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(57) ABSTRACT 

The present invention relates to a method for reducing the 
occurrence and severity of infectious diseases, especially 
infectious diseases in Which lipid-containing infectious viral 
organisms are found in biological ?uids, such as blood. The 
present invention employs solvents useful for extracting lip 
ids from the lipid-containing infectious viral organism 
thereby creating modi?ed viral particles With reduced infec 
tivity and enhanced antigenicity. The present invention pro 
vides vaccine compositions, comprising these modi?ed viral 
particles With reduced infectivity and enhanced antigenicity, 
optionally combined With a pharmaceutically acceptable car 
rier or an immunostimulant. The vaccine composition is 
administered to a patient to provide protection against the 
lipid-containing infectious viral organism. The vaccine com 
positions of the present invention include combination vac 
cines of modi?ed viral particles obtained from one or more 
strains of a virus and/or one or more types of virus. 
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MODIFIED VIRAL PARTICLES WITH 
IMMUNOGENIC PROPERTIES AND 

REDUCED LIPID CONTENT USEFUL FOR 
TREATING AND PREVENTING INFECTIOUS 

DISEASES 

RELATED APPLICATIONS 

[0001] This application is a continuation-in-part of US. 
non-provisional patent application Ser. No. 10/601,656 ?led 
Jun. 20, 2003, Which is a continuation-in-part of US. non 
provisional patent application Ser. No. 10/311,679 ?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. US. non-provi 
sional patent application Ser. No. 10/31 1,679 claims the ben 
e?t of US. provisional patent application Ser. No. 60/390,066 
?led Jun. 20, 2002. The present application also claims the 
bene?t of US. provisional patent application Ser. No. 60/ 491 , 
928 ?led Aug. 1, 2003, 60/533,542 ?led Dec. 31, 2003, and 
60/542,947 ?led Feb. 9, 2004. 

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 
cellular responses and antibody production When introduced 
into a human or an animal. The resulting modi?ed viral par 
ticle 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. 
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[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 
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 virus. After the 
antibody attaches, the APC engulfs the entire antigen and kills 
it. This type of antibody immune response is primarily 
involved in the prevention of viral infection. 
[0006] In a cellular immune response, T cells are activated 
on recognizing the antigen displayed on the APC. 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. The second involves helper T cells (HTL) or 
CD4+ T cells that regulate the production 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 e?iciently. 
[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”. 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), 



US 2009/0028902 A1 

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 
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 toWard 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 replication. 
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. The most effec 
tive approach to date for treating HIV is the use of highly 
active antiretroviral therapy (HAART) Which is expensive, 
toxic to the patient, and does not eradicate the virus. Strict 
adherence to HAART regimen remains a major hurdle, and 
lapses in compliance lead to bursts of viral replication, and 
selection of drug resistant strains. Additionally, long-term use 
of HAART is associated With side effects such as lipodystro 
phies, altered glucose metabolism and elevated cholesterol 
and triglycerides in plasma. There is, therefore, a pressing 
need for additional therapies, either in form of preventative 
and therapeutic vaccines, or development of immunomodu 
lating agents to augment HAART. The current approaches to 
HIV vaccine development are revieWed by MWau et al (2003. 
A revieW of vaccines for HIV prevention. J Gene Med 5:3). 
Brie?y, strategies include a variety of expression vectors, 
DNA based recombinant vaccines, combinations of DNA 
based vaccines and viral protein boosts With or Without adju 
vant. A recent Phase III clinical trial using recombinant gp l 20 
vaccine in Thailand, for example, ended Without success (Co 
hen, J. 2003. Public health. AIDS vaccine still alive as booster 
after second failure in Thailand. Science 302:1309), possibly 
because recombinant viral proteins need to be in the correct 
con?guration for appropriate immune responses to be gener 
ated. Clearly, other novel approaches to enhancing immune 
responses to viral antigens need to be evaluated. 
[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 
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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 the 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 anti 
genic variation has been addressed via the attempted use of 
combination drugs or antigens, no prior art vaccine has suc 
ceeded 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. Viral inacti 
vation does present problems since inactivation of a virus 
does not provide a protective immune response against viral 
infection. In addition, it is largely geared toWards denaturing 
viral proteins, thereby destroying the structure of the viral 
particle. In sum, prior art methods have largely focused on 
destroying, yet not suitably modifying, viral particles to pro 
duce an immune response. 

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

[0014] 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. 

[0015] 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. 

