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It is intended to provide a method whereby a virus and
leukocytes can be simultaneously eliminated from virus-
containing blood and platelets can be recovered at a high
yield, and a material and an apparatus therefor. A water-
soluble carrier having surface which is capable of capturing
a virus and leukocytes in blood but allows the permeation of
platelets therethrough is brought into contact with virus-
containing blood. Thus the virus and leukocytes can be
simultaneously removed from the blood while platelets can
be recovered at a high yield.
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METHOD FOR SELECTIVELY REMOVING VIRUS
AND LEUKOCYTES ELIMINATING MATERIAL
AND ELIMINATING APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to a method for
selectively and simultaneously removing viruses and leuko-
cytes in blood and to a material and an apparatus for the
selective removal method.

BACKGROUND ART

[0002] In conventional blood processing systems (e.g.
Patent Documents 1-3), plasma component and blood cell
component are separated using a plasma separation mem-
brane or a centrifugal separator and then unnecessary sub-
stances are adsorbed and removed by directly bringing the
plasma component into contact with an immunoadsorbent, a
low-density lipoprotein adsorbent, or the like. In these
systems, it is difficult to remove unnecessary substances,
such as viruses, and leukocytes simultaneously since the
blood cell components such as erythrocytes, leukocytes, and
platelets are collectively separated from the plasma compo-
nent. Further, in these systems, platelets are activated
because these systems use a material having charges. There-
fore, it is impossible to recover platelets at a high recovery
rate at the same time while removing unnecessary sub-
stances and leukocyte.

[0003] Patent Document 4 describes a method for purify-
ing blood of a patient with an immunologic disease by
simultaneously removing leukocytes and malignant sub-
stances such as immunoglobulin from the blood using a
material for removing leukocyte. However, the specification
describes neither simultaneous removal of leukocytes and
viruses nor recovery of platelets to be performed simulta-
neously with the removal of leukocytes and viruses.

[0004] Patent Document 5 describes an apparatus and a
method for processing blood, comprising removing a target
substance such as a virus from the blood without using an
anticoagulant by treating blood with a carrier having a
polyamine and an anticoagulant on the surface. However, it
is difficult to recover a sufficient amount of platelets, since
the surface of the carrier has a large amount of the amine.
Also, the degree of removing leukocytes is not sufficient.

[0005] As a material for removing a virus, Patent Docu-
ment 6 describes a material having a cationic compound on
the surface. However, the specification does not describe
removal of a virus from blood at all. Patent Document 7
describes a material for removing HIV and its related
substances, the material having the surface of a weak acidic
or weak basic solid substance. This removing material is
characterized by having —COOH, —SO,H, or the like on
the surface and a surface pH of 2.5-6.9 or 7.4-10.5. The
specification describes that a virus cannot be removed when
—COOH, —SO;H, or the like on the surface forms a salt.
Furthermore, in the method described in Patent Document 7,
denaturation or the like of the component protein occurs,
which is not favorable for blood, since the pH of blood
changes when the blood comes in contact with the removing
material. As a problem common to these techniques, there is
a risk of blood coagulation due to denaturation of a blood
protein when blood comes in contact with a removing
material.
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[0006] (Patent Document 1) Japanese Patent Applica-
tion Laid-open No. 61-113463

[0007] (Patent Document 2) Japanese Patent Publica-
tion No. 05-50302

[0008] (Patent Document 3) Japanese Patent Publica-
tion No. 05-50303

[0009] (Patent Document 4) Japanese Patent Publica-
tion No. 05-50301

[0010] (Patent Document 5) Japanese Patent Applica-
tion Laid-open No. 11-267199

[0011] (Patent Document 6) Japanese Patent Applica-
tion Laid-open No. 03-123630

[0012] (Patent Document 7) Japanese Patent Applica-
tion Laid-open No. 02-36878

DISCLOSURE OF THE INVENTION

[0013] An object of the present invention is to solve the
above problems in the prior arts. In particular, an object of
the present invention is to provide a method that can
simultaneously remove viruses and leukocytes from virus-
containing blood and can achieve a high platelet recovery
rate, and to provide a material and an apparatus for the
method.

[0014] As a result of extensive studies to achieve the
above object, the present inventors have found that viruses
and leukocytes can be simultaneously removed from blood
and platelets can be recovered at a high recovery rate by
bringing virus-containing blood into contact with a water-
insoluble carrier of which the surface can remove viruses
and leukocytes in blood. This finding has led to the present
invention. Further, the present inventors have found that
leukocytes and viruses can be simultaneously removed
effectively by using a material that can increase the concen-
tration of an activated complement C3a by five times or
more when blood is brought into contact with the material.
This has led to the completion of the present invention.

[0015] Specifically, the present invention relates to a
method for selectively removing viruses and leukocytes
simultaneously from blood, comprising a step of bringing
virus-containing blood into contact with a material for
selectively removing viruses and leukocytes which com-
prises a water-insoluble carrier having a surface for adsorb-
ing or removing viruses and leukocytes in blood.

[0016] The present invention also relates to a platelet-
permeable material for selectively and simultaneously
removing viruses and leukocytes from blood, comprising a
water-insoluble carrier having a surface for adsorbing or
removing viruses and leukocytes in blood.

[0017] The present invention further provides an appara-
tus for selectively removing viruses and leukocytes, com-
prising a container having a blood inlet section and a blood
outlet section in which the material for selectively removing
viruses and leukocytes is placed, and means for preventing
the material from escaping from the container.

