (c) the higher level of cellular contamination that may release proteolytic enzymes affecting the stability of coagulation factors. 

 Apheresis plasma contains less IgG when collected from frequent donors. Protein content and quality of fractionated proteins is apparently not 

affected by the apheresis system used, although residual cell content differ based upon the type and configuration of the cell separation device. 

Plasma from membrane apheresis procedures, as does recovered plasma prepared from whole blood leukoreduced on positively charged filters, 

may contain more activated complement component 3 and 5 (C3a, C5a) anaphylatoxins, but the impact on the quality or yield of fractionated 

products is unknown.
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Testing of Pathogenic Agents

 Various infectious agents have been identified as potential contaminants of human blood. Bacteria, parasites, and intracellular 

viruses are not transmitted by plasma products because they are destroyed by freeze-thaw steps or removed by the 0.2- to 1-

μm filtration steps used during the processing of fractionated products. Pathogenic plasma-borne viruses include HIV, HCV, 

hepatitis B virus (HBV), West Nile virus (WNV), hepatitis A virus (HAV) and parvovirus B19 (B19). The various complementary 

safety nets in place during the production chain of fractionated products, from donor selection to industrial product extraction, 

to optimize safety against these agents. The importance of viral testing on the safety of plasma products has been reviewed. 

The extent of viral testing of plasma for fractionation takes into account the ability of validated fractionation processes to 

eliminate viral risks. Some testing is performed by blood establishments, other by plasma fractionators. 

 Individual plasma donations must be negative for anti-HIV 1 and 2, anti-HCV, and HBsAg. Genomic assays of plasma 

minipools for nonenveloped HAV and B19 may be performed. Relevance of testing for the absence of HIV P24Ag or WNV 

nucleic acid testing (NAT), which may be justified for the safety of non–virally inactivated blood components, is arguable for 

plasma for fractionation subjected to robust viral reduction steps of enveloped viruses. The industrial manufacturing pool 

(usually the cryo-poor plasma that is the first homogeneous pooled plasma fraction) is also tested to confirm the absence of 

serologic and/or genomic viral markers of HIV, HBV, HCV, HAV, and B19. 

 In spite of the most rigorous donor screening and donation testing, infectious viruses may still be present in plasma 

fractionation pools. Therefore, the viral inactivation-removal steps that have been deliberately introduced during plasma 

products manufacture—and that are described below—play a most critical role in ensuring safety. Altogether, these 

overlapping tests should ensure that the viral load of the manufacturing pool is both minimal and significantly below the viral 

reduction capacity of the manufacturing processes used.
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Most Relevant Measures Taken to Prevent the Transmission of 

Plasma-Borne Infectious Agents by Fractionated Plasma Products

Infectious

agent
Donor screening 

(exclusion) 

criteria

Individual 

serologic testing

Mini-pool 

NAT

Manufacturing 

pool testing

Viral inactivation 

treatments

Removal by 

purification steps

Removal by 

nanofiltration

HIV I and II Questionnaire Anti-HIV 1 and 2 Yes
Anti-HIV 1 and 

2; HIV NAT
+ (+) +

HBV Questionnaire HBsAg Yes
HBsAg; HBV 

NAT
+ (+) +

HCV Questionnaire Anti-HCV Yes
Anti-HCV; HCV 

NAT
+ (+) +

Hepatitis 

delta virus
(questionnaire) ND ND ND + (+) +

HAV ND ND Yes HAV NAT ± (+) +

Hepatitis E 

virus
ND ND ND ND + (+) +

Hepatitis G 

virus
ND ND ND ND + (+) +

TT virus ND ND ND ND + (+) +

B19 ND ND Yes B19 NAT ± (+) +

WNV ND ND ND ND + (+) +

vCJD Questionnaire ND
Not 

relevant
ND Not relevant (+) (+)
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Processing, Freezing, Storage, and Transportation of Plasma

Preserving FVIII during blood/plasma collection and preparation is important for most 

fractionators preparing coagulation factor concentrates. Apheresis plasma can generally be 

frozen quickly, ensuring optimal FVIII preservation. By contrast, whole blood has to be 

centrifuged to separate the various components. When blood is cooled to 4°C after collection, 

plasma should be separated and frozen within 6 to 8 hours to preserve FVIII, but when cooled 

rapidly at constant 20°C using devices like butanediol plates, coagulation factors are stable for 

up to 18 to 24 hours. Plasma frozen within 72 hours is suitable for IgG and albumin production. 

After separation from cellular elements, plasma for fractionation should be frozen rapidly below 

−20°C, −25°C, or −30°C, depending upon local regulations. Plasma used to manufacture only 

albumin and IgG may be frozen below −20 °C within 72 hours of collection. In the US Code of 

Federal Regulations, apheresis plasma should be stored at −20°C or colder immediately after 

collection. Rapid plasma freezing, to ensure rapid ice front velocity and core temperature of 

−20°C, preserves FVIII and appears more important than the actual freezing temperature 

itself. Plasma for fractionation is stored at less than −20°C, or colder, typically for several 

months or more. Storage temperature should be as constant as possible, including the 

transportation to the fractionation facilities. Cross-continent or intercontinent shipment of 

plasma for fractionation is frequent.



