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Abstract

safety of human plasma-derived medicines.

Context: Biological plasma-derived medicines play an important role in the treatment and also prevention of many diseases. The
technique implemented to produce such medicines should ensure to minimize the risk of pathogen infection. A very crucial step
is the removal or inactivation of highly pathogenic plasma viruses, and only achieving the highly pure product is not adequate.
Evidence Acquisition: In the current study, a wide range of physical, chemical, and physicochemical methods of virus inactivation
and virus removal were studied to minimize the virus contamination risk in plasma-derived medicines.

Results: The virus removal or virus inactivation procedures showed that they were the quite effective techniques in pathogen reduc-
tion. But, some of these methods such as solvent/detergent were only effective on lipid-enveloped viruses, while other techniques
can be effective both for lipid-enveloped and non-enveloped viruses.

Conclusions: To inactivate or remove the most range of viruses, at least 2 different virus inactivation or virus removal techniques
should be implemented. But, still emerging new pathogens cause a serious challenge in terms of blood safety, and consequently,
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1. Context

Biological medicines produced from human plasma
are the crucial health service to patients (1-7). The tech-
nique that can be implemented to produce human plasma-
derived biological drugs should guarantee the repro-
ducible separation of the biological components without
any denaturation of the protein or in a form of native state
as possible (8-13).

The technology of separating plasma-derived products
is still changing to achieve higher safety and efficacy (14-
17). Among the new techniques to separate human plasma-
derived components, still the human plasma fractionation
by cold ethanol is the most popular technique to prepare
plasma-derived biological drugs (18-21).

The quality of the source material, the level of con-
trol during manufacturing and the final control play im-
portant role in the safety and efficacy of the products (22-
24). Although variation in the quality of human plasma
source material is caused, to some extent, by variation in
donors, it can be much more influenced by the way of pro-
cessing from the donation to preparation of fresh frozen
plasma. Composition of the anti-coagulant, pH of the co-
agulant, and the change of pH during collection and stor-
age, speed of freezing, and storage conditions of the fresh

frozen plasma are the variables that may affect the quality
of fresh frozen plasma (25-27).

A range of proteins, with clinical efficacy, such as al-
bumin, immunoglobulin, coagulation factors, and fibrino-
gen can be formulated as pharmaceutical compounds.
Apart from different techniques in the production of
plasma-derived biological drugs, a very crucial step is
the removal or inactivation of highly pathogenic plasma
viruses; applying only the purification steps is inadequate
to prepare plasma-derived products in terms of viral safety
(28).

As viral inactivation or virus removing procedures are
introduced in the technique of plasma-derived medicine
production, the risk of transfusion-transmitted infections
is very small nowadays (29). But, the emergence of new
pathogens causes a serious challenge in terms of blood
safety. There are 2 major methods of viral processing. One
is virus removal and the other is virus inactivation.

2. Evidence Acquisition

In the current study, a wide range of physical, chem-
ical, and physicochemical methods of virus inactivation
and virus removal were studied to minimize the virus con-
tamination risk in plasma-derived medicines (30).
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3. Results

3.1. Virus Removal

In virus removing method, all viruses are removed
from the sample (31, 32). The main technique of virus re-
moving during the production of blood-derived medicines
is the virus removal by filtration basically named nanofil-
tration (33).

3.1.1 Nanofiltration

The nanofiltration technology removes viruses by size
exclusion. Basically, there are 2 pore sizes as 15 nm to 35 nm
membrane filters used by this method (22, 34-36).

When the filters were used, it was shown that more
than 4 to 6 logs of wide range of lipid-enveloped viruses
and non-enveloped viruses such as hepatitis A virus (HAV)
and parvo virus B19 were removed. It was also shown
that nanofiltration by 35 nm (or less) filter removed
Creutzfeldt-Jakob disease (C]D). When the protein solution
was filtered through a 15-nm membrane filter, the virus re-
moval was almost complete by the reduction of 6-log; and
by 35 nm filtration, only the removal of viruses by 4.5-log
was possible (37).

