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DESCRIPTION

MATERIALS AND METHODS FOR TREATING VIRAL INFECTIONS
WITH A CYSTEAMINE COMPOUND

Cross-Reference to a Related Application

This application claims the benefit of U.S. Provisional Applications Serial No.

60/740,584, filed November 28, 2005; Serial No. 60/810,773, filed June Z, 2006;

Serial No. 60/8i8,885, filed July 6, 2006; and Serial No. 60/847,020, filed Seprember

25, 2006, all ofrvhich are hereby incorpolated by reference in their entirety, including

aly ñgures and/or tables.

B¿ckground of the Invention

A virus is a small parasite consisting of nucleic acid (RNA or DNA) enclosed

in a protein coat. Viruses cmr only replicate by infecting a susceptible host cell md

directing the host cef machinery to produce more viruses. Glycoproteins (located ìn

the protein coat) mediate the adsorption to, and the penetration of, the virus into

susceptible host cells.

Most viruses are classified into broad categories based on the types of nucleic

acids formed during replication and the pathway by which mRNA is produced. In
generai, viruses have either RNA or DNA as their genetic rnaterial, wherein the

nucleic acid can be single- or double-stranded.

Inportant virus families of the DNA tlpe (also classified as Classes I and II
viruses - See Harvey, L. et al., Molecular Cell Biolosv. Fourth Editior¡ -W.H.

Freema¡r and Company (2000)) include adenoviridae, herpesviridae, poxviridag

papovaviridae, densovirinae, and parvovirinae. Virus families typically classified of
the RNA type (also classified as Classes III-VI, See Molecular Cell Biolo$ô include

bimavi¡idae, reoviridae, astoviridae, arterivirus, caliciviridae, coronavfuidae,

flaviviridae, picomaviridae, togaviridae, polioviru.ses, bompviridae, fiioviridae,

param¡xovìdnae, pneumovirinae, rhabdoviridae, bunyaviridae, and

orthomyxoviridae.

Idluenza, commonly known as the "flu," is a contagious disease that is caused

by the influerøa virus, classified in the orthomyxoviridae family. There are three

1 DESCRIPTION MATERIALS AND METHODS FOR TREATING VIRAL
INFECTIONS WITH A CYSTEAMINE COMPOUND 5Cross-Reference to
a Related Application        This application claims the benefit of U.S.
Provisional Applications Serial No. 60/740,584, filed November 28, 2005;
Serial No. 60/810,773, filed June 2, 2006; Serial No. 60/818,885, filed July
6, 2006; and Serial No. 60/847,020, filed September 25, 2006, all of which
are hereby incorporated by reference in their entirety, including 10any
figures and/or tables. Background of the Invention      A virus is a small
parasite consisting of nucleic acid (RNA or DNA) enclosed in a protein
coat. Viruses can only replicate by infecting a susceptible host cell and  15
directing the host cell machinery to produce more viruses. Glycoproteins
(located in the protein coat) mediate the adsorption to, and the penetration
of, the virus into susceptible host cells. Most viruses are classified into
broad categories based on the types of nucleic        acids formed during
replication and the pathway by which mRNA is produced. In 20general,
viruses have either RNA or DNA as their genetic material, wherein the
nucleic acid can be single- or double-stranded.       Important virus
families of the DNA type (also classified as Classes I and II viruses - See
Harvey, L. et al., Molecular Cell Biology, Fourth Edition, W.H. Freeman
and Company (2000)) include adenoviridae, herpesviridae, poxviridae,
25papovaviridae, densovirinae, and parvovirinae. Virus families typically
classified of the RNA type (also classified as Classes See Molecular Cell
Biology) include birnaviridae, reoviridae, astoviridae, arterivirus,
caliciviridae, coronaviridae, llaviviridae, picomaviridae, togaviridae,
polioviruses, bornaviridae, filoviridae, paramyxovirinae, pneuinovirinae,
rhabdoviridae, bunyaviridae, and 
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known influenza-tpe viruses which affect human beings: Influenza A, B and C.

kúl,¡enza A viruses have been isolated from many animal species in addition to

humans, white the influenza B and C viruses have been found to infect mainly

humans.

Influenza viruses are enveloped viruses cóntaining negative single-stranded

RNA's which are segmented and encapsidated. The i¡fluenza virus envelope is

characterized by the presence of two surface glycoproteins: hemagglutínin and

neuraminidase. The influenza A and B virions are pleomorphic and are usually 80-

i20 nm in diameter. The influenza C virion has rnany distinctive propotties and is

thus dìstinguished from the closely related A and B viríons.

Influenz¿ viruses attack the respiratory tract in humans (l.e., nose, tÍroat, and

lungs). For example, infection with iufluenza A or B oÍten can cause a highly

contagious, acute respiratory illness. Influenza infecfion usually includes the

following symptoms: feve¡ headache, tiredness (can be extreme), dry cougt¡ sore

th.roat, nasal congestion, and body aches.

It is estimated that millions of peopie in the United States - about 10% to

20% of U.S. residents - 
get influenza each year. The nmjority of this populalion

generally recovers ín one to t'wo weeks. In some cases, however, complications can

arise from an infuenza infection. Those persons at highest risk for contracting

complications from the flu include: persons over 50 years of age, children aged 6 to

23 months, women more than 3 months pregnant, persons living ia a long-term care

facility or institution, persons with chronic heart, Iung, or kidney conditions, diabetes,

or weakened irnmule system. Pneumoniq bronchítis, encephalitìs, otitis media,

rhinitis, and sinusitis are only a few examples of complications that result f¡om an

inlluenza infection. Moreover, the flu can make chronic health problems worse. For

example, peopie with asthma may experience asthma attacks while they have the flu,

and people with chronic congestive heart failure may have worsening of tlis condìtion

tirat is triggered by the flu.

An average of about 36,000 people þer year in the United States die ftom

inlluenza, and 114,000 per year have to be admitted to the hospital as a result of the

infection. Thus, influerøa viruses have a rnajor impact on morbidity leading to

inc¡eases in hospitalization and in visits to health care providers. For example, higlt

30

30orthomyxoviridae.      Influenza, commonly known as the "flu," is a
contagious disease that is caused by the influenza virus, classified in the
orthomyxoviridae family. There are three  2 known influenza-type viruses
which affect human beings: Influenza A, B and C Influenza A viruses have
been isolated from many animal species in addition to humans, while the
influenza B and C viruses have been found to infect mainly humans.
5Influenza viruses are enveloped viruses containing negative
single-stranded RNA's which are segmented and encapsidated. The
influenza virus envelope is characterized by the presence of two surface
glycoproteins: hemagglutinin and neuraminidase. The influenza A and B
virions are pleomorphic and are usually 80- 120 mu in diameter. The
influenza C virion has many distinctive properties and is 10thus
distinguished from the closely related A and B virions.       Influenza
viruses attack the respiratory tract in humans (i.e., nose, throat, and
lungs). For example, infection with influenza A or B often can cause a
highly contagious, acute respiratory illness. Influenza infection usually
includes the following symptoms: fever, headache, tiredness (can be
extreme), dry cough, sore 15throat, nasal congestion, and body aches.
It is estimated that millions of people in the United States - about 10% to
20% of U.S. residents - get influenza each year. The majority of this
population generally recovers in one to two weeks. In some cases,
however, complications can arise from an influenza infection. Those
persons at highest risk for contracting  20 complications from the flu
include- persons over 50 years of age, children aged 6 to 23 months,
women more than 3 months pregnant, persons living in a long-term care
facility or institution, persons with chronic heart, lung, or kidney conditions,
diabetes, or weakened immune system. Pneumonia, bronchitis,
encephalitis, otitis media, rhinitis, and sinusitis are only a few examples of
complications that result from an  25 influenza infection. Moreover, the flu
can make chronic health problems worse. For example, people with
asthma may experience asthma attacics while they have the flu, and
people with chronic congestive heart failure may have worsening of this
condition that is triggered by the flu. An average of about 36,000 people
per year in the United States die from  30 influenza, and 114,000 per year
have to be admitted to the hospital as a result of the infection. Thus,
influenza viruses have a major impact on morbidity leading to increases in
hospitalization and in visits to health care providers. For example, high  3 
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rates of hospitalization are often observed for subjects over 65 years of age and also

for children less than 5 yoars ofage.

Furthermore, the spread of influenza virus tkough a population can result in

epidemics, which have considerable economìc irnpact. High Þtes of mortâlity were

observed due to ínfluenza infection during the influenza epidemics oî L957,1968 and

1977 (Eþlds__Vusl9Cy, Second Edition, Volume I, pp. 1075-1152 (1990)).

Periodically, the influenza virus causes a worldwide epidemio. For example, the

influenza pandemic of 1918 reportedly caused about 20 million deaths worldwide and

about 500,000 deaths in the United States (Mçdiçql MçIQþleþgy, Fourth Edition,

University of Texas Medical Branch at Galveston (1996)).

Influenza viruses are predominantly transmitted ftom person to person via

.respiratory droplets (a1so known as droplet spread) that are released when coughing

and/or sneezing. The influenza virus can remain suspended in the ai¡ in respiratory

droplets for as long as 3 hours; but are sensitive to heat and are rapidly inactivafed at

temperatures above 50"C.'.The vírus can suñ/ive for 24-48 hours on hard, non-porous

sulfaces (2.e., telephone receivers, computer keyboard, doorlarob, kitchen countertop,

toys); 8 hours on clotfu paper and tisste; and five minutes on hands (see Muir', P,

"Treatment of Influenza. Essential CPE. Continuing Education ûom the

Pharmaceutical Society of Australia," Paragon Prirrters,. Australasia, ACT (2002).

Typical methods of transmittal include mucous membiane contact with i¡fected

airbome respiratory droplets, person-to-person contact, ôontact with contaminated

items (2.e., tissues soiled by infected nose and throat díscharges).

Transmittai of influenza vi¡us via respiratory droplets can occur as early as

one day before a person experiences influenza-¡elated synrptoms. Adults can

continue to ha¡lsmit the vi¡us to others for another three to seven days after the initial

appearance of symptoms. Unlike adults, children have the ability to transmit the vi¡us

for longer tJran seven days. Symptoms are generally presented one to four days after

the virus enters the body. Irr certain cases, a person can be infected with the flu virus

but demonstrate no s)imptoms. During thìs time, those persons can stil1 hansmit the

virus to others.

Few methods ate available for preventing an infiuenza infection and a cure has

yet to be developed. Methods for preventing aî írrfl'uenza infecúon include
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rates of hospitalization are often observed for subjects over 65 years of
age and also for children less than 5 years of age.      Furthermore, the
spread of influenza virus through a population can result in epidemics,
which have considerable economic impact. High rates of mortality were 5
observed due to influenza infection during the influenza epidemics of
1957, 1968 and 1977 (Fields Virology, Second Edition, Volume 1, pp.
1075-1152 (1990)). Periodically, the influenza virus causes a worldwide
epidemic. For example, the influenza pandemic of 1918 reportedly caused
about 20 million deaths worldwide and about 500,000 deaths in the United
States (Medical Microbiology, Fourth Edition, 10University of Texas
Medical Branch at Galveston (1996)).       Influenza viruses are
predominantly transmitted from person to person via respiratory droplets
(also known as droplet spread) that are released when coughing and/or
sneezing. The influenza virus can remain suspended in the air in
respiratory droplets for as long as 3 hours; but are sensitive to heat and
are rapidly inactivated at 15 temperatures above 50C. -The virus can
survive for 24-48 hours on hard, non-porous surfaces (i.e., telephone
receivers, computer keyboard, doorknob, kitchen countertop, toys); 8
hours on cloth, paper and tissue; and five minutes on hands (see Muir, P,
"Treatment of Influenza. Essential CPE. Continuing Education from the
Pharmaceutical Society of Australia," Paragon Printers, Australasia, ACT
(2002)). 20 Typical methods of transmittal include mucous membrane
contact with infected airborne respiratory droplets, person-to-person
contact, contact with contaminated items (i.e., tissues soiled by infected
nose and throat discharges).      Transmittal of influenza virus via
respiratory droplets can occur as early as one day before a person
experiences influenza-related symptoms. Adults can 25 continue to
transmit the virus to others for another three to seven days after the initial
appearance of symptoms Unlike adults, children have the ability to
transmit the virus for longer than seven days. Symptoms are generally
presented one to four days after the virus enters the body. In certain
cases, a person can be infected with the flu virus but demonstrate no
symptoms. During this time, those persons can still transmit the 30virus to
others.      Few methods are available for preventing an influenza infection
and a cure has yet to be developed. Methods for preventing an influenza
infection include  4 vaccination and antiviral medications.Three antiviral
drugs (amantadine, rimantadine, and oseltamivir) have been approved in
the United States and are commercially available for use in preventing or
treating influenza virus disease. These compounds, however, are most
effective when used prophylactically, which 
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vaccination and antivi¡al medications. Tiuee antiviral drugs (amantadine,

rirnantadine, and oseltarnivir) have been approved in the United States and are

commercially available for use in preventing or Íeating influ'enza virus disease.