[0016] 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 
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age to these proteins may have an adverse effect on a patient’s 
health, possibly leading to death. 
[0017] 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 

[0018] To date, several manufacturing methods have been 
employed in search of safe and effective vaccines for immu 
niZing individuals against infective pathogenic agents. To 
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 discrete 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. 
[0019] 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. 
[0020] 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 pathogens, via heat or chemical means, into an 
individual introduces the pathogens to the individual’s 
immune system in a non-infective form thereby initiating 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. 
[0021] 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 
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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 basis 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. 
[0022] 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 virus is 
SHIV, Which is a synthetic virus made from the HIV envelope 
and SIV core. 

[0023] What is needed is a therapeutic method and system 
for providing patients With patient-speci?c viral antigens 
capable of initiating a protective immune response. Accord 
ingly, What is needed is a simple, effective method that does 
not appreciably denature or extract proteins from the biologi 
cal 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 further reduce viral 
infection and prevent further infection. 
[0024] 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 protective immune response With 
minimiZed risk of infecting the individual. 

SUMMARY OF THE INVENTION 

[0025] 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, host-derived or non host-derived modi?ed 
viral particle that has its lipid envelope at least partially 
removed, generating a positive immunologic response When 
administered to a patient, thereby providing that patient With 
some degree of protection against the virus. It is believed that 
these modi?ed viral particles have at least one antigen 
exposed that Was not exposed prior to the delipidation pro 
cess. 

[0026] 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, With reduced 
infectivity, and such that an immune response is initiated 
upon reintroduction of the ?uid With reduced lipid content 
into the patient. This autologous method ensures that patient 
speci?c antigens, for example patient speci?c viral antigens, 
are introduced into the same patient from Which they Were 
obtained to induce an immune response. This is an important 
feature since a patient’s physiology may modify the antigens 
present in an infectious organism such as a virus. To create the 
vaccine, a biological ?uid (for example, blood) is removed 
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from the patient, the plasma is separated from the blood and 
treated to reduce the lipid content of the virus in the plasma 
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 With reduced lipid content is 
administered to a patient, such as an animal or a human, 
optionally together With a pharmaceutically acceptable car 
rier, 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 adminis 
tered With the modi?ed viral particle in the pharmaceutically 
acceptable carrier or separately. 
[0027] The present method is also employed to produce 
non-autologous vaccines, Wherein biological ?uids With lipid 
containing viruses from at least one animal or human are 
treated to produce a modi?ed viral particle for administration 
into a different (non-autologous) animal or human. The 
present invention is also effective in producing an non-autolo 
gous, vaccine against the virus, by treating a biological ?uid 
such as plasma obtained from an animal or a human With the 
present method to reduce lipid levels in the ?uid and in the 
virus Within the ?uid. Such treated ?uid With reduced lipid 
levels and containing modi?ed virus With reduced lipid levels 
may be introduced into another animal or human Which Was 
not the source of the treated biological ?uid. This non-autolo 
gous method is employed to vaccinate a recipient animal or 
human against one or more infectious organisms such as 
viruses. Biological ?uids may be used from animals or 
humans infected With one or more infectious organisms such 
as viruses, and treated With the present methods to produce a 
vaccine for administration to a recipient animal or human. 
Alternatively, or in addition, various stock supplies of virus 
may be added to a biological ?uid before treating the ?uid 
With the method of the present invention to create a vaccine. 

[0028] The present invention encompasses vaccines made 
With the delipidation method of the present invention that 
include more than one strain of the same infectious organism, 
for example more than one clade of HIV virus (e.g., HIV-1 
and HIV-2). Such vaccines provide an immune response to 
more than one strain of the same infectious organism. Any 
number of different infectious strains or clades of the same 
virus may be chosen and treated With the delipidation method 
of the present invention to form numerous vaccines. Alterna 
tively, or in addition, various stock supplies of different 
strains or clades of virus may be added to a biological ?uid 
before treating the ?uid With the method of the present inven 
tion to create a vaccine capable of generating an immune 
response. Stocks of one or more viral preparation may be 
employed to make a non-autologous vaccine directed to one 
or more viruses. In this manner combination vaccines are 

produced Which provide protection against multiple strains or 
clades of a virus or against multiple viruses. 

[0029] The present invention encompasses vaccines made 
With the delipidation method of the present invention that 
include more than one infectious organism, such as more than 
one virus. Such combination vaccines provide an immune 
response to more than one infectious organism, for example, 
HIV and hepatitis. Any number of different infectious organ 
isms may be chosen and treated With the delipidation method 
of the present invention to form numerous combination vac 
cines. 