Always harsh conditions may affect the nature of pro-
tein, but one of the advantages of this method of virus re-
moval is that it can be performed under mild conditions
and the biological activity of the protein remains intact
(38). Another advantage of this method isadding no chem-
icals to the solution (39). Therefore, there is no need to seg-
regate chemicals after nanofiltration and the most impor-
tant point is the commercial availability of the filters and
no need for royalty payment.

Typically, the size of parvovirus can vary from 15 to 24
nm and it is resistant to virus inactivation and a suitable
method to remove it is nanofiltration. Also, nanofiltration
method can be implemented in the procedure of most of
the plasma-derived biological medicines, but it is mostly
used in coagulation factor IX, and in less extent in coagula-
tion factor VIII, and immunoglobulin production (40).

3.2. Virus Inactivation

Although blood screening should be conducted for
each donation, due to the possibility of viral infection, tests
should be carried out for each donation to detect the vi-
ral markers including antibodies against human immun-
odeficiency virus 1 (anti-HIV-1), antibodies against human
immunodeficiency virus 2 (anti-HIV-2), hepatitis B surface
antigen (HBs Ag), antibodies against hepatitis C virus (anti-
HCV), and based on domestic regulations, the test for ala-
nine aminotransferase (ALT) should also be done.

All these tests and validated freezing storage condi-
tions for plasma to ensure the homogenous quality of

plasma is maintained to recover proteins labile in plasma
(41) plus virus inactivation methods, which should be im-
plemented in plasma fractionation, make the plasma an
expensive raw material that its costs account for around
45% in the human plasma industry, compared with 5% in
the pharmaceutical industry. The costs for high-quality
plasma have risen about 40% and nucleic acid testing
alone adds US$ 5 to 15 per liter of plasma.

Virus inactivation methods can be carried out in 3
ways: chemical methods, physical methods, and physico-
chemical methods.

3.2.1. Physical Methods

Physical virus inactivation methods are based on heat
treatment, which include pasteurization, dry heat treat-
ment, and steam heat treatment.

3.2.1.1. Pasteurization

Virus inactivation by the pasteurization procedure is
very effective. It should be noticed that the protein in the
solution should be more thermally resistant than viruses.
The advantages of this procedure are that it needs simple
equipment and is effective both for lipid-enveloped and
non-enveloped viruses. Table 1 shows the potency of pas-
teurization in virus inactivation of plasma.

Table 1. Human Plasma Virus Inactivation by Pasteurization

Virus Inactivation (log;o)
Human immunodeficiency virus-1 > 5.0
Vaccinia > 43
Pseudorabies > 41
Parainfluenza type 3 > 63
Sindbis > 57
Poliovirus Sabin 1 > 62
Reovirus 3.2

By pasteurization, the temperature of protein solu-
tion is increased to a value that sufficiently denatures the
virus; therefore, it is effective both for lipid-enveloped and
non-enveloped viruses, because the temperature is high
enough not to let the envelope protect the virus. By pas-
teurization, the liquid protein undergoes heat treatment
for 10 hours at 60°C (42). If the purified protein is not
heatresistant, pasteurization for this kind of protein is per-
formed in the presence of stabilizers added to skip protein
denaturation (43, 44).

Salts such as NaCl and CaCl, were effective to inhibit
heat-induced aggregation in human albumin. Sodium oc-
tanoate and sodium-N-acetyl-DL-tryptophanate are the sta-
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bilizers that minimize changes in the protein during pas-
teurization of albumin solution (44). The mechanisms
of their stabilization on albumin are not fully elucidated;
however, it is shown that the stability of proteins against
heat stress can be increased by the stabilizers that increase
the melting temperature of the proteins.

As a viral reduction treatment, pasteurization is cur-
rently applied for therapeutic concentrate including albu-
min, IM and IV IgG, fibrinogen, thrombin, factor VII, fac-
tor VIII, factor IX, factor XI, prothrombin complex concen-
trate (PCC), von Willebrand factor (vWF), antithrombin III,
Ct-inhibitor, and protein C (45-47).

Pasteurization is quite effective for viral reduction of
both lipid-enveloped and non-enveloped viruses including
hepatitis B virus (HBV), hepatitis C virus (HCV), HIV, and
HAV. Good record of safety of albumin is a good example
of the confidence in the efficacy of pasteurization.

3.2.1.2. Dry Heat Treatment

One of the physical methods of virus inactivation,
which can be applied to biopharmaceutical products, is
dry heat treatment. Duration of dry heat treatment can be
varied from several minutes to several days. The tempera-
ture varies from 60°C to 100°C. Table 2 shows the sever heat
treatment of coagulation factor VIII at 80°C for 72 hours
(48,49).

Table 2. Sever Heat Treatment of Coagulation Factor VIII at 80°C for 72 Hours

Virus Inactivation (logo ) Duration, hr
Sindbis virus 8 72
HIV > 6.4 72
Vaccinia virus 2.6-33 72
Herpes simplex virus 22 48
Semliki forest virus > 6.9 24
HAV > 43 24
Canine parvovirus > 21 48

Kim et al,, studied the effect of dry-heat treatment on
the activity of coagulation factor VIIL In their experiment,
the lyophilized final products were equilibrated at 30°C.
Then, the dry heat treatment was processed at 60°C, 80°C,
and 100°C. Their investigation on virucidal efficacy of the
dry heat treatment showed significant reduction of viruses
including HIV, encephalomyocarditis virus (EMCV), bovine
viral diarrhea virus (BVDV), and bovine herpes virus (BHV)
(50).

Usually, dry heat treatment is applied to the products
in their final vials following the lyophilization (51). The
common temperature for dry heat treatment is 60°C to
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68°C for up to 72 or 96 hours. This range of temperature
is quite effective for the inactivation of HIV, but to inacti-
vate HBV and HCV, higher temperature of 80°C for 3 days
is needed (52-54). But, under the severe conditions, still
parvovirus B19 is not totally eliminated. As mentioned be-
fore, still the best method to eliminate parvovirus B19 is the
nanofiltration (55).

Due to the lower humidity in dry heat treatment than
pasteurization, the efficacy is lower in dry heat. One of
the main advantages of dry heat treatment is avoiding
the risk of down-stream contamination, because the heat
treatment is carried on the final products. Using simple
equipment is another advantage of this method.

Common stabilizers used during dry heat treatment
include limited amount of sucrose or amino acids such as
glycine, lysine, or arginine.

Validation of dry heat treatmentis a paramountimpor-
tance to ensure the precise temperature control and to in-
dicate that suitable log reduction of viruses is guaranteed
by spiking model viruses to sample.

3.2.1.3. Steam Heat Treatment

There are 2 subclasses of viruses, lipid-enveloped and
non-enveloped viruses. Lipid-enveloped viruses are highly
susceptible to both physical and chemical virus inactiva-
tion methods. But, non-enveloped viruses are more resis-
tant. Viral sensitivity is higher to steam heat treatment
than dry heat treatment. In other words, at equal temper-
atures, a higher level of virus inactivation can be obtained
by the addition of water steam before starting the heat.

There are 3 key parameters in steam heat treatment in-
cluding temperature, pressure, and the duration of heat-
ing. Generally, the pressure varies from 1190 to 1375 mbar,
heating temperature varies from 60°C to 80°C, and the du-
ration of heating can be up to 10 hours. Table 3 shows
the coagulation factors of virus inactivation by steam heat
treatment at 60°C for 10 hours (56, 57).

It should be noticed that more than 5-log reduction
in the titer of virus indicates that the virus inactivation
method is effective. It is noteworthy that some biologi-
cal products are heated at 60°C for 10 hours, while oth-
ers are additionally heated at 80°C for 1 hour. Although
steam heat treatment can inactivate HAV in plasma prod-
ucts, some historical reports showed cases of transmission
of enveloped virus such as HCV in coagulation factor.

3.2.2. Chemical Methods

There are 2 main chemical methods of viral reduction
treatments applied to plasma products. One is the sol-
vent/detergent (S/D) and the other is acid pH incubation
at low pH of 4 (58, 59). Solvent/detergent method is ex-
cellent to inactivate lipid-enveloped viruses, and acid pH
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Table 3. Steam Heat Treatment Virus Inactivation of Coagulation Factors at 60°C for 10 Hours

Product Virus Extent of Inactivation (log ID5,) Inactivation Time (Required Hours)
HAV >33 8
Factor VIII: Intermediate purity HIV > 6.8 10
PRV 5.9 10
HAV 3.9 10
Factor VIII: High purity HIV 6.7 10
PRV 5.6 10
HAV > 5.7 6
Factor IX: Intermediate purity HIV > 6.5 6
PRV > 71 8
HAV > 6.7 3
Factor IX: Intermediate purity HIV >79 8
PRV > 6.8 8

incubation method is also mostly effective against lipid-
enveloped, but non-enveloped viruses are more resistant
to this method.

3.2.2.1. Solvent/Detergent

The solvent/detergent method is quite potentially ef-
fective to inactivate lipid-enveloped viruses and they are
killed only in a few minutes (60-62). This method is not
effective for non-enveloped viruses and it is one of the
main limitations of this method, while removing the sol-
ventand the detergent after S/D treatment may cause some
protein loss, which is a key challenge of solvent/detergent
virus inactivation method. S/D virus inactivation method
was developed by the New York blood center.

The organic solvent used in this method is tri-n-butyl
phosphate (Figure 1) at the concentration of 0.3% and
the detergent may vary from Tween 80, or Triton X100 to
sodium cholate (Figure 2). The concentration of detergent
may be about 1%.

By this method the plasma protein solution is incu-
bated at 24°C to 30°C in the presence of tri-n-butyl phos-
phate and detergent. The duration of incubation is about
6 hours with mild stirring (63-65).

Removal of organic solvent and the necessary deter-
gent is quite possible by chromatographic, or precipita-
tion and also extraction by soya bean oil techniques (66,
67).

The advantages of S/D treatment of human plasma
products in the inactivation of lipid-enveloped viruses are
as follows: maintaining biological activity of the plasma
derived-products, no neoantigen formation, ease of con-
trol, and convenience of implementation. Table 4 shows

T T ' S

Figure 1. Tri-n-Butyl Phosphate Chemical Structure

the potency of S/D treatment in virus inactivation (68).
As this method disrupts the lipid membrane of lipid-
enveloped viruses, the main limitation of this method is its
ineffectiveness for non-enveloped viruses.

Table 4. Inactivation of Lipid-enveloped Viruses by Solvent/Detergent Treatment

Type of Virus Inactivation (log;o) Duration, hr
Vesicular stomatitis virus >175 0.25
Sindbis virus > 6.9 0.25
Duck hepatitis B virus >173 2.5
Bovine viral diarrhea virus > 61 0.25
Human immunodeficiency > 72 0.25
virus

Hepatitis B virus > 6.0 4
Hepatitis C virus > 5.0 4
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Figure 2. Chemical Structure of Detergents Triton X100, Tween 80, and Sodium Cholate

3.2.2.2. Incubation in Acidic pH

Lipid-enveloped viruses denature when expose to
acidic pH; therefore, pH incubation method, similar to S/D
treatment, is effective for lipid-enveloped viruses. The key
point in this method is the higher sensitivity of target pro-
tein to lower pH values than the virus. Low pH may dena-
ture the target protein as well (69).

Somehow, the process of preparation of some of the
plasma-derived products may apply such a condition that
is effective as a viral reduction step. For example, when
preparing immunoglobulin G, to avoid the side effects of
anti-complementary activity, one of the processing steps
is the treatment at pH 4 with the presence of pepsin. It
is proved that this treatment at acidic pH 4 is quite effec-
tive as a viral inactivation step for lipid-enveloped viruses
(70, 71). The potency of this method for lipid-enveloped
virus inactivation ranges from 5 to 8 log,, reduction. Non-
enveloped viruses are more resistant to viral inactivation
by this method. The duration of incubation in acidic pH
may be 20 hours or more, and the temperature may vary
from 30°Cto 37°C.

3.2.3. Physicochemical Methods
3.2.3.1. Beta-Propiolactone with/without Irradiation

By this method of viral inactivation, firs the solution of
protein is incubated with beta-propiolactone at a specific
wavelength of ultraviolet (UV) light irradiated (72). Valida-
tion study indicated that this method was efficient against
HIV, HBV, and HAV. The limitation of this method was losing
biological activity, especially for labile proteins such as co-
agulation factor VIII. Therefore, this technique is not suit-
able for virus inactivation of F VIIL

Also, beta-propiolactone can be used without irradi-
ation. In some procedures of immunoglobulin G prepa-
ration, it is treated with beta-propiolactone. This beta-
propiolactone treatment shows the potency of viral reduc-
tion. The extension of this viral reduction is about 3.5 log;,
for HCV and 4.5 log;, for HIV.
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3.2.3.2. Methylene Blue and Visible Light

In this method of viral inactivation, there are parame-
ters, which may affect the result; for instance, the volume
of sample, the light intensity, the transparency of the bag
of plasma, and mixing efficiency of methylene blue. The
methylene blue compound is a photosensitizer, which can
disrupt the biological systems in combination with light
and presence of oxygen (73, 74). By this procedure, plasma
units are treated with methylene blue and white fluores-
cent light for 1 hour or with sodium lamps for 20 minutes.

Methylene blue + light is an effective virus inactivation
method for lipid-enveloped viruses, but not effective for
non-enveloped viruses (75). Table 5 shows the efficacy of
this technique (76, 77).

Table 5. Virus Inactivation by Methylene Blue and Light

Virus Inactivation (log;o) Duration, min

Vesicular stomatitis virus 5.0 60
Semliki forest virus > 7.0 10
Herpes simplex virus > 55 60
Bovine viral diarrhea > 59 2

Duck hepatitis B virus 3.9 60
Hepatitis A virus 0 60
Porcine parvovirus 0 60

3.2.4. Neutralization by Antibodies

Some of the antibodies are capable of neutralizing
viruses (78). A good number of antibodies are available
in pooled plasma, and that is why non-virally inactivated
intramuscular or intravenous immunoglobulin prepara-
tions showed no contamination of viruses such as HBV,
HAV, or parvovirus B19. But, nowadays by introducing
many effective virus inactivation methods, neutralizing by
antibodies are less implement.
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4. Conclusions

Up to now, there is no virus inactivation method to
ensure 100% inactivation of known plasma-borne viruses
such as parvovirus B19, HAV, HBV, HCV, and HIV. To make
sure that optimal viral safety level of plasma product is
achieved; 2 different viral inactivation techniques should
be implemented.

Implementation of the first specific viral inactivation
method, that is S/D method, should ensure complete re-
moval of major viruses such as HBV, HCV, and HIV. Use
of the second virus reduction technique such as dry heat
treatment or nanofiltration, should ensure elimination of
other potential infectious agents.

Careful selection and elimination of donors suscepti-
ble to known viruses such as HAV, HBV, HCV, and HIV or
emerging infectious agents, influence the viral safety of
the plasma-derived biological medicines. Another parame-
ter, which may influence the viral safety of plasma-derived
drugs, is the refined viral testing procedure of each dona-
tion eliminate, within the sensitivity limit of the test used.

Although implementation of interventional virus in-
activation methods in the process of biological plasma-
derived medicines dramatically reduced the risk of con-
tamination of such products, nowadays most of the resid-
ual transfusion-transmitted infections are due to the result
of the interval between the time donor is infected and the
real time that the tests are capable of detecting the agent
and that is because of “window period”.

To achieve the high level of safety, researchers are still
looking for more effective procedures of virus inactivation
or reduction techniques (79, 80), and they are also search-
ing for the new diagnostic kits to make the “window peri-
od” shorter.
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