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METHOD OF TREATING AND PREVENTING 
INFECTIOUS DISEASES VIA CREATION OF 
A MODIFIED VIRAL PARTICLE WITH 

IMMUNOGENIC PROPERTIES 

RELATED APPLICATIONS 

[0001] This application is a continuation-in-part of US. 
non-provisional patent application Ser. No. 10/ 3 1 1 ,679 ?led 
Dec. 18, 2002, Which is a US national phase from PCT patent 
application number PCT/IB01/01099 ?led Jun. 21, 2001, 
Which claims the bene?t of Australian patent application 
PQ8469 ?led Jun. 29, 2000 and PCT patent application num 
ber PCT/AU00/01603 ?led Dec. 28, 2000. The present appli 
cation also claims the bene?t of US. provisional patent appli 
cation Ser. No. 60/390,066 ?led Jun. 20, 2002. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a delipidation 
method employing a solvent system useful for extracting 
lipids from a virus, thereby creating a modi?ed viral particle. 
The solvent system of the present invention is optimally 
designed such that upon delipidation of the virus, the viral 
particle remains substantially intact. By dissolving the lipid 
envelope surrounding the viral particle using the method of 
the present invention, the resultant modi?ed viral particle has 
exposed antigens (or epitopes), Which foster and promote 
antibody production. The resulting modi?ed viral particle of 
the present invention initiates a positive immunogenic 
response in the species into Which it is re-introduced. The 
present invention can be applied to delipidating viruses from 
a speci?c patient for future reintroduction into the patient, to 
delipidating stock viruses, or non-patient speci?c viruses, for 
use as a vaccine, or to delipidating and combining both non 
patient speci?c viruses and patient speci?c viruses to create a 
therapeutic cocktail. 

BACKGROUND OF THE INVENTION 

Introduction 
[0003] Viruses, of varied etiology, affect billions of animals 
and humans each year and in?ict an enormous economic 
burden on society. Many viruses contain lipid as a major 
component of the membrane that surrounds them. Viruses 
affect animals and humans causing extreme suffering, mor 
bidity, and mortality. These viruses travel throughout the 
body in biological ?uids such as blood, peritoneal ?uid, lym 
phatic ?uid, pleural ?uid, pericardial ?uid, cerebrospinal 
?uid, and in various ?uids of the reproductive system. Fluid 
contact at any site promotes transmission of disease. Other 
viruses reside primarily in different organ systems and in 
speci?c tissues, proliferate and then enter the circulatory sys 
tem to gain access to other tissues and organs at remote sites. 
If the body does not exhibit a positive immune response 
against these pathogens, they infect many cell types Within 
the body, inhibiting these cells from performing their normal 
functions. 
[0004] The human immune system is composed of various 
cell types that collectively protect the body from different 
viruses. The immune system provides multiple means for 
targeting and eliminating foreign elements, including 
humoral and cellular immune responses, participating prima 
rily in antigen recognition and elimination. An immune 
response to foreign elements requires the presence of B-lym 
phocytes (B cells) or T-lymphocytes (T cells) in combination 
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With antigen-presenting cells (APC), Which are usually mac 
rophage or dendrite cells. The APCs are specialiZed immune 
cells that capture antigens. Once inside an APC, antigens are 
broken doWn into smaller fragments called epitopesithe 
unique markers carried by the antigen surface. These epitopes 
are subsequently displayed on the surface of the APCs and are 
responsible for triggering an antibody response in defense of 
the infection. 

[0005] In a humoral immune response, When an APC dis 
playing antigens (in the form of unique epitope markers) 
foreign to the body are recogniZed, B cells are activated, 
proliferating and producing antibodies. These antibodies spe 
ci?cally bind to the antigens present on the APC and block 
their ability to further infect cells. After the antibody attaches, 
the APC engulfs the entire antigen and kills it. This type of 
antibody immune response is primarily involved in the pre 
vention of viral infection. 

[0006] In a cellular immune response, on recognizing the 
APC displaying a foreign antigen, the T cells are activated. 
There are tWo steps in the cellular immune response. The ?rst 
step involves activation of cytotoxic T cells (CTL) or CD8+ T 
killer cells that proliferate and kill target cells that speci?cally 
present antigens presented by APC. The second involves 
helper T cells (HTL) or CD4+ T cells that regulate the pro 
duction of antibodies and the activity of CD8+ cells. The 
CD4+ T cells provide groWth factors to CD8+ T cells that 
alloW them to proliferate and function ef?ciently. 
[0007] Certain infective pathogens are deemed “chronic” 
due to their structure. For example, some viruses are able to 
evade an immune response because of their ability to hide 
some of their antigens from the immune system. Viruses 
contain an outer envelope made up of lipids and fats derived 
from the host cell membrane during the budding process. 
Viruses are comprised of virions, non-cellular infectious 
agents consisting of a single type of nucleic acid (either RNA 
or DNA), surrounded by a protein coat. The outer protein 
covering of viruses is called a capsid, made up of repeating 
subunits called capsomeres. 

[0008] Since viruses are non-metabolic, they only repro 
duce Within living host cells. The virus codes the proteins of 
the viral envelope While the host cell codes the lipids and 
carbohydrates. Therefore, the lipid and carbohydrate content 
Within a given viral envelope is dependent on the particular 
host. The enveloped viral particles therefore partially adopt 
the identity of the host cell, via lipid and carbohydrate con 
tent, and are able to conceal antigens associated With them, 
Which Would normally have initiated an immune response. 
Instead, the viral particle confuses the host immune system by 
presenting it With an antigenic complex that contains compo 
nents of host tissues, and is perceived by the host immune 
system as partly “self” and partly “foreign”. An immune 
response that destroys the antigenic complex containing host 
tissue elements can end up destroying host cells leading to 
severe autoimmune disease. The immune system is forced to 
produce the “compromise”, ineffective antibodies Which do 
not destroy the viral particles, alloWing them to proliferate 
and sloWly cause severe damage to the body, While destroying 
host cells. 

[0009] Recent epidemics affecting the immune system 
include acquired immune de?ciency syndrome (AIDS), 
believed to be caused by the human immunode?ciency virus 
(HIV). Related viruses affect animal species, for example, 
simians and felines (SIV and FIV, respectively). Other major 
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viral infections include, but are not limited to, meningitis, 
cytomegalovirus, and hepatitis in its various forms. 

Current Methods of Treatment 

[0010] One prior art method of treating viruses of varied 
etiology is via drug therapy. Most anti-viral drug therapies are 
directed to preventing or inhibiting viral replication and 
appear to focus on the initial attachment of the virus to the T4 
lymphocyte or macrophage, the transcription of viral RNA to 
viral DNA and the assembly of neW virus during reproduc 
tion. The high mutation rate of the virus, especially in the case 
of HIV, is a major dif?culty With existing treatments because 
the various strains become resistant to anti-viral drug therapy. 
Furthermore, anti -viral drug therapy treatment may cause the 
evolution of resistant strains of the virus. Other draWbacks to 
drug therapies are the undesirable side effects and patient 
compliance requirements. In addition, many individuals are 
afflicted with multiple viral infections such as a combination 
of HIV and hepatitis. Such individuals require even more 
aggressive and expensive drug regimens to counteract disease 
progression, Which in turn cause greater side effects and a 
greater likelihood of multiple drug resistance. 
[0011] Also knoWn in the prior art is prevention of disease 
via the use of vaccinations. Vaccines have been singularly 
responsible for conferring immune response against several 
human pathogens. They are designed to stimulate the immune 
system to protect against various viral infections. In general, 
a vaccine is produced from an antigen, isolated or produced 
from the disease-causing microorganism, Which can elicit an 
immune response. When a vaccine is injected into the blood 
stream as a preventive measure to create an effective immune 

response, the B cells in the blood stream perceive the antigens 
contained by the vaccine as foreign or ‘non-self’ and respond 
by producing antibodies, Which bind to the antigens and 
inactivate them. Memory cells are thereby produced and 
remain ready to mount a quick protective immune response 
against subsequent infection With the same disease-causing 
agent. Thus When an infective pathogen containing similar 
antigens as the vaccine enters the body, the immune system 
Will recogniZe the protein and instigate an effective defense 
against infection. 
[0012] The current methods of vaccination do have draW 
backs, making them less than optimally desirable for immu 
niZing individuals against particular pathogens, especially 
HIV. The existing vaccine strategies aim to expose the body to 
the antigens associated With infective pathogens so that the 
body builds an immune response against these pathogens. For 
example, hepatitis B and HIV pathogens are able to survive 
and proliferate in the human body despite having an effective 
immune response. One explanation offered in the prior art is 
that the antigens of these microorganisms change constantly 
so the antibodies produced in response to a particular antigen 
are no longer effective When the antigen mutates. The AIDS 
virus is believed to undergo this antigenic variation. Although 
antigenic variation has been addressed via the attempted use 
of combination drugs or antigens, no prior art vaccine has 
succeeded in addressing chronic infections such as HIV. 
[0013] Another approach to treating viruses of varied eti 
ology is to inactivate the virus. Prior art methods of inactivat 
ing viruses using chemical agents have relied on organic 
solvents such as chloroform or glutaraldehyde. Although 
viral inactivation is effective in reducing viral load of a patient 
and treating contaminated blood to be used in blood transfu 
sions, it does have problems. For example, inactivation of a 
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virus does not provide a protective immune response against 
viral infection. In addition, it is largely geared toWards dena 
turing viral proteins, thereby destroying the structure of the 
viral particle. 
[0014] Drug therapy, as described above only provides a 
temporary solution to viral infectivity and Works only to 
decrease the viral load of a patient. Chemical inactivation of 
the virus Works to temporarily decrease viral infectivity; hoW 
ever, once cells replicate the level of infectivity Will increase 
again. Moreover, these destruction-type processes lead to 
total cell death and do not initiate or promote a positive 
immunogenic response in the patient. In sum, prior art meth 
ods have largely focused on destroying, yet not suitably modi 
fying, viral particles. 

Current Methods of Manufacture of Viral Treatments and 
Medicaments Viral Inactivation (or Chemical Kill) 

[0015] Described in the prior art are methods of treating 
viral particles With organic solvents and high temperatures 
thus dissolving the lipid envelopes and subsequently inacti 
vating the virus. In those methods, blood is WithdraWn from 
the patient and separated into tWo phasesithe ?rst phase 
including red cells and platelets and the second phase con 
taining plasma, White cells, and cell-free virus (virion). The 
second phase is treated With an organic solvent, thereby kill 
ing the infected cells and virions, and subsequently reintro 
duced into the patient. In addition to dissolving the lipid 
envelope of the virus, the high organic solvent concentrations 
cause cell death and damage to the antigens. Essentially, this 
method results in a “chemical kill” of the cell. 

[0016] Glutaraldehyde is one such solvent Whereby cell 
inactivation is achieved as knoWn by those of ordinary skill in 
the art by ?xation With a dilute solution of glutaraldehyde at 
about 1:250. Although treating the virus With glutaraldehyde 
effectively delipidates the virus, it also destroys the core. 
Destruction of the core is not desirable for producing a modi 
?ed viral particle useful for inducing an immune response in 
a recipient. 
[0017] Chloroform is another such solvent. Chloroform, 
hoWever, denatures many plasma proteins and is not suitable 
for use With biological ?uids, Which Will be reintroduced into 
the animal or human. These plasma proteins deleteriously 
affected by chloroform serve important biological functions 
including coagulation, hormonal response, and immune 
response. These functions are essential to life and thus dam 
age to these proteins may have an adverse effect on a patient’s 
health, possibly leading to death. 
[0018] Other solvents or detergents such as B-propiolac 
tone, TWEEN-80, and dialkyl or trialkyl phosphates have 
been used, either alone or in combination. Many of these 
methods, especially those involving detergents, require 
tedious procedures to ensure removal of the detergent before 
reintroduction of the treated plasma sample into the animal or 
human. Further, many of the methods described in the prior 
art involve extensive exposure to elevated temperature in 
order to kill free virus and infected cells. Elevated tempera 
tures have deleterious effects on the proteins contained in 
biological ?uids, such as plasma. 