[0018] The method, the removing material, and the appa-
ratus are particularly useful when the blood contains hepa-
titis C virus.
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[0019] Tt is most preferable that the platelet-permeable
material for selectively removing viruses and leukocytes has
a terminal hydrophilic group or a combination of a terminal
hydrophilic group and a polyethylene glycol group and, in
addition, a further terminal hydrophobic group on the sur-
face of the carrier.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0020] The present invention will be described in detail
below.

[0021] In the present invention, a virus includes a free
virus in blood, a protein-bound virus, avirus in infected
leukocytes, and the like.

[0022] Specifically, substances to be removed in the
present invention include viruses, protein-bound viruses,
and the like in blood. Any viruses such as hepatitis A virus,
hepatitis B virus, hepatitis C virus, and HI'V can be removed.
Of these, the hepatitis C virus can be removed at a particu-
larly high efficiency. It may be assumed, although not
definitively proven, that the hepatitis C virus can be removed
at the same high efficiency as leukocytes, due to surface
properties and the size of the virus. Examples of the hepatitis
C virus include hepatitis C virus in blood, hepatitis C virus
adsorbed in immunoglobulin or the like, hepatitis C virus
adsorbed in plasma protein, and leukocytes such as lym-
phocytes activated by hepatitis C virus, macrophage in an
inflamed part, and granulocytes. Especially when the viruses
and pharmaceutical such as interferon are removed simul-
taneously, the viruses that can be previously removed using
the method of the present invention are hepatitis C virus,
hepatitis C virus adsorbed on a plasma protein, leukocytes
infected by hepatitis C virus, and autoreactive T cells
activated by hepatitis C virus. In particular, with regard to
leukocytes, it is more advantageous to remove lymphocytes,
since the lymphocyte is infected with the hepatitis C virus.

[0023] In the present invention, blood includes blood
components such as plasma and serum.

[0024] When blood is treated, it is possible to add an
anticoagulant to the blood for the purpose of preventing
coagulation. The anticoagulant is not specifically limited
inasmuch as the anticoagulant is a compound having anti-
coagulant activity. As a preferable example of the antico-
agulant, heparin, Futhan, FOY, Argatroban, citric acid and
the like can be given. Of these, heparin and Futhan are
particularly preferably used.

[0025] In the present invention, removal of viruses or
leukocytes means to be removed from blood by adsorbing
and/or filtering the viruses or leukocytes. Any methods such
as a standing method, shaking method, adsorption method
using diffusion, and filtration method may be employed for
bringing blood into contact with a material for removing
viruses and leukocytes. For adsorption and filtration, a
method of causing blood to flow by a head drop, using a
pump, or the like is advantageously used.

[0026] 1t has been found unexpectedly that the material for
removing viruses and leukocytes of the present invention
preferably has at least a terminal hydrophilic group on the
surface. As the terminal hydrophilic group on the surface of
the carrier of the material for removing viruses and leuko-
cytes, a uncharged neutral functional group is preferably
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used. Examples of such a preferable functional group
include a hydroxyl group., hydroxyl group-containing alkyl
groups such as a hydroxymethyl group, hydroxyethyl group,
hydroxypropyl group, hydroxyisopropyl group, hydroxybu-
tyl group, and hydroxyisobutyl group, and methoxypolyeth-
ylene glycol groups such as a methoxydiethylene glycol
group and methoxytriethylene glycol group. Of these, a
hydroxyl group, hydroxypropyl group, hydroxyisopropyl
group, and hydroxyisobutyl group are particularly prefer-
ably used.

[0027] To improve permeability of platelets, a methoxy-
diethylene glycol group or methoxytriethylene glycol group
is preferably used.

[0028] To improve both the removal rate of viruses and
leukocytes and the platelet recovery rate, it is most prefer-
able to use a hydroxyl group, hydroxypropyl group,
hydroxyisopropyl group, or hydroxyisobutyl group in com-
bination with a methoxydiethylene glycol group or meth-
oxytriethylene glycol group.

[0029] In the present invention, a terminal means a termi-
nal of a main chain or a terminal of a side chain. The
terminal group may be bonded directly to the main chain or
via an ester bond, amide bond, urethane bond, or the like. In
the latter case, the terminal refers to a terminal part which
does not include the bond.

[0030] As a preferable terminal hydrophobic group on the
surface of the carrier of the material for removing viruses
and leukocytes of the present invention, alkyl groups having
1 to less than 30 carbon atoms such as a methyl group, ethyl
group, propyl group, isopropyl group, butyl group, isobutyl
group, t-butyl group, pentyl group, hexyl group, heptyl
group, and octynyl group, aromatic groups such as a phenyl
group, aliphatic groups such as a cyclopentyl group and
cyclohexyl group, and the like can be given. In view of
permeability of platelets, alkyl groups having 10 to less than
30 carbon atoms, i.e. alkyl group such as a methyl group,
and an ethyl group are more preferable. Alkyl groups having
10 to less than 20 carbon atoms, a methyl group, and an ethyl
group are most preferable.

[0031] Inthe material for selectively removing viruses and
leukocytes of the present invention, the hydrophilic group is
effectively used for adsorbing/removing hydrophilic pro-
tein-adsorbed viruses and leukocytes and for improving
recovery capability for platelets.