These comporurds, however, ale most effective \4¡hen used prophylactically, which

may allow influenza viruses to develop resistance to both compounds rapidly. See

U.S- Patent Nos. 3,352,912 and 3,152,180. Other cornpounds reported to have

activity against influenza viruses have been disciosed in U.S. Patent Nos. 6,271,,373;

5,935,957; s,821,243; s,684,024; 3,592,934; 3,538,160; 3,534,084; 3,496,228; and

3,483,254.

There is a great need for new therapies for the treatment of viral diseases.

Whereas there has been great progress in developing a variety of therapies for the

treatment of bacte¡ial infections, there are few viable therapies for the treatment of

viruses. As described above, antivilal drugs and vaccines are prímary methods used

in the prevention and/or treatment of influenza infections. Ganciclovir, acyclovir and

foscamet are cunently utilized for the tre¿tment of herpes virus infections. However,

these therapies can have substantial side effects based on theil deleterious effects on

host cell DNA replication or their effect on a limited number of viral infections. In

additior¡ as noted above, viruses are known to develop resistance to therapies, which

causes a progressive decline in efficacy.

Insofar as is known, cysteamine compounds have not been previously reported

as being useful for fhe treatmett ofviral infections.

Brief Summary of the úrvention

The subject invention provides materials and methods for treating subjects

diagnosed with viral infections as weli as prerrenting the onset of vi-r'al infections. In

one embodiment, the ìnvention provides methods for the treatment of viral-related

symptoms. h another embodiment, the subject invention provides rnethods for tle
prevention or delay in development ofviral-related complications.

Accordingly, the present invention provides for the heatment and/or

prevention of vi¡al infections from Classes I tbrough V viruses (see Lodish, H. et aI.,

Molecula¡ Cell Biology, Fowth Edition, W. H. Freeman and Company (2000))

through the administration of a cysteamine compound to a subject. More specifically,

the present invention provides methods for the treatrnent and/or prevention of a Class
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5  may allow influenza viruses to develop resistance to both compounds
rapidly. See U.S. Patent Nos. 3,352,912 and 3,152,180. Other
compounds reported to have activity against influenza viruses have been
disclosed in U.S. Patent Nos. 6,271,373; 5,935,957; 5,821,243;
5,684,024; 3,592,934; 3,538,160; 3,534,084; 3,496,228; and 3,483,254.
10There is a great need for new therapies for the treatment of viral
diseases.  Whereas there has been great progress in developing a variety
of therapies for the treatment of bacterial infections, there are few viable
therapies for the treatment of viruses. As described above, antiviral drugs
and vaccines are primary methods used in the prevention and/or
treatment of influenza infections. Ganciclovir, acyclovir and 15  foscamet
are currently utilized for the treatment of herpes virus infections. However,
these therapies can have substantial side effects based on their
deleterious effects on host cell DNA replication or their effect on a limited
number of viral infections. In addition, as noted above, viruses are known
to develop resistance to therapies, which causes a progressive decline in
efficacy. 20Insofar as is known, cysteamine compounds have not been
previously reported as being useful for the treatment of viral infections.
Brief Summary of the Invention The subject invention provides materials
and methods for treating subjects 25  diagnosed with viral infections as
well as preventing the onset of viral infections. In one embodiment, the
invention provides methods for the treatment of viral-related symptoms. In
another embodiment, the subject invention provides methods for the
prevention or delay in development of viral-related complications.
Accordingly, the present invention provides for the treatment and/or 30
prevention of viral infections from Classes I through V viruses (see Lodish,
H. et at, Molecular Cell Biology, Fourth Edition, W. H. Freeman and
Company (2000)) through the administration of a cysteamine compound
to a subject. More specifically, the present invention provides methods for
the treatment and/or prevention of a Class  5 I-V viral infection; the
alleviation of Class I-nraTinfection-related symptoms; as well as the
prevention or delay in development of Class I-V viral infection-related
complications. Viral infections resulting from the following types of viruses
are treated and/or  5 prevented by administering a cysteamine compound
as disclosed herein. The viruses include double-stranded DNA (dsDNA),
single-stranded DNA (ssDNA), double-stranded genomic RNA (dsRNA),
single-strand positive RNA, and single-strand negative RNA viruses, such
as but not limited to, influenza viruses, adenoviruses; herpesviruses;
human papillomaviruses; parvoviruses; reoviruses; picomaviruses;
10coronaviruses; flavivirus; togaviruses, orthomyxovirus; bunyaviruses;
rhabdoviruses; 
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I-V viral infection; the alleviation of Class l:Vlñiìilfection-related symptoms; as

well as tire prevention ol delay in development of Class I-V viral ínfection-related

complications.

Viral infections resulting from the following types ofviruses are treated and/or

prevented by administering a cysteamine compound as disclosed herein The viruses

include double-skanded DNA (dsDNA), single-stranded DNA (ssDNA), double-

stranded genomic RNA (dsRNA), singie-strand positive RNA, and single-strand

negative RNA viruses, such as but not limited to, influenza viruses, adenoviruses;

herpesviruses; human papillomavíruses; parvoviruses; reovirusesi picomaviruses;

coronaviruses; flavivirus; togaviruses, orthom¡a<ovirus; bunyaviruses; rhabdoviruses;

and paramyxoviruses-

The subject invention is particularly appiicable to both human and animal

health, especially to anrmals infected by Class I-V viruses. For instance, the

following non-limiting list of viruses and resultant conditions cornmon to non-human

mammals can be tueated and/or prevented using the prcsent inventio?: swine circle

virus 2, picomavirus; orthomyxovirus; coronavirus; togavirts; paramyxovirus;

rhabdovims; and reorrinrs, including any mutants thereof.

Specificaily exemplified herein is the use of a cysteamine compound to treat

and/or prevent an influenza virus infection. In accordance with the subject invention,

administration of a cysteamine compound to a subject prior to acquiring the influenza

virus can help protect the subject ûom influenza infection, or at least ensure that

symptoms related to influenza virus disease develop to a lesset extsnt tÏan would be

obsewed in the absence of the cysteamine compound.

ftr arother embodiment, a cysteamine compound is administered to prevent

and/or delay the deveiopment of infiuenza-related complications in subjects who are

at an increased risk of conhacting those complications. For example, influenza-

related complications such as encephalitis, bronchítis, tracheitís, myositis rhinitis,

sinusitis, asthma, bacterial infections (i.¿., streptococcus aureus bacterial infection,

haemophiius influenzae bacterial infection, staphylococcal pneumonia bacte¡ial

infection), cardiac conpücations (i.e., atrial fibrillation" myocarditis, pericarditis),

Reye's syndrome, neurologic complications (1.e., confusíon, conwlsions, psychosis,

neuritis, Guillain-Barre syndrome, coma, kansverse myelitis, encephalitis,

30

and paramyxoviruses.       The subject invention is particularly applicable
to both human and animal health, especially to animals infected by Class
I-V viruses. For instance, the following, non-limiting list of viruses and
resultant conditions common to non-human  15 mammals can be treated
and/or prevented using the present invention: swine circle virus 2,
picomavirus; orthomyxoviru; coronavirus; togavirus; paramyxovirus;
rhabdovirus; and reovirus, including any mutants thereof.       Specifically
exemplified herein is the use of a cysteamine compound to treat and/or
prevent an influenza virus infection. In accordance with the subject
invention,  20 administration of a cysteamine compound to a subject prior
to acquiring the influenza virus can help protect the subject from influenza
infection, or at least ensure that symptoms related to influenza virus
disease develop to a lesser extent than would be observed in the absence
of the cysteamine compound. In another embodiment, a cysteamine
compound is administered to prevent  25 and/or delay the development of
influenza-related complications in subjects who are at an increased risk of
contracting those complications. For example, influenza-related
complications such as encephalitis, bronchitis, tracheitis, myositis rhinitis,
sinusitis, asthma, bacterial infections (i.e., streptococcus aureus bacterial
infection, haemophilus influenzae bacterial infection, staphylococcal
pneumonia bacterial  30 infection), cardiac complications (i.e., atrial
fibrillation, myocarditis, pericarditis), Reye's syndrome, neurologic
complications (i.e., confusion, convulsions, psychosis, neuritis,
Guillain-Barre syndrome, coma, transverse myelitis, encephalitis,  6
encephalomyelitis), toxic shock syndrome, myosins, myoglobinuria, and
renal failure, croup, otitis media, viral infections (i.e., viral pneumonia),
pulmonary fibrosis, obliterative bronchiolitis, bronchiectasis, exacerbations
of asthma, exacerbations of chronic obstructive pulmonary disease, lung
abscess, empyema, pulmonary 5 aspergillosis, myositis and
myoglobinaemia, heart failure, early and late fetal deaths in pregnant
women, increased perinatal mortality in pregnant women, congenital
abnormalities in birth, can be reduced through consumption, according to
the subject invention, of a cysteamine compound. In another embodiment
of the invention, a cysteamine compound is 10 administered to a subject
diagnosed with an influenza infection to alleviate influenza-related
symptoms. A cysteamine compound can be administered alone or
concurrently with other known agents that are used to treat/prevent the
influenza virus disease (i. a, vaccinations, antiviral drugs) or to treat
influenza-related symptoms (i.e., antitussives, mucolytics, and/or
expectorants; antipyretics and analgesics; nasal 15decongestants).       In
one embodiment, a cysteamine compound is administered alone or
concurrently with other known agents that are used to treat/prevent a viral
infection. Preferably, a cysteamine compound of the invention is
administered to a subject prior to, during, or after a exposure to an
influenza virus concurrently with known agents 20 that are used to
treat/prevent the influenza virus disease (i.e., vaccinations, antiviral drugs)
or to treat influenza-related symptoms (i.e., antitussives, mucolytics,
and/or expectorants; antipyretics and analgesics; nasal decongestants). 
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encephalomyelitis), toxic shock s1'ndrome, myositis, myoglobinuria, and renal failure,

croup, otitis media, viral infections (i.e., tnral pneumonia), pulmonary fibrosis,

obliterative bronchiolitis, bronchject¿sis, exacerbations of astfun4 exacerbations of

chronic obshuctíve puimonary disease, lung abscess, empyemq pufinonary

âspergillosis, myositis and myogiobinaemia, heart faiiwe, early and late fetal deaths

in pregnant women, increased perinatal moltality in pregnant women, congeuital

abnormalities ìn birth, can be reduced through consumption, according to the subject

invention, of a cysteandne compound.

In another embodiment of the invention, a cysteamiue compound is

adminìstered to a subject díagnosed with a¡r influenza ilfection to alleviate influenza-

related syrnptoms. A cysteamine compound can be administered alone or

concurrently with other known agents that are used to keat/prevent the influenza vims

disease (1.e., vaccinations, antiviral drugs) or to treat influenza-related symptoms (1.¿.,

antitussives, mucolytics, and/or expectorants; antip¡retics and analgesics; nasal

decongestants) .

I¡r one embodiment, a cysteamine compound is administered alone or

concurrently with other known agents that are used to treat/ptevent a viral infection.