Current Methods of Manufacturing Vaccines 

[0019] To date, several manufacturing methods have been 
employed in search for safe and effective vaccines for immu 
niZing individuals against infective pathogenic agents. To 
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protect an individual from a speci?c pathogenic infection, a 
target protein or antigen associated With the infective patho 
gen is administered to the individual. This includes present 
ing the protein as part of a non-infective (inactivated) or less 
infective (attenuated) agent or as a discreet protein composi 
tion. Known to one of ordinary skill in the art are the folloW 
ing different types of vaccines: live attenuated vaccines, 
Whole inactivated vaccines, DNA vaccines, combination vac 
cines, recombinant vaccines, live recombinant vector vac 
cines, virus like particles and synthetic peptide vaccines. 
[0020] In live attenuated vaccines, the viruses are rendered 
less pathogenic to the host, either by speci?c genetic manipu 
lation of the virus genome or by passage in some type of tissue 
culture system. In order to achieve genetic manipulation, an 
inessential gene is deleted or one or more essential genes in 
the virus are partially damaged. Upon genetic manipulation, 
the viral particles become less virulent yet retain antigenic 
features. Live attenuated vaccines can also be used as “vac 
cine vectors” for other genes, Wherein they act as carriers of 
genes from a second virus (or other pathogen) against Which 
protection is required. Attenuated vaccines (less infective and 
not inactivated), hoWever, pose several problems. First, it is 
dif?cult to ascertain When the attenuated vaccine is no longer 
pathogenic. The risk of viral infection from the vaccine is too 
great to properly test for effective attenuation. In addition, 
attenuated vaccines carry the risk of reverting into a virulent 
form of the pathogen. 
[0021] Whole inactivated vaccines are knoWn in the art for 
immunizing against infection by introducing killed or inacti 
vated viruses to introduce pathogen proteins to an individu 
al’s immune system. The administration of killed or inacti 
vated pathogen, via heat or chemical means, into an 
individual introduces the pathogen to the individual’s 
immune system in a non-infective form thereby instigating an 
immune response defense. Wholly inactivated vaccines pro 
vide protection by directly generating cellular and humoral 
immune responses against the pathogenic immunogens. 
There is little threat of infection, because the viral pathogen is 
killed or otherWise inactivated. 

[0022] Subunit vaccines are yet another form of vaccina 
tion Well knoWn to one of ordinary skill in the art. These 
consist of one or more isolated proteins derived from the 
pathogen. These proteins act as target antigens against Which 
an immune response is exhibited. The proteins selected for 
the subunit vaccine are displayed by the pathogen so that 
upon infection of an individual by the pathogen, the individu 
al’s immune system recogniZes the pathogen and instigates an 
immune response. Subunit vaccines are not Whole infective 
agents and are therefore incapable of becoming infective. 
Subunit vaccines are the basic of AIDSVAX, the ?rst vaccine 
for HIV being tested for effectiveness in humans and Which 
contains a portion of HIV’s outer surface (envelope) protein, 
called gpl20. 
[0023] DNA vaccine is another type knoWn in the art and 
uses actual genetic material of pathogens. In addition, syn 
thetic peptide vaccines are made up of parts of synthetic, 
chemically engineered HIV proteins called peptides. They 
comprise portions of HIV proteins chosen speci?cally to 
achieve an anti-HIV immune response. Also mentioned in the 
prior art are combination vaccines that, When used in con 
junction With one another, generate a broad spectrum of 
immune responses. One example of a combination vaccine is 
SHIV, Which is a synthetic vaccine made from the HIV enve 
lope and SIV core. 

Sep. 11,2008 

[0024] What is needed is a therapeutic method and system 
for providing patients With patient-speci?c antigens capable 
of initiating a protective immune response. Accordingly, What 
is needed is a simple, effective method that does not appre 
ciably denature or extract plasma proteins from the biological 
sample being treated. What is also needed is an effective 
delipidation process via Which a viral particle is modi?ed, 
rather than destroyed, thereby both reducing and/ or eliminat 
ing infectivity of the viral particle and invoking a patient 
speci?c, autologous immune response to reduce viral infec 
tion and prevent further infection. 
[0025] What is also needed is an effective means to immu 
niZe individuals against viral pathogen infection that is 
unique to the individual due to viral mutations. Preferably the 
means Would elicit a broad, biologically active protective 
immune response With minimiZed risk of infecting the indi 
vidual. 

SUMMARY OF THE INVENTION 

[0026] The present invention solves the problems described 
above by providing a simple, effective and ef?cient method 
for treating and preventing viral infection. The method of the 
present invention affects the lipid envelope of a virus by 
utiliZing an ef?cient solvent system, Which does not denature 
or destroy the virus. The present invention employs an opti 
mal solvent and energy system to create, via delipidation, a 
non- synthetic, ho st-derived modi?ed viral particle that has its 
lipid envelope at least partially removed, generating a positive 
immunologic response in a patient, thereby providing that 
patient With some degree of protection against the virus. 
[0027] The present invention is also effective in producing 
an autologous, patient-speci?c therapeutic vaccine against 
the virus, by treating a biological ?uid containing the virus 
such that the virus is present in a modi?ed form, but no longer 
infectious and such that an immune response is initiated upon 
reintroduction of the ?uid into the patient. To create the vac 
cine, a biological ?uid (for example, blood) is removed from 
the patient, the plasma is separated from the blood and treated 
to isolate the virus, and the virus is delipidated using an 
optimal solvent system. A lipid-containing virus, treated in 
this manner in order to reduce its infectivity and create a 
modi?ed viral particle, is administered to a recipient, such as 
an animal or a human, together With a pharmaceutically 
acceptable carrier in order to initiate an immune response in 
the animal or human and create antibodies that bind the 
exposed epitopes of the modi?ed viral particle. Adjuvants 
may also be administered With the modi?ed viral particle in 
the pharmaceutically acceptable carrier. 
[0028] Thus an effective method is presented, by Which 
neW vaccines can be developed out of lipid containing viruses 
by removing lipid from the lipid envelope and exposing anti 
gens hidden Within the lipid envelope or beneath the surface 
of the lipid envelope, in turn generating a positive immune 
response When re-introduced into the patient. 
[0029] The present invention provides a modi?ed viral par 
ticle comprising at least a partially delipidated viral particle, 
Wherein the partially delipidated viral particle initiates a posi 
tive immune response in an animal or human patient and 
incites protection against an infectious organism in the animal 
or the human patient. 
[0030] The present invention provides a method for creat 
ing a modi?ed viral particle comprising the steps of: receiving 
a plurality of viral particles, each having a viral envelope, in 
a ?uid; exposing the viral particles to a delipidation process; 
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and, partially delipidating the viral particles wherein the 
delipidation process at least partially removes the viral enve 
lopes to create the modi?ed viral particle and Wherein the 
modi?ed viral particle is capable of provoking a positive 
immune response in a patient. 

[0031] The present invention also provides an antigen 
delivery vehicle and a method for creating an antigen delivery 
vehicle comprising the steps of: receiving a plurality of viral 
particles, each having a viral envelope, in a ?uid; exposing the 
viral particles to a delipidation process; and, partially delipi 
dating the viral particles to create modi?ed viral particles that 
act as antigen delivery vehicles, Wherein the delipidation 
process at least partially removes the viral envelopes to 
expose at least one antigen and Wherein the at least one 
antigen is capable of provoking a positive immune response 
in a patient. 

[0032] The modi?ed viral particles of the present invention 
comprise at least a partially delipidated viral particle, Wherein 
the partially delipidated viral particle is produced by expos 
ing a non-delipidated viral particle to a delipidation process 
and Wherein the partially delipidated viral particle comprises 
at least one exposed patient speci?c antigen that Was not 
exposed in the non-delipidated viral particle. 
[0033] The present invention also provides a vaccine com 
position, comprising at least a partially delipidated viral par 
ticle having patient-speci?c antigens and a pharmaceutically 
acceptable carrier, Wherein the partially delipidated viral par 
ticle is capable of provoking a positive immune response 
When the composition is administered to a patient. 

[0034] The present invention also provides a method for 
making a vaccine comprising: contacting a lipid-containing 
viral particle in a ?uid With a ?rst organic solvent capable of 
extracting lipid from the lipid-containing viral particle; mix 
ing the ?uid and the ?rst organic solvent for a time su?icient 
to extract lipid from the lipid-containing viral particle; per 
mitting organic and aqueous phases to separate; and collect 
ing the aqueous phase containing a modi?ed viral particle 
With reduced lipid content Wherein the modi?ed viral particle 
is capable of provoking a positive immune response When 
administered to a patient. 

[0035] The present invention also provides a method to 
protect an animal or a human against an infectious viral 
particle comprising administering to the animal or the human 
an effective amount of a composition comprising a modi?ed 
viral particle, Wherein the modi?cation comprises at least 
partial removal of a lipid envelope of the infectious viral 
particle, and a pharmaceutically acceptable carrier, Wherein 
the amount is effective to provide a protective effect against 
infection by the infectious viral particle in the animal or the 
human. 

[0036] The present invention also provides a method for 
provoking a positive immune response in an animal or human 
having a plurality of lipid-containing viral particles, compris 
ing the steps of: obtaining a ?uid containing the lipid-con 
taining viral particles from the animal or the human; contact 
ing the ?uid containing the lipid-containing viral particles 
With a ?rst organic solvent capable of extracting lipid from the 
lipid-containing viral particles; mixing the ?uid and the ?rst 
organic solvent: permitting organic and aqueous phases to 
separate; collecting the aqueous phase containing modi?ed 
viral particles With reduced lipid content; and introducing the 
aqueous phase containing the modi?ed viral particles With 
reduced lipid content into the animal or the human Wherein 
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the modi?ed viral particles With reduced lipid content pro 
voke a positive immune response in the animal or the human. 
[0037] The present invention also provides a method for 
treating a viral infection in an animal or human patient com 
prising: removing blood containing a plurality of lipid-con 
taining infectious viral particles from the animal or the 
human; obtaining plasma from the blood, the plasma contain 
ing the lipid-containing infectious viral particles; contacting 
the plasma containing the lipid-containing infectious viral 
particles With a ?rst organic solvent capable of extracting 
lipid from the lipid-containing infectious viral particles to 
produce modi?ed viral particles having reduced lipid content; 
mixing the plasma and the ?rst organic solvent; permitting 
organic and aqueous phases to separate; collecting the aque 
ous phase containing the modi?ed viral particles; and intro 
ducing the aqueous phase containing the modi?ed viral par 
ticles into the animal or the human Wherein the modi?ed viral 
particles have at least one exposed patient-speci?c antigen 
that Was not exposed in the plurality of lipid-containing infec 
tious viral particles. 
[0038] As shoWn beloW, the characteristics of the modi?ed 
viral particle are exhibited in experimental data, shoWing 
mice having a positive immunogenic response When vacci 
nated as compared With a Wholly inactivated vaccine. In addi 
tion, data exhibiting protein recovery indicate retention of the 
structural integrity of the viral particle, removing only its 
lipid-containing envelope. 
[0039] Fluids Which may be treated With the method of the 
present invention include but are not limited to the following: 
plasma; serum; lymphatic ?uid; cerebrospinal ?uid; perito 
neal ?uid; pleural ?uid; pericardial ?uid; various ?uids of the 
reproductive system including but not limited to semen, 
ejaculatory ?uids, follicular ?uid and amniotic ?uid; cell 
culture reagents such as normal sera, fetal calf serum or serum 
derived from any other animal or human; and immunological 
reagents such as various preparations of antibodies and cytok 
ines. 
[0040] The method of the present invention may be used to 
treat viruses containing lipid in the viral envelope. Preferred 
viruses to be treated With the method of the present invention 
include the various immunode?ciency viruses including but 
not limited to human (HIV) and subtypes such as HIV-1 and 
HIV-2, simian (SIV), feline (FIV), as Well as any other form 
of immunode?ciency virus. Other preferred viruses to be 
treated With the method of the present invention include but 
are not limited to hepatitis in its various forms. Another pre 
ferred virus treated With the method of the present invention 
is the bovine pestivirus. It is to be understood that the present 
invention is not limited to the viruses provided in the list 
above. Additional speci?c viruses are described in the 
detailed description of this application. All viruses containing 
lipid, especially in their viral envelope, are included Within 
the scope of the present invention. 
[0041] The present invention also provides a simple, inex 
pensive and easy to use kit for delipidating ?uids and lipid 
containing viruses Within ?uids and to create modi?ed viral 
particles. This kit may be used in various situations, such as in 
the ?eld, in a clinic, by a physician in an emergency situation, 
in a laboratory or elseWhere. Preferred ?uids include biologi 
cal ?uids and culture medium. A preferred biological ?uid is 
plasma. 
[0042] The kits of the present invention may be used to 
process plasma from a patient. In a preferred embodiment, the 
plasma contains lipid-containing virus. This delipidated 
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plasma containing modi?ed viral particles may be stored in a 
blood bank for subsequent autologous or heterologous 
administration. The kits of the present invention may be used 
to process plasma from a patient and then administer the 
delipidated plasma, containing modi?ed viral particles, to the 
patient. The kits of the present invention may be used to 
process other ?uids containing lipids or lipid-containing 
viruses, such as culture media and cells cultured in media. 
The modi?ed viral particles produced With these kits may be 
combined With a pharmaceutically acceptable carrier, and 
optionally an adjuvant, and used as vaccines by administra 
tion to an animal or human to cause an immune response to 
epitopes on or in the modi?ed viral particles. 
[0043] The kits of the present invention generally comprise 
containers used for different purposes. A ?rst container gen 
erally contains one or more ?rst extraction solvents. This ?rst 
container contains means for removing the ?rst extraction 
solvent from the container. Such means may be a component 
of the ?rst container or a separate component adapted to 
function With the ?rst container. Such means include, but are 
not limited to, any type of cap, spout, funnel, penetrable seal, 
penetrable diaphragm, tube, pipette, or other means knoWn to 
one skilled in the art for removing the one or more ?rst 
extraction solvents or for introducing a ?uid containing lipid 
or lipid-containing virus into the ?rst container. A second 
container contains the ?uid containing lipids or lipid-contain 
ing virus to be delipidated. 
[0044] In one embodiment, a third container is used for 
contacting or mixing the ?uid containing lipids or lipid-con 
taining virus to be delipidated and the ?rst extraction solvent. 
Mixing can occur through agitation, inversion, shaking, or 
other means to agitate the third container to a degree suf?cient 
to mix the ?uid and the ?rst extraction solvent. After the 
mixing step, the ?rst extraction solvent containing the dis 
solved lipids from the ?uid or from the lipid-containing 
organisms separates from the ?uid. At this point, the delipi 
dated ?uid may be removed through any means such as pour 
ing, decanting, pipetting, applying a vacuum connected to a 
tube or pipette, or any other means knoWn to one of ordinary 
skill in the art of removing separated ?uids. 
[0045] A fourth container optionally receives the delipi 
dated ?uid and modi?ed viral particles from the third con 
tainer. Alternatively, the delipidated ?uid and modi?ed viral 
particles are administered to the patient through a tube, cath 
eter, an intravenous line, an intraarterial line or other means 
Without introduction into a fourth container. 