[0030] Thus an effective method is presented, by Which 
neW vaccines can be developed from lipid containing viruses 
by removing lipid from the lipid envelope and exposing anti 
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gens hidden Within the lipid envelope or beneath the surface 
of the lipid envelope, in turn generating an immune response 
When re-introduced into the patient. 
[0031] 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 an 
immune response in a patient and incites protection against an 
infectious organism in the patient. 
[0032] 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; 
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. 
[0033] 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. 
[0034] 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. 
[0035] The present invention also provides a vaccine com 
position, comprising at least a partially delipidated viral par 
ticle having patient-speci?c viral antigens and optionally a 
pharmaceutically acceptable carrier, Wherein the partially 
delipidated viral particle is capable of provoking a positive 
immune response When the composition is administered to a 
patient. 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 suf?cient 
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. 
[0036] The present invention also provides a method to 
protect a patient against an infectious viral particle compris 
ing administering to the patient 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 optionally 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. 
[0037] The present invention also provides a method for 
provoking a positive immune response in a patient having a 
plurality of lipid-containing viral particles, comprising the 
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steps of: obtaining a ?uid containing the lipid-containing 
viral particles from the patient; contacting the ?uid contain 
ing 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 the modi?ed 
viral particles With reduced lipid content provoke a positive 
immune response in the animal or the human. 

[0038] The present invention also provides a method for 
treating a viral infection in a patient comprising: removing 
blood containing a plurality of lipid-containing infectious 
viral particles from the patient; obtaining plasma from the 
blood, the plasma containing the lipid-containing infectious 
viral particles; contacting the plasma containing the lipid 
containing infectious viral particles With a ?rst organic sol 
vent 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 aqueous phase containing the modi 
?ed viral particles; removing residual solvent from the aque 
ous phase; and, introducing the aqueous phase containing the 
modi?ed viral particles into the patient Wherein the modi?ed 
viral particles have at least one exposed patient-speci?c anti 
gen that Was not exposed in the plurality of lipid-containing 
infectious viral particles. Introduction of these modi?ed viral 
particles into the patient produces an immune response to 
treat or lessen the severity of the viral infection. 

[0039] The present invention also provides a method for 
treating a viral infection in a patient comprising: obtaining a 
?uid comprising plurality of lipid-containing infectious viral 
particles from a plurality of patients; optionally combining 
the lipid-containing infectious viral particles With a suitable 
biologically acceptable carrier; contacting the ?uid contain 
ing 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 carrier and 
the ?rst organic solvent; permitting organic and aqueous 
phases to separate; collecting the aqueous phase containing 
the modi?ed viral particles; and introducing the aqueous 
phase containing the modi?ed viral particles into a different 
patient Wherein the modi?ed viral particles have at least one 
exposed antigen that Was not exposed in the plurality of 
lipid-containing infectious viral particles. In this embodi 
ment, the lipid-containing infectious viral particles represent 
one or more viral strains or one or more types of virus and are 

not patient speci?c. Introduction of these modi?ed viral par 
ticles into the patient produces an immune response to treat or 
lessen the severity of the viral infection. 
[0040] 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. 
[0041] 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 
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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. 
[0042] 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 and clades 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 preferred virus treated With the method of the present 
invention is the bovine pestivirus. Another preferred virus 
treated With the method of the present invention is the coro 
navirus SARS. It is to be understood that the present invention 
is not limited to the viruses provided in the list above. Addi 
tional speci?c viruses are described in the detailed descrip 
tion of this application. All viruses containing lipid, espe 
cially in their viral envelope, are included Within the scope of 
the present invention. 
[0043] 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. 
[0044] 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 With reduced lipid content While sub 
stantially unaffecting protein levels When compared to 
unmodi?ed viral particles. 
[0045] Yet another object of the present invention is to 
provide a method for treating lipid containing virus in order to 
create modi?ed viral particles With reduced lipid content, 
With substantially unaffected protein levels When compared 
to unmodi?ed viral particles, and With at least one exposed 
antigen associated With the viral particles that Was substan 
tially unexposed in unmodi?ed viral particles. 
[0046] It is another object of the present invention to pro 
vide a method for treating or preventing viral disease by 
administering to a patient modi?ed viral particles With 
reduced lipid content and at least one exposed antigen asso 
ciated With the viral particles that Was substantially unex 
posed in unmodi?ed viral particles. 
[0047] 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. 
[0048] Yet another object of the present invention is to 
provide a method for creating, in a biological ?uid, a plurality 
of modi?ed lipid containing viral particles having a distribu 
tion of reduced lipid content, With a substantial percentage of 
viral particles having substantially unaffected protein levels 
When compared to unmodi?ed viral particles. 
[0049] 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. 
[0050] It is a further object of the present invention to 
provide a method for treatment of lipid-containing viruses 
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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 viral antigens. 
[0051] 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. 
[0052] Another object of the present invention is to com 
pletely or partially delipidate viral particles, Wherein the viral 
particles comprise immunode?ciency virus, hepatitis in its 
various forms, coronavirus, or any other lipid-containing 
virus, thereby creating a modi?ed viral particle. 
[0053] It is a further object of the present invention to 
completely or partially delipidate viral particles, Wherein the 
viral particles comprise immunode?ciency virus, hepatitis in 
its various forms, coronavirus, or any other lipid-containing 
virus, While retaining the structural protein core of the virus. 
[0054] 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. 
[0055] 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 modi?ed viral particle With reduced lipid con 
tent Which may be administered to an animal or a human, 
optionally With a pharmaceutically acceptable carrier and 
optionally an immunostimulant compound, to prevent or 
minimize clinical manifestation of disease in a patient fol 
loWing exposure to the virus. 
[0056] Still 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 modi?ed viral particle With reduced 
lipid content Which may be administered to an animal or a 
human optionally With a pharmaceutically acceptable carrier 
and optionally an immunostimulant compound, to initiate a 
positive immunogenic response in the animal or human. 
[0057] It is another speci?c object of the present invention 
to provide an anti-viral vaccine. 
[0058] Another speci?c object of the present invention is to 
provide an anti-viral vaccine that induces cellular responses 
in cells of the immune system, Wherein the cellular responses 
include but are not limited to proliferation of cells and pro 
duction of immune system molecules such as interferon 
gamma. 
[0059] 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, optionally combined With a pharma 
ceutically acceptable carrier. 
[0060] It is another object of the present invention to com 
bine viral particles With reduced lipid content having patient 
speci?c antigens With delipidated stock viral particles With 
reduced lipid content to create a therapeutic combination 
vaccine for the treatment or prevention of more than one viral 
disease. 
[0061] 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 
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other embodiments and applications Without departing from 
the spirit and scope of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0062] The accompanying draWings, Which are incorpo 
rated in and form a part of the speci?cation, illustrate pre 
ferred embodiments of the present invention. FIG. 1 depicts 
the density of sucrose gradient fractions as indicated by the 
graphing of density against fraction number for HIV viral 
particles subjected to delipidation using 1% DIPE, 1% 
butanol/DIPE, 1% butanol, 2% butanol, and 5% butanol, 
along With a control group. 
[0063] FIG. 2 depicts the p24 protein concentration (ng/ml) 
for each of the fraction numbers shoWn in FIG. 1. 
[0064] FIG. 3 is similar to FIG. 2 and is a schematic repre 
sentation of an isopycnic gradient analysis of delipidated HIV 
subjected to delipidation using 1% DIPE, 1% butanol/DIPE, 
1% butanol, 2% butanol, and 5% butanol, along With a control 
group, indicated by a graphing p24 levels as a percent of total 
recovered p24 protein against fraction number. 
[0065] FIG. 4 is a schematic representation of an isopycnic 
gradient analysis of delipidated SIV-mac 251, indicated by a 
graphic of gag p27 concentration (ng/ml) against fraction 
number folloWing delipidation conditions 1% DIPE, 5% 
DIPEzn-butanol (75:25) and 1% n-butanol. 
[0066] FIG. 5 is a schematic representation of a fast perfor 
mance liquid chromatography (FPLC) of the control and 1% 
DIPE-treated SIV mac 521 shoWing the p27 gag levels (ug/ 
ml) in each fraction number. 
[0067] FIG. 6 presents cholesterol levels (ng/ml) in the 
fractions shoWn in FIG. 5. 
[0068] FIG. 7 is a schematic representation of SIV mac 521 
infectivity (TCID 50/ml) versus viral RNA copy numbers 
(copies/mg) after 1% DIPE treatment, in live virus, and after 
AT-2 treatment. 

[0069] FIGS. 8A and 8B shoW CD4+ and CD8+ T cell 
responses (% interferon gamma positive cells) to SIV env 
(8A) peptide pools and to SIV gag (8B) peptide pools in 1 
million PMBCs from AT-2 inactivated SIV primed mice 
boosted With live virus, AT-2 inactivated virus or delipidated 
virus (1% DIPE). Mean of 6 mice+ or —SEM are shoWn. **:p 
value<0.01, >X‘:p value<0.05. 
[0070] FIG. 9 is a schematic representation of SIV env 
gp120 antibody titers (O.D. at 450 nm) in mice immunized 
With AT-2 treated virus (SIV mac 251) and boosted With 1 ug 
total viral protein of live virus (SIV mac 251), AT-2 inacti 
vated virus or delipidated virus (1% DIPE). Serial dilution of 
mouse plasma Was measured in ELISA plates coated With 
recombinant SIV mac251 gp120 env protein. 
[0071] FIG. 10 is a schematic representation of SIV gag 
p55 antibody titers (O.D. at 450 nm) in mice immunized With 
AT-2 treated virus and boosted With 1 ug total viral protein of 
live virus (SIV mac 251), AT-2 inactivated virus or delipi 
dated virus (1% DIPE). Serial dilution of mouse plasma Was 
measured in ELISA plates coated With recombinant SIV 
mac251 p55 gag protein. 
[0072] FIG. 11 is a schematic representation of a correla 
tion curve of CD4+ responses (% IFN gamma cells) to SIV 
mac 251 Gag and Env peptide pools to the antibody responses 
(OD. 450 nm) to recombinant Gag and Env. A strong corre 
lation (R2:0.9993) Was observed betWeen the cellular 
responses (CD4) to SIV mac 251 gag and the anti-gag anti 
body responses.A good correlation (R2:0.953) Was observed 
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between cellular responses (CD4+) to SIV mac 251 env and 
the anti-env antibody responses. 
[0073] FIG. 12 presents the percentage of CD4+ cells 
immunoreactive for IFN gamma in response to gag or env 
peptide pools in four monkeys, each primed With an equiva 
lent of 5 ug p24 HIV-IIIB in incomplete Freund’s Adjuvant, 
and later boosted With 1 ug DIPE delipidated HIV-IIIB every 
month (RIl & RFo), or With 1 ug live HIV-IIIB every month 
(RFt & Rom). 

DETAILED DESCRIPTION OF THE INVENTION 

De?nitions 

[0074] 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 blood, 
plasma, serum, cerebrospinal ?uid, lymphatic ?uid, perito 
neal ?uid, follicular ?uid, amniotic ?uid, pleural ?uid, peri 
cardial ?uid, reproductive ?uids and any other ?uid contained 
Within the organism. Other ?uids may include laboratory 
samples containing 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. 
[0075] 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 in 
the ?uid. This solvent Will enter the ?uid and remain in the 
?uid until being removed. Suitable ?rst extraction solvents 
include solvents that extract or dissolve lipid, including but 
not limited to alcohols, hydrocarbons, amines, ethers, and 
combinations thereof. First extraction solvents may be com 
binations of alcohols and ethers. First extraction solvents 
include, but are not limited to n-butanol, di-isopropyl ether 
(DIPE), diethyl ether, and combinations thereof. The term 
“second extraction solvent” is de?ned as one or more solvents 
that may be employed to 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. 
[0076] 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. 
[0077] 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, 
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micelle, giant micelle, and the like, Which is suitable for use 
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. 

[0078] The term “patient” refers to animals and humans. 
[0079] The term “patient speci?c antigen” refers to an anti 
gen that is capable of inducing a patient speci?c immune 
response When introduced into that patient. Such patient spe 
ci?c antigens may be viral antigens.A patient speci?c antigen 
includes any antigen, for example a viral antigen, that has 
been modi?ed or in?uenced Within the patient. 

A Modi?ed Viral Particle 

[0080] 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 have loWer levels of 
cholesterol and are immunogenic. The present methods 
expose epitopes that are not usually presented to the immune 
system by untreated virus. A structural change occurs in the 
modi?ed viral particles, and proteins on, in, or near the sur 
face 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. A schematic representation of HIV 
viral particles contain the lipid containing envelope or bilayer 
derived from a host cell, surface glycoproteins, transmem 
brane proteins, the capsid, capsid proteins and nuclear mate 
rial is presented on page 238 of Robbins Pathologic Basis of 
Disease (Cotran et al. eds 6th edition, W. B. Saunders Co., 
1999). The delipidation process of the present invention 
modi?es the viral particle. The modi?ed viral particle has a 
loWer lipid content in the envelope, displays modi?ed pro 
teins, reduced infectivity and is immunogenic. 
Modi?ed Viral Particle Resulting from Removal of Lipid 
from Lipid-Containing Organisms 
[0081] Methods of the present invention solve numerous 
problems encountered With prior art methods. By substan 
tially 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 recog 
niZes the viral particle as foreign. Using the method of the 
present invention, What is created is a modi?ed viral particle 
in Which the antigenic core remains intact, thereby using the 
epitopes of the actual viral particle to initiate a positive immu 
nogenic response in the patient into Which it is reintroduced. 
In addition, the method of the present invention reduces the 
deleterious effect on the other plasma 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 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 structures, Which 










































































