Preferably, a cysteamine compound of the invention is administered to a subject prior

to, during, or after a exposure to an i¡fluenza virus concu¡¡ently with known agents

tlrat are used to heat/prevent the i¡lluenza virus disease (i.e., vaccirntions, a¡tiviral

drugs) or to treat influenza-related slmptoms (i.e., antit-Lrssives, mucolytics, and/or

expectorants; antipytetics and analgesics; nasal decongestants).

In a related embodirnenl a cysteamine compound is administered alone or

concunently with other lanown agents that are used to treat and/or prevent an avian

influenza viral (AIV) i¡feotion. According to the present invention, the cystea:nine

compound can be administered to a subject via i4jection or orai adminisfation to treat

and/or prevent an AfV i¡fection.

Preferably, a cysteamine compound is administered alone o¡ concurrently with

other known agents usefirl in the t¡eatrnent and/or prevention of the various subyþes

ofavian influenza virus. More proferably, a cysteamine conpound of the irvention is

administered alone or concurrently with other lrrown agents useirl in the treatrnent

aad/or prevention of H5Ni AfV. A dosage of at least 0.1 mg/rnt of cysteamine
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In a related embodiment, a cysteamine compound is administered alone
or concurrently with other known agents that are used to treat and/or
prevent an avian 25 influenza viral (ATV) infection. According to the
present invention, the cysteamine compound can be administered to a
subject via injection or oral administration to treat and/or prevent an API
infection.       Preferably, a cysteamine compound is administered alone or
concurrently with other known agents useful in the treatment and/or
prevention of the various subytpes 30 of avian influenza virus. More
preferably, a cysteamine compound of the invention is administered alone
or concurrently with other known agents useful in the treatment and/or
prevention of H5N1 AN. A dosage of at least 0.1 mg/mL of cysteamine  7
hydrochloride, more preferably at least 1 ing/mL of cysteamine
hydrochloride, and even more preferably at least 2 mg/mL of cysteamine
hydrochloride, can be administered to a subject to treat and/or prevent
any of the AIV subtypes listed above, preferably an H5N1 AIV infection.
5In certain preferred embodiments, the dosage of cysteamine
hydrochloride  administered in the treatment and/or prevention of a H5N1
AN infection correlates to the concentration of virus present in the subject.
More preferably, the dosage of cysteamine hydrochloride administered in
the treatment and/or prevention of H5N1 AN infection correlates to an
initial concentration of about LDS. 10In accordance with the subject
invention, the daily dosage amount of a cysteamine compound
administered to a subject prior to viral infection to protect the subject from
viral infection can be about 10 mg to 3,000 mg. Preferably, a cysteamine
compound is administered at about 50 mg to 1,500 mg per day. In a more
preferred embodiment, about 200 mg to 900 mg of cysteamine
hydrochloride is  15 administered daily to a subject to prevent/treat the
onset of an influenza (such as avian influenza virus, influenza A, influenza
B, and influenza C or any mutants thereof) virus disease.       In
accordance with the subject invention, the daily dosage amount of a
cysteamine compound administered to a subject once symptoms
associated with a  20 viral infection have been presented is about 10 mg
to 3,000 mg. Preferably, a cysteamine compound is administered at about
200 mg to 1,500 mg per day. In a more preferred embodiment, about 450
mg to 900 mg of cysteamine hydrochloride is administered daily to a
subject to treat and/or ameliorate the severity of symptoms associated
with an influenza (such as avian influenza virus, influenza A, influenza B,
25and influenza C or any mutants thereof) virus disease.       In
accordance with the subject invention, the daily dosage amount of a
cysteamine compound administered to a subject at risk for contracting
complications associated with a virus infection is about 10mg to 3,000 mg.
Preferably, a cysteamine compound is administered at about 200 mg to
1,500 mg per day. In a more preferred 30embodiment, about 450 mg to
900 mg of cysteamine hydrochloride is administered 
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hydrochloride, more preferably at least 1 mglrnl- of cysteamine hydrochloride, and

even more preferably at least 2 mg/ml of cysteamine hydrochìoride, can be

administered to a subject to treat and/or prevent any of the AIV subtypes listed above,

preferably an H5N1 AfV infection.

In certain preferred embodiments, the dosage of cysteamine hydrochloride

administered in the treaûrent and/or prevention ofa H5N1 AfV infection couelates to

the concent¡ation of vi¡us present in the subject. More preferably, the dosage of
cystearnine hydrochloride administer.ed in the treatment and/or preveltion of H5Nl

AfV infection correlates to an initial concenhation of about LD50.

lr accorda¡ce with the subject invention, the daily dosage amount of a

cysteamine compound administered to a subject prior to viral infection to protect the

subject from viral infection can be about 10 mg to 3,000 mg. Preferably, a

cysteâmine compound is administered at about 50 mg to 1,500 mg per day. Irr a more

plefened embodiment, about 200 mg to 900 mg of cyste¡mine hydrochloride is

administered daily tó â subject to prevenVtreat the onset ofan influenza (such as aviau

influenza virus, influenza A, i¡fuenza B, and influenza C or any mutants thereof)

virus diseáse.

In accorda¡ce with the subject invention, the daily dosage amount of a

cysteamine compound administered to a subject once s)¡mptoms associated with a

viral infection have been presented is about 10 mg to 3,000 mg. Preferably, a

cysteamine compound is administeled at about 200 mg to 1,500 mg per day. In a

more preferred enrbodiment, about 450 mg to 900 mg of cysteamine hydrochloride is

administored daily to a subject to heat and/o¡ ameliorate the severity of symptoms

associated with an influenza (such as ar¡ia¡ influenza vin¡s, influenza A, influenza B,

and infiuenza C or any mutarts thereof) virus disease.

In accordance with the subject invention, the daily dosage arnount of a

cysteamine compound administered to a subject at risk fo¡ contracting complications

associated with a virus infection is about 10mg to 3,000 mg. Preferably, a cysteamine

compound is administe¡ed at about 200 mg to i,500 mg per day. Lr a more preferred

ernbodiment, about 450 mg to 900 mg of cysteamine hydrochloride ìs administered

daily to a subject to prevent and./or delay the onset of compiications associated with
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daily to a subject to prevent and/or delay the onset of complications
associated with  8 influenza (such as avian influenza virus, influenza A,
influenza B, and influenza C or any mutants thereof) virus disease. Brief
Description of Drawings  5Figure 1 shows cysteamine as a constituent of
co-enzyme A. Figure 2 shows a metabolic pathway of cysteamine.
Detailed Disclosure of the Invention The subject invention provides
materials and methods for treating viral 10 infections. Specifically, the
subject invention provides materials methods for preventing a Class I-V
viral infection; treating/ameliorating symptoms associated with Class I-V
viral infections; and/or preventing/delaying the onset of complications
associated with Class I-V viral infections. In preferred embodiments, the
invention provides methods for preventing an influenza infection,
treating/ameliorating 15symptoms associated with an influenza infection,
as well as preventing/delaying in high-risk patients the onset of
complications associated with an influenza infection.       The term
"symptom(s)" as used herein, refers to common signs or indications that a
subject is suffering from a specific condition or disease. For example,
symptoms associated with a viral infection, as used herein, refer to
common signs or 20 indications that a subject is infected with a Class I-V
virus. Influenza-related symptoms contemplated herein include, but are
not limited to, fever, headache, exhaustion/fatigue, muscular aches, sore
joints, irritated watering eyes, malaise, nausea and/or vomiting, shaking
chills, chest pain, sneezing and respiratory symptoms (i e., inflamed
respiratory mucous membranes, substemal burning, nasal discharge,
25scratchy/sore throat, dry cough, loss of smell).       According to the
subject invention, symptoms associated with an influenza virus infection
can start within 24 to 48 hours after infection and can begin suddenly.
Chills or a chilly sensation are often the first indication of influenza. Fever
is common during the first few days, and the temperature may rise to
102F to 103F. 30 In many instances, subjects feel sufficiently ill to remain
in bed for days; subjects often experience aches and pains throughout the
body, most pronounced in the back and legs. 
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influenza (such as avian i¡fluenza virus, influenza A, influerza B, and ínfluenza C or

any mutants thereof) virus disease.

Briof Description of D¡awinss

Figure 1 shows cysteamine as a constituent of co-enzyme A.

Figure 2 shows a metabolic pathway of cysteamine.

Detailed Disclosure of the Invention

The subject invention provides materials and methods for treating viral

i¡fections. Specifically, the subject invention provides materials methods for

preventing a Ciass I-V viral infection; keating/ameliorating s)Ìmptoms associated with

Class I-V virai infections; andlor preventin ldelayng the onset of complications

associated with Class I-V viral infections- In prefened embodiments, the invention

provides methods for preventing an influenza infection, treating/ameliorating

sJmptoms associated with an infiuenza ínfection, as well as preventing/delaying in

high-risk patients the onset of complications associated with an i¡fluenza infection.

The temr "sympton(s)" as use<l herein, refers to common signs or inilications

that a subject is suffering frorn a specific condition or disease. For example,

s],¡mptoms associated with a viral ínfection, as used hereir¡ refer to common signs or

indications that a subject ìs i¡fected with a Class I-V virus. Influenza-related

s)rynptoms contemplated herein include, but are not limited to, fever, headache,

exhaustion/fatigue, muscular aches, sore joints, initated watering eyes, malaise,

nausea and/or vomì{ing shaking chills, chest pair¡ sneezing and respìrâtory symptoms

(i.e., irflarned respiratory mucous membranes, substernal buming, nasal discharge,

scratchy/sore tirroat, dry cough, loss of smell).

Accordìng to the subject invention, symptoms associated with ân influenza

virus i¡fection can start within 24 to 48 hours after infection and can begin suddenly-

Chills or a c1úliy sensation are often the fi¡st indication of influenza. Fever is

colnmon during the fust few days, and the tempemture may rise to 102oF to 103'F.

Ir many instances, subjects feel sufficiently ill to remain in bed for days; subjects

often experience aches and pains throughout the body, most pronoùnced in the back

and 1egs.
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9       As used herein, the term "complication(s)" refers to a pathological
process or event occurring during a disease or condition that is not an
essential part of the disease or condition; where it may result from the
disease/condition or from independent causes. Accordingly, the term
complication(s) refers to medical/clinical  5 problems that are observed in
subjects diagnosed with a Class viral infection. One complication of an
influenza virus infection is that the influenza virus infection can make
chronic health problems worse. For example, complications associated
with a viral infection include, without limitation, encephalitis, bronchitis,
tracheitis, myositis rhinitis, sinusitis, asthma, bacterial infections (i.e.,
streptococcus aureus  10 bacterial infection, haemophilus influenzae
bacterial infection, staphylococcal pneumonia bacterial infection), cardiac
complications (Le., atrial fibrillation, myocarditis, pericarditis), Reye's
syndrome, neurologic complications (La, confusion, convulsions,
psychosis, neuritis, Guillain-Barre syndrome, coma, transverse myelitis,
encephalitis, encephalomyelitis), toxic shock syndrome, myosins,
myoglobinuria, and  15 renal failure, croup, otitis media, viral infections
(i.e., viral pneumonia), pulmonary fibrosis, obliterative bronchiolitis,
bronchiectasis, exacerbations of asthma, exacerbations of chronic
obstructive pulmonary disease, lung abscess, empyema, pulmonary
aspergillosis, myosins and myoglobinaemia, heart failure, early and late
fetal deaths in pregnant women, increased perinatal mortality in pregnant
women, and 20congenital abnormalities in birth.      The terms "influenza,"
"influenza virus," or "flu," as used herein, refer to an RNA virus of the
Orthomyxoviridae family, including influenza A, influenza B, and influenza
C, and mutants thereof. Influenza viruses contemplated herein include
those viruses that have two antigenic glycosylated enzymes on their
surface:  25 neuraminidase and hemagglutinin. Various subtypes of
influenza virus that can be treated using the materials and methods of the
invention include, but are not limited to, the H1N1, H1N2, H2N2, H3N2,
H3N8, H5N1, H5N3, H5N8, 115N9, H7N1, 117N2, FI7N3, H7N4, H7N7,
H9N2, and H1ON7 subtypes including the following subtypes commonly
known as the "Spanish Flu," "Asian Flu," "Hong Kong Flu," 30"Avian Flu,"
"Swine Flu," "Horse Flu," and "Dog Flu."      The term "subject," as used
herein, describes an organism, including humans and mammals, to which
treatment with the compositions according to the present  10 invention is
provided. Mammalian species that benefit from the disclosed methods of
treatment include, but are not limited to, apes, chimpanzees, orangutans,
humans, monkeys; and domesticated animals (i.e., pets) such as dogs,
cats, mice, rats, guinea pigs, and hamsters. 5"Concurrent administration"
and "concurrently administering," as used herein, includes administering a
compound or therapeutic method suitable for use with the methods of the
invention (administration of a cysteamine compound) in the treatment of a
Class I-V viral infection or for the treatment of Class I-V viral
infection-related symptoms/complications. 10For a subject diagnosed with
an influenza infection, a cysteamine compound 
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As used herein, the term "complication(s)" refers to a pathological process or

event occurring during a disease or condition that is not an essential part of the

disease or condition; where it may result from the disease/condition or from

inclependent causes. Acco¡dingly, the teln complication(s) refers to medicaVclinioal

problems tlat are observed in subjects diagnosed with a C1ass I-V viral infectíon.

One complication of an influenza virus infection is that the tnflaenza virus infection

can make chronic health problerns worse. Fo¡ exampie, complications associated

with a virai irfection include, without limitation, encephalitis, bronchitis, tracheitis,

myositis rhinitis, sinusitis, asthma, bacterial ínfections (1.e., sheptococcus aureus

bacterial infection, haemophilus i¡rfiuenzae bacteriai infection, staphylococcal

pneurnonia bacterial infection), cardiac complicalions (i.e., atrial frbrillation,

myocarditis, pericarditis), Reye's slmdrome, neurologic complications (Le., confusion,

convulsions, psychosis, neuritis, Guillain-Barre slmdrome, com4 transverse myeütis,

encephalitis, encephalomyelitis), toxic shock syndromg myositis, myoglobinuria, and

renal failure, croup, otitis media, viral infections (i.e., viral pneumonia), pulmonaly

fibrosis, obiiterative bronchiolitis, bronchiectasis, exacerbations of asthma

exacerbations of ch¡onic obshrrctive pulmonary disease, lung abscess, empyema,

pulmonary aspergillosis, myositis and myoglobinaemia, heafi failure, early arrd late

fetal deaths in pregnant women, increased perinatai mortality in pregnant women, aud

congenital abnormalities in birth-

Tlre terms "influerza," "influenza virus," or "flu," as used he¡ein, tefer to an

RNA vi¡us of the Orthomlxoviridae family, including influenza A, influenza B, and

influe¡øa C, and mutants thereof. hrfluenza viruses contemplafed herein include

those viruses that have two antigenic glycosyiafed enzyrnes on their surface:

neuraminidase and hemagglutinin. Various subtypes of influenza virus that can be

treated using the materia.ls and methods of the invention include, but are not limited

to, the IIlNl, I{1N2, II2N2, H3N2, H3N8, H5N1, HsN3, H5N8, H5N9, H7N1,

H7N2, II7N3, H7N4, H7N7, H9N2, and H10N7 subtypes including the following

subtypes commonly known as the "sparrish Flu," 'Asian Flu," 'Tlong Kong Flu,"

"Avian Flu," "Swìne Fft:," "Horse Flq" and'Dog Flu."

The term "subject," as used hereil, descríbes an organism, including humans

ald mammals, to r'vhich treatment with the compositions according to the present
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can be concurrently administered with vaccinations, antiviral drugs,
antitussives, mucolytics, and/or expectorants; antipyretics and analgesics;
nasal decongestants. By way of example, a compound can be provided in
admixture with a cysteamine compound, such as in a pharmaceutical
composition; or the compound and 15  cysteamine can be provided as
separate compounds, such as, for example, separate pharmaceutical
compositions administered consecutively, simultaneously, or at different
times. Preferably, if the cysteamine compound and the known agent (or
therapeutic method) for treating/preventing influenza infection and/or
treating influenza-related symptoms/complications are administered
separately, they are not 20  administered so distant in time from each
other that the cysteamine compound and the known agent (method)
cannot interact.       In certain embodiments of the invention, a cysteamine
compound can be administered concurrently with, but not limited to,
vaccination, antiviral medications such as amantadine, rimantadine,
ribavirin, idoxuridine, trifluridine, vidarabine, 25  acyclovir, ganciclovir,
foscamet, zidovudine, didanosine, zalcitabine, stavudine, famciclovir,
oseltamivir, and valaciclovir (materials and/or methods used to treat an .
viral infection); or antitussives, mucolytics, and/or expectorants;
antipyretics and analgesics; nasal decongestants (materials used to treat
symptoms associated with an influenza infection). 30By way of example, a
compound for use with a cysteamine compound of the invention can be
provided in admixture with the cysteamine compound, such as in a
pharmaceutical composition. Alternatively, the compound and cysteamine
can be  11  provided as separate compounds, such as, for example,
separate pharmaceutical compositions administered consecutively,
simultaneously, or at different times. Preferably, if the cysteamine
compound and the known agent (or therapeutic method) for
treating/preventing influenza infection and/or treating influenza-related  5
symptoms/complications are administered separately, they are not
administered so distant in time from each other that the cysteamine
compound and the known agent (method) cannot interact.       As used
herein, reference to a "cysteamine compound" includes cysteamine, the
various cysteamine salts, which include pharmaceutically acceptable salts
of a  10 cysteamine compound, as well as prodrugs of cysteamine that
can, for example, be readily metabolized in the body to produce
cysteatnine. Also included within the scope of the subject invention are
analogs, derivatives, conjugates, and metabolic precursors (such as
cysteine, cystamine, pantethine, and the like) as well as metabolites (such
as taurine, hypotaurine, and the like) of cysteamine, which have the  15
ability as described herein to treat and/or prevent stress and
stress-related symptoms/complications by lowering cortisol levels as well
as augment immune activity. Various analogs, derivatives, conjugates,
and metabolites of cysteamine are well known and readily used by those
skilled in the art and include, for example, compounds, compositions and
methods of delivery as set forth in U.S. Patent Nos. 206,521,266;
6,468,522; 5,714,519; and 5,554,655.      As contemplated herein, a
cysteamine compound includes pantothenic acid. Pantothenic acid is a
naturally occurring vitamin that is converted in mammals to coenzyme A,
a substance vital to many physiological reactions. Cysteamine is a
component of coenzyme A, and increasing coenzyme A levels results in
increased 
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invention is provided. Mammalian species that benefrt from the disclosed methods of

fueatment include, but are not limited to, apes, chimpar:zees, orangutâns, humans,

monkeys; and domesticated animais (1.e., pets) such as dogs, cats, mice, rats, guinea

pigs, and hamsters.

"Concurrent adminishation" and "concurrently administering," as used herein,

includes administering a compound ol therapeutic method suitable for use with the

methods of the invention (administration of a cysteamine compound) in the treatment

of a Class I-V viral infection or for the tueatment of Class I-V viral i¡fection-related

syrnptoms/complications.

For a subject diagnosed with an ìnfiuenza infeotion, a cysteamine compound

can be concurrently administered with vaccinations, antiviral drugs, antitussives,

mucolytics, arid/or expectora¡ts; antipyretics and analgesics; nasal decongestants. By

rvay of examplo, a conrpound can be provided in adrnixture with a cysteamine

cornpound, such as in a pharmaceuticai composition; or the compound and

cysteamine can be provided as separate compounds, such as, for example, separate

pharmaceutical compositions admirustered consecutively, simultaneously, or at

different times. P¡eferabl¡ if the cysteanrìne compoun<l and the known agent (or

therapeufic rnethod) for treating/preventing influerøa hfection and/or treating

furfluenz a-related s;.rnptoms/complìcations are administered separately, they are not

administered so distant in time from each other that the cysteamine compouad and the

lclown agent (method) carmot interact.

In certail embodiments of the invention, a cysteamine compound can be

administered concurrently witþ but not limited to, vaccination, antivirai medications

such as amantadine, rimantadine, ribavirin, idoxuridine, nifluridine, vidarabine,

acyclovir, ganciclovir; foscamet, zidowdine, didanosine, zalcitabine, stavudine,

famciclovir, oseltamivir, and valaciclovir (materials and/or methods used to tre¿t an

viral infection); or antítussives, mucolytics, a¡ld./ol expectorants; antipyretics and

analgesics; nasal decongestants (materials used to treat s)rynptoms associated with an

influenza infection).

By rvay of examplq a compound for use with a cysteamíne compound of the

invention can be provided in admixture with the cysteamine compound, such as in a

pharmaceutical composition. Altematively, the compound and cyste¡mine qan þs
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25 levels of circulating cysteamine. Alkali metal salts, such as magnesium
phosphate tribasic and magnesium sulphite (Epsom salts), enhance
formation of coenzyme A. Furthermore, breakdown of coenzyme A to
cysteamine is enhanced by the presence of a reducing agent, such as
citric acid Thus, the combination of pantothenic acid and alkali metal salts
results in increased coenzyme A production and, concomitantly,
30cysteamine.       The term "pharmaceutically acceptable salt," as used
herein, refers to any salt of a cysteamine compound that is
pharmaceutically acceptable and does not greatly  12 reduce or inhibit the
activity of the cysteamine compound. Suitable examples include acid
addition salts, with an organic or inorganic acid such as acetate, tartrate,
trifluoroacetate, lactate, maleate, fumarate, citrate, methane, sulfonate,
sulfate, phosphate, nitrate, or chloride. 5Accordingly, in one embodiment
of the subject invention, the advantages of cysteamine, as set forth
herein, can be achieved by promoting the endogenous production of
cysteamine through natural metabolic process such as through the action
of co-enzyme A or as a precursor and/or metabolite of cysteine (see
Figures 1 and 2). This can be achieved by, for example, the administration
of pantothenic acid.  10 The term "effective amount," as used herein,
refers to the amount necessary to elicit the desired biological response. In
accordance with the subject invention, the effective amount of a
cysteamine compound is the amount necessary to treat/prevent a Class
I-V viral infection; treat/ameliorate symptoms associated with Class I-V
viral infections; and/or prevent/delay/ameliorate the onset of complications
associated with  15 Class I-V viral infections. In a preferred embodiment,
the effective amount of a cysteamine compound is the amount necessary
to treat/prevent an influenza infection; treat/ameliorate symptoms
associated with influenza infection; and/or prevent/delay/ameliorate the
onset of complications in patients with increased risk for contracting
complications associated with influenza infection. The amelioration in  20
symptom and/or complication severity may be a 5%, 10%, 15%, 20%,
25% 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, 95%, 98% or 99% decrease in severity.       As used herein, the term
"Class I-V viruses" refers to the different classes of virus identified by
genome composition and strategy for mRNA synthesis, as  25 described
in Lodish, H. et aL, Molecular Cell Biology, Fourth Edition, W.H. Freeman
and Company (2000). Class I-V viruses are identified as follows:  Class I
viruses contain a single molecule of double-stranded DNA;             Class
II viruses contain a single molecule of single-stranded DNA; 30
Class III viruses contain double-stranded genomic RNA;      Class IV
viruses contain a single strand of viral mRNA (also known as a
positive/plus strand of genomic RNA), wherein the viral mRNA encodes 
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provided as separate compounds, such as, for example, separate pharmaceutical

compositions administered consecutively, simultaneousiy, or at different times.

Preferably, if the cysteamine compound and the known agent (or therapeutic method)

for treating/prevonting inflienza infection and/or treating influenza-rolated

sgnptoms/complications are administered separately, they are not administered so

distant in time from each other that the cystea¡line compound and the known agent

(method) cannot interact.