[0046] In one embodiment the ?rst container contains suf 
?cient volume Within it to receive the ?uid containing lipids 
or lipid-containing virus to be delipidated. In this embodi 
ment, mixing of the ?rst extraction solvent and the ?uid 
containing lipids or lipid-containing virus to be delipidated 
occurs Within the ?rst container. In this embodiment, a sepa 
rate container for mixing the ?uid and the ?rst extraction 
solvent, referred to as the third container above, is not 
required. After mixing occurs, the ?rst extraction solvent 
containing the dissolved lipids separates from the delipidated 
?uid. At this point, the delipidated ?uid may be introduced 
into another container, analogous to the fourth container 
described above for subsequent introduction into a patient or 
for optional additional extraction of the ?rst extraction sol 
vent With a second extraction solvent. 

[0047] In another embodiment, When a second extraction 
solvent is optionally employed to assist in removal of the ?rst 
extraction solvent, a ?fth container is included Which con 
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tains the second extraction solvent. This second extraction 
solvent may be added to the mixture described above in the 
third container, mixed and then permitted to separate from the 
delipidated ?uid. Alternatively, the second extraction solvent 
may be added to the fourth container described above, mixed 
and then permitted to separate from the delipidated ?uid if 
additional removal of residual ?rst extraction solvent is 
desired. In yet another alternative embodiment, the second 
extraction solvent may be added to the ?rst container 
described above containing the mixture of the ?uid and the 
?rst extraction solvent, mixed and then permitted to separate 
from the delipidated ?uid, if mixing of the ?uid and the ?rst 
extraction solvent, separation and additional extraction of the 
?rst extraction solvent using a second extraction solvent are 
all performed in the ?rst container. The containers described 
above may be graduated for easy determination of volume 
Within a container. 

[0048] Accordingly, it is an object of the present invention 
to provide a method for treating lipid containing virus in order 
to create modi?ed viral particles. 
[0049] It is another object of the present invention to pro 
vide a method for treating or preventing viral disease by 
administering modi?ed viral particles to a patient. 
[0050] Another object of the present invention is to provide 
a method for treating a biological ?uid in order to reduce or 
eliminate the infectivity of infectious viral organisms con 
tained therein. 
[0051] It is further an object of the present invention to 
provide a method for treatment of lipid-containing viruses 
Within a ?uid, Which minimiZes deleterious effects on pro 
teins contained Within the ?uid, thereby creating a modi?ed 
viral particle With properties that are capable of initiating a 
positive immune response in a patient. 
[0052] It is a further object of the present invention to 
provide a method for treatment of lipid-containing viruses 
Within a ?uid, Which minimiZes deleterious effects on pro 
teins contained Within the ?uid, thereby creating a modi?ed 
viral particle With patient-speci?c antigens. 
[0053] It is another object of the present invention to pro 
vide a method for reducing the infectivity of viruses, Wherein 
the method does not employ elevated temperatures, chloro 
form, detergents, or trialkyl phosphates. 
[0054] It is another object of the present invention to pro 
vide a method for reducing the infectivity of viruses, Wherein 
the method exposes antigenic determinants on the modi?ed 
viral particle. 
[0055] It is a farther object of the present invention to com 
pletely or partially delipidate the viral particle, Wherein the 
viral particles comprise immunode?ciency virus, hepatitis in 
its various forms, or any other lipid-containing virus, thereby 
creating a modi?ed viral particle. 
[0056] It is a further object of the present invention to 
completely or partially delipidate the viral particle, Wherein 
the viral particles comprise immunode?ciency virus, hepati 
tis in its various forms, or any other lipid-containing virus, 
While retaining the structural protein core of the virus. 
[0057] It is another object of the present invention to pro 
vide a method for reducing the infectivity of viruses, Wherein 
the neWly formed viral particle can be used as an antigen 
delivery vehicle. 
[0058] Yet another object of the present invention is to treat 
infectious organisms With the method of the present invention 
in order to reduce their infectivity and provide a vaccine 
comprising a delipidated, modi?ed viral particle Which may 
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be administered to an animal or a human together With a 
pharmaceutically acceptable carrier and optionally an immu 
no stimulant compound, to prevent or minimize clinical mani 
festation of disease in a patient following exposure to the 
virus. 
[0059] Yet another object of the present invention is to treat 
infectious organisms With the method of the present invention 
in order to reduce their infectivity and provide a vaccine 
comprising a delipidated, modi?ed viral particle Which may 
be administered to an animal or a human together With a 
pharmaceutically acceptable carrier and optionally an immu 
nostimulant compound, to initiate a positive immunogenic 
response in the animal or human. 
[0060] It is another speci?c object of the present invention 
to provide an anti-viral vaccine. 
[0061] It is a further speci?c obj ect of the present invention 
to lessen the severity of a disease caused by a lipid-containing 
virus in an animal or human receiving a vaccine comprising a 
composition comprising a virus treated With the method of 
the present invention in a pharmaceutically acceptable car 
rier. 
[0062] It is another object of the present invention to com 
bine delipidated viral particles having patient speci?c anti 
gens With delipidated stock viral particles to create a thera 
peutic cocktail for the treatment of diseases. 
[0063] Accordingly it is an object of the present invention 
to provide an inexpensive and easy to use kit for removal of 
lipids from ?uids and infectious organisms, preferably bio 
logical ?uids, plasma, or culture medium. 
[0064] Another object of the present invention is to provide 
an inexpensive and easy to use kit for removal of lipids from 
lipid-containing viruses to create modi?ed viral particles. 
[0065] These and other features and advantages of the 
present invention Will become apparent after revieW of the 
folloWing draWings and detailed description of the disclosed 
embodiments. Various modi?cations to the stated embodi 
ments Will be readily apparent to those of ordinary skill in the 
art, and the disclosure set forth herein may be applicable to 
other embodiments and applications Without departing from 
the spirit and scope of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0066] The accompanying draWings, Which are incorpo 
rated in and form a part of the speci?cation, illustrate pre 
ferred embodiments of the present invention. 
[0067] FIG. 1 is a schematic diagram of an embodiment of 
a kit of the present invention containing a ?rst container 10 
With a screW cap 15, containing ?rst extraction solvent 20, and 
plasma 30, and a second container 50 With a tube 60 leading 
from an opening 70, the tube 60 being connected to a needle 
62. 
[0068] FIG. 2 is a schematic diagram of an embodiment of 
a kit of the present invention containing a ?rst container 10 
With a screW cap 15, containing ?rst extraction solvent 20, a 
second container 50 With a screW cap 55 and containing 
plasma 30, a third container 70, With a screW cap 75 for 
mixing the ?rst extraction solvent 20 and plasma 30 to form 
mixture 72, and a fourth container 80 With a screW cap 85 for 
storing delipidated plasma 82. 
[0069] FIG. 3 incorporates the elements of FIG. 2 and fur 
ther provides a ?fth container 90 With a screW cap 95 con 
taining a second extraction solvent 92 and a sixth container 
100 for storing delipidated plasma 102 With reduced levels of 
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residual ?rst extraction solvent, With a tube 110 leading from 
an opening 105, the tube 110 being connected to a needle 112. 
[0070] FIG. 4 is a schematic representation of an HIV viral 
particle shoWing the lipid containing envelope (LE) orbilayer 
derived from a host cell, the capsid (C), nuclear material 
(NM) such as RNA, surface glycoproteins (GP) such as 
gp l 20 and gp4 l , transmembrane proteins (TMP), p17 matrix 
protein, and capsid proteins (CP) such as p24. 

DETAILED DESCRIPTION OF THE INVENTION 

De?nitions 

[0071] By the term “?uid” is meant any ?uid containing an 
infectious organism, including but not limited to, a biological 
?uid obtained from an organism such as an animal or human. 
Preferred infectious organisms treated With the method of the 
present invention are viruses. Such biological ?uids obtained 
from an organism include but are not limited to plasma, 
serum, cerebrospinal ?uid, lymphatic ?uid, peritoneal ?uid, 
follicular ?uid, amniotic ?uid, pleural ?uid, pericardial ?uid, 
reproductive ?uids and any other ?uid contained Within the 
organism. Other ?uids may include laboratory samples con 
taining infectious organisms suspended in any chosen ?uid. 
Other ?uids include cell culture reagents, many of Which 
include biological compounds such as ?uids obtained from 
living organisms, including but not limited to “normal serum” 
obtained from various animals and used as groWth medium in 
cell and tissue culture applications. 
[0072] By the terms “?rst solvent” or “?rst organic solvent” 
“or ?rst extraction solvent” are meant a solvent, comprising 
one or more solvents, used to facilitate extraction of lipid 
from a ?uid or from a lipid-containing biological organism. 
This solvent Will enter the ?uid and remain in the ?uid until 
being removed. Suitable ?rst extraction solvents include sol 
vents that extract or dissolve lipid, including but not limited to 
alcohols, hydrocarbons, amines, ethers, and combinations 
thereof. First extraction solvents may be combinations of 
alcohols and ethers. First extraction solvents include, but are 
not limited to n-butanol, di-isopropyl ether (DIPE), diethyl 
ether, and combinations thereof 
[0073] The term “second extraction solvent” is de?ned as 
one or more solvents that facilitate the removal of a portion of 
the ?rst extraction solvent. Suitable second extraction sol 
vents include any solvent that facilitates removal of the ?rst 
extraction solvent from the ?uid. Second extraction solvents 
include any solvent that facilitates removal of the ?rst extrac 
tion solvent including but not limited to ethers, alcohols, 
hydrocarbons, amines, and combinations thereof. Preferred 
second extraction solvents include diethyl ether and di-iso 
propyl ether, Which facilitate the removal of alcohols, such as 
n-butanol, from the ?uid. The term “de-emulsifying agent” is 
a second extraction solvent that assists in the removal of the 
?rst solvent Which may be present in an emulsion in an 
aqueous layer. 
[0074] The term “delipidation” refers to the process of 
removing at least a portion of a total concentration of lipids in 
a ?uid or in a lipid-containing organism. Lipid-containing 
organisms may be found Within ?uids Which may or may not 
contain additional lipids. 
[0075] The terms “pharmaceutically acceptable carrier” or 
“pharmaceutically acceptable vehicle” are used herein to 
mean any liquid including but not limited to Water or saline, a 
gel, salve, solvent, diluent, ?uid ointment base, liposome, 
micelle, giant micelle, and the like, Which is suitable for use 
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in contact With living animal or human tissue Without causing 
adverse physiological responses, and Which does not interact 
With the other components of the composition in a deleterious 
manner. 