[0032] The hydrophobic group is effectively used for
improving adsorption of viruses or hydrophobic protein-
adsorbed viruses. In the material for removing viruses and
leukocytes of the present invention, to remove viruses and
leukocytes and maintain permeability of platelets, it is
important to ensure a well-balanced proportion of the ter-
minal hydrophilic groups and the terminal hydrophobic
groups. Excessive hydrophobicity is disadvantageous for
recovery of platelets.

[0033] The percentage of the terminal hydrophilic groups
is preferably 2% or more, and less than 100%. When the
percentage of the terminal hydrophilic groups is less than
2%, hydrophobicity is high. In this case, leukocytes and
viruses can be adsorbed, whereas permeability of platelets
unpreferably decreases extremely. If the percentage of the
hydrophilic groups is 100%, adsorption of viruses unpref-
erably decreases. From the above standpoint, the percentage
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is more preferably 3% or more, and less than 90%, and most
preferably 5% or more, and less than 80%.

[0034] The percentage of the terminal hydrophobic groups
is also important. When the percentage is 0.1% or more, and
less than 70%, the material is advantageously used. When
the percentage of the terminal hydrophobic groups is 70% or
more, the platelet recovery rate is unpreferably reduced. If
the percentage is less than 0.1%, adsorption of a virus-
adsorbing protein unpreferably decreases due to the low
hydrophobicity. For these reasons, the percentage is more
preferably 1% or more, and less than 60%, and most
preferably 1% or more, and less than 55%.

[0035] In the present invention, the percentages of the
terminal hydrophilic groups and the terminal hydrophobic
groups refer to the percentages of the hydrophilic groups and
the hydrophobic groups on the surface of the material for
removing viruses and leukocytes, specifically, the molar
ratios of the funtional groups of the carrier coming in contact
with blood. The percentages of these terminal groups can be
determined by solid state nuclear magnetic resonance spec-
troscopy, infrared absorption spectroscopy, XPMS, ESCA,
or the like known in the art. When the surface of the carrier
is modified by coating or the like, the percentages of the
terminal groups in the coating polymer can be indicated in
molar ratios.

[0036] In the present invention, the surface refers to the
surface of the material with which viruses or the like can
come in contact and excludes the inside of the material with
which viruses cannot come in contact. In the present inven-
tion, the surface of the carrier can have a function of
capturing viruses and leukocytes in blood and allowing
platelets to permeate therethrough insofar as the surface of
the carrier is provided with the terminal hydrophilic groups.
The terminal hydrophilic groups may be provided by coating
the surface with a material containing the terminal hydro-
philic groups, or by introducing the funtional groups into the
surface of the carrier by radiation graft polymerization,
covalent bonding, or the like. It is also possible to use a
material having the functional groups on the surface as a
carrier.

[0037] The material for removing viruses and leukocytes
having the terminal hydrophilic groups can have terminal
cationic groups on the surface of the carrier. The terminal
cationic group is particularly advantageously used for
improving adsorption of a virus having negative charges on
the surface.

[0038] Examples of the terminal cationic group include
tertiary amino groups formed by bonding of a dimethy-
lamino group, diethylamino group, dipropylamino group, or
the like to the terminal of the main chain or side chain of a
polymer, and aromatic groups such as heterocyclic groups.
Of these, a dimethylamino group, diethylamino group, and
the like are advantageously used. If the terminal cationic
group is a primary or secondary amino group, ionicity is
strong, unpreferably resulting in a reduction in the platelet
recovery rate.

[0039] The percentage of the terminal cationic groups is
preferably less than 15%. If the percentage exceeds 15%, the
platelet recovery rate is reduced due to the excessive amount
of the cationic groups. The percentage is more preferably
less than 13%, and most preferably less than 11%.
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[0040] Tt has been found that leukocytes and viruses can
be simultaneously removed most effectively when the mate-
rial for removing viruses and leukocytes of the present
invention is a material that can increase the concentration of
an activated complement C3a by five times or more after
bringing blood into contact with the material. It has also
been found that viruses can be easily adsorbed under the
influence of forming a complex with the activated comple-
ment C3a, whereas an excessive increase in the concentra-
tion of the activated complement C3a relatively reduces the
concentration of the viruses, resulting in a decrease in
adsorption of the viruses. When the increase in the concen-
tration of the activated complement C3a is less than five
times after blood has been brought into contact with the
material, removing capability of viruses and leukocytes
unpreferably decreases extremely. When the concentration
of the activated complement C3a increases by five times or
more after bringing blood into contact with the material,
effectiveness of the material is ensured. However, when the
concentration of the activated complement C3a increases by
1,000 times or more after bringing blood into contact with
the material, the material cannot be used in practice due to
anaphylaxis or the like caused by the complement. When the
concentration of the activated complement C3a increases by
500 times or more, the component composition of blood
significantly unpreferably changes. The concentration of the
activated complement C3a increases by more preferably
seven times or more, and most preferably by ten times or
more, after bringing blood into contact with the material.

[0041] As the material for increasing the concentration of
the activated complement C3a by five times or more after
bringing blood into contact with the material, a material
having 5 mol % or more of the above-described terminal
hydrophilic groups on the surface is used. Examples of the
terminal hydrophilic group-containing monomer include, as
terminal hydrophilic group monomers, hydroxyalkyl meth-
acrylates such as 2-hydroxyethyl methacrylate, 2-hydrox-
ypropyl methacrylate, 2-hydroxyisopropyl methacrylate,
2-hydroxybutyl methacrylate, and 2-hydroxyisobutyl meth-
acrylate, and methoxypolyethylene glycol methacrylates
such as methoxydiethylene glycol methacrylate, methoxytri-
ethylene glycol methacrylate, and methoxytetracthylene
glycol methacrylate.

[0042] A polymer obtained by copolymerizing or terpo-
lymerizing these monomers is effectively used for activa-
tion. Examples of the polymer include a random copolymer
of 2-hydroxyisobutyl methacrylate (HBMA), methoxydieth-
ylene glycol methacrylate (MDG), and methyl methacrylate
(MMA) (copolymerization molar ratio,
HBMA:MDG:MMA=5-40:5-30:40-60), a random copoly-
mer of 2-hydroxyisopropyl methacrylate (HPMA), meth-
oxydiethylene glycol methacrylate, and methyl methacrylate
(copolymerization molar ratio, HPMA:MDG:MMA=5-
40:5-30:40-70), and a random copolymer of HPMA and
dimethylaminoethyl methacrylate (DM) (copolymerization
molar ratio, HPMA:DM=80-93:3-20).

[0043] In particular, a random copolymer of 2-hydroxy-
isobutyl methacrylate (HBMA), methoxydiethylene glycol
methacrylate (MDG), and methyl methacrylate (MMA)
(copolymerization molar ratio, HBMA:MDG:MMA=5-
40:5-30:40-60) is most advantageously used.

[0044] A material with inherent characteristics that can
increase the concentration of the activated complement C3a
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by five times or more after bringing blood into contact with
the material is also effectively used. Such a material has the
hydrophilic groups on the surface. Examples of the material
advantageously used include natural polymers such as cel-
lulose and/or its derivatives, and polymeric materials such as
polyesters including polyethylene terephthalate and polybu-
tylene terephthalate, an ethylene-vinyl alcohol copolymer
and polyurethane. In view of activation, particularly prefer-
ably, polyesters such as polyethylene terephthalate and poly-
butylene terephthalate, an ethylene-vinyl alcohol copoly-
mer, cellulose, and the like can be given, most preferably,
polyesters such as polyethylene terephthalate and polybuth-
ylene terephthalate are advantageously used.

[0045] As the carrier of the material for selectively remov-
ing viruses and leukocytes used in the present invention,
particles, beads, a porous material, a flat membrane, a
nonwoven fabric, a woven fabric, or the like can be given,
for example. Of these, a porous material and a nonwoven
fabric are preferably used, since these carriers can remove
viruses and leukocytes simultaneously and have a large
surface area. A nonwoven fabric is most preferable.

[0046] The constituent of the carrier is not specifically
limited insofar as the carrier can be subjected to surface
treatment. Examples of the constituent include natural poly-
mers such as cellulose and/or its derivatives, and polymeric
materials such as polyesters including polyethylene tereph-
thalate and polybutylene terephthalate, polyolefins including
polyethylene and polypropylene, polyvinylidene fluoride,
polyamide, polyimide, polyurethane, polysulfone, and poly-
acrylonitrile.

[0047] The nonwoven fabric can be employed as is, when
the nonwoven fabric has affinity with viruses and leukocytes
without surface modification. When the nonwoven fabric
does not have such affinity without surface modification, the
nonwoven fabric is preferably subjected to surface modifi-
cation such as coating to provide affinity.

[0048] In particular, to improve adsorption and/or removal
of target substances and leukocytes and recovery of plate-
lets, a nonwoven fabric of which the surface is modified by
a treatment such as coating is preferably used.

[0049] When the carrier is a nonwoven fabric, the filament
may be either a monofilament or a multifilament, or either a
porous filament or an irregular filament.

[0050] The average fiber diameter of the nonwoven fabric
is preferably 2.0 um or more, and less than 50 um. If the fiber
diameter is too large, it is difficult to secure the surface area
of the base material. This unpreferably results in a reduction
in the area for adsorbing viruses and a decrease in leukocyte
removing capability.

[0051] If the fiber diameter is too small, clogging easily
occurs in the removing material and platelets are recovered
only with difficulty. For these reasons, the average fiber
diameter is more preferably 2.0 um or more, and less than 30
um, and most preferably 2.3 um or more, and less than 20

Hm.

[0052] To improve removal of leukocytes and permeabil-
ity of platelets, it s also important that the bulk density of
the nonwoven fabric be 0.10 g/cm® or more, and less than
0.45 g/cm?®. If the bulk density is less than 0.10 g/cm?, the
removing capability of leukocytes decreases. If the bulk
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density is 0.45 g/cm® or more, permeability of platelets
decreases extremely. For these reasons, the bulk density is
preferably 0.15 g/cm> or more, and less than 0.45 g/cm>, and
most preferably 0.15 g/cm® or more, and less than 0.40
g/em’.

[0053] For nonwoven fabric, to improve adsorption of
viruses, removal of leukocytes, and permeability of plate-
lets, it is also important that the specific surface area of the
nonwoven fabric be 0.010 m*/g or more, and less than 4.0
m?/g. If the specific surface area is less than 0.01 m*/g, the
removal capability of viruses and leukocytes decreases. If
the specific surface area is 4.0 m*/g or more, permeability of
platelets decreases extremely. For these reasons, the specific
surface area is preferably 0.02 m*/g or more, and less than
3.0 m*/g, and most preferably 0.04 m?/g or more, and less
than 2.5 m*/g.