As used herein, reference to a "cysteamine compound" includes cysteamine,

the various cysfeamine salts, which include pharmaceutically acceptable salts of a

cysteamine compound" as well as prodrugs of cysteamine that can, for example, be

readily metabolized in the body to produce cysteamine. Also included within the

scope of the subject im'ention are analogs, derivatives, conjugates, and metabolic

precursors (such as cysteine, cystamine, pantethine, and the like) as rvell as

metabolites (such as taurine, hypotaurine, and the like) of cysteamine, which have the

ability as descríbed herein to treat and/or prevent stress and stress-related

symptoms/complications by lorvering cortisol levels as well as augment immune

activity. Various anaiogs, dedvatives. conjugates, ard metabolites of cysteamine are

u'ell known and readily used by those sliilled in the art and ìnclude, for exampie,

compoulds, compositions and methods of delivery as set forth in U.S. Patent Nos.

6,521,266.: 6,468,522; 5,7 74,519 ; and 5,554,655.

As contemplated herein, a cysteamine compound inciudes panfothenic acid.

P¿¡tofhenic acid is a naturally occurring vitanin that is converted in mammals to

coenzyme A, a substauce vitai to many physioiogical reactions. Cysteamine is a

component of coenzyme A, and increasìng coenzyme A levels results ìn increased

levels of circulating cysteamine. Alkali metal salts, such as magnesium phosphate

tribasic and magnesium sulphite (Epsom salts), enhance formation of coenzyme A.

Furthermore, breakdown ofcoonzyme A to cysteamine is enhanced by the presence of
a reducing agent, such as citric acid. Thus, the combination of pantothenic acid and

alkali nretal salts results in increased caeÍtzpe A production and, concomitantly,

cystearnine.

The term 'þharmaceuticaliy acceptable salt," as used herein, refers to any salt

of a cysteamine compound that is pharmaceutically acceptable and does not greatly
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35proteins and is infectious by itself; and  13  Class V viruses contain a
single strand of an RNA sequence that is complimentary to the genomic
viral mRNA (also known as a negative/minus strand of genomic RNA),
wherein the genomic RNA acts as a template for 5synthesis of naRNA but
does not itself encode proteins.       The present invention provides
materials and methods for treating and/or preventing a Class I-V viral
infection through the administration of a cysteamine compound to a
subject. Viral infections resulting from the following types of viruses  10
are treated and/or prevented by administering a cysteamine compound as
disclosed herein. The viruses include double-stranded DNA (dsDNA),
single-stranded DNA (ssDNA), double-stranded genomic RNA (dsRNA),
single-strand positive RNA, and single-strand negative RNA viruses.
Contemplated viruses that can be treated in accordance with the subject
invention include, but are not limited to, arboviruses  15 (included but not
limited to, dengue virus, yellow fever, and the like); adenoviruses
(included but not limited to acute respiratory illness, pneumonia,
conjunctivitis, gastroenteritis, pharyngitis, acute haemorrhagic cystitis,
African swine fever, porcine circovirus, porcine adenoviruses A, B, and C);
herpesviruses (included but not limited to herpes simplex virus, varicella
zoster virus (chicken pox and shingles), Epstein-  20 Barr virus); human
papillomaviruses (included but not limited to HPV types 1-65);
parvoviruses (included but not limited to parvovirus B19, canine
parvovims); reoviruses (included but not limited to orbivirus, rotavirus,
aquareovirus, coltivirus); picomaviruses (included but not limited to
enterovirus, rhinovirus, hepatovirus); coronaviruses (included but not
limited to coronavirus and torovirus); flavivirus  25 (included but not limited
to petsivirus, hepatitis C-like viruses); togaviruses (included but not limited
to .alphavirus and rubivirus), orthomyxovirus (included but not limited to
influenza A, B, and C viruses, avian influenza virus, Thogoto virus);
bunyaviruses (included but not limited to Hantavirus, Nairovirus,
plikbovirus); rhabdoviruses (included but not limited to rabies virus,
ephemerovirus, vesiculovirus); and 30paramyxoviruses (included but not
limited to measles virus and mumps virus).       The present invention is
particularly applicable to non-human subject health, especially to
non-human subjects infected with a Class I-V virus. For instance, the
following, non-limited list of viruses and resultant conditions common in
non-human subjects can be treated and/or prevented using the present
invention: picomavirus  14 (avian encephalomyelitis, duck hepatitis and
calicivirus (cat) infections); orthomyxovirus (fowl plague and avian
influenza (H5N1)); coronavirus (infectious bronchitis and coronaviral
enteritis in poultry and canine corona virus in dogs); togavirus (pheasant
encephalitis); paramyxovirus (Newcastle's Disease in poultry and 5canine
distemper and parainfluenza in dogs); rhabdovirus (rabies and viral
hemorrhagic disease in fish); and reovirus (poultry infectious bursal
disease). 
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reduce or i¡hibit the activìty ofthe cysteamine compound. Suitable examples include

acid addition salts, with an organic or iùorganic acid such as acetate, tarhâte,

trifluoroacetate, iactate, maleate, fumarate, cikate, methane, sulfonate, sulfate,

phosphate, nitrate, or chloride.

Accordingly, in one embodiment of the subject invention, the advantages of
cysteanrine, as set forth herein, cal be achìeved by promoting the endogenous

production of cystearnine through natural metaboiic process such as th¡orrgh the

action of oo-enzyme A or as a precursor andlor metabolite of cysteine (see Figures 1

and 2). This can be achieved by, for example, the administration of pantothenic acid.

The term "effective amount," as used herein, ¡efers to the amount necessary to

elicit the desired biological response. l¡ accordance with the subject invention, the

effective amount of a cysteamine compound is the amount necessary to treaVprevent a

Class I-V viral infection; trealarneliorate slnptoms associated with Class I-V viral

iofections; and/or prevenVdelay/ameliorate the onset of complications associated with

Class I-V viral infections. In a prefen'ed embodiment, the effective amount of a

cysteamine conpound is the amount necessary to kealprevent an influenza infection;

treat/ameliorale symptoms associated rvilh influenza infection; and/or

prevenldelay/ameliorate the onset of complications in patients with increased risk for

conh'acting complications associated with influenza infection. The amelioration in

s)nnptom and./or complication severity may be a 5%, I0%, 75%o, 20o/o, 25yo 3}yo,

35%" 40%, 4s%, 50%, ss%, 60%, 65%, 7 0%, 7 5%, 80%, 85%, 90%, 950/o, 98%o ot

997o decrease in severity.

As used herein, the tefm "Class I-V viruses" refers to the different classes of
vfuus identiûed by genoure composition arrd strategy for mRNA s)mthesis, as

described in Lod ish, H. et al.,Molecular Cell Biolog),¡. Fourth Edition, W.H. Freeman

and Company (2000). Class I-V viruses are identified as follows:

¡ Class I viruses contain a single molecule of double-shanded DNA;

¡ Class II viruses contain a single molecule of single-stranded DNA;

. Class III viruses.contain double-stranded genomic RNA;

. Class IV viruses contain a single strand of viral nRNA (a1so lcrown as a
positive/plus shand of genomic RNA), wherein the viral mRNA encodes
proteins and is infectious by itself; and
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With regard to human subjects, the present invention is particularly
applicable to the treatment and/or prevention of influenza virus infections,
especially avian influenza virus infections. According to the subject
invention, a cysteamine 10 compound is useful in the treatment and/or
prevention of various avian influenza strains, including viruses of subtype
H1N1, HINZ, H2N2, H3N2, H3N8, 115N1, H5N2, H5N3, H5N8, H5N9,
H7N1, H7N2, H7N3, H7N4, H7N7, H9N2, and H1ON7. In one
embodiment of the invention, cysteamine hydrochloride is administered to
subjects (either human or animal) in order to treat and/or prevent a H5N1
avian 15 influenza virus infection. The cysteamine hydrochloride can be
administered alone or concurrently with other known agents known to be
effective in treating and/or preventing an influenza infection.       In a
related embodiment, a cysteamine compound (such as cysteamine
hydrochloride) is administered alone or concurrently with other known
agents that are 20  used to treat and/or prevent an avian influenza viral
(AN) infection. The cysteamine compound can be administered to a
subject via injection or oral administration.       Preferably, a dosage of at
least 0.1 mg/mL of cysteamine hydrochloride, more preferably at least 1
mg/mL of cysteamine hydrochloride, and even more preferably at least 2
mg/mL of cysteamine hydrochloride, can be administered to a subject to
treat 25and/or prevent a H5N1 AN infection.       In certain preferred
embodiments, the dosage of cysteamine hydrochloride administered in
the treatment and/or prevention of an AIV infection (including viruses of
subtype H1N1, H1N2, H2N2, H3N2, 1.13N8, H5N1, H5N2, H5N3, H5N8,
H5N9, H7N1, H7N2, H7N3, H7N4, H7N7, H9N2, and H1ON7) correlates
to the 30concentration of virus present in the subject. More preferably, the
dosage of cysteamine hydrochloride administered in the treatment and/or
prevention of a H5N1  15 AIV infection correlates to a concentration of
about LD50 of virus present in the subject.       The compositions of the
invention can be used in a variety of routes of administration, including, for
example, orally-administrable forms such as tablets,  5 capsules or the
like, or via parenteral, intravenous, intramuscular, transdermal, buccal,
subcutaneous, suppository, or other route. Such compositions are
referred to herein generically as "pharmaceutical compositions." Typically,
they can be in unit dosage form, namely, in physically discrete units
suitable as unitary dosages for human consumption, each unit containing
a predetermined quantity of active ingredient 10calculated to produce the
desired therapeutic effect in association with one or more
pharmaceutically acceptable other ingredients, i.e., diluent or carrier. 
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. Class V viruses contain a single straad of an RNA sequence that is
complimontary to the genomic viral nRNA (also known as a negative/minus
strand of genomic RNA), wherein the genomic RNA acts as a template for
slrrlhesis of mRNA but does not itself encode proteins.

The present invention provides materials and methods for treating andlor

preventing a Class I-V viral infection through the adminístration of a cysteamine

compound to a subject. Viral infections resulting from the following types of viruses

are treated and/or preverfed by administering a cysteamine compoundias disclosed

herein. The viruses include double-stranded DNA (dsDNA), single-shanded DNA

(ssDNA), double-skanded genomic RNA (dsRNA), single-strand positive RNA, and

single-strand negative RNA viruses. Contemplated vin¡ses that can be treated in

accorda¡ce with the subject invention inciude, but are not limited to, arboviruses

(included but not ümited to, dengue virus, yellow fever, and the like); adenoviruses

(included but not ümited to acute respiratory illness, pneumoni4 conjunctivitis,

gastroenteritis, phar5'ngitis, acute haemorrhagic cystitis, Afi.ical swìne fever, porcine

circovirus, porcine adenovimses A, B, and C); herpesviruses (included but not linrìted

to llelpes simplex virus, variceila zoster \.irus (chicken pox a:rd shingies), Epstein-

Barr virus); human papillomaviruses (included but not limited to IIPV types 1-65);

par-voviruses (included but not limiied to parvovirus 819, canine parvovìrus);

reoviruses (included but not limited to orbivinrs, rotavirus, aquareovirus, coltivitus);

picomaviruses (included but not limited to enterovirus, rhinovirus, hepatovirus);

coronaviruses (included but not limited to coronavi¡us and torovìrus); flavivirus

(included but not limited to petsivirus, hepatitis C-lihe viruses); togaviruses (included

but not limited to aiphavirus and rubivirus), orthomyxovirus (includod but not linúted

to influenza A" B, and C viruses, avian influenza virus, Thogoto virus); bunyaviruses

(included but uot limited to Hant¿virus, Nairovirus, phlebovirus); rhabdoviruses

(included but not limited to rabies virus, ephemerovirus, vesiculovirus); and

paramyxoviruses (included but not lirdted to measles virus and mumps virus).