[0076] The term “patient” refers to animals and humans in 
this application. 

A Modi?ed Viral Particle 

[0077] Practice of the method of the present invention to 
reduce the lipid content of a virus creates a modi?ed viral 
particle. These modi?ed viral particles are immunogenic. The 
present methods expose epitopes that are not usually pre 
sented to the immune system by untreated virus. A structural 
change occurs in the modi?ed viral particles, and proteins on, 
in, or near the surface of the virus are modi?ed such that a 
conformational change occurs. Some of these proteins may 
also separate from the modi?ed viral particle. FIG. 4 is a 
schematic representation of HIV viral particle shoWing the 
lipid containing envelope or bilayer derived from a host cell, 
surface glycoproteins, transmembrane proteins, the capsid, 
capsid proteins and nuclear material. The delipidation pro 
cess of the present invention modi?es the viral particle. The 
modi?ed viral particle has a loWer lipid content in the enve 
lope, displays modi?ed proteins, loses infectivity and is 
immunogenic. 
Modi?ed Viral Particle Resulting from Removal of Lipid 
from Lipid-Containing Organisms 
[0078] As described above, methods of treating the viral 
particles With organic solvents and use of high temperatures, 
thus dissolving the lipid envelopes and subsequently inacti 
vating the virus are Well knoWn in the prior art. In this method, 
blood is WithdraWn from the patient and separated into tWo 
phasesithe ?rst phase including red cells and platelets and 
the second phase containing plasma, White cells, and cell-free 
virus (virion). The second phase is treated With an organic 
solvent, thereby killing the infected cells and virions, and 
subsequently reintroduced into the patient. In addition to 
dissolving the lipid envelope of the virus, hoWever, the high 
organic solvent concentrations cause cell death and damage 
to the antigens. This method results in a “chemical kill” of the 
cell. Another draWback is that elevated temperatures have 
deleterious effects on the proteins contained in biological 
?uids such as plasma. Glutaraldehyde is one such solvent 
Whereby cell inactivation is achieved as knoWn by those of 
ordinary skill in the art by ?xation With a dilute solution of 
glutaraldehyde at about 1:250. 
[0079] When a viral particle is sent through certain solvent 
systems, lipids Will be removed in the solvent because, When 
treated appropriately, lipids are soluble in certain solvent 
systems. Viruses are comprised of virions With the outer 
covering comprised of a protein coat, or capsid, as described 
above. Since viruses are non-metabolic, they only reproduce 
Within living host cells. The virus codes the proteins of the 
viral envelope While the host cell codes the lipids and carbo 
hydrates. Therefore, the lipid and carbohydrate Within a given 
viral envelope is dependent on the particular host. The envel 
oped viral particles therefore partially adopt the identity of 
the host cell and are able to conceal some antigens associated 
With the virus, Which normally Would have initiated an 
immune response. 
[0080] Instead, the viral particle confuses the host immune 
system by presenting it With an antigenic complex that con 
tains components of host tissues, and is perceived by the host 
immune system as partly “self” and partly “foreign”. An 
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immune response that destroys the antigenic complex con 
taining host tissue elements can destroy host cells leading to 
severe autoimmune disease. The immune system is forced to 
produce the “compromise”, ineffective antibodies Which do 
not destroy the viral particles, alloWing them to proliferate 
and sloWly cause severe damage to the body, While the host 
cells are destroyed. 

[0081] Methods of the present invention can be used to 
solve this problem because, by removing the lipid envelope of 
the virus, and keeping the viral particle intact, the method of 
the present invention exposes additional antigens. The host 
immune system is forced to recogniZe the viral particle as 
Wholly “foreign”. Using the method of the present invention, 
What is created is a modi?ed viral particle in Which the anti 
genic core remains intact, thereby using the epitopes of the 
actual viral particle to initiate a positive immunogenic 
response in the patient into Which it is reintroduced. In addi 
tion, the method of the present invention reduces the delete 
rious effect on the otherplasma proteins, measured by protein 
recovery, such that the plasma can be reintroduced into the 
patient. 
[0082] In creating this modi?ed viral particle What is also 
created is a patient-speci?c antigen that induces protection 
against the viral particle in the species in Which it is intro 
duced. The method of the present invention creates an effec 
tive means to immuniZe individuals against viral pathogen 
infection and elicit a broad, biologically active protective 
immune response Without risk of infecting the individual. 
NeW vaccines may be developed from certain lipid containing 
viruses by removing the lipid envelope and exposing antigens 
hidden beneath the envelope, in turn generating a positive 
immune response. These “autologous vaccines” can be cre 
ated by the at least partial removal of the lipid envelope using 
suitable solvent systems (one Which Would not damage the 
antigens contained in the particle) exposing antigens and/or 
forcing a structural modi?cation in the viral protein struc 
tures, Which When introduced into the body, Would provoke 
an effective immune response. 

Infectious Organisms Treated With the Present Invention p 
Viruses are the preferred infectious organism treated With the 
method of the present invention. Viral infectious organisms 
Which may be delipidated by the present invention to form 
modi?ed viral particles include, but are not limited to the 
lipid-containing viruses of the folloWing genuses: Alphavirus 
(alphaviruses), Rubivurus (rubella virus), Flavivirus (Fla 
viviruses), Peslivirus (mucosal disease viruses), (unnamed, 
hepatitis C virus), Coronavirus, (Coronaviruses) severe acute 
respiratory syndrome (SARS), Torovirus, (toroviruses), 
Arleivirus, (arteriviruses), Paramyxovirus, (Paramyxovi 
ruses), Rubulavirus (rubulavriuses), Morbillivirus (morbilli 
vuruses), Pneumovirinae (the pneumoviruses), Pneumovirus 
(pneumoviruses), Vesiculovirus (vesiculoviruses), Lyssavi 
rus (lyssaviruses), Ephemerovirus (ephemeroviruses), 
Cylorhabdovirus (plant rhabdovirus group A), Nucleorhab 
dovirus (plant rhabdovirus group B), Filovirus (?loviruses), 
In?uenzavirus A, B (in?uenza A and B viruses), In?uenza 
virus C (in?uenza C virus), (unnamed, Thogoto-like viruses), 
Bunyavirus (bunyaviruses), Phlebovirus (phleboviruses), 
Nairovirus (nairoviruses), Hanlavirus (hantaviruses), 
Tospovirus (tospoviruses), Arenavirus (arenaviruses), 
unnamed mammalian type B retroviruses, unnamed, mam 
malian and reptilian type C retroviruses, unnamed, type D 
retroviruses, Lenlivirus (lentiviruses), Spumavirus (spumavi 
ruses), Orlhohepadnavirus (hepadnaviruses of mammals), 
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Avihepadnavirus (hepadnaviruses of birds), Simplexvirus 
(simplexviruses), Varicellovirus (varicelloviruses), Betaher 
pesvirinae (the cytomegaloviruses), Cylomegalovirus (cy 
tomegaloviruses), Muromegalovirus (murine cytomegalovi 
ruses), Roseolovirus (human herpes virus 6, 7, 8), 
Gammaherpesvirinae (the lymphocyte-associated herpes 
viruses), Lymphocryplovirus (Epstein-Bar-like viruses), 
Rhadinovirus (saimiri-ateles-like herpes viruses), Orlhopox 
virus (orthopoxviruses), Parapoxvirus (parapoxviruses), Avi 
poxvirus (foWlpox viruses), Capripoxvirus (sheeppoxlike 
viruses), Leporipoxvirus (myxomaviruses), Suipoxvirus 
(sWine-pox viruses), Molluscipoxvirus (molluscum conta 
giosum viruses), Yalapoxvirus (yabapox and tanapox 
viruses), Unnamed, African sWine fever-like viruses, Iridovi 
rus (small iridescent insect viruses), Ranavirus (front iridovi 
ruses), Lymphocyslivirus (lymphocystis viruses of ?sh), 
Togaviridae, Flaviviridae, Coronaviridae, Enabdoviridae, 
Filoviridae, Paramyxoviridae, Orthomyxoviridae, Bun 
yaviridae, Arenaviridae, Retroviridae, Hepadnaviridae, Her 
pesviridae, Poxviridae, and any other lipid-containing virus. 
[0083] These viruses include the following human and ani 
mal pathogens: Ross River virus, fever virus, dengue viruses, 
Murray Valley encephalitis virus, tick-borne encephalitis 
viruses (including European and far eastern tick-bome 
encephalitis viruses, California encephalitis virus, St. Louis 
encephalitis virus, sand?y fever virus, human coronaviruses 
229-E and OC43 and others causing the common cold, upper 
respiratory tract infection, probably pneumonia and possibly 
gastroenteritis), human parain?uenZa viruses 1 and 3, mumps 
virus, human parain?uenZa viruses 2, 4a and 4b, measles 
virus, human respiratory syncytial virus, rabies virus, Mar 
burg virus, Ebola virus, in?uenza A viruses and in?uenza B 
viruses, Arenaviruss: lymphocytic choriomeningitis (LCM) 
virus; Lassa virus, human immunode?ciency viruses 1 and 2, 
or any other immunode?ciency virus, hepatitis B virus, hepa 
titis C virus, hepatitis G virus, Subfamily: human herpes 
viruses 1 and 2, herpes virus B, Epstein-Barr virus), (small 
pox) virus, coWpox virus, monkeypox virus, molluscum con 
tagiosum virus, yelloW fever virus, poliovirus, NorWalk virus, 
orf virus, and any other lipid-containing virus. 