[0054] As the surface-modified compound that can
remove viruses and leukocytes and recover platelets at a
high recovery rate, a polymer compound having a terminal
hydrophilic group on the side chain and a polymer com-
pound having a terminal hydrophilic group and a terminal
hydrophobic group on the side chain at the same time can be
given.

[0055] Examples of the monomer forming those polymer
compounds include, as terminal hydrophilic group mono-
mers, hydroxyalkyl methacrylates such as 2-hydroxyethyl
methacrylate, 2-hydroxypropyl methacrylate, 2-hydroxyiso-
propyl methacrylate, 2-hydroxybutyl methacrylate, and
2-hydroxyisobutyl methacrylate, and methoxypolyethylene
glycol methacrylates such as methoxydiethylene glycol
methacrylate, methoxytriethylene glycol methacrylate, and
methoxytetracthylene glycol methacrylate.

[0056] As examples of terminal hydrophobic group mono-
mers, alkyl methacrylates such as methyl methacrylate, ethyl
methacrylate, propyl methacrylate, butyl methacrylate, and
octadecyl methacrylate, and aromatic methacrylates such as
benzyl methacrylate and phenyl methacrylate can also be
given.

[0057] Even if the above polymerizable functional groups
are vinyls, acrylates, or the like, they can be effectively used.

[0058] The surface coating material used in the present
invention can be effectively obtained by copolymerizing two
kinds of monomers or terpolymerizing three kinds of mono-
mers according to the percentages of the hydrophilic groups
and the hydrophobic groups.

[0059] Particularly preferable examples of the copolymer
using the monomers include a copolymer of methoxydieth-
ylene glycol methacrylate, 2-hydroxyisobutyl methacrylate,
and methyl methacrylate.

[0060] Examples of the terminal cationic group monomer
when the terminal cationic group is introduced include
dialkylaminoalkyl methacrylates such as dimethylaminoet-
hyl methacrylate and diethylaminoethyl methacrylate.

[0061] These exemplified polymer compounds can be
effectively used directly as a base material or used by
coating on the surface of a base material.

[0062] In addition, these monomers may be effectively
used as is or may be effectively used after polymerizing or
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copolymerizing monomers such as glycidyl methacrylate
and then appropriately introducing a necessary terminal
group into the polymer.

[0063] Various conventional methods can be used as the
method for providing the surface of the carrier with a
hydroxyl group, a polyethylene glycol group, a hydrophobic
group, and a neutral group. To provide the surface of the
carrier with such groups means that the groups must be
caused to be present on the surface so as not to be eluted into
water or blood. Examples of the method include graft
polymerization, coating, and a method comprising introduc-
ing a functional group such as an epoxy group, amino group,
formyl group, carboxyl group, hydroxyl group, acid halide
group, or cyanogen halide group into the surface of the
carrier and bonding the functional group to the compound
which should possess the target functional group directly or
via a coupling agent or a spacer.

[0064] The material for removing viruses and leukocytes
of the present invention can be more suitably used in the
blood processing apparatus of the present invention. The
apparatus for removing viruses and leukocytes of the present
invention is an apparatus for adsorbing and/or removing a
virus, a protein-bound virus, and leukocytes from blood,
comprising a container having a blood inlet section and a
blood outlet section in which the material for selectively
removing viruses and leukocytes is included, and a means
for preventing the material for removing viruses and leuko-
cytes from escaping from the container.

[0065] As the means for preventing the removing material
from escaping from the container, any means through which
all blood components can pass but through which the
removing material cannot pass can be used. The means can
be a mesh, filter, or the like, having a mesh size smaller than
the diameter of the removing material, installed in at least
the outlet port of the container. When a fiber such as a
nonwoven fabric is used as the carrier, the means which the
nonwoven fabric may be bonded to the upper end or lower
end of the container using an adhesive, or inserted in a
clearance between the containers can be adopted, in addition
to providing the above-described mesh. In particular, when
a cylindrical depth filter is used, one end of the cylinder is
blocked and the other end on the outlet port side is connected
to a nozzle or the like. As the adhesive used, an adhesive of
which bonding strength is not weakened by swelling or the
like when the adhesive comes in contact with a liquid such
as blood is preferable. For example, a urethane-based adhe-
sive and an epoxy-based adhesive are advantageously used.
However, the adhesive used is not limited to these.

[0066] The apparatus of the present invention can be
particularly advantageously used if connected with a blood
collection means, an anticoagulant mixing means, a retrans-
fusion means, and the like via a tube.

[0067] The housing of the apparatus of the present inven-
tion is preferably formed from a synthetic resin such as
polypropylene, polycarbonate, polyethylene, polystyrene, or
polymethacrylic acid, glass, or a metal such as stainless
steel.

EXAMPLES

[0068] The present invention is described below with
reference to experimental examples and examples. How-
ever, the present invention is not limited to these examples.
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[0069] Experimental examples for producing a polymer
used for modifying the surface of the carrier in the present
invention will be described.

Experimental Example 1

[0070] A random copolymer of 2-hydroxyisobutyl meth-
acrylate (HBMA), methoxydiethylene glycol methacrylate
(MDG), and methyl methacrylate (MMA) was synthesized
using a conventional radical polymerization initiator. The
polymerization was carried out at 70° C. for six hours using
MDG monomer, HBMA monomer, and MMA monomer
(MDG:HBMA:MMA=30:20:50, in molar ratio), 300 ml of
ethanol, and 0.1 g of azobisvaleronitrile (V-65) as an initia-
tor. The obtained polymer solution was added dropwise to
101 of water while stirring. The copolymer was precipitated
and the water-insoluble components were collected. The
composition ratio of the obtained copolymer was the same
as the mixing ratio of the monomers. Accordingly, the
percentages of the terminal hydrophilic groups and the
terminal hydrophobic groups in the copolymer were respec-
tively 50% and 50%.

Experimental Example 2

[0071] A copolymer of 2-hydroxyisopropyl methacrylate
(HPMA) and dimethylaminoethyl methacrylate (DM) was
produced in the same manner as in Experimental Example 1.
The molar ratio HPMA:DM of the copolymer was of 97:3.
The percentages of the terminal hydrophilic groups and the
terminal cationic groups in the copolymer were respectively
97% and 3%.

Experimental Example 3

[0072] A copolymer of 2-hydroxyethyl methacrylate
(HEMA), dimethylaminoethyl methacrylate (DM), and
methyl methacrylate (MMA) was produced in the same
manner as in Experimental Example 1. The molar ratio
HEMA:MMA:DM of the copolymer was 62:30:8. The per-
centages of the terminal hydrophilic groups, the terminal
hydrophobic groups, and the terminal cationic groups in the
copolymer were respectively 62%, 30%, and 8%.

[0073] Examples of the blood processing system for hepa-
titis C will be described below. However, the present inven-
tion is not limited to these examples.

Example 1

[0074] 1 g of the copolymer obtained in Example 1 was
dissolved in 99 g of 70% aqueous solution of ethanol to
obtain a 1% coating solution. 1 g of a nonwoven fabric (the
weight of the substrate per unit area (Metsuke): 90 g/m?,
thickness: 0.40 mm, bulk density: 0.24 g/cm>, specific
surface area: 0.966 m*/g) comprising a polyethylene tereph-
thalate fiber with an average fiber diameter of 2.9 um was
immersed in 10 ml of the 1% coating solution, followed by
drying the mixture at 25° C. for 12 hours. 0.01 g of the
obtained nonwoven fabric was cut into strips and collected
in a vial. 1 ml of blood of a patient containing hepatitis C
virus was added to the vial. The vial was shaken at 37° C.
for two hours.

[0075] Next, 100 gl of the blood after the above treatment
was sampled in a vial and centrifuged at 5,000 rpm for one
minute. The amount of hepatitis C virus in the supernatant
liquid was determined as HCVRNA. The amount of hepa-
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titis C virus was determined using Amplicor HCV Monitor
manufactured by Nippon Roche K.K.

[0076] The number of leukocytes and the number of
platelets in the treated blood were determined using an
automatic blood cell counter (SF-3000, manufactured by
Sysmex Corporation).

[0077] The concentrations of the activated complement
C3a before and after treatment were measured by nephelo-
metric analysis to determine the rate of increase in the
concentration for the value after treatment as compared with
the value before treatment.

[0078] As a control experiment, the same operation as in
Example 1 was carried out without using the removing
material of the present invention.

[0079] The hepatitis C virus adsorption rate (%), the
leukocyte removal rate (%), and the platelet recovery rate
(%) were calculated using the following equations.

Virus adsorption rate(%)=[(Vd-Vc)/Vd]x100

[0080] Vc: Virus concentration in blood of control
experiment

[0081] WVd: Virus concentration in blood of adsorp-
tion experiment

Leukocyte removal rate(%)=[ (Wd-We)/Wd]x100

[0082] Wec: Leukocyte concentration in blood of con-
trol experiment

[0083] Wd: Leukocyte concentration in blood of
adsorption experiment

Platelet recovery rate(%)=Pd/Pcx100

[0084] Pc: Platelet concentration in blood of control
experiment

[0085] Pd: Platelet concentration in blood of adsorp-
tion experiment

[0086] The results are shown in Table 1. The results of the
control experimental example not using the removing mate-
rial are also shown in Table 1. It can be seen that the number
of leukocytes and the number of platelets in the control
experimental example were reduced to some extent due to
attachment of leukocytes and platelets to the container or the
like.

Example 2

[0087] The same operation as in Example 1 was carried
out except for using a nonwoven fabric (the weight per unit
area (Metsuke): 60 g/m?, thickness: 0.35 mm, bulk density:
0.12 g/cm?, specific surface area: 1.768 m*/g) comprising a
polypropylene fiber with an average fiber diameter of 2.5
um. The results are shown in Table 1.

TABLE 1
Virus
adsorption  Leukocyte Platelet C3a
rate removal rate recovery rate concentration
Example 1 85% 80% 90% 11.6 times
Example 2 89% 82% 94% 18.5 times
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TABLE 1-continued
Virus
adsorption ~ Leukocyte Platelet C3a

rate removal rate recovery rate concentration
Control 0% 1% 98% 2.3 times
Experimental
Example

Comparative Example 1

[0088] The same operation as in Example 1 was carried
out except for using a nonwoven fabric (the weight per unit
area: 90 g/m?, thickness: 0.40 mm) comprising a polyeth-
ylene terephthalate fiber with an average fiber diameter of
2.9 um as is. The results are shown in Table 2.

Comparative Example 2

[0089] The same operation as in Example 1 was carried
out except for using a nonwoven fabric (the weight per unit
area: 60 g/m>, thickness: 0.35 mm) comprising a polypro-
pylene fiber with an average fiber diameter of 2.5 um as is.
The results are shown in Table 2.

TABLE 2
Virus
adsorption ~ Leukocyte Platelet C3a
rate removal rate recovery rate concentration
Comparative 58% 84% 21% 3.5 times
Example 1
Comparative 63% 80% 18% 1.8 times
Example 2
Example 3

[0090] The removing material of Example 1 was cut into
disks, each with a diameter of 6.8 mm. Five sheets of the
disks were respectively placed in a column. The hepatitis C
virus adsorption rate, the leukocyte removal rate, and the
platelet recovery rate were evaluated.

[0091] 1.5 ml of fresh human blood (amount of virus:
100,000 copies/ml, number of leukocytes: 4,500-8,400 ul,
number of platelets: 150,000-440,000 ul) to which ACD-A
was added as a anticoagulant (blood:ACD-A=8:1) was
flowed into each column using a syringe pump at a constant
flow rate of 0.5 ml/min at room temperature. The concen-
trations of viruses, leukocytes, and platelets in blood before
and after the blood permeation through the nonwoven fabric
were respectively measured to determine the virus adsorp-
tion rate, the leukocyte removal rate, and the platelet recov-
ery rate in the same manner as in Example 1. The results are
shown in Table 3.

Example 4

[0092] The same operation as in Example 3 was carried
out, except for using the removing material of Example 2.
The results are shown in Table 3.
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TABLE 3
Virus Leukocyte Platelet C3a
adsorption rate removal rate recovery rate concentration
Example 3 91% 95% 70% 12.5 times
Example 4 94% 97% 75% 23.5 times

Comparative Example 3

[0093] The same operation as in Example 3 was carried
out, except for using the material of Comparative Example
1. The results are shown in Table 4.

Comparative Example 4

[0094] The same operation as in Example 3 was carried
out, except for using the material of Comparative Example
2. The results are shown in Table 4.

TABLE 4
Virus
adsorption  Leukocyte Platelet C3a
rate removal rate recovery rate concentration
Comparative 60% 98% 8% 4.8 times
Example 3
Comparative 75% 97% 6% 2.3 times
Example 4
Example 5

[0095] The same operation as in Example 1 was carried
out using the same nonwoven fabric as in Example 1 to
obtain a removing material, except for using the polymer
produced in Experimental Example 2 for coating. Blood was
treated in the same manner as in Example 1 and the hepatitis
C virus adsorption rate, the leukocyte removal rate, and the
platelet recovery rate were evaluated.

[0096] The results are shown in Table 5.

Example 6

[0097] The same operation as in Example 1 was carried
out using the same nonwoven fabric as in Example 1 to
obtain a removing material, except for using the polymer
produced in Experimental Example 3 for coating. Blood was
treated in the same operation as in Example 1 and the
hepatitis C virus adsorption rate, the leukocyte removal rate,
and the platelet recovery rate were evaluated.

[0098] The results are shown in Table 5.

TABLE 5
Virus Leukocyte Platelet C3a
adsorption rate removal rate recovery rate concentration
Example 5 79% 89% 87% 19.5 times
Example 6 91% 95% 86% 22.5 times
Example 7

[0099] The same nonwoven fabric as in Example 1 was
cut into a sheet (width: 150 mm, length: 300 mm) and the
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sheet was wound around a cylindrical mesh with a diameter
of 3.4 mm made from polyethylene. Next, a nonwoven
fabric (the weight per unit area: 30 g/m?®) comprising a
polyester fiber with an average fiber diameter of 12 um was
provided as the first prefilter. The first prefilter with a width
of 150 mm was wound around the above nonwoven fabric.
Further, a nonwoven fabric (the weight per unit area: 50
g/m?) comprising a polyester fiber with an average fiber
diameter of 33 um was provided as the second prefilter. The
second prefilter with a width of 150 mm was wound around
the first prefilter. A mesh with a width of 150 mm made from
polyethylene was wound around the second prefilter. The
cylinder thus formed had a diameter of 39 mm. Both ends of
the cylinder were blocked by urethane. The cylinder was
placed in a cylindrical polycarbonate container with an
internal diameter of 41 mm of which the top and the bottom
were respectively provided with a blood inlet port and a
blood outlet port, so that the outer circumference of the
cylinder was connected to the blood inlet port of the con-
tainer and the inner circumference of the cylinder was
connected to the blood outlet port of the container. An
apparatus for removing leukocytes was thus produced.

[0100] 50 ml of plasma containing hepatitis C virus was
added to 2,000 ml of fresh bovine blood (number of leuko-
cytes: 4,500-6,400 ul., number of platelets: 150,000-320,
000 ul) to which heparin was added as a anticoagulant
(heparin concentration: 1,000 IU/L) (amount of virus: 2,500,
000/1). The mixture was fed into the apparatus using a blood
pump at a constant flow rate of 50 ml/min at room tempera-
ture to remove leukocytes. The concentrations of viruses,
leukocytes, and platelets in blood before and after 2,000 ml
of the blood permeation through the apparatus for removing
leukocytes were respectively measured to determine the
virus adsorption rate, the leukocyte removal rate, and the
platelet recovery rate in the same manner as in Example 1.
The results are shown in Table 6.