The present invention is paficularly applicable to non-huma¡r subject health,

especially to non-human subjects infected with a Class I-V vin¡s. For instance, the

following, non-limjted list of viruses arid resultant conditions comnron in non-human

subjects can be treated and/or prevented using the present invention: picomavirus

l5
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The cysteamine compounds of the subject invention can be formulated
according to known methods for preparing pharmaceutically useful
compositions. Formulations are described in a number of sources, which
are well known and readily  15 available to those skilled in the art. For
example, Remington 's Pharmaceutical Science (Martin EW [1995]
Easton Pennsylvania, Mack Publishing Company, 19th ed.) describes
formulations that can be used in connection with the subject invention.
Formulations suitable for parenteral administration include, for example,
aqueous sterile injection solutions, which may contain antioxidants,
buffers, bacteriostats, and  20 solutes, which render the formulation
isotonic with the blood of the intended recipient; and aqueous and
nonaqueous sterile suspensions, which may include suspending agents
and thickening agents. The formulations may be presented in unit-dose or
multi-dose containers, for example sealed ampoules and vials, and may
be stored in a freeze dried (lyophilized) condition requiring only the
condition of the  25 sterile liquid carrier, for example, water for injections,
prior to use. Extemporaneous injection solutions and suspensions may be
prepared from sterile powder, granules, tablets, etc. It should be
understood that in addition to the ingredients particularly mentioned
above, the formulations of the subject invention can include other agents
conventional in the art having regard to the type of formulation in question.
30 The formulations comprising a cysteamine compound include those
suitable for oral, rectal, nasal, topical (including buccal and sublingual),
vaginal, parenteral (including subcutaneous, intramuscular, intravenous,
intradennal, intrathecal and  16 epidural) administration as well as
administration to the eye. The formulations may conveniently be
presented in unit dosage form and may be prepared by any of the
methods well known in the art of pharmacy. Such methods include the
step of bringing into association the cysteamine compound with the carrier
which constitutes 5  one or more accessory ingredients. hi general the
formulations are prepared by uniformly and intimately bringing into
association the cysteamine compound with liquid carriers or finely divided
solid carriers or both, and then, if necessary, shaping the product. In
certain embodiments, the cysteamine compound can be provided in a
formulation for use in a skin patch. 10Administration of a cysteamine
compound, in accordance with the subject invention, can be accomplished
by any suitable method and technique presently or prospectively known to
those skilled in the art. In a preferred embodiment, a cysteamine
compound is formulated in a patentable and easily consumed oral
formulation such as a pill, lozenge, tablet, gum, beverage, etc. The
consumption is 15  then taken at, prior to, or after, experiencing a stressful
event and/or when needed to augment immune activity (i.e., after
diagnosis with an influenza infection).       In accordance with the
invention, compositions comprising, as an active ingredient, an effective
amount of the cysteamine and one or more non-toxic, pharmaceutically
acceptable carrier or diluent. Examples of such carriers for use in 20  the
invention include ethanol, dimethyl sulfoxide, glycerol, silica, alumina,
starch, sorbitol, inosital, xylitol, D-xylose, manniol, powdered cellulose,
microcrystalline cellulose, talc, colloidal silicon dioxide, calcium carbonate,
magnesium cabonate, calcium phosphate, calcium aluminium silicate,
aluminium hydroxide, sodium starch phosphate, lecithin, and equivalent
carriers and diluents. 25To provide for the administration of such dosages
for the desired therapeutic treatment, compositions of the invention will
typically comprise between about 0.1% and 95%, of the total composition
including carrier or diluent. The dosage used can be varied based upon
the age, weight, health, or the gender of the individual to be treated. 30hi
one embodiment, the dosage of cysteamine administered to a patient to 
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(avian encephaiomyelitis, duck hepatitis and calicivirus (cat) infections);

orthomyxovirus (fowl piague and avian influenza (iISNi)); coronavirus (infectious

bronchitis and coronaviral enterítis in poultry and canine corona virus in dogs);

togavirus (pheasant encephalitis); param)l(ovirus (Newcastle's Disease in poultry and

canine distemper and parafufhenza in dogs); rhabdovirus (rabies and viral

hemorrhagic disease in fish); and ¡eovirus fuouitry infectious bursal disease).

With regard to hirmarr subjects, the present invention is paficulariy applicable

to the treatment and/or prevention of influenza vims infections, especially avian

infuenza virus ìnfections. According to. the subject invention, a cysteamine

compound is useful in the keatrnent aad./or prevention of va¡ious avian influenza

strains, including viruses of subtype FIiNl, H1N2, H2N2, H3N2, H3N8, H5N1,

H5N2, H5N3, H5N8, HsNg, H7Ni, H7N2, H7N3, H7N4, H7N7, H9N2, and IIi0N7.

In one embodiment of the invention, cysteamine hydrochloride is administered to

subjects (either human or animat) in order to treat and/or prevent a H5N1 avian

influenza virus infection. The cysteamine hydrocirloride can be administered alone or

concunently wifh other klown agents known to be effective in treating and/or

preverrting al influenza infectjon.

In a related embodimelt, a cysteamine compound (such as cysteamine

hydrochloride) ìs administered alone or concuà-ently with other knorvn agents that âr€

used to treat and/or prevent an avia¡ influenza viral (AfV) infection. The cysteamine

compound can be administered to a subject via injection or oral administration.

Preferably, a dosage of at least 0.L mg/rnl' of cysteamine hydrochloride, more

preferably at least 1 mg/ml of cysteamine hydrochioride, and even more preferably at

least 2 mglml- of cysteamine hydrochloride, can be administered to a subject to t¡eat

and/or prevent a H5N1 AfV infection.

ln certain prefened embodiments, the dosage of cysteamine hydrochloride

administe¡ed in the t¡eatiaent ¿ndlor prevention of an AfV infection (including viruses

of subtype HlN1, I{1N2, H2N2, H3N2, H3N8, II5N1, H5N2, HsN3, HsN8, H5N9,

H7N1, H7N2, H7N3, H7N4, HZN7, H9N2, and H10N7) correlates to the

concentration of virus present in the subject. More preferaÌ:ly, the dosage of

cysteamine hydroch-loride administered in the treataent ald/or prevention of a H5Ni

30

elicit a desired response is about 10 mg to about 3,000 mg per day. The
desired response can include (1) prevention of Class I-V viral infections;
preferably influenza  17 infection; (2) a reduction in the severity, duration,
or intensity of symptoms associated with Class infections, preferably
symptoms associated with influenza infection; and (3) prevention, delay,
or reduction in the severity, duration, or intensity of complications related
to a Class viral infections, complications related to  5 influenza infections.
Preferably, cysteamine hydrochloride is administered daily at about 50 mg
to 1,000 mg to elicit a desired response. In a more preferred embodiment,
the dosage of cysteamine hydrochloride administered to a patient to elicit
a desired response is about 200 mg to 900 mg per day.           Following
are examples that illustrate procedures for practicing the invention
10These examples should not be construed as limiting. All percentages
are by weight and all solvent mixture proportions are by volume unless
otherwise noted. Example 1-Treatment of Influenza-Related Symptoms A
male subject infected with an influenza virus, demonstrating symptoms
15 (nasal discharge, fever, exhaustion) associated with an influenza
infection, was initially treated with over-the-counter nasal decongestant
and mucolytic medications. The over-the-counter medications were
ineffective in treating the influenza-related symptoms within 24 hours.
After the over-the-counter medications proved ineffective, the subject was
20 administered orally a dose of about 700 mg of cysteamine
hydrochloride. Within 24 hours, symptoms associated with the influenza
infection had disappeared. The subject expressed general feelings of
health.         Example 2-Study of Antiviral Activity of Cysteamine against
H5N1 Avian 25Influenza Virus: In-vitro and In-vivo Studies Using
Oseltamivir Phosphate as Control        According to one embodiment of
the invention, cysteamine demonstrates antiviral activity against H5N1
avian influenza virus. The subject matter of the present invention is
particularly advantageous due to its unexpected results with avian
influenza virus. For example, as described below, cyatemine is particularly
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AIV infection correlates to a concentration of about LD50 of virus present in the

subj ect.

The compositions of the inventíon can be used in a variety of routes of

administration, including, for example, orally-admùrishable forms such as tablets,

capsules or the iike, or via parenterai, intravenous, intramuscular, transdermal, buccal,

subcutaneous, suppository, or other route. Such cornpositions are refer¡ed to irereir

generically as "pharmaceutical compositions." Typically, they can be in unit closage

form, namely, in physically discrete units suitabie as uaitary dosages for human

consumption, each unit containing a predetemrined quantity of active ingredient

caloulated to produce the desired therapeutic effect in association with one or more

pharmaceutically acceptable other ingredients, i. ¿. , diluent or carrier.

The cystearnine compouuds of the subject invention can be fomrulated

according to known methods for preparing pharmaceutically useful compositions.

Fo¡muiations a¡e described in a number of sources, which are well known and readily

available to those skilled in the a¡t. For example, Rernitlgton's Pharnzaceutical

Science (Mafün EW t19951 Easton Perrrsylvania, Mack Publishing Compan¡ 19th

ed.) describes formulations that can be itsed ilr cormection q'ith the subjebt invention.

Formulations suitable for parenteral administration include, for example, aqueous

steriie ìnjection solutions, which may contain antioxidants, buffers, bacteriostâts, and

solutes, rvhich render the fonnulation isotonic with the blood of the intended

recipient; and aqueous and nonaclueous sterile suspensions, which may include

suspending agents and thickening agents. The formulations may be presented in unit-

dose or multi-dose containers, for example sealed ampoules and viais, and may be

stored in a fieeze dried (lyophílized) condition requiring only the condition of the

sterile liquid carrier, for example, water for iqjections, prior to use. ExteÍlpora¡eous

injection solutions and suspensiors may be prepared from sterile powder, granules,

tablets, etc- It should be understood that in addition to the i:rgredients particularly

mentioned above, the fo¡mulations of the subject invention can include other agents

conventional in the art having regard to the type of fonnulation il question.

The fo¡mulafions courprising a cysteamine compound inciude those suitable

for oral, rectal, nasal, topical (including buccal and sublingual), vaginal, parenteral

(including subcutaneous, intramuscular, infoavenous, intradermal, intrathecal and

15
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30 efficacious in treating H5N1 avian influenza virus, more so than even
oseltamivir phosphate (whose generic name is TAM-BUM, which is a
licensed drug against avian influenza virus.  18 Materials and Method
Cysteamine (hereinafter referred to as "TG21"; comprising 99%
cysteamine) was supplied by Omega Bio-Pharma (H.K.) Limited.
Embryonated eggs from  5 specific-pathogen-free (SPF) hens (Beijing,
China) were used in this experiment. H5N1 avian influenza viruses CV
strain was isolated from infected chickens. Roman chickens were
purchased from Hebei without immunization with avian influenza vaccine.
TAMEFLU(r) (Roche (China) Ltd., Shanghai, China) was used as
described herein. 10 Evaluation of TG21 Toxicity in Embryonated Hen
Eggs       One gram of TG21 was dissolved in 10 mL (1:10) 0.01mol/L, in
pH7.2 PBS (1:10, 10mg/mL), and then diluted in 2-fold serials from 1:10 to
1:5120. The diluted drug (test group) or PBS buffer (control group) was
injected into chorio allantoic  15 cavities of 10-day-old embryonated hen
eggs, 5 eggs each dilution. The eggs were hatched at 37C and monitored
twice a day for 5 days to observe embryo survival and to calculate LD50
(50% Lethal Dose of virus). Evaluation of ELD50 of H5N1 Avian Influenza
in Embryonated Hen Eggs  20Original stock of avian influenza viruses CV
strain was diluted 10-fold series with 0.01M pH7.2 PBS from 10-1 to 104.
The 0.2 mL diluted virus (test group) or PBS buffer (control group) was
inoculated into chorio allantoic cavities of 10-day-old embryonated hen
eggs, 5 eggs each dilution. The eggs were hatched at 37C and monitored
twice a day for 5 days to observe embryo survival. EED50 (50% egg
25infective dose) was calculated based on Reed-Muench Method.
Evaluation of TG21 Antiviral Effect on Avian Influenza in Embryonated
Hen Eggs.  19 
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epidural) adminishation as well as adminisÍation to the eye. The formulations may

convenientþ be presented in rurit dosage form a¡d may be prepared by any of the

methods well lmown in the art of phai:macy. Such methods include the step of

bringing into association tire cystearnine compound with the carrier which constitutes

one or more accessory ingredients. In general the fo¡muiations ale prepared by

unifornly and rntimately bringing into association the cysteamine compound with

liquid carriers or finely divided solid carriers or both, and then, if necessar¡ shaping

the product- In cer1air errbodiments, the cysteamine compound can be provided in a

formulation for use in a skin patch

Adminishation of a cysteamine compound, in accordance with the subject

invention, can be accomplished by any suitable method and technique presently or

prospectively known to those skillerl in the art. Ir a preferred embodiment, a

cysteamine compound rs fblrrulated in a patentable and easily consumed orai

formuiation such as a pill, lozenge, tablet, gum, beverage, etc. The consumption is

then talren at, prior to" or after, experiencing a stressful event and/or when needed to

augrnent immune actlily (i.e., after diagnosis with an influenza infection).