Methods of Manufacture of the Modi?ed Viral Particle 

[0084] One of ordinary skill in the art Would appreciate that 
there may be multiple delipidation processes employed under 
the scope of this invention. In a preferred embodiment, a 
solvent system together applied energy, for example a 
mechanical mixing system, is used to substantially delipidate 
the viral particle. The delipidation process is dependent upon 
the total amount of solvent and energy input into a system. 
Various solvent levels and mixing methods, as described 
beloW, may be used depending upon the overall framework of 
the process. Although a single solvent or multiple solvents 
may be used for delipidation of virus, it is to be understood 
that a single solvent is preferred since there is less probability 
of destroying and denaturing the viral particle. 
Exemplary Solvent Systems for Use in Removal of Lipid 
from Viruses and Effective in Maintaining Integrity of the 
Viral Particle 
[0085] The solvent or combinations of solvents to be 
employed in the process of partially or completely delipidat 
ing lipid-containing organisms may be any solvent or com 
bination thereof effective in solubiliZing lipids in the viral 
envelope While retaining the structural integrity of the modi 
?ed viral particle, Which can be measured, in one embodi 

Sep. 11,2008 

ment, via protein recovery. A delipidation process falling 
Within the scope of the present invention uses an optimal 
combination of energy input and solvent to delipidate the 
viral particle, While still keeping it intact. Suitable solvents 
comprise hydrocarbons, ethers, alcohols, phenols, esters, 
halohydrocarbons, halocarbons, amines, and mixtures 
thereof. Aromatic, aliphatic, or alicyclic hydrocarbons may 
also be used. Other suitable solvents, Which may be used With 
the present invention, include amines and mixtures of amines. 
One solvent system is DIPE, either concentrated or diluted in 
Water or a buffer such as a physiologically acceptable buffer. 
One solvent combination comprises alcohols and ethers. 
Another solvent comprises ether or combinations of ethers, 
either in the form of symmetrical ethers, asymmetrical ethers 
or halogenated ethers. 
[0086] The optimal solvent systems are those that accom 
plish tWo objectives: ?rst, at least partially delipidating the 
infectious organism or viral particle and second, employing a 
set of conditions such that there are feW or no deleterious 
effects on the other plasma proteins. In addition, the solvent 
system should maintain the integrity of the viral particle such 
that it can be used to initiate an immune response in the 
patient. It should therefore be noted that certain solvents, 
solvent combinations, and solvent concentrations may be too 
harsh to use in the present invention because they result in a 
chemical kill. 

[0087] It is preferred that the solvent or combination of 
solvents has a relatively loW boiling point to facilitate removal 
through a vacuum and possibly heat Without destroying the 
antigenic core of the viral particle. It is also preferred that the 
solvent or combination of solvents be employed at a loW 
temperature because heat has deleterious effects on the pro 
teins contained in biological ?uids such as plasma. It is also 
preferred that the solvent or combination of solvents at least 
partially delipidate the viral particle. 
[0088] Liquid hydrocarbons dissolve compounds of loW 
polarity such as the lipids found in the viral envelopes of the 
infectious organisms. Particularly effective in disrupting the 
lipid membrane of a viral particle are hydrocarbons Which are 
substantially Water immiscible and liquid at about 37° C. 
Suitable hydrocarbons include, but are not limited to the 
folloWing: C5 to C20 aliphatic hydrocarbons such as petro 
leum ether, hexane, heptane, octane; haloaliphatic hydrocar 
bons such as chloroform, l,l,2-trichloro-l,2,2-tri?uoroet 
hane, l , l , l -trichloroethane, trichloroethylene, 
tetrachloroethylene, dichloromethane and carbon tetrachlo 
ride; thioaliphatic hydrocarbons each of Which may be linear, 
branched or cyclic, saturated or unsaturated; aromatic hydro 
carbons such as benZene; alkylarenes such as toluene; 
haloarenes; haloalkylarenes; and thioarenes. Other suitable 
solvents may also include saturated or unsaturated heterocy 
clic compounds such as pyridine and aliphatic, thio- or halo 
derivatives thereof. 

[0089] Suitable esters for use in the present invention 
include, but are not limited to, ethyl acetate, propylacetate, 
butylacetate and ethylpropionate. Suitable detergents/surfac 
tants that may be used include but are not limited to the 
folloWing: sulfates, sulfonates, phosphates (including phos 
pholipids), carboxylates, and sulfosuccinates. Some anionic 
amphiphilic materials useful With the present invention 
include but are not limited to the folloWing: sodium dodecyl 
sulfate (SDS), sodium decyl sulfate, bis-(2-ethylhexyl) 
sodium sulfosuccinate (AOT), cholesterol sulfate and sodium 
laurate. 
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[0090] Solvents may be removed from delipidated viral 
mixtures through the use of additional solvents. For example, 
demulsifying agents such as ethers may be used to remove a 
?rst solvent such as an alcohol from an emulsion. Removal of 
solvents may also be accomplished through other methods, 
Which do not employ additional solvents, including but not 
limited to the use of charcoal. Charcoal may be used in a 
slurry or alternatively, in a column to Which a mixture is 
applied. Pervaporation may also be employed to remove one 
or more solvents from delipidated viral mixtures. 
[0091] Examples of suitable amines for use in removal of 
lipid from lipid-containing organisms in the present invention 
are those Which are substantially immiscible in Water. Typical 
amines are aliphatic aminesithose having a carbon chain of 
at least 6 carbon atoms. A non-limiting example of such an 
amine is C6H13NH2. 
[0092] Ether is a preferred solvent for use in the method of 
the present invention. Particularly preferred are the C4-C8 
containing-ethers, including but not limited to ethyl ether, 
diethyl ether, and propyl ethers (including but not limited to 
di-isopropyl ether). Asymmetrical ethers may also be 
employed. Halogenated symmetrical and asymmetrical 
ethers may also be employed. 
[0093] LoW concentrations of ethers may be employed to 
remove lipids When used alone and not in combination With 
other solvents. For example, a loW concentration range of 
ethers include 0.5% to 30%. Such concentrations of ethers 
that may be employed include, but are not limited to the 
following: 0.625%, 1.0% 1.25%, 2.5%, 5.0% and 10% or 
higher. It has been ob served that dilute solutions of ethers are 
effective. Such solutions may be aqueous solutions or solu 
tions in aqueous buffers, such as phosphate buffered saline 
(PBS). Other physiological buffers may be used, including 
but not limited to bicarbonate, citrate, Tris, Tris/EDTA, and 
TriZma. Preferred ethers are di-isopropyl ether (DIPE) and 
diethyl ether (DEE). 
[0094] When used in the present invention, appropriate 
alcohols are those Which are not appreciably miscible With 
plasma or other biological ?uids. Such alcohols include, but 
are not limited to, straight chain and branched chain alcohols, 
including pentanols, hexanols, heptanols, octanols and those 
alcohols containing higher numbers of carbons. 
[0095] When alcohols are used in combination With 
another solvent, for example, an ether, a hydrocarbon, an 
amine, or a combination thereof, Cl-C8 containing alcohols 
may be used. Alcohols for use in combination With another 
solvent include C4-C8 containing alcohols. Accordingly, 
alcohols that fall Within the scope of the present invention are 
butanols, pentanols, hexanols, heptanols and octanols, and 
iso forms thereof, in particular, C4 alcohols or butanols (1 -bu 
tanol and 2-butanol). The speci?c alcohol choice is dependent 
on the second solvent employed. 
[0096] Ethers and alcohols can be used in combination as a 
?rst solvent for treating the ?uid containing the lipid-contain 
ing virus, or viral particle. Any combination of alcohol and 
ether may be used provided the combination is effective to at 
least partially remove lipid from the infectious organism, 
Without having deleterious effects on the plasma proteins. In 
one embodiment, lipid is removed from the viral envelope of 
the infectious organism. When alcohols and ether are com 
bined as a ?rst solvent for treating the infectious organism 
contained in a ?uid, ratios of alcohol to ether in this solvent 
are about 0.01%-60% alcohol to about 40%-99.99% ofether, 
With a speci?c ratio of about 10%-50% of alcohol With about 
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50%-90% of ether, With a more speci?c ratio of about 20% 
45% alcohol and about 55%-80% ether. 
[0097] One combination of alcohol and ether is the combi 
nation of butanol and di-isopropyl ether (DIPE). When 
butanol and DIPE are combined as a ?rst solvent for treating 
the infectious organism contained in a ?uid, ratios of butanol 
to DIPE in this solvent are about 0.01%-60% butanol to about 
40%-99.99% of DIPE, With a speci?c ratio of about 10% 
50% of butanol With about 50%-90% of DIPE, With a more 
speci?c ratio of about 20%-45% butanol and about 55%-80% 
DIPE. 
[0098] Another combination of alcohol and ether is the 
combination of butanol With diethyl ether (DEE). When 
butanol is used in combination With DEE as a ?rst solvent, 
ratios of butanol to DEE are about 0.01%-60% butanol to 
about 40%-99.99% of DEE, With a more speci?c ratio of 
about 10%-50% of butanol With about 50%-90% of DEE, 
With a most speci?c ratio of about 20%-45% butanol and 
about 55%-80% DEE. One speci?c ratio of butanol and DEE 
in a ?rst solvent is about 40% butanol and about 60% DEE. 
This combination of about 40% butanol and about 60% DEE 
(vol:vol) has been shoWn to have no signi?cant effect on a 
variety of biochemical and hematological blood parameters, 
as shoWn for example in US. Pat. No. 4,895,558. 
Biological Fluids and Treatment thereof for Reducing Infec 
tivity of Infectious, Lipid-Containing Organisms 
[0099] As stated above, various biological ?uids may be 
treated With the method of the present invention in order to 
reduce the levels of infectivity of the lipid-containing organ 
ism in the biological ?uid and to create modi?ed viral par 
ticles. In a preferred embodiment, plasma obtained from an 
animal or human is treated With the method of the present 
invention in order to reduce the concentration and/ or infec 
tivity of lipid-containing infectious organisms Within the 
plasma and to create modi?ed viral particles. In this embodi 
ment, plasma may be obtained from an animal or human 
patient by WithdraWing blood from the patient using Well 
knoWn methods and treating the blood in order to separate the 
cellular components of the blood (red and White cells) from 
the plasma. Such methods for treating the blood are knoWn to 
one of ordinary skill in the art and include but are not limited 
to centrifugation and ?ltration. One of ordinary skill in the art 
understands the proper centrifugation conditions for separat 
ing such lipid-containing organisms from the red and White 
cells. Filtration may include dia?ltration or ?ltration through 
membranes With pore siZes that separate the lipid-containing 
organism, such as the cell-free virus, from the red and White 
cells. Use of the present invention permits treatment of lipid 
containing organisms, for example those found Within 
plasma, Without having deleterious effects on other plasma 
proteins and maintaining the integrity of the viral core. 
[0100] Viruses are typically retained in the plasma and are 
affected by the treatment of the plasma With the method of the 
present invention. In cases Where the lipid-containing organ 
ism to be treated is substantially larger, and may pellet With 
red and White blood cells under typical centrifugation condi 
tions for separating cells from plasma, the lipid-containing 
organism may be separated from the red and White cells using 
techniques knoWn to one of ordinary skill in the art. 
[0101] Treatment of lipid-containing organisms in biologi 
cal ?uids other than blood and plasma does not generally 
involve separation of the cells from the ?uid prior to initiation 
of the delipidation procedure. For example, follicular ?uid 
and peritoneal ?uid may be treated With the present invention 
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to affect the levels and infectivity of lipid-containing organ 
isms Without deleterious effects on protein components. The 
treated ?uid may subsequently be reintroduced into the ani 
mal or human from Which it Was obtained. Treatment of these 
non-blood types of ?uids affects the lipid-containing organ 
isms in the ?uid, such as the virus. 
[0102] Once a biological ?uid, such as plasma, is obtained 
either in this manner, or for example, from a storage facility 
housing bags of plasma, the plasma is contacted With a ?rst 
organic solvent, as described above, capable of solubiliZing 
lipid in the lipid-containing infectious organism. The ?rst 
organic solvent is combined With the plasma in a ratio 
Wherein the ?rst solvent is present in an amount effective to 
substantially solubiliZe the lipid in the infectious organism, 
for example, dissolve the lipid envelope that surrounds the 
virus. Exemplary ratios of ?rst solvent to plasma (expressed 
as a ratio of ?rst organic solvent to plasma) are described in 
the folloWing ranges: 0.5-4.0:0.5-4.0; 0.8-3.0:0.8-3.0; and 
l-2:0.8-l.5. Various other ratios may be applied, depending 
on the nature of the biological ?uid. For example, in the case 
of cell culture ?uid, the folloWing ranges may be employed of 
?rst organic solvent to cell culture ?uid: 0.5-4.0:0.5-4.0; 0.8 
3.0:0.8-3.0; and l-2:0.8-l .5. 
[0103] After contacting the ?uid containing the infectious 
organism With the ?rst solvent as described above, the ?rst 
solvent and ?uid are mixed, using methods including but not 
limited to one of the folloWing suitable mixing methods: 
gentle stirring; vigorous stirring; vortexing; sWirling; homog 
eniZation; and end-over-end rotation. 
[0104] The amount of time required for adequate mixing of 
the ?rst solvent With the ?uid is related to the mixing method 
employed. Fluids are mixed for a period of time su?icient to 
permit intimate contact betWeen the organic and aqueous 
phases, and for the ?rst solvent to at least partially or com 
pletely solubiliZe the lipid contained in the infectious organ 
ism. Typically, mixing Will occur for a period of about 10 
seconds to about 24 hours, possibly about 10 seconds to about 
2 hours, possibly approximately 10 seconds to approximately 
10 minutes, or possibly about 30 seconds to about 1 hour, 
depending on the mixing method employed. Non-limiting 
examples of mixing durations associated With different meth 
ods include 1) gentle stirring and end-over-end rotation for a 
period of about 10 seconds to about 24 hours, 2) vigorous 
stirring and vortexing for a period of about 10 seconds to 
about 30 minutes, 3) sWirling for a period of about 10 seconds 
to about 2 hours, or 4) homogenization for a period of about 
10 seconds to about 10 minutes. 

Separation of Solvents 

[0105] After mixing of the ?rst solvent With the ?uid, the 
solvent is separated from the ?uid being treated. The organic 
and aqueous phases may be separated by any suitable manner 
knoWn to one of ordinary skill in the art. Since the ?rst solvent 
is typically immiscible in the aqueous ?uid, the tWo layers are 
permitted to separate and the undesired layer is removed. The 
undesired layer is the solvent layer containing dissolved lip 
ids and its identi?cation, as knoWn to one of ordinary skill in 
the art, depends on Whether the solvent is more or less dense 
than the aqueous phase. An advantage of separation in this 
manner is that dissolved lipids in the solvent layer may be 
removed. 
[0106] In addition, separation may be achieved through 
means, including but not limited to the folloWing: removing 
the undesired layer via pipetting; centrifugation folloWed by 
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removal of the layer to be separated; creating a path or hole in 
the bottom of the tube containing the layers and permitting the 
loWer layer to pass through; utiliZation of a container With 
valves or ports located at speci?c lengths along the long axis 
of the container to facilitate access to and removal of speci?c 
layers; and any other means knoWn to one of ordinary skill in 
the art. Another method of separating the layers, especially 
When the solvent layer is volatile, is through distillation under 
reduced pressure or evaporation at room temperature, option 
ally combined With mild heating. In one embodiment 
employing centrifugation, relatively loW g forces are 
employed, such as 900><g for about 5 to 15 minutes to separate 
the phases. 
[0107] Another method of separating solvent is through the 
used of charcoal, preferably activated charcoal. This charcoal 
is optionally contained in a column. Alternatively the char 
coal may be used in slurry form. Various biocompatible forms 
of charcoal may be used in these columns. Pervaporation 
methods and use of charcoal to remove solvents are preferred 
methods for removing solvent. 
[0108] Following separation of the ?rst solvent from the 
treated ?uid, some of the ?rst solvent may remain entrapped 
in the aqueous layer as an emulsion. Optionally, a de-emul 
sifying agent is employed to facilitate removal of the trapped 
?rst solvent. The de-emulsifying agent may be any agent 
effective to facilitate removal of the ?rst solvent. A preferred 
de-emulsifying agent is ether and a more preferred de-emul 
sifying agent is diethyl ether. The de-emulsifying agent may 
be added to the ?uid or in the alternative the ?uid may be 
dispersed in the de-emulsifying agent. In vaccine preparation, 
alkanes in a ratio of about 0.5 to 4.0 to about 1 part of 
emulsion (vol:vol) may be employed as a de-emulsifying 
agent, folloWed by Washing to remove the residual alkane 
from the remaining delipidated organism used for preparing 
the vaccine. Preferred alkanes include, but are not limited to, 
pentane, hexane and higher order straight and branched chain 
alkanes. 
[0109] The de-emulsifying agent, such as ether, may be 
removed through means knoWn to one of skill in the art, 
including such means as described in the previous paragraph. 
One convenient method to remove the de-emulsifying agent, 
such as ether, from the system, is to permit the ether to 
evaporate from the system in a running fume hood or other 
suitable device for collecting and removing the de-emulsify 
ing agent from the environment. In addition, de-emulsifying 
agents may be removed through application of higher tem 
peratures, for example from about 24 to 37° C. With or With 
out pressures of about 10 to 20 mbar. Another method to 
remove the de-emulsifying agent involves separation by cen 
trifugation, folloWed by removal of organic solvent through 
aspiration, further folloWed by evaporation under reduced 
pressure (for example 50 mbar) or further supply of an inert 
gas, such as nitrogen, over the meniscus to aid in evaporation. 
Yet another method of removing a ?rst solvent or a demulsi 
fying agent is through the use of adsorbants, such as charcoal. 
The charcoal is preferably activated charcoal. This charcoal is 
optionally contained in a column, as described above. Still 
another method of removing solvent is the use of holloW ?ber 
contactors. Pervaporation methods and charcoal adsorbant 
methods of removing solvents are preferred. 

Methods of Treating Biological Fluids (Delipidation) 

[0110] It is to be understood that the method of the present 
invention may be employed in either a continuous or discon 
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tinuous manner. That is, in a continuous manner, a ?uid may 
be fed to a system employing a ?rst solvent Which is then 
mixed With the ?uid, separated, and optionally further 
removed through application of a de-emulsifying agent. The 
continuous method also facilitates subsequent return of the 
?uid containing delipidated infectious organism to a desired 
location. Such locations may be containers for receipt and/or 
storage of such treated ?uid, and may also include the vascu 
lar system of a human or animal or some other body compart 
ment of a human or animal, such as the pleural, pericardial, 
peritoneal, and abdominopelvic spaces. 
[0111] In one embodiment of the continuous method of the 
present invention, a biological ?uid, for example, blood, is 
removed from an animal or a human through means knoWn to 
one of ordinary skill in the art, such as a catheter. Appropriate 
anti-clotting factors as knoWn to one of ordinary skill in the art 
are employed, such as heparin, ethylenediaminetetraacetic 
acid (EDTA) or citrate. This blood is then separated into its 
cellular and plasma components through the use of a centri 
fuge. The plasma is then contacted With the ?rst solvent and 
mixed With the ?rst solvent to effectuate lipid removal from 
the infectious organism contained Within the plasma. FolloW 
ing separation of the ?rst solvent from the treated plasma, a 
de-emulsifying agent is optionally employed to remove 
entrapped ?rst solvent. After ensuring that acceptable levels 
(non-toxic) of ?rst solvent or de-emulsifying agent, if 
employed, are found Within the plasma containing the delipi 
dated infectious organism, the plasma is then optionally com 
bined With the cells previously separated from the blood to 
form a neW blood sample containing at least partially delipi 
dated viral particles, also called modi?ed viral particles 
herein. 

[0112] Through the practice of this method, the infectivity 
of the infectious organism is greatly reduced or eliminated. 
FolloWing recombination With the cells originally separated 
from the blood, this sample may be reintroduced into either 
the vascular system or some other system of the human or 
animal. The effect of such treatment of plasma removed from 
the human or animal and return of the sample containing the 
partially or completely delipidated infectious organism, or 
modi?ed viral particle, to the human or animal causes a net 
decrease in the concentration and infectivity of the infectious 
organism contained Within the vascular system of the human 
or animal. In addition to decreasing the concentration and 
infectivity of the infectious organism contained Within the 
vascular system, the modi?ed viral particle serves to initiate 
an autologous immune response in the patient. In this manner, 
infectious viral load is reduced. In this mode of operation, the 
method of the present invention is employed to treat body 
?uids in a continuous manneriWhile the human or animal is 
connected to an extracorporeal device for such treatment. 

[0113] In yet another embodiment, the discontinuous or 
batch mode, the human or animal is not connected to an 
extracorporeal device for processing bodily ?uids With the 
method of the present invention. In a discontinuous mode of 
operation, the present invention employs a ?uid previously 
obtained from a human or animal, Which may include, but is 
not limited to plasma, lymphatic ?uid, or follicular ?uid. The 
sample may be contained Within a blood bank or in the alter 
native, draWn from a human or animal prior to application of 
the method. The sample may be a reproductive ?uid or any 
?uid used in the process of arti?cial insemination or in vitro 
fertilization. The sample may also be one not directly 
obtained from a human or animal but rather any ?uid con 
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taining a potentially infectious organism, such as cell culture 
?uid. In this mode of operation, this sample is treated With the 
method of the present invention to produce a neW sample 
Which contains at least partially or completely delipidated 
infectious organisms, or modi?ed viral particles. One 
embodiment of this mode of the present invention is to treat 
plasma samples previously obtained from animals or humans 
and stored in a blood bank for subsequent transfusion. These 
samples may be treated With the method of the present inven 
tion to minimize or eliminate transmission of infectious dis 
ease, such as HIV, hepatitis, cytomegalovirus, from the bio 
logical sample. 
[0114] Delipidation of an infectious organism can be 
achieved by various means. A batch method can be used for 
fresh or stored biological ?uids, for example, fresh froZen 
plasma. In this case a variety of the described organic solvents 
or mixtures thereof can be used for viral inactivation. Extrac 
tion time depends on the solvent or mixture thereof and the 
mixing procedure employed. 

Kits 

[0115] The kits of the present invention generally comprise 
containers used for different purposes and are depicted in 
FIGS. 1-3 . A ?rst container 10 generally contains one or more 
?rst extraction solvents 20. This ?rst container 10 contains 
means 15 for removing the ?rst extraction solvent from the 
opening 70 of the container 10. Such means may be a com 
ponent of the ?rst container 10 or a separate component 
adapted to function With the ?rst container 10. Such means 
include, but are not limited to, any type of cap 15, spout, 
funnel, penetrable seal, penetrable diaphragm, tube 60, 
pipette, or other means for removing the one or more ?rst 
extraction solvents 20 or for introducing a ?uid 30 containing 
lipid-containing virus into the ?rst container 10. 
[0116] A second container 50 contains the ?uid 30 contain 
ing lipid-containing virus to be delipidated. 
[0117] In one embodiment, a third container 70 is used for 
mixing the ?uid 30 containing lipid-containing virus to be 
delipidated and the ?rst extraction solvent 20. Mixing can 
occur through agitation, inversion, shaking, or other means to 
agitate the third container 70 to a degree su?icient to mix the 
?uid 30 and the ?rst extraction solvent 20 to form a mixture 
72. After the mixing step, the ?rst extraction solvent contain 
ing the dissolved lipids from the ?uid or from the viruses 
separates from the ?uid. At this point, the delipidated ?uid 
may be removed through any means 75 such as pouring, 
decanting, pipetting, applying a vacuum connected to a tube 
or pipette, or any other means knoWn to one of ordinary skill 
in the art of removing separated ?uids. 
[0118] A fourth container 80 optionally receives the delipi 
dated ?uid and modi?ed viral particles 82 originating from 
the third container 70. Alternatively, the delipidated ?uid 
containing the modi?ed viral particles is administered into 
the patient through a tube, catheter, an intravenous line, an 
intraarterial line or other means Without introduction into a 
fourth container 80. 
[0119] In one embodiment, the ?rst container 10 containing 
the ?rst extraction solvent 20, has su?icient additional vol 
ume Within it to receive the ?uid 30 containing lipid-contain 
ing virus to be delipidated. In this embodiment, mixing of the 
?rst extraction solvent 20 and the ?uid containing lipid-con 
taining virus 30 to be delipidated occurs Within the ?rst con 
tainer 1 0. In this embodiment, a separate container for mixing 
the ?uid 30 and the ?rst extraction solvent 20, referred to as 
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the third container 70, is not required. After mixing occurs, 
the ?rst extraction solvent containing the dissolved lipids 
separates from the delipidated ?uid and the modi?ed viral 
particles. At this point, the delipidated ?uid and the modi?ed 
viral particles may be introduced into another container, 
analogous to the fourth container described above, for subse 
quent introduction into a patient or for optional additional 
extraction of the ?rst extraction solvent With a second extrac 
tion solvent 92. 