TABLE 6
Virus Leukocyte Platelet
adsorption rate removal rate recovery rate
Example 7 69% 93% 62%
INDUSTRIAL APPLICABILITY

[0101] As is clear from Examples above, the present
invention can provide a material for removing viruses and
leukocytes that can selectively adsorb and/or remove viruses
and leukocytes in blood. When a blood processing apparatus
comprising the removing material is used, hepatitis C
viruses and leukocytes in a liquid to be processed such as
blood, plasma, or serum can be selectively removed and
platelets can be recovered at a high recovery rate.

1. A method for selectively and simultaneously removing
viruses and leukocytes from blood, comprising a step of
bringing virus-containing blood into contact with a material
for selectively removing viruses and leukocytes, which
comprises a water-insoluble carrier having a surface which
captures viruses and leukocytes in blood and allows platelets
in blood to permeate therethrough.

2. The method according to claim 1, wherein the virus-
containing blood is brought into contact with the material for
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selectively removing viruses and leukocytes by using an
adsorption method and/or a filtration method.

3. The method according to claim 1, further comprising a
step of mixing the virus-containing blood with an antico-
agulant, and a step of bringing the virus-containing blood
mixed with the anticoagulant into contact with the material
for selectively removing viruses and leukocytes at a flow
rate of 10 ml/min or more, and less than 100 ml/min.

4. The method according to claim 1, wherein the leuko-
cytes to be removed include at least lymphocytes.

5. The method according to claim 1, wherein the leuko-
cytes to be removed include at least autoreactive T cells.

6. The method according to claim 1, wherein the material
for selectively removing viruses and leukocytes has at least
a hydroxyl group and a polyethylene glycol group on the
surface.

7. The method according to claim 1, wherein the material
for selectively removing viruses and leukocytes has a capa-
bility of increasing the concentration of an activated comple-
ment C3a in blood by five times or more after being brought
into contact with the blood.

8. The method according to claim 1, wherein the water-
insoluble carrier is fibrous.

9. The method according to claim 8, wherein the carrier
for removing leukocytes is a nonwoven fabric.

10. The method according to claim 1, wherein the viruses
are hepatitis C viruses.

11. A platelet-permeable material for selectively and
simultaneously removing viruses and leukocytes from
blood, comprising a water-insoluble carrier having a surface
which captures viruses and leukocytes in blood and allows
platelets in blood to permeate therethrough.

12. The platelet-permeable material for selectively
removing viruses and leukocytes according to claim 11,
wherein the carrier has a terminal hydrophilic group at least
on the surface.

13. The platelet-permeable material for selectively
removing viruses and leukocytes according to claim 12,
wherein the terminal hydrophilic group is a hydroxyl group
and/or a polyethylene glycol group.

14. The platelet-permeable material for selectively
removing viruses and leukocytes according to claim 12,
wherein the carrier has a terminal hydrophobic group at least
on the surface.

15. The platelet-permeable material for selectively
removing viruses and leukocytes according to claim 14,
wherein the terminal hydrophobic group is an alkyl group.

16. The platelet-permeable material for selectively
removing viruses and leukocytes according to claim 13,
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wherein the percentage of the terminal hydrophilic group
present on the surface of the carrier is 2% or more, and less
than 100%, and the percentage of the terminal hydrophobic
group present on the surface of the carrier is 0.1% or more,
and less than 70%.

17. The platelet-permeable material for selectively
removing viruses and leukocytes according to claim 16,
wherein the terminal hydrophilic group on the surface of the
carrier includes a methoxydiethylene glycol group at a
percentage of 5% or more, and less than 30%, and a
2-hydroxyisobutyl group at a percentage of 5% or more, and
less than 40%, and the terminal hydrophobic group on the
surface of the carrier includes a methyl group at a percentage
of 40% or more, and less than 60%.

18. The platelet-permeable material for selectively
removing viruses and leukocytes according to claim 11,
wherein the concentration of an activated complement C3a
after the material is brought into contact with blood is five
times or more of the concentration before the material is
brought into contact with blood.

19. The platelet-permeable material for selectively
removing viruses and leukocytes according to claim 11,
wherein the carrier is a nonwoven fabric.

20. The platelet-permeable material for selectively
removing viruses and leukocytes according to claim 19,
wherein the carrier is a nonwoven fabric with an average
fiber diameter of 2.0 mm or more, and less than 50.0 mm.

21. The platelet-permeable material for selectively
removing viruses and leukocytes according to claim 19,
wherein the nonwoven fabric has a bulk density of 0.10
g/cm3 or more, and less than 0.45 g/cm3.

22. The platelet-permeable material for selectively
removing viruses and leukocytes according to claim 19,
wherein the nonwoven fabric has a specific surface area of
0.01 m2/g or more, and less than 4.0 m2/g.

23. The platelet-permeable material for selectively
removing viruses and leukocytes according to claim 11,
wherein the viruses are hepatitis C viruses.

24. An apparatus for selectively removing viruses and
leukocytes, comprising a container having a blood inlet
section and a blood outlet section in which the material
according to claim 11 is placed, and means for preventing
the material from escaping from the container.

25. The apparatus for selectively removing viruses and
leukocytes according to claim 24, wherein the viruses are
hepatitis C viruses.