In accordance with the invention, compositions conprising, as an active

ingredient, an effective amount of ihe cysteamine and one or more non-toxic,

phannaceutically acceptable carrier o¡ diluent. Examples of such ca¡ríers for use in

the invention include ethanol, dimethyi sulfoxide, glycerol, silica, alumina, starch,

sorbitol, inosital, xylitol, D-xylose, marmiol, powdered cellulose, microcrystalline

cellulose, ta1c, colloidal silicon dioxide, calcium carbonate, magnesium cabonate,

calcium phosphatg calcium aluminium silicate, aluminiun hydroxide, sodium starch

phosphatg lecithin, and equivalent carriers and diluents.

To provide for the administration of such dosages for the desired therapeutic

treatmenl, compositions of the invention wiil f¡picaJly conrprise between about 0.1%

aú. 95"/o, of the total compositìon including oarrier or diluent The dosage used can

be varied based upon the age, weight, healtll or the gender of the individual to be

treated.

hr one embodiment, the dosage of cysteamine administered to a patient to

elicit a desired response is about 10 mg to about 3,000 mg per day. The desired

r€sponse can include (1) prevention of Ciass I-V vi¡al infections; preferably influenza

30

21 solution was incubated with same volume of 10 or 100 times EID50
H5N1 avian influenza viruses CV strain at room temperature for 30, 60
and 120 minutes, respectively, and then the 0.2 mL virus-drug mixture
solution was inoculated into chorio allantoic cavities of 10-day-old
embryonated eggs from SPF hens. All of the 5embryonated eggs were
hatched at 37C and monitored twice a day for 5 days to observe embryo
survival. The IC50 was calculated.       As a positive control, the antiviral
effect of TAMIFLU(r) on avian influenza virus was evaluated under 100
times EID50. 10Evaluation of Avian Influenza Viruses LD50 in chicken.
The original stock of avian influenza viruses CV strain was diluted 10-fold
series with 0.01M 1)117.2 PBS from 10 10-9, and then was used to infect
the chickens by nasal dropping, 10 heads each dilution. The animals were
monitored twice a day for 7 days to observe survival. The LD50 of avian
influenza viruses to 15chicken was calculated according to animal
survival. Evaluation of TG21 Efficiency against Avian Influenza in
Chicken.      4 to 6-week-old Roman chickens were administered TG21
through drinking water, with dosages of 40, 20, 10 mg TG21/head.day-I
high for three days, then the 20 chickens were challenged with 2.5, 25,
250 times ElD50 by nasal dropping, once a day for three days. The
animals continued to accept treatment with same doses of TG21 for five
days after challenge. The chickens were monitored twice a day for 7 days.
A negative control without treatment was carried out in parallel. Animal
survival was recorded and the efficiency of TG21 drug was evaluated in
accordance 25to the following formula: Efficiency = (death date in control
group-death rate of treatment group)/ (death rate of control group) x
100%.  20 Results 1. Toxicity       120 hours after TG21 was inoculated
into embryonated eggs, some toxicity was detected at a high doses
ranging from about 100mg/mL (1:10 dilution) to 25 
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infection; (2) a reduction in the severity, duration, or intensity of symptoms associated

with Class I-V infections, preferably symptoms associâted with influenza infection;

and (3) prevention, dela¡ or reduction in the severity, duration, or intensity of

complications rølated to a Class I-V viral infections, conrplications related to

influenza infections. Preferabl¡ oysteamine hydrochloride is administered daily at

about 50 mg to 1,000 mg to elicit a desired response. In a mo¡e preferred

embodiment, the dosage of cysteamine hydrochloride administeled to a patient to

elicit a desì¡ed response is about 200 mg to 900 mg per day.

Following are examples that illùstrate prrccedures for practicing the invention.

These examples should not be construed as limiting. All percentages me by weight

and all solvent míxture proportions are by volume unless otherwise noted.

Example l-Treatment of hfluenza-Related Symptoms

A male subject infected wìth an influenza virus, demonstrating symptoms

(nasal dischargg fever, exhaustion) associated with an influenza infection, was

initially treated with over-the-counter nasal decongestant a¡rd mucol)tic medications.

The over-the-courfer medications r¡.ere ineffective in treating the influenza-related

syrnptoms within 24 hours.

After the over-the-counter medications proved ineffective, the subject was

administered orally a dose of about 700 mg of cysteamine hydrochloride. Within 24

houls, sl.rnptoms associated wíth the influenza infection had disappeared. The subject

expressed general feelings of health.

Example 2-Studv of A¡tivìral Activity of Cysteamine against H5N1 Avìan

Influenza Virus: k¡vitro and In-vivo Studies Using Oseltamivir PhosBhaþ ¿S_.lCçntrol

According to one embodiment of the invention, cysteâmine demonstrates

a¡tiviral activity against H5N1 avian influer¿a virus. The subject matter cif the

present invention is particuiarly advantageous due to its unexpected results lvith avian

influenza virus. For example, as described below, cyatemine is particularly

effrcacious in heating H5N1 avian influenza virus, more so than even oseltamivir

phosphate (whose generic name is TAMIFLU@), which is a licensed drqg against

avian influenza virus.
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5mg/mL (1'40) The LD50 of TG21 to embryonated hen eggs was 32.1
mg/mL. No side-effect was found when dosed below 12.5mg/mL (1:80).
.2. ElD50 of H5N1 Avian Influenza in Embryonated Hen Eggs, and LD50
in Chicken. When an original stock of virus was diluted more than 109
times  10 (concentration 10-9), embryonated eggs survived. According to
the Reed-Muench Method, EID50 of H5N1 avian influenza in
embryonated hen eggs was calculated as 10-817. When virus stock was
diluted to 10-8 or below, the tested virus was not lethiferous. The LD50 of
H5N1 avian influenza in chicken was 10-541/0.2mL. 153 Antiviral Effect of
T021 on H5N1 Avian Influenza Viruses in Embryonated Hen Eggs.
Prior to inoculation into embryonated hen eggs, the H5N1 avian influenza
viruses were treated with different dilutions of TG21 for 30, 60, and 120
minutes. The IC5Os of T021 against H5N1 avian influenza virus were
15.6, 14.9, and 6 8  20 mWmL, respectively, with treatment times of 30,
60, and 120 Minutes under 10 times E1D50 viral challenge dose. The
IC5Os were 17.5 and 16.1 mg/mL, respectively, when the virus was
treated with TG21 for 30 and 120 minutes prior to inoculation under virus.
doses of 10 times ElD50 (see Table 1 below). In a positive control group
treated with TAM:FLU(r), the IC5Os of  25 TAMIFLUO against H5N1
avian influenza in embryonated hen eggs were 25.1 and 19.4 mg/MI,
respectively, with 30 and 120 minutes treatment times prior to inoculation
under a virus dose of 100 times ElD50. In a negative control group (no
drug administered), all embryonated hen eggs died.  21 Table 1-Antiviral
effect of TG21 on H5N1 AIV in embryonated hen eggs   10 ELD50' 
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Materíals and Method

Cysteamine (hereinafter referred to as "TG21"; comprising 99% cysteamine)

was supplìed by Omega Bio-Pharma (H.K.) Limited. Embryonated eggs from

specific-pathogen-ftee (SPF) hens @eijing, China) were used in this experiment.

H5N1 avian influenza viruses CV strain v,as isolated Íìorn infected chickens. Roman

chickens were purchased fi'om Hebei without immunization with avian influenza

vaccine. TAMIFLU@ (Roche (China) Ltd., Shanghai, China) was used as described

hei ein.

Evaluation of TG21 Toxicity in Embryonated Hen Egqs

One glam of TG21 was dissolved in 10 mL (1:10) 0.01molll, in pH7-2 PBS

(1:i0, lOmg/ml.), and then diluted in 2-fold se¡ials from 1:10 to 1:5120. The diluted

dnrg (test group) or PBS buffer (control group) was injected into chorio aliantoic

cavities of lO-day-old embryonated hen eggs, 5 eggs each dilution. The eggs were

hatched at 37'C and rnonitored hvice a day for 5 days to obsewe embryo survival and

to calculate LD50 (50% Lethal Dose of virus).

Evaluation of EID50 of H5N1 Avian lnfluenza in Embryonated Hèn Eggs

Original stock of avian influenza vimses CV strain was diluted lO-fold series

r¡'ittr 0.01M pH7.2 PBS from 10-r to 10-10. The 0.2 mL diluted virus (test group) or

PþS buffer (conhol group) was inoculated into chorio allarrtoic cavities of, l0-day-old

embryonated hen eggs, 5 eggs each dilution. The eggs were hatched at 37'C and

monitored twice a day for 5 days to observe embryo survival. EID50 (50% egg

ir:feciive dose) was calculated based on Reed-Muench Method.

Evaluation of TG21 Antiviral Effect on Avian Influenza in Embrvonated Hen Eggs.

One gram oî TGZ| was dissolved in 10 mL 0.01mo1,/L, rlpH7.2 PBS (1:10,

i0Omg/ml), and then diluted in 2-fold serials from 1:10 to 1:5120. The diluted TG

15

20

100 ETD50  30 Minsb 60 Mins 120 Mins 30 Mins 120 Mins   Embryo
survival (%)  1:10' 100% (16/16d) 100% (17/17) 100% (21/21) 100%
(16/16) 
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21 solution was incubated with same volume of 10 or 100 times EiD50 H5Nl avian

influenza viruses CV strain at ¡oom temperature for 30, 60 and 120 minutes,

respectively, and then ttLe 0.2 mL virus-drug mixhue solution was inoculated into

chorio allantoic cavities of lO-day-old embryonated eggs from SPF hens. All of the

embryonated eggs were hatched at 37oC a¡d monitored twice a day for 5 days to

observe embryo survival. The IC50 was calculated.

As a positive controi, the antivi¡al effect of TAMIFLU@ on avian influelrza

virus was evaluated under 100 times EiD50.

Evaluation of Avian lnfluenza Viruses LD50 ir chicken-

The original stock of avian influenza viruses CV strain was diluted 10-fo1d

series witlr O.OIM pH7 .2 PBS from l0-r to l0-e, and then was used to infect the

chickens by nasai dropping, 10 heads each dilution. The animals were monitored

twice a day for 7 days to observe suwival. The LD50 of avian influenza viruses to

chicken was calculated according to animal sun ival.

Evaluation ofTG21 Effrciencv asainst Avian Influenza in Chicken.

4 to 6-week-o1d Roman chickens were administered TG21 thròugh drinking

water, with dosages of 40, 20, 10 mg TG2llhead.dayi high for three days, then the

clrickens were challenged with 2.5,25, 250 tìmes EID50 by nasal dropping, once a

day for thlee days. The animals continued to âccept treatnent with same doses of

1G21 for five days after challenge. The chickens were monitored twice a day for 7

days. A negative control without treatment was carried out in parallel. Arìmal

surviv¿l was recorded and the efficiency of TG21 drug was evaluated in accordance

to the following formula: Efficiency: (death date in control group-death rate of

heatment group)/ (death rate of control group) x 100%.

t5

z0

25

100% (16/16) 1:20 100% (11/11) 100% (12/12) 100% (16/16) 100%
(11/11) 100% (11/11) 1:40 75% (6/8) 77.8% (7/9) 100% (11/11) 100%
(6/6) 100% (6/6) 1:80 37.5%3/8 ) 40% (4/10) 66.7% (6/9) 
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Results

1. Toxicity

120 hows afrer TG21 was inoculated into embryonated eggs, some toxicity

was detected at a high doses ranging ûom about 100mg/ml (i:10 dìlution) to 25

mg/ml (1:40). TIie LD50 of TG21 to embryonated hen eggs was 32.1 mglml. No

side-effect rvas found when dosed below 12.5mg/ml (1:80)-

'2. 
EiD50 of H5Ni Avian Influenza in Embryonated Hen Eggs, and LD50 in Chicken.