[0120] In another embodiment, When a second extraction 
solvent 92 is optionally employed to assist in removal of the 
?rst extraction solvent 20, a ?fth container 90 is included 
Which contains the second extraction solvent 92. This second 
extraction solvent 92 may be added to the mixture 72 
described above in the third container 70, mixed and then 
permitted to separate from the delipidated ?uid and modi?ed 
viral particles. Alternatively, the second extraction solvent 92 
may be added to the fourth container 80 described above, 
mixed and then permitted to separate from the delipidated 
?uid and modi?ed viral particles if additional removal of 
residual ?rst extraction solvent is desired. In yet another 
alternative embodiment, the second extraction solvent 92 
may be added to the ?rst container 10 described above con 
taining the mixture of the ?uid 30 containing the lipid con 
taining virus and the ?rst extraction solvent 20, mixed, and 
then permitted to separate from the delipidated ?uid and 
modi?ed viral particles if mixing of the ?uid 30 containing 
the lipid containing virus and the ?rst extraction solvent 20, 
separation and additional extraction of the ?rst extraction 
solvent 20 using a second extraction solvent 92 are all per 
formed in the ?rst container 10. 

[0121] The containers described above may be graduated 
for easy determination of volume Within a container. 

[0122] Optionally, means for removing or introducing a 
biological ?uid from a patient comprising a venipuncture 
system may be included in a kit. Such systems are Well knoWn 
to those skilled in the art of removing or replacing ?uids, for 
example vascular ?uids, including Without limitation a vac 
tube, hypodermic syringe connected to an intravascular 
needle 62, 112, tubing 60, 110 or an intravascular needle 62, 
112, connected through tubing 60, 110 to a bag for collection 
of blood. Any of these devices may be optionally incorporated 
into the kit. A sensor may be added to the kit for determining 
the level of a ?rst extraction solvent and optionally a second 
extraction solvent in the delipidated ?uid. 
[0123] Suitable materials for use in any of the apparatus 
components as described herein include materials that are 
biocompatible, approved for medical applications that 
involve contact With internal body ?uids, and in compliance 
With US. PVl or ISO 10993 standards. Further, the materials 
should not substantially degrade during at least a single use, 
from for instance, exposure to the solvents used in the present 
invention. The materials should typically be steriliZable, pref 
erably by radiation or ethylene oxide (EtO) steriliZation. Such 
suitable materials should be capable of being formed into 
objects using conventional processes, such as, but not limited 
to, extrusion, injection molding and others. Materials meeting 
these requirements include, but are not limited to, nylon, 
polypropylene, polycarbonate, acrylic, polysulphone, poly 
vinylidene ?uoride (PVDF), ?uoroelastomers such as 
VITON, available from DuPont DoW Elastomers L.L.C., 
thermoplastic elastomers such as SANTOPRENE, available 
from Monsanto, polyurethane, polyvinyl chloride (PVC), 
polytetra?uoroethylene (PTFE), polyphenylene ether (PFE), 
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per?uoroalkoxy copolymer (PFA), Which is available as 
TEFLON PFA from E.I. du Pont de Nemours and Company, 
and combinations thereof. 
[0124] Through the use of the kits and methods of the 
present invention, levels of lipid in lipid-containing viruses in 
a ?uid are reduced, and the ?uid, for example, delipidated 
plasma containing the modi?ed viral particles may be admin 
istered to the patient. Such ?uid contains modi?ed viral par 
ticles that are not infective. These modi?ed viral particles 
induce an immune response in the recipient to epitopes on the 
modi?ed viral particles. Alternatively the modi?ed viral par 
ticles may be further isolated from the delipidated ?uid and 
combined With a pharmaceutically acceptable carrier, and 
optionally an adjuvant and administered as a vaccine compo 
sition to a human or an animal to induce an immune response 
in the recipient. 

Vaccine Production 

[0125] The modi?ed viral particle, Which is at least par 
tially or substantially delipidated and has immunogenic prop 
erties is combined With a pharmaceutically acceptable carrier 
to make a composition comprising a vaccine. This vaccine 
composition is optionally combined With an adjuvant or an 
immuno stimulant and administered to an animal or a human. 
It is to be understood that vaccine compositions may contain 
more than one type of modi?ed viral particle or component 
thereof, in order to provide protection against more than one 
disease after vaccination. Such combinations may be selected 
according to the desired immunity. For example, preferred 
combinations may be, but are not limited to HIV and hepatitis 
or in?uenZa and hepatitis. More speci?cally, the vaccine can 
comprise a plurality of modi?ed viral particles having 
patient-speci?c antigens and modi?ed viral particles having 
non-patient speci?c antigens or stock viral particles that have 
undergone the delipidation process of the present invention. 
[0126] The remaining particles of the organism are retained 
in the delipidated biological ?uid, and When reintroduced into 
the animal or human, are presumably ingested by phagocytes. 
The number of viral particles isolated and modi?ed by the 
delipidation treatment is determined by counting the particles 
before and after treatment. 

Administration of Vaccine Produced With the Method of the 
Present Invention 

[0127] When a delipidated infectious organism, for 
example one in the form of a modi?ed viral particle With 
exposed antigenic determinants, is administered to an animal 
or a human, it is typically combined With a pharmaceutically 
acceptable carrier to produce a vaccine, and optionally com 
bined With an adjuvant or an immunostimulant as knoWn to 
one of ordinary skill in the art. The vaccine formulations may 
conveniently be presented in unit dosage form and may be 
prepared by conventional pharmaceutical techniques knoWn 
to one of ordinary skill in the art. Such techniques include 
uniformly and intimately bringing into association the active 
ingredient and the liquid carriers (pharmaceutical carrier(s) 
or excipient(s)). Formulations suitable for parenteral admin 
istration include aqueous and non-aqueous sterile injection 
solutions Which may contain anti-oxidants, buffers, bacteri 
ostats and solutes Which render the formulation isotonic With 
the blood of the intended recipient; and aqueous and non 
aqueous sterile suspensions Which may include suspending 
agents and thickening agents. 
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[0128] The formulations may be presented in unit-dose or 
multi-dose containersifor example, sealed ampules and 
vialsiand may be stored in a freeZe-dried (lyophiliZed) con 
dition requiring only the addition of the sterile liquid carrier, 
for example, Water for injections, immediately prior to use. 
The vaccine may be stored at temperatures of from about 40 
C. to —l00o C. The vaccine may also be stored in a lyophiliZed 
state at different temperatures including room temperature. 
Extemporaneous injection solutions and suspensions may be 
prepared from sterile poWders, granules and tablets com 
monly used by one of ordinary skill in the art. The vaccine 
may be steriliZed through conventional means knoWn to one 
of ordinary skill in the art. Such means include, but are not 
limited to ?ltration, radiation and heat. The vaccine of the 
present invention may also be combined With bacteriostatic 
agents, such as thimerosal, to inhibit bacterial groWth. 
[0129] Preferred unit dosage formulations are those con 
taining a dose or unit, or an appropriate fraction thereof, of the 
administered ingredient. It should be understood that in addi 
tion to the ingredients, particularly mentioned above, the 
formulations of the present invention may include other 
agents commonly used by one of ordinary skill in the art. 
[0130] The vaccine may be administered through different 
routes, such as oral, including buccal and sublingual, rectal, 
parenteral, aerosol, nasal, intramuscular, subcutaneous, intra 
dermal, intravenous, intraperitoneal, and topical. 
[0131] The vaccine of the present invention may be admin 
istered in different forms, including but not limited to solu 
tions, emulsions and suspensions, microspheres, particles, 
microparticles, nanoparticles, and liposomes. It is expected 
that from about 1 to 5 dosages may be required per immuni 
Zation regimen. One of ordinary skill in the medical or vet 
erinary arts of administering vaccines Will be familiar With 
the amount of vaccine to be administered in an initial inj ec 
tion and in booster inj ections, if required, taking into consid 
eration, for example, the age and siZe of an a patient. 

Vaccination Schedule 

[0132] The vaccines of the present invention may be admin 
istered before, during or after an infection. The vaccine of the 
present invention may be administered to either humans or 
animals. In one embodiment, the viral load (one or more 
viruses) of a human or an animal may be reduced by delipi 
dation treatment of the plasma. The same individual may 
receive a vaccine directed to the one or more viruses, thereby 
stimulating the immune system to combat against the virus 
that remains in the individual. The optimal time for adminis 
tration of the vaccine is about one to three months before the 
initial infection. HoWever, the vaccine may also be adminis 
tered after initial infection to ameliorate disease progression 
or to treat the disease. 

Adjuvants 

[0133] A variety of adjuvants knoWn to one of ordinary skill 
in the art may be administered in conjunction With the modi 
?ed viral particles in the vaccine composition. Such adjuvants 
include, but are not limited to the folloWing: polymers, co 
polymers such as polyoxyethylene-polyoxypropylene 
co-polymers, including block co-polymers; polymer P1005; 
monotide ISA72; Freund’s complete adjuvant (for animals); 
Freund’s incomplete adjuvant; sorbitan monooleate; 
squalene; CRL-8300 adjuvant; alum; QS 21, muramyl dipep 
tide; trehalose; bacterial extracts, including mycobacterial 
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extracts; detoxi?ed endotoxins; membrane lipids; Water-in 
oil mixtures, Water-in-oil-in-Water mixtures or combinations 
thereof. 

Suspending Fluids and Carriers 

[0134] A variety of suspending ?uids or carriers knoWn to 
one of ordinary skill in the art may be employed to suspend 
the vaccine composition. Such ?uids include Without limita 
tion: sterile Water, saline, buffer, or complex ?uids derived 
from groWth medium or other biological ?uids. Preservatives, 
stabiliZers and antibiotics knoWn to one of ordinary skill in 
the art may be employed in the vaccine composition. 
[0135] The folloWing experimental examples are illustra 
tive in shoWing that a delipidation process of the viral particle 
occurred and in particular, that the viral particle Was modi?ed 
and noted to exhibit a positive immunogenic response in the 
species from Which it Was derived. It Will be appreciated that 
other embodiments and uses Will be apparent to those skilled 
in the art and that the invention is not limited to these speci?c 
illustrative examples or preferred embodiments. 

EXAMPLE 1 

[0136] A. Delipidation of Serum Produces Duck Hepatitis 
B Virus (DHBV) having Reduced lnfectivity 
[0137] A standard duck serum pool (Camden) containing 
10 ID5O doses of DHBV Was used. ID5O is knoWn to one of 
ordinary skill in the art as the infective dosage (ID) effective 
to infect 50% of animals treated With the dose. Twenty-one 
ducklings Were obtained from a DHBV negative ?ock on day 
of hatch. These ducklings Were tested at purchase and shoWn 
to be DHBV DNA negative by dot-blot hybridization. 
[0138] The organic solvent system Was mixed in the ratio of 
40% butanol to 60% diisopropyl ether. The mixed organic 
solvent system (4 ml) Was mixed With the standard serum 
pool (2 ml) and gently rotated for 1 hour at room temperature. 
The mixture Was centrifuged at 400><g for 10 minutes and the 
loWer aqueous phase (containing the plasma) removed at 
room temperature. The aqueous phase Was then mixed With 
an equal volume of diethyl ether and centrifuged as before to 
remove any remaining lipid/ solvent mixture. The aqueous 
phase Was again removed and mixed With an equal volume of 
diethyl ether and re-centrifuged. The aqueous phase Was 
removed and any residual diethyl ether Was removed by airing 
in a fume cabinet at room temperature for about 1 hour. The 
delipidated plasma, With or Without viral particles Was stored 
at —20° C. 

[0139] The positive and negative control duck sera Were 
diluted in phosphate buffered saline (PBS). Positive controls: 
2 ml of pooled serum containing l06lD5O doses of DHBV Was 
mixed With 4 ml of PBS. Negative controls: 2 ml of pooled 
DHBV negative serum Was mixed With 4 ml of PBS. Residual 
infectivity Was tested by inoculation of 100 [1.1 of either test 
sample (n:7), negative (n:7) or positive (n:7) controls into 
the peritoneal cavities of day-old ducks. Controls Were run 
With DHBV negative serum treated With organic solvents and 
subsequently mixed With PBS and injected into recipient 
ducks. 
[0140] One of the positive control ducks died betWeen 4 
and 6 days of age and Was excluded from further analysis. A 
further 3 positive control ducks diedbetWeen 9 and 10 days of 
age, and tWo treatment and one negative control died on day 
l l . It Was decided to terminate the experiment. The remaining 
ducklings Were euthanized on day 12 With sodium pentibar 
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bitone, iv, and their livers removed for DHBV DNA analysis 
as described by Deva et al (.1. Hospital Infection 33:119-130, 
1996). All seven negative control ducks remained DHBV 
negative. Livers of all six positive control ducks were DHBV 
positive. All seven test ducks remained negative for DHBV 
DNA in their liver. 
[0141] Delipidation of serum using the above solvent sys 
tem resulted in DHBV having reduced infectivity. None of the 
ducklings receiving treated serum became infected. Although 
the experiment had to be terminated on day 12 instead of day 
14, the remaining positive control ducks were positive for 
DHBV (3/3 were DHBV positive by day 10). This suggests 
that su?icient time had elapsed for the treated ducks to 
become DHBV positive in the liver and that the premature 
ending of the experiment had no bearing on the results. 

B. Delipidated DHBV Positive Serum as a Vaccine to Prevent 
DHBV Infection 

[0142] The e?icacy of the delipidation procedure to pro 
vide a patient speci?c “autologous” vaccine against Duck 
Hepatitis B Virus (DHBV) was examined. Approximately 16 
Pekin cross ducklings were obtained from a DHBV negative 
?ock of ducklings on the day of hatch. The ducklings were 
tested and determined to be DHBV negative by analysis of 
DHBV DNA using dot-blot hybridization. The ducks were 
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[0143] 1. Glutaraldehyde Inactivation 
[0144] Glutaraldehyde inactivation was achieved as known 
by those of ordinary skill in the art by ?xation with a dilute 
solution of glutaraldehyde at about 1:250. Glutaraldehyde is 
a well known cross linking agent. 
[0145] 2. Delipidation Procedure 
[0146] An organic solvent system was employed to per 
form delipidation of serum. The solvent system consisted of a 
ratio of 40% butanol (analytical reagent grade) and 60% 
diisopropyl ether and was mixed with the serum in a 2: 1 ratio. 
Accordingly, 4 ml of the organic solvent was mixed with 2 ml 
of the serum and rotated for 1 hour. This mixture was centri 
fuged at approximately 400><g for 10 minutes followed by 
removal of the aqueous phase. The aqueous phase was then 
mixed with an equal volume of diethyl ether and centrifuged 
at 400><g for 10 minutes. Next, the aqueous phase was 
removed and mixed with an equal volume of diethyl ether and 
rotated end-over-end at 30 rpm for about 1 hour, and centri 
fuged at 400><g for 10 minutes. The aqueous phase was 
removed and the residual diethyl ether was removed through 
evaporation in a fume cabinet for approximately 10 to 30 
minutes. The treated serum remained following removal of 
diethyl ether and was used to produce the vaccine. The delipi 
dation procedure control involved subjecting the DHBV 
negative serum to the same delipidation procedure as the 
DHBV positive serum. 

3. Vaccine Production divided into the following three groups: [0147] 

TABLE 1 

# of 
Ducks Vaccine Administered Results 

GROUP 1 6 Test Vaccine 5/6 ducks remained DHBV 

GROUP 2 4 

GROUP 3 6 

Sham Vaccine [Glutaraldehyde 
inactivated DHBV (chemical kill)] 
Mock Vaccine 

negative following challenge 
4/4 ducks became DHBV 
positive following challenge. 
6/6 ducks became DHBV 
positive following challenge. (Control) [Phosphate Buffered Saline (PBS)] 

Vaccine Type 

First Dose 
(injected with 200 pl of 
respective vaccine into 
peritoneal cavity on Day 8 
post-hatch) 

TABLE 2 

Second Dose 
(injected with 300 pl 
of respective vaccine 
intramuscularly on 
Day 16 post-hatch) 

Third Dose 
(injected with 300 pl of 
respective vaccine 
intramuscularly on Day 22 
post-hatch) 

TEST 

SHAM 

(DHBV 
SERUM 

CONTROL) 

A 40 pl aliquot ofthe 
delipidated serum was mixed 
with 1960 pl ofphosphate 
buffered saline (PBS) 

A 200 pl aliquot ofDHBV 
positive serum pool #4 
(20.4.99) was mixed with 
300 pl ofPBS and 100 pl ofa 
2% glutaraldehyde solution 
(Aidal Plus from Whiteley 
Chemicals) and incubated for 
10 minutes to inactivate the 
DHBV. A 40 pl aliquot ofthe 
inactivated serum/PBS 
mixture was added to 1960 pl 
PBS. 

A 40 pl aliquot ofthe 
delipidated serum 
was mixed with 
1960 pl ofPBS and 
then emulsi?ed in 
1000 pl of Freund’s 
Incomplete 
Adjuvant. 
A 200 pl aliquot of 
DHBV positive serum 
pool #4 (20.4.99) was 
mixed with 300 pl of 
PBS and 100 pl 
Aidal Plus (Whiteley 
Chemicals) and 
incubated 
for 10 minutes to 
inactivate the DHBV. 
A 40 pl aliquot ofthe 
inactivated serum/PBS 
mixture was added to 

1960 pl PBS and 

A 200 pl aliquot ofthe 
delipidated serum was mixed 
with 1800 pl ofPBS and then 
emulsi?ed in 1000 pl ofFreund’s 
Incomplete Adj uvant. 

A 200 pl aliquot of DHBV positiv$$ 
serum pool #4 (20.4.99) was 
mixed with 300 pl ofPBS and 
100 pl 
Aidal Plus (Whiteley Chemicals) 
and incubated for 10 minutes to 
inactivate the DHBV. A 40 pl 
aliquot of the inactivated 
serum/PBS mixture was added to 
1960 pl PBS and emulsi?ed in 
1000 pl Freunds Incomplete 
Adjuvant. 
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TABLE 2-continued 
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Second Dose 
(injected with 300 pl 
of respective vaccine 
intramuscularly on 

First Dose 
(injected with 200 pl of 
respective vaccine into 
peritoneal cavity on Day 8 

Third Dose 
(injected with 300 pl of 
respective vaccine 
intramuscularly on Day 22 

Vaccine Type post-hatch) Day 16 post-hatch) post-hatch) 

emulsi?ed in 1000 pl 
Freunds Incomplete 
Adjuvant. 

MOCK PBS A 2000 pl aliquot of A 2000 pl aliquot ofPBS was 
(DHBV PBS was emulsi?ed emulsi?ed in 1000 pl Freunds 
NEGATIVE in 1000 pl Freunds Incomplete Adjuvant. 
CONTROL) Incomplete 

Adjuvant. 

[0148] 4. Experimental Procedure 
[0149] Ducks were challenged with 1000 pl of DHBV posi 
tive serum (serum pool 20.1 .97) on day 29, post-hatch. Serum 
pool 20.1.97 was shown to have 1.8><10l0 genome equivalent 
(gev)/ml by dot-blot hybridization. One genome equivalent 
(gev) is approximately one viral particle. Ducks were bled 
prior to full vaccination on days 1 and 10, prior to challenge 
on days 17 and 23, and post challenge on days 37, 43 and 52. 
Their serum was tested for DHBV DNA by dot-blot hybrid 
iZation as described by Deva et al. (1995). Ducks were eutha 
nized on day 58 and their livers removed, the DNA extracted 
and tested for the presence of DHBV by dot-blot hybridiza 
tion as described by Deva et al. (1995). 
[0150] 5. Analysis of Results 
[0151] a. Test Ducks 

[0152] i. Five of the 6 test ducks vaccinated with the test 
vaccine remained negative for DHBV DNA in the serum 
and liver following challenge. One test duck became 
positive for DHBV following challenge. 

[0153] b. Sham Vaccinated Ducks 
[0154] i. All 4 of the ducks vaccinated with glutaralde 
hyde inactivated serum became DHBV positive follow 
ing challenge with DHBV. 

[0155] c. Mock Vaccinated Ducks 
[0156] i. Five of the 6 mock-vaccinated negative control 
ducks became DHBV positive following challenge. 
[0157] The Chi-square analysis was used to compare dif 
ferences between treatments. Signi?cantly more control 
ducks (mock vaccinated) became DHBV positive following 
challenge than the ducks vaccinated with delipidated serum 
p<0.05). 
[0158] Vaccination of ducklings with delipidated DHBV 
positive serum using the above protocol resulted in preven 
tion of DHBV infection following challenge with DHBV 
positive serum in 5 of 6 ducklings. This suggests that the 
delipidated serum vaccine is capable of inducing a positive 
immunogenic response in vaccinated ducks. It is further 
believed that the delipidation process exposed patient-spe 
ci?c antigens that were previously unexposed and/or caused a 
structural change in the viral particle structure to enable the 
positive immunogenic response. In comparison 5 of 6 mock 
vaccinated and 4 of 4 sham-vaccinated ducks became DHBV 
positive following vaccination suggesting no induction of 
immunity in these ducks due to lack of immune response. 

EXAMPLE 2 

A. Delipidation of Cattle Pestivirus (Bovine Viral Diarrhea 
Virus, BVDV), as a Modelfor Hepatitis C 
[0159] A standard cattle pestivirus isolate (BVDV) was 
used in these experiments. This isolate, “Numerella” BVD 

virus, was isolated in 1987 from a diagnostic specimen sub 
mitted from a typical case of ‘Mucosal Disease’ on a farm in 
the Bega district of New South Wales (N SW), Australia. This 
virus is non-cytopathogenic, and reacts with all 12 of a panel 
of monoclonal antibodies raised at the Elizabeth Macarthur 
Agricultural Institute (EMAI), NSW, Australia, as typing 
reagents. Therefore, this virus represents a ‘ standard strain’ of 
Australian BVD viruses. 
[0160] The Numerella virus was grown in bovine MDBK 
cells tested free of adventitious viral agents, including BVDV. 
The medium used for viral growth contained 10% adult 
bovine serum derived from EMAI cattle, all of which tested 
free of BVDV virus and BVDV antibodies. This serum 
supplement has been employed for years to exclude the pos 
sibility of adventitious BVDV contamination of test systems, 
a common failing in laboratories worldwide that do not take 
precautions to ensure the test virus is the only one in the 
culture system. Using these tested culture systems ensured 
high-level replication of the virus and a high yield of infec 
tious virus. Titration of the ?nal viral yield after 5 days growth 
in MDBK cells showed a titer of 106'8 infectious viral par 
ticles per ml of clari?ed (centrifuged) culture medium. 
[0161] 1. Treating Infectious BVDV 
[01862] 100 ml of tissue-culture supernatant, containing 
10 ' viral particles/ml, was harvested from a 150 cm2 tissue 
culture ?ask. The supernatant was clari?ed by centrifugation 
(cell debris pelleted at 3000 rpm, 10 min, 40 C.) and 10 ml set 
aside as a positive control for animal inoculation (non-treated 
virus). The remaining 90 ml, containing 107'75 infectious 
virus, was treated using the following protocol: 180 ml of a 
solvent mixture butanolzdiisopropyl ether (DIPE) (2:1) was 
added to a 500 ml conical ?ask and mixed by swirling. The 
mixture was then shaken for 60 min at 30 rpm at room tem 
perature on an orbital shaker. It was then centrifuged for 10 
min at 400><g at 4° C., after which the organic solvent phase 
was removed and discarded. In subsequent steps, the bottom 
layer (aqueous phase) was removed from beneath the organic 
phase, improving yields considerably. 
[0163] The aqueous phase, after the butanolzDIPE treat 
ment, was washed four times with an equal volume of fresh 
diethyl ether (DEE) to remove all contaminating traces of 
butanol. After each washing, the contents of the ?ask was 
swirled to ensure even mixing of both aqueous and solvent 
phases before centrifugation as above (400><g, 10 min, 40 C.). 
After four washes, the aqueous phase was placed in a sterile 
beaker covered with a sterile tissue ?xed to the top of the 
beaker with a rubber band to prevent contamination and 
placed in a fume hood running continuously overnight (16 hr) 








































