Universität für Bodenkultur Wien

Biological Therapeutics     I     Prof. Renate Kunert01/12/2015 23

Industrial Processing of Plasma

Physical compliance with shipping requirements is verified at delivery of the plasma (packaging; labeling; shipping 

temperature as recorded, eg, on data loggers; availability of samples for additional testing, etc). Plasma is 

immediately quarantined in a walk-in freezer. Documentation is verified (such as signed certificate of origin and of 

control of the plasma; collection date, shipping container number, virology and immunohematology screening data; 

test kits used and batch number) and reconciled with actual delivery. Additional testing, such as mini-pool NAT (eg, 

HCV, HIV, HBV, HAV, and/or B19) and/or statistical determination of FVIII and protein content by sacrificial sampling 

of individual plasma donations may be done. Only individual plasma donations that comply with quality and testing 

requirements are used for fractionation. Before thawing, donations may be “conditioned” at controlled temperature 

for a few hours to facilitate opening of the plasma packs. Various methods, compatible with hygienic processing to 

limit bioburden, have been developed for pack opening. Frozen plasmas are expelled from the plastic containers 

and pooled for cryoprecipitation and further manufacturing steps, as described below. Intermediate fractions 

generated during production may be stored for subsequent pooling and processing. Purified sterile-filtered products 

are aseptically dispensed into final containers (glass vials or bottles). Albumin bottles undergo terminal 

pasteurization. Many products, but albumin and some IgG preparations, are freeze-dried, typically for a duration of 3 

to 6 days, depending upon physicochemical characteristics and filled volumes. Batches are quarantined while 

quality controls and checks of production files take place. Batches meeting specifications are labeled and packaged 

and subsequently boxed and shipped for distribution. In a few countries, product batches may be released by 

regulatory authorities. The production cycle of fractionated products takes a few weeks to several months.
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Plasma fractionation flow-chart
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Method Description Separation principle Application

Cryoprecipitation Thawing of whole plasma; at +1°C to +4°C
Differential solubility at cold 

positive temperature

Precipitation of FVIII, 

VWF, and fibrinogen

Ethanol 

precipitation

Successive precipitation steps of cryo-poor plasma by Ethanol 

(10%-40%), under precise conditions of pH (ca 7.4-4.5), 

temperature (−3 to −6°C), protein concentration, and ionic 

strength

Differential solubility in 

ethanol at cold negative 

temperature

Precipitation of fibrinogen, 

IgG, albumin, AAT, etc

Removal of precipitates by centrifugation or depth-filtration

Ion exchange 

chromatography

Binding of proteins on a solid support usually packed in a 

column. Can also be done as a batch process, eg, DEAE, QAE, 

CM…

Electric charge binding. 

Elution by increasing salt 

content or changing pH

Most coagulation factors, 

protease inhibitors, and 

anticoagulants

Affinity 

chromatography

Binding of proteins on a solid support most usually packed in a 

column; ligands include heparin, metals, and gelatin

Specific affinity ligand 

proteins. Elution usually by 

increasing salt content

AT, VWF, FIX, etc

Immunoaffinity
Binding of proteins on a solid support packed in a column. 

Ligands include murine monoclonal antibodies

Specific affinity antibodies-

proteins. Elution usually by 

increasing salt content

FVIII, FIX, protein C

Size-exclusion 

chromatography
Injection of proteins on a solid support packed in a column

Separation based on 

differential molecular mass
AAT, FVIII

Ultrafiltration

Selective fractionation process on membranes of defined pore 

size that concentrates protein and removes low-molecular-

weight solutes and salts

Separation based on 

differential molecular mass
All products

Microfiltration
Low-pressure cross-flow membrane process for separating 

colloidal and suspended particles in the range of 0.2 to 10 μm
All products

Typical Plasma Protein Downstream Purification Methods 
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Core Fractionation Technology

 Current core fractionation technology largely relies on a backbone process encompassing cryoprecipitation and cold ethanol precipitation steps, as 

developed in the 1940s by Cohn et al in the United States, or modified by Kistler and Nitschman in Europe. This process involves successive 

processing steps at defined ethanol concentrations, associated with shifts in pH, temperature, and osmolality that result in selective precipitation of 

proteins, most notably IgG and albumin. Precipitates are separated by centrifugation or filtration. In the last few years, the complexity of the 

fractionation process has increased by (a) the introduction of chromatography to isolate new proteins from existing fractions such as cryoprecipitate, 

cryo-poor plasma, and Cohn fractions; (b) the integration of chromatography to the ethanol fractionation process to increase IgG recovery; and (c) 

the implementation of dedicated viral inactivation or removal steps. Chromatography was introduced in the 1960s; however, its application 

developed mostly in the mid/late 1980s. Anion-exchange chromatography and affinity chromatography are frequently used to capture proteins at 

physiological pH and ionic strength, therefore best preserving functional activity. Immobilized heparin and monoclonal antibodies are common 

affinity chromatography ligands. Chromatography is used for 4 specific goals: 

(a) improvement of products purity, (b) extraction of trace labile proteins, (c) optimization of protein recovery, and (d) removal of viral inactivation 

agents.

 Scheme of standard plasma. Plasma packs (typically for a batch of 2000-4000 L) are opened under hygienic conditions, and plasma is expelled 

from the containers and thawed at 1°C to 4°C. Cryoprecipitate is isolated using refrigerated continuous centrifuges, recovered from the 

centrifugation bowls and frozen at −30°C or colder for storage until further pooling and processing. The cryo-poor plasma is immediately processed 

for primary chromatographic capture of labile coagulation factors (such as the factor IX [FIX] complex and its components) and protease inhibitors 

(such as AT and C1 esterase inhibitor [C1-inh]). The prepurified intermediates may be stored frozen until further processing. The coagulation 

factors/anticoagulant-depleted plasma undergoes sequential ethanol precipitation steps. This leads to successive precipitations of fibrinogen, IgG 

and albumin fractions, and intermediates for extraction of other therapeutic proteins, such as AAT (fraction IV-1), or IgM (fraction III). Depth filtration 

is preferred to centrifugation to separate precipitates and improve protein recovery. The fractionation of hyperimmune plasma (eg, anti-rhesus) is 

usually performed on small plasma batch sizes, increasingly using full chromatographic processes to optimize the recovery of IgG.
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No documented transmission of HIV, HBV, or HCV by products subjected to dedicated viral inactivation 

treatments has been recorded since the end of the 1980s. Viral reduction treatments include inactivation steps 

(where viruses are “killed”) and removal steps (where viruses and proteins partition into distinct fractions). Use of 

one, or preferably two, distinct dedicated viral reduction treatments is the current “gold standard” for all plasma 

products. The first treatment is performed primarily to inactivate the most pathogenic viruses (HIV, HBV, and 

HCV), whereas the second reduction step targets non-enveloped viruses but also contributes to added safety 

against all agents. Most viral reduction treatments are integrated with the protein fractionation process (“in-

process” treatments), but some currently based on heat inactivation procedures are applied on products filled in 

their final container (terminal treatment). Fractionators are required by regulatory authorities to conduct down-

scale experimental validation studies using relevant model viruses to establish the efficacy and robustness of 

viral reduction procedures. The robustness of the viral reduction procedures in place is exemplified by the 

absence of transmission of WNV, an emerging virus. Similarly, the lipid-enveloped severe acute respiratory 

syndrome coronavirus has been shown to be inactivated by core viral inactivation treatments of plasma products. 

It is also likely, but not proven by validation experiments yet, that avian flu and simian foamy viruses, which also 

have a lipid envelope, would be inactivated by current processes in place if present in plasma. Details on viral 

validation procedures can be found elsewhere. The major characteristics of current viral reduction treatments are 

summarized in and discussed briefly here.

Core Viral Reduction Methods
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Treatment Products Target viruses inprocess 
treatment Comments

In-process treatment

Solvent-detergent Coagulation factors (eg, FVIII, prothrombin complex, 
FIX, VWF, fibrinogen) Enveloped viruses No, or limited, protein denaturation

AT The SD agents are removed by subsequent protein 
purification steps

IgG

Fibrin sealants

Pasteurization Coagulation factors (eg, FVIII, fibrinogen) E Protein stabilizers may limit viral inactivation

IgG Most non enveloped viruses B19 is heat resistant

AAT 10% to 30% loss of functional activity of coagulation 
factors

AT

Vapor heat Coagulation factors (eg, FVIII), E

C1-inh Most NE As pasteurization

Fibrin sealants

Low pH (pH 4) 
treatment IgG E Most other plasma proteins loose functional activity at low 

pH

Caprylic acid treatment
(<pH 5.5) IgG and IgM pH 4 sensitive NE Most other plasma proteins loose functional activity at low 

pH

E

Nanofiltration E

Coagulation factors (eg, FIX, FXI, FVIII, VWF) NE Viral removal by size-exclusion mechanism depends 
upon virus size and shape, and nanofilter porosity

IgG

AAT

AT

Fibrin sealant

Viral Reduction Treatments of Licensed Plasma Products
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Treatment Products
Target viruses in-process 

treatment
Comments

Terminal treatment

Pasteurization Albumin E

Only for a product withstanding liquid heat-

treatment in the presence of small 

amount of stabilizers

NE

Dry heat
Coagulation factors (eg, FVIII, FIX, 

prothrombin complex, FXI)
Some E

Inactivation of heat-resistant viruses depends 

on temperature and duration

Some NE Hardly inactivates B19

10% to 20% loss of functional activity of 

coagulation factors

Viral Reduction Treatments of Licensed Plasma Products
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Viral inactivation treatments

 In-process viral inactivation treatments

 The solvent-detergent (SD) treatment, developed in the mid 1980s, remains the most frequent core viral inactivation procedure of plasma products. 

Protein solutions are incubated for 4 to 6 hours at 24°C to 37°C in the presence of 0.3% to 1% Tri-n-butyl phosphate (TnBP) and 1% Tween-80 or Triton 

X-100. Typically, lipid enveloped viruses are inactivated in a matter of minutes, and the functional activity of even the most labile plasma proteins—with the 

possible exception of some serine prolease inhibitors—is well preserved, but nonenveloped viruses (less pathogenic in most individuals) are not 

inactivated. The SD agents are removed down to a level of a few parts per million usually by chromatographic adsorption or specific precipitation of 

proteins, or selective adsorption on hydrophobic chromatographic support.

 Pasteurization, another common viral inactivation procedure, is a heat treatment of protein solutions for 10 hours at 60°C, a treatment that denatures 

viral proteins and inhibits virus replication. Pasteurization can inactivate both enveloped and nonenveloped viruses, but stabilizers, needed to limit loss of 

protein functionality, may decrease the rate and extent of viral inactivation. Stabilizers may be removed by ultrafiltration, protein precipitation, or 

chromatography. Vapor heat has also been used by one company; extent of virus inactivation is influenced by the temperature, duration, and pressure 

during treatment. Risk of neoantigen formation, which can enhance protein immunogenicity, should be considered when using heat-based inactivation 

processes.

 Low pH incubation, usually at pH 4, at 30°C to 37°C for more than 20 hours, was introduced in the early 1980s to allow the intravenous infusion of 

IgG. This form of treatment was subsequently found to inactivate most lipid-enveloped viruses. Caprylic (octanoic) acid precipitation/incubation at pH 

below 6 is a recently introduced treatment of human IgG that can inactivate lipid-enveloped viruses.

 Terminal viral inactivation treatments

 In modern plasma fractionation, heat treatment of lyophilized products (dry heat) is used, due to limitations, mostly as a secondary viral inactivation 

step rather than the core inactivation treatment. The treatment is applied to some coagulation factor concentrates. Performed at 80°C for 72 hours or at 

100°C for 30 minutes, generally in the presence of protein stabilizers, it provides added safety against HAV and other heat-sensitive viruses but may not 

be sufficient to exclude B19 transmission. Terminal (liquid) pasteurization at 60°C for 10 hours is the “gold standard” treatment of albumin preparations. 

The fatty acids, caprylate, and tryptophanate, which protect albumin from heat denaturation, are added at doses compatible with therapeutic use and, 

therefore, are not removed before product infusion.
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Viral removal treatment

Nanofiltration is a specific viral filtration process applied to protein solutions using 15- to 75-nm multi-layers 

membranes, or equivalent systems, to remove viruses mostly by a sieving mechanism. Introduced in the 

early to mid 1990s, it has reached wide acceptance as a robust viral removal step for essentially all 

products, apart from albumin. Nanofiltration is used to complement the core viral inactivation treatment and 

to provide enhanced safety against nonenveloped viruses or other resistant infectious agents. Virus removal 

can also incidentally take place during protein precipitation, chromatography, or filtration steps; these steps 

contribute to the lowering of virus load from the protein production stream; they are difficult to monitor; and 

therefore do not guarantee, as stand-alone procedures, sufficient safety margin.
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Prion removal methods

Variant Creutzfeldt-Jakob disease (vCJD) can be transmitted by red blood cell concentrates, but to date, transmission has not been identified from 

plasma or plasma products. Because of its biological nature, the prion agent is thought to be resistant to current viral inactivation procedures used 

during plasma fractionation. The methods known to inactivate abnormal misfolded prion proteins associated with transmissible spongiform 

encephalopathies (PrPTSE) (such as oxidation, treatment with strong base, chaotropic agents, and extreme heat) destroy plasma proteins and, 

therefore, cannot be used. Still, modern processes of fractionated products would seem to ensure significant removal of PrPTSE, as suggested by 

experimental spiking studies. As scale-down and experimental transmissible spongiform encephalopathy (TSE) spiking models are developed, 

knowledge on the capacity of manufacturing processes of plasma proteins to remove prions is growing rapidly, although much uncertainty remains 

because the unknown biological nature of the human plasma associated infectious agent. Several processes for manufacturing FVIII, fibrinogen, 

von Willebrand factor (VWF), FIX, IgG, and albumin products have been shown to be capable of remaining prions in a consistent and reproducible 

manner. and Generally, multistep fractionation processes are thought to be a contributing factor to PrPTSE elimination. Two to more than 5 log 

removals of spiked prions occur during standard protein purification steps such as precipitation with ethanol or polyethylene glycol (PEG), 

anion-exchange chromatography, and depth filtration. Mechanism of removal that may encompass an adsorption mechanism is still not fully 

understood and appears to be influenced by pH and the concentration of the precipitating agent. The partitioning process may reflect some prion 

aggregation because of prion hydrophobicity and insolubility. The removal capacity of nanofiltration membranes with pore sizes less than 75 or 35 

nm has been extensively investigated, and and prion removal is likely due in part to molecular sieving. Extent of removal is related to the pore size 

of the filters and, presumably, to the aggregation state of PrPTSE. Removal is superior with membrane of pore sizes of 15 nm, compared to 35 nm. 

The nature and origin of the spiking agent used for PrPTSE clearance studies is of critical importance because various spikes differ in size and 

characteristics. Brain homogenate or brain-derived microsomal fractions from infected animals have usually been used as the source of PrPTSE 

spiking material. The most reliable and quantitative detection method of PrPTSE is based on animal bioassays, which require many animals and a 

time frame generally longer than 9 months. In vitro immunochemical methods, such as a Western blot assay, are being used, at least as a first 

marker of the presence of PrPTSE and associated infectivity, by detecting the protease-resistant fragment. Thus, the risk transmission of vCJD by 

human plasma products appears remote, but caution should prevail since the biochemical nature of the infectious agent in human blood is not 

known.
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Manufacturing Processes of Plasma Protein Products

 Technologies to extract coagulation factors, protease inhibitors, 

and IgG have evolved considerably in the last 20 years, leading to 

the development of products with improved safety and purity 

profiles. A description of major manufacturing techniques is 

given below.
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Coagulation Factors

 Coagulation (thrombogenesis) is the process by which blood forms clots. It is an important part of 

hematostasis, the cessation of blood loss from a damaged vessel, wherein a damaged blood vessel wall 

is covered by a platelet and fibrin-containing clot to stop bleeding and begin repair of the damaged 

vessel. Disorders of coagulation can lead to an increased risk of bleeding (hemorrhage) or obstructive 

clotting (thrombosis).

 Coagulation is highly conserved throughout biology; in all mammals, coagulation involves both a cellular 

(platelet) and a protein (coagulation factor) component. The system in humans has been the most 

extensively researched and is the best understood.

 Coagulation begins almost instantly after an injury to the blood vessel has damaged the endothelium 

lining the vessel. Exposure of the blood to proteins such as tissue factor initiates changes to blood 

platelets and the plasma protein fibrinogen, a clotting factor. Platelets immediately form a plug at the site 

of injury; this is called primary hemostasis. Secondary hemostasis occurs simultaneously: Proteins in the 

blood plasma, called coagulation factors or clotting factors, respond in a complex cascade to form fibrin 

strands, which strengthen the platelet plug.
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Coagulation Factors
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Coagulation Factors

 Factor VIII

 Several generations of FVIII preparations have been developed since the mid-1980s, providing (a) safety from HIV and then HCV and HBV, 

(b) improved purity, and (c) enhanced safety from HAV and B19. Current development efforts focus on establishing prion removal. All 

currently licensed plasma-derived FVIII concentrates are purified from cryoprecipitate. In a typical process, cryoprecipitate is subjected to a 

combination of aluminium hydroxide adsorption and precipitation, or precipitation only (eg, using glycine), to reduce the level of trace vitamin 

K coagulation factors (as they may activate FVIII during the downstream purification steps) or load proteins such as fibrinogen. The purified 

cryoprecipitate extract usually undergoes viral inactivation typically by SD or pasteurization. Many processes include subsequent 

chromatography by anion exchange, monoclonal antibody affinity (using anti-FVIII or anti-VWF murine antibodies), or immobilized heparin 

affinity to remove protein contaminants (such as fibrinogen or fibronectin), most or part of the VWF, and the SD agents. Immunopurified FVIII 

eluate is further purified by chromatography to remove murine IgG ligands that may have leached. Prior to formulation and sterile filtration, 

some FVIII products are nanofiltered using membranes with a pore size of 35, 20, or even 15 nm if a partial dissociation of FVIII and high-

molecular-weight VWF multimers is initiated. Alternatively, some freeze-dried preparations are subjected to heat treatment at 80°C or 100°C 

to inactivate nonenveloped viruses like HAV. Recovery of FVIII, as expressed per liter of plasma, is usually comprised between 100 and 200 

IU (1 IU is defined as the physiological activity present in 1 mL of plasma). Factors lowering FVIII yield include cryoprecipitation (ca 30% 

loss), chromatographic purification (ca 20% to 30 %), and viral heat inactivation (15%-30%). Current FVIII concentrates have a specific 

activity between 10 and 250 IU/mg. Some products are formulated with human plasma–derived albumin, whereas others contain copurified 

VWF that helps stabilize FVIII. Purity of FVIII concentrates has not been convincingly demonstrated to enhance immunological safety. Long-

term clinical experience indicates that the alleged reduced immunosuppressive effects of immunopurified preparations compared to lower-

purity plasma-derived preparations, as claimed in the late 1990s, were probably unfounded. Processes used that, in part, influence residual 

VWF, may have an impact on the immunogenicity of plasma-derived FVIII products. Retrospective studies of previously untreated patients 

show that an SD-treated, nanofiltered, ion-exchange purified FVIII product containing VWF appears to be 2 times less likely to induce anti-

FVIII inhibitors in hemophilia A patients than 2 full-length recombinant FVIII concentrates.
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Coagulation Factors

 von Willebrand factor

 Because FVIII chromatographic purification removes all, or part, of VWF, FVIII products effective in treating Von Willebrand disease (VWD) 

are generally low-purity (“intermediate purity”) preparations prepared from cryoprecipitate by precipitation steps coextracting VWF and FVIII 

in a ratio of higher than 1. The low purity and the high protein content of these products technically restrict the choice of viral inactivation 

treatments to pasteurization or terminal dry heat at 80°C for 72 hours. One highly purified VWF concentrate, largely devoid of FVIII and, 

therefore, specific for VWD treatment, is prepared from cryoprecipitate by a 3-step chromatographic procedure (integrated with FVIII and 

fibrinogen purification processes) using 2 anion exchangers and immobilized gelatin polishing (to remove fibronectin). Viral reduction is by 

SD, 35-nm nanofiltration, and terminal dry heat at 80°C for 72 hours.

 Fibrinogen

 There are 5 registered fibrinogen preparations available for treating a fibrinogenemia or hypofibrinogenemia. Traditional preparations are 

obtained by multiple precipitation steps of plasma or cryoprecipitate using ethanol and glycine, whereas other modern products are purified 

by chromatography. Viral reduction is achieved by SD treatment, often complemented by 35-nm nanofiltration or terminal dry heat 

treatment. Single-step pasteurization at 60°C for 20 hours is used for 1 product.

 Fibrin sealants

 Fibrin sealants (fibrin glues) comprise fibrinogen-rich and purified thrombin concentrates. When mixing the 2 components, a strong adhesive 

clot exhibiting hemostatic, sealing, and healing properties is formed almost instantaneously or within a few seconds, offering multiple topical 

surgical applications. Fibrinogen is prepared by precipitation methods from cryoprecipitate, or from the Cohn fraction I; the fraction may also 

contain fibronectin, VWF, or factor XIII (FXIII), which may confer other physiological functions. Fibrinogen fractions are virally inactivated by 

SD, pasteurization, vapor-heat treatment, and/or nanofiltration. The fibrinogen concentration is typically above 80 g/L and may be 

formulated in the presence of an antifibrinolytic agent.
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Coagulation Factors

 Prothrombin complex

 Prothrombin complex concentrate (PCC) is a mixture of vitamin K–dependent coagulation factors in which FIX, factor II, and factor X and 

proteins C and S have a low specific activity between 0.5 and 2 IU/mg. A few products contain also factor VII (FVII), but usually at levels 

lower than that of FIX. The manufacture is usually based on a 1960s method that involves diethylaminoethyl (DEAE) Sephadex or DEAE 

cellulose adsorption of cryo-poor plasma, but downstream ethanol fractions can also be used as starting materials. Anion exchangers 

coextract proteins sharing the presence of gamma-carboxyglutamic acid residues, whereas bulk plasma proteins, such as albumin and IgG 

or AT and AAT remain in the unbound fraction. Precipitation with tricalcium phosphate is used for one product. Viral reduction is most often 

achieved by SD (TnBP-Tween 80) treatment, complemented by 35- or 15-nm nanofiltration or by terminal dry heat. Pasteurization and 

vapor heat are applied to 2 products. Viral inactivation treatment by SD requires one subsequent ion-exchange chromatographic step for 

removal of the virus-inactivating agents. Recovery is in the range of 250 to 380 IU of FIX per liter of plasma.

 Single FIX

 High-purity FIX products were developed in late 1989, leading to reduced risks of thromboembolism, compared to PCC, in hemophilia B 

patients. FIX is isolated by chromatographic purification of the PCC using anion exchange combined with either immobilized heparin, metal 

chelate affinity, or monoclonal antibody. These processes yield FIX concentrates with a mean specific activity in the range of 100 to 150 

IU/mg and a yield between 200 and 300 IU/L of plasma.

 Factor VII

 Three specific concentrates rich in FVII and with reduced amount of other vitamin K–dependent clotting factors are currently licensed to 

control bleeding in deficient patients. The manufacturing process includes ion-exchange chromatography or aluminium hydroxide 

adsorption, following a downstream procedure similar to that of PCC and FIX. Viral inactivation is achieved by SD treatment, vapor heat, or 

dry heat.
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Coagulation Factors

 Factor XI

 Two factor XI (FXI) concentrates are currently available for deficient patients. One, of low purity, is purified by chromatography of cryo-poor 

plasma on DEAE cellulose and immobilized heparin. After freeze-drying, the product is virally inactivated by dry heat. In the other product, 

FXI is captured by adsorptive filtration then highly purified by cation-exchange chromatography. This product undergoes dual viral reduction 

processing by SD and 15-nm nanofiltration.

 Factor XIII

 Factor XIII is a transglutaminase that catalyzes the final step in the coagulation cascade, cross-linking the loose fibrin polymer into a highly 

organized structure. The early generation of FXIII concentrates for the treatment of FXIII-deficient patients was extracted from placenta, but 

2 plasma-derived products have subsequently been developed. One is purified from a cold-ethanol fraction from cryoprecipitate 

supernatant, purified by precipitation with sodium citrate and removal of fibrinogen by heating. The product is pasteurized in sorbitol 

solution, ultrafiltered to remove sorbitol, adsorbed with bentonite, and freeze-dried. The other product is obtained by precipitation steps and 

is also pasteurized. Factor XIII is also a component of some fibrin sealants. Although still subject to discussion, the presence of FXIII is 

claimed to contribute to fibrin γ-chain cross-linking and tensile strength, possibly improving the hemostatic effect.

 Activated Coagulation Factors

 Human thrombin concentrates are available so far only as components of fibrin sealant. Thrombin is prepared by activation of the PCC, 

usually in the presence of calcium chloride, followed by viral inactivation treatment by SD, purification by cation-exchange chromatography, 

and viral removal by 15-nm nanofiltration. Final thrombin concentration is usually between 300 and 1000 IU/mL, but preparations with lower 

potency are available when a slower speed for clot formation of the sealant is preferred for some surgical applications requiring longer time 

for tissue gluing.

 A procedure for large-scale production of a purified plasma-derived FVIIa has been developed in Japan. FVII is purified by anion exchange 

and immunoaffinity chromatography and converted to FVIIa by autoactivation on an anion-exchange resin and incubation in the presence of 

Ca2+ for 18 hours at 10°C. This preparation is virally reduced by nanofiltration and dry-heating and is intended for the treatment of 

hemophiliacs with antibodies against FVIII or FIX.
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Anticoagulants and Protease Inhibitors

 Antithrombin

 Antithrombin (AT) is a small protein molecule that inactivates several enzymes of the coagulation system. Antithrombin is a glycoprotein 

produced by the liver and consists of 432 amino acids. It contains three disulfide bonds and a total of four possible glycosylation sites. α-

Antithrombin is the dominant form of antithrombin found in blood plasma and has an oligosaccharide occupying each of its four glycosylation 

sites. A single glycosylation site remains consistently un-occupied in the minor form of antithrombin, β-antithrombin. Its activity is increased 

manyfold by theanticoagulant drug heparin, which enhances the binding of antithrombin to Faktor II and Faktor X. 

 Antithrombin concentrates were the first plasma products extracted by affinity chromatography. Production from cryo-poor plasma usually 

comprises ion exchange chromatography to remove the PCC components, followed by capture of AT on immobilized heparin. Viral inactivation 

is traditionally achieved by pasteurization in the presence of sodium citrate or a combination of sucrose and glycine, although SD treatment is 

used as well. Because heat treatment may partially denature AT, a second adsorption step on immobilized heparin can be used to remove 

altered molecules. Recovery is between 250 and 350 U/L of plasma. Fraction IV-1 is an alternative starting material, but yield is significantly 

lower.

 α1-Antitrypsin (α1-protease inhibitor)

 There are now several licensed AAT concentrates, including 3 in the United States. α1-Antitrypsin augmentation therapy is indicated for the 

treatment of patients with lung emphysema secondary to congenital AAT deficiency. Because AAT shares many physicochemical properties, in 

particular, molecular weight and isoelectric point, with albumin, it has been difficult to design production methods for AAT not affecting the 

existing production process for albumin. Most preparations are recovered from fraction IV1-4. Purification from this waste fraction is rather 

cumbersome and involves PEG precipitation and ion-exchange chromatography, considerably compromising recovery (0.2 g/L). The first 

preparations developed in the 1990s were virally inactivated by pasteurization, but dual viral reduction steps using SD and nanofiltration are 

also now used. Recent isoelectrofocusing studies have provided evidence indicating that new anodal AAT variants are present in at least one of 

the FDA-licensed product, suggesting alteration of some isoforms during purification. Loss of a C-terminal positive charged lysine, secondary to 

carboxypeptidase activity, was proposed as an explanation for these isoelectrofocusing migration shifts. Under circumstances when clinical 

demand for albumin decreases, extracting AAT from upstream fractions, such as the supernatant II+III, appears a logical trend, offering the 

possibility of a more effective production scheme, characterized by a recovery of 0.6 to 1 g/L.
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Anticoagulants and Protease Inhibitors

 Protein C

 There are 2 protein C concentrates manufactured in Europe and 1 in Japan. In one process, the PCC undergoes cascade purification on 3 ion 

exchangers, whereas in the other, immunoaffinity and affinity chromatographic processes are combined with ion exchange. Viral reduction is 

achieved by SD treatment, which can be combined with 15-nm nanofiltration or vapor-heat treatment. 

 Protein C ist ein Vitamin-K-abhängiges Protein im (menschlichen) Blutplasma. Es wird in der Leber als inaktive Vorstufe synthetisiert und wirkt 

nach Aktivierung als Serinproteinase. 

 Dem Protein C werden grundsätzlich drei physiologische Funktionen zugeschrieben:

 Antikoagulatorische Wirkung (blutgerinnungshemmend), 

 Profibrinolytische Wirkung (Blutgerinnsel auflösend), 

 Antiinflammatorische Wirkung (entzündungshemmend). 

 C1-esterase inhibitor

 C1-esterase inhibitor concentrates are used for the treatment of acute phases of angioedema, primarily in the oropharyngeal region and 

gastrointestinal tract in patients with congenital or acquired C1-inh deficiency. There are 3 products licensed in Europe. Products are generally 

purified by chromatography from the cryo-poor plasma after extraction of the PCC and, potentially, AT. Viral inactivation is achieved by 

pasteurization, vapor heat, or SD, possibly combined with nanofiltration.

 Der C1-Esterase-Inhibitor (C1-INH, Plasmaprotease C1-Inhibitor) ist ein zu den Serpinen gehörender Serin-Protease-Inhibitor, der die 

Aktivierung des Komplementfaktors C1 kontrolliert und so das Komplementsystem reguliert. Der Normwert im Blut beträgt etwa 0,25 - 0,45 g/l.

 Inhaltsverzeichnis

 Als Serpine werden bestimmte untereinander ähnliche Proteine bezeichnet. Die ursprünglich entdeckten Serpine sind in der Lage, die 

Enzymaktivität von Serinproteasen zu blockieren. Serpine kommen in allen Lebewesen vor; beim Menschen machen sie etwa zehn Prozent des 

Plasmaproteins aus. Wichtige Serpine sind Antitrypsin, Antithrombin, Ovalbumin, Plasminogen-Aktivator-Inhibitor und Neuroserpin. Ihre 

Aufgabe ist hauptsächlich die Regulation der Protease-Aktivität. 
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Albumin, IgG

 Albumin

 Essentially all therapeutic albumin preparations are prepared by fractionation of cryo-poor (or PCC-poor and/or AT-poor and/or C1-inh-poor) 

plasma by ethanol fractionation. A critical upstream process step (precipitation II+III) separates the IgG fraction. To optimize recovery, the 

precipitates generated during the ethanol fractionation process are separated by depth filtration. Albumin recovery of 75% to 85% (25-28 g/L) 

and purity of 96% to 98% are typically obtained. Some processes combine ethanol fractionation with a polishing ion exchange chromatography, 

which generally improves product purity to ca 99%, whereas in one production method, albumin is purified mostly by anion exchange, cation-

exchange, and size-exclusion chromatography. The adjustment of the concentration of the purified fraction, typically from 4% to 25%, is 

achieved by ultrafiltration. The standard viral inactivation method is pasteurization, which, according to most Pharmacopeias, should be 

performed in the final container rather than on the albumin batch before aseptic filling. Current mean albumin yield is 24 to 26 g/L of plasma.

 Immunoglobulin G

 Polyvalent IgG preparations, either for intramuscular or intravenous uses, are traditionally prepared from the fraction II that is obtained by 

stepwise fractionation of cryo-poor plasma using cold ethanol at concentrations up to 25%. Increasingly, IgG products are extracted from up-

streamed ethanol precipitated fractions, such as supernatant III or precipitate II+III, to optimize recovery. Intermediate IgG fractions are 

subjected to ion-exchange chromatography, caprylic acid, or PEG precipitations to remove protein contaminants, proteolytic enzymes, and/or 

aggregates. Most current viral inactivation procedures are low pH incubation, pasteurization, or SD; the caprylic acid treatment, recently 

introduced in the manufacture of human IgG products, is also a robust viral inactivation process of IgG. Dedicated viral removal by 15- to 35-nm 

nanofiltration is commonly used to increase the safety against nonenveloped viruses, especially in a situation when the core viral inactivation 

treatments target only lipid-enveloped viruses. The IgG recovery has long been in the 2.7- to 3.2-g/L range when combining traditional ethanol 

fractionation processes and centrifugation. Depth-filtration and/or chromatographic purification from upstream fractions have improved the mean 

recovery to the 3.5- to 4.5-g/L range, or more. Total chromatographic procedures are increasingly used for the production of hyperimmune IgG 

products because such processes are amenable to the fractionation of smaller plasma volumes and can optimize recovery. The manufacturing 

process includes at least 2 dedicated viral reduction treatments.
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Other Potential Plasma Protein Therapies or Indications

 Other protein components have been fractionated at pilot-scale and subjected to experimental or human trials. Inter–α-trypsin inhibitor (ITI) is a 

Kunitz-type serine proteinase inhibitor. Its inhibitory capacity is carried by bikunin, a chondroitin 4-sulfate proteoglycan, which is covalently linked to its 

heavy chains H1 and H2, but can be released by proteolytic cleavage. An ITI concentrate has been obtained by fractionation of the prothrombin 

complex on an anion exchanger followed by immobilized heparin and viral inactivation by SD. ITI, as a reservoir of bikunin, may be involved in control 

of inflammatory processes. In a porcine model of endotoxin shock, ITI improved the hemodynamic, oxygenation, and coagulation parameters. 

Administration of ITI very early after the onset of sepsis or repeated injections at later time points (10 and 20 hours) maintains cardiovascular stability 

and significantly reduces mortality in a rat model.

 Transferrin is the major iron binding plasma protein which may prevent cytotoxic effects or predisposition to septic infection due to accumulated free 

non-transferrin-bound iron when normal iron use is hampered and/or apotransferrin production is decreased. A liquid apotransferrin concentrate has 

been obtained from Cohn fraction IV by 2 ion exchange chromatographic steps and ultrafiltration. Viral safety was ensured by SD treatment, 

nanofiltration, and PEG precipitation. The product had intact iron binding capacity, and maintained the bacterial growth inhibitory effect in serum. In 

hematological stem cell transplant patients, the product prevented the appearance of non-transferrin-bound iron.

 Apolipoprotein A-I is the principal protein component of the plasma high-density lipoproteins. It prevents the accumulation of cholesterol-loaded 

macrophages which deposit on the arterial wall as foam cells. Apolipoprotein A-I inhibits hepatic lipase and lipoprotein lipase in vitro. A concentrate has 

been isolated by precipitation from Cohn Fraction III. Intravenous injections in men were well tolerated in an early clinical trial; clinical observations 

were consistent with combined inhibition of hepatic lipase and lipoprotein lipase activities. Possible clinical applications include the treatment of 

hypercholesterolemic patients and atherosclerosis. Recombination with lecithin forms a high-density lipoprotein complex that could help limit 

inflammation, endotoxin-induced activation of coagulation, and fibrinolysis in septic conditions.
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Other Potential Plasma Protein Therapies or 

Indications

 Mannan-binding lectin (MBL) is a component of the innate (aspecific) immune system that can bind repetitive structures of mannan groups, such as 

those on the surface of micro-organisms, activating the complement system and leading to the destruction of a large variety of micro-organisms. The 

relatively frequent congenital deficiency of MBL is associated to recurrent infections, especially in infants when the specific immune system has not yet 

matured. An MBL concentrate has been produced from COHN fraction III.

 Plasmin is the major fibrinolytic enzyme in plasma. Encouraging results as a new fibrinolytic agent have been obtained in animal models where 

plasmin was applied directly to the clot through a catheter to treat peripheral arterial occlusion.

 von Willebrand factor cleaving protease (VWF-CP, ADAMTS13) cleaves ultra-large multimers of VWF that enter the blood stream directly after 

biosynthesis by endothelial cells. If developed, a purified VWF-CP could be useful to treat, in place of plasma, patients with thrombotic 

thrombocytopenic purpura with congenital or acquired deficiency of VWF-CP.

 Activated protein C can be of value for the treatment of sepsis, as demonstrated through the clinical use of a recombinant preparation. There is no

therapeutic plasma-derived activated protein C products available yet for therapeutic use, although a process for a highly purified preparation, where 

cryo-poor plasma is purified by immunoaffinity and anion-exchange chromatographic steps, and SD viral inactivation has been described.

 There is also research needed to investigate alternative indications for currently available products. Potential clinical use of C1-inh, aimed at benefiting 

from its role as inhibitor or attenuator of the activation of complement and contact systems, include septicemia, myocardial infarction, capillary leak 

syndrome, pancreatitis, and organ transplantation. Intravenous use of a FXIII concentrate was found to increase epidermal growth factor and 

transforming growth factor–β, suggesting that it may accelerate wound healing of anastomotic leaks and nonhealing fistulas. Factor XIII was also 

found to have osteoinductive properties, suggesting use in bone tissue engineering.
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Regulatory Aspects

 A review on plasma fractionation should also cover the role played by national and international regulatory authorities. Over the last few years, 

assuring the safety of large-pool plasma products has posed formidable challenges to regulatory authorities and fractionators alike. The complexity of 

the field, encompassing the diversity in blood and plasma product types and manufacturing processes, made it difficult to enact balanced decisions 

toward ensuring both product safety and guarantee of supply. Since the 1980s, the agencies regulating the plasma fractionation industry have 

developed a comprehensive set of measures to ensure the viral safety of plasma products. Multiple layers of regulatory oversight of the plasma 

industry have been established to ensure overlapping safeguards against the risks of the transmission of blood-borne infectious agents. Several 

regulations, guidances, position statements have been issued by agencies like the US FDA and the European Medicine Evaluation Agency, which are 

updated as needed. Those cover important safety aspects required at all stages of the manufacturing chain, from activities at blood establishment 

preparing plasma for fractionation, extending to the manufacturing and distribution of plasma products. Regulatory oversight includes epidemiologic 

surveillance of the donor population; donor deferral policies and screening practices; mandatory donation testing; testing of manufacturing plasma 

pools; validation of viral reduction procedures and other production steps; as well as the assessment of product quality, safety, and efficacy for 

marketing authorization. Most of relevant information on plasma collection is assembled in Europe in the Plasma Master File, which allows establishing 

key levels of information regarding the quality and safety of the plasma raw material. Post marketing, reports on adverse reactions associated with 

plasma products should be transmitted to NRAs and could prompt emergency response procedures and product recalls. Some harmonization of the 

requirements for manufacture and supply of plasma products in the United States, Europe, and Japan is taking place under the auspices of the 

International Conference on Harmonisation, but much work remains to be done. Such measures, nonetheless, provide the framework through which 

modern plasma products now exhibit a very high level of quality, safety, and efficacy. However, the rigidity of the regulatory system has been an 

impediment to more significant technological evolution of the plasma fractionation process because process changes are currently associated to major 

regulatory work.