'When an original stock of virus was diluted nore tha:r 10e times

(concenhation 10-e), embryonated eggs survived. According to the Reed-Muench

Method, EID50 of H5N1 aviar influenza in embryonated hen eggs \¡/¿ìs calcuiated as

10-s17. When virus stock was diluted to 10's or below, the testerl r'irus was not

Iethiferous. The LD50 ofH5Nl avian influenza iú chicken was l}-s 4t /0.2mL.

3. Antiviral Eflect of TG21 on H5Nl Avian Lrfluenza Viruses in Enrbryonated Hen

Eggs.

Prior to inoculation into embryonated hen eggs, the H5N1 avian influenza

viruses were treated with diffe¡ent dilutions of TG2i for 30, 60, and 120 minutes.

The IC50s of TG21 against H5N1 avian influerrza virus were 75.6, l4-9, arLd 6.8

mg/ml, respectively, with treatment times of 30, 60, and 120 minutes rmde¡ 10 times

EID50 viral challenge dose. The IC50s were 17.5 and L6.1 mf,ml-, respectively,

when the virus was treated with TG21 for 30 and 120 minutes priol to inoculation

undêr iirus dobes of 10 tirnes EID50 (see Tabie 1 below).

In a positive control group treated with TAMIFLU@, the IC50s of

TAMIFLU@ against H5Ni avian influenza in embryonated hen eggs were 25.1 a¡d

19.4 mgl}Ml, respectiveiy, with 30 and 120 minutes t¡eatment times prior to

inoculation under a virus dose of 100 times EID50. In a negative control group (no

drug administered), a1l embryonated hen eggs died.

15
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0% (0/5) 20% (1/5) 1:160 10% (1/10) 27% (3/11) 36.4% (4/11) 0% (0/10)
0% (0/9) 1:320 0% (0/14) 0% (0/13) 21% (3/14) 0% (0/15) 0% (0/14)
1:640 0% (0/19) 0% (0/18) 



Table l-A¡rtivi¡al effect of TG21 on H5N1 AIV in nated hen

t0 EID50"

30 Minsb 60 Mins l20Mins

Embryo survival (%)

1:10" 100% (l6lrcd)

7:20 100% (11/11)

1:40 75%(6/8)

1:80 3j .5%3/S )

1:160 10% 0/10)

l:320 0%(0/14)

1:640 0%(0/19)

1:1280 0% (0/24)

7:2560 0%(0/29)

r0o%(17t11) roo%(21/21)

100%(12112) r0o%(16/16)

'17.8%(7/9) 100%(11/11)

40%(4110) 66.7%(6/e)

i00 EID50

120 Mins

100%(t6/16) 100%(16/16)

loo% (1111r) 100% (11/11)

100%(616) 100%(6/6)

0%(0ls) 20%(Lts)

0%(0/1.0) 0%(0/e)

o%(o/ts) o%(0114)

0%0/20) 0%(0/1e)

0% (0t2s) 0% (0t24)

0%(o/30) o%(0t29)

o

=o
cl
fts1

É-r

27% (3/rL)

o% (0/13)

0% (0/18)

o% (0/23)

0% (0/28)

36.4% (4/1r)

2t% (3/14)

13% (2n6)

0% (o/19)

o% (0/24)

IC5O

GnelmL)

TC50"

15.6

Note: Mins=niluteS; uBlD50: drug dose far SQ%io egg infeòtion; breaction,time of
drug-virus prior inoculation; "drug initiaiization concentration is i00mg/ml; 'survival
/total; eIC50: the drug concentration required to survive 50% embryo.

Efüciencv of 1G21 against H5Nl Avian I¡lluenza Viruses in Chickens.

Fou¡ to six-week-old chickens were administered with 10-40 mglhead.dayl

TG21 through drinking waler for three days before and for five days after challenge

with high virus dosage (250X LD50), mediate virus dosage (25X LD50), and low

virus dosage (2.5X LD50) of infectious H5N1 avian infiuenza viruses. The results of

13% (2/16) 0% 0/20) 0% (0/19) 1:1280 0% (0/24) 0% (0/23) 0% (0/19) 0%
(0/25) 0% (0/24) 1:2560 0% (0/29) 0% (0/28) 0% (0/24) 0% (0/30) 0%
(0/29)   
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TG21's a¡tiviral effect orì H5Nl avian influe¡rza virus in the chickens are shorved in

Table 2 below. Al1 of the tested chickens died within three days under 250 times

LD50 viral infectious dosages, inciudìng the animals in the TAMIFLU@ control

group. This rnay due to too high A dosage of viral infection such that no medicinal

troatment, including TAMIFLU@, can provide effective protectiou against the viral

infection.

The protection of TG21 against H5N1 aviart irtflterva virus in chíckens in

d.osages of 40, 20, 1,0 mglhead.day 1 t'as 100%, 62.5Yo, and 87.5o/o, respectlely,

under 2.5 times LD50 viral infectious doses, a:rd 70%,80%, and,50Yo, respectively,

ulder 25 times LD50 vìral infectious doses. The statistical difference of efficièncy of

TG21 and of lÌre negative control (no drug) was extremely significant (a11 p volume

<0.0i by Chi-square test). The efficiency of TAMIFLU@ (5mg/head.dayl) was 50%

under 25 times LD50 viral challenge doses. No signifrcant difference l¡etween IC50

of TG21 (10mg/ head.dayl) anct TAMIFLU@ (5mg/head.dayl) was fou¡d (P>0.05)

tnder 25 times LD50 viral challenge doses (Table 2).

Table 2-A¡rtivira.l effect of TG21 on H5N1 avian influenza virus in Chicken

15

Viral infectious dose

Drug and Dose 250 LD50 2sLD50 2.5 LDsl

4OmglmL

ñ 2lmg/mL
g 1o mg/ml

0% (0/10)

o% (0/t0)

oo/"(0110^) 7o%(7/1,o)++ 100% (10/10)*+

Tamìflu(S, mglmL) 0%(0110)

80% (8/10) r+ 62.s%(7/10)++

s0%(5/10)++ 87.s%(9/lo)++

s0% (51L0) +* N/A

20

Negative control 0% (oii0) o%(o/ß) 20% Q/r})
Note: ** P<0.01 compare with control group by Chi-square test; a: survivaV totai

Surnmarv

Ten-day-old embryonated eggs from SPF (specific-pathogen-ftee) hens and

four to six-week-old chickens rvere used in this study to test antiviral effect ofTG21

on H5N1 avian infiuenza viruses CV strain. The LD50 (50% Lethal Dose) of virus to

chicken, EID50 (50% egg infective dose) of vìrus to embryonated eggs, ald LD50 of

TG21 to embryonated eggs were dete¡mined firstly. For the in vitro studies, the25

IC 50   IC5015.6 (mg/mL) 14.96.8 17.516.1       Note: Mins=minutes;
'EED50: drug dose for 50% egg infeetion; breaction time of drug-virus
prior inoculation; 'drug initialization concentration is 100mg/mL; dsurvival
5/total; eIC50: the drug concentration required to survive 50% embryo.
Efficiency of TG21 against }5N1 Avian Influenza Viruses in Chickens.
Four to six-week-old chickens were administered with 10-40 mg/head.dayi
TG21 through drinking water for three days before and for five days after
challenge 10with high virus dosage (250X LD50), mediate virus dosage
(25X LD50), and low virus dosage (2.5X LD50) of infectious H5N1 avian
influenza viruses. The results of 
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viruses were pre-incubated with different concentration TG 21 for 30-120 minutes,

respectively, and then inocuiated into embryonated eggs to observe survival of the

embryo, The IC50 (the drug concentration required to survíve 50% embryo) of TG2l

wâs oalculated. For the in vivo studies, the chickens were administered with TG2i in

high, mediate and low doses ofAIV through drinlcing water for tiuee days before and

five days aíÌer challenged with viruses. Alìmal survival was recorded a¡d úre

efficiency of drug was evaluated. A positive control (TAMIFLU@) and a negative

control (no drug) were carried out in in parallei studies. Results shorved that, (1) the

IC50s of TG21 against H5N1 avian influenza vimses in embryonated hen eggs rvere

15.6, 14.9.6.8 mglml, respectively, when i0 times EID50 viruses were treated with

TG21 for 30, 60, 120 minutes prior to inoculation, 17.5 and 16.1 mglmL, respectively,

when 100 times EID50 viruses was treated with the drug for 30 and 120 minutes prior

to inoculation. The IC50s of 'I-AMIFLU@ against H5N1 avian influenza virus in

embryonated hen eggs were 25.I and 19.4 mglml, respectively, when the 100 times

EID50 viruses were incubated with TAMIFLU@ for 30 and 60 minutes priol to

inoculation; and (2) the efficiency of TG2i in a doses of 40,20, 10 mg,4read.dayt

against H5N1 avian influenza vims induced nlortality in chickens was 1,00'Yo, 62.50/0,

anð, 81-5o/o, respectively, unde¡ 2.5 tirnes LD50 viral challenge dose, and 70%, 80%

and 50Yo under 25 times LD50 viral challenge dose, wIúle the efficiency of

TAMIFLU@ (5mg/head.day-t) was 50%. These results suggest cysteamine has a

strong anfiviral activity against H5N1 avian influenza virus, where it can provide

similar or even better protection against H5Nl avian influenza virus as compared to

cur¡ent licensed drugs against avian influenza, such as TAMILFLU@.

Example 3-A¡tiviral acti'r'itv of Cvsteamine against H5N1 avian influenza virus in
mice

Materials and Method

Cysteamine (hereinafter referred to as "TG21"; comprising 99% cysteamine)

was supplied by Omega Bio-Pharma (ILK.) Limited. H5N1 avian influenza vi¡us,

WV strain, was isolated from infected chickens. TAMIFLU@ @oche (China) Ltd.,

Shanghai, China) was used as described herein.

30

22 TG21's antiviral effect on H5N1 avian influenza virus in the chickens
are showed in Table 2 below. All of the tested chickens died within three
days under 250 times LD50 viral infectious dosages, including the animals
in the TAMIFLUO control group. This may due to too high A dosage of
viral infection such that no medicinal 5  treatment, including TAMIFLUe,
can provide effective protection against the viral infection.       The
protection of TG21 against H5N1 avian influenza virus in chickens in
dosages of 40, 20, 10 mg/head.day-1 was 100%, 62.5%, and 87.5%,
respectively, under 2.5 times LD50 viral infectious doses, and 70%, 80%,
and 50%, respectively, 10 wider 25 times LD50 viral infectious doses. The
statistical difference of efficiency of TG21 and of the negative control (no
drug) was extremely significant (all p volume <0.01 by Chi-square test).
The efficiency of TAMIFLUO (5mg/head.day-1) was 50% under 25 times
LD50 viral challenge doses. No significant difference between IC50 of
TG21 (10mg/ head.day-1) and TAMIFLUe (5mg/head.day-1) was found
(P>0.05) 15under 25 times LD50 viral challenge doses (Table 2). Table
2-Antivirai effect of TG21 on H5N1 avian influenza virus in Chicken Viral
infectious dose Drug and Dose 250 LD50 25 LD50 2.5 LD50 40 mg/mL
0% (0/10a) 70% (7/10) ** 100% 



10

24

Evaluation of 50% lethal dose of H5N1 avian influenza virus in mice (mLD50)

H5N1 avian influenza (WV strain) stock solution was initialiy diluted 1:5 and

then diluted with PBS in four-foid series fo¡ 5 dilutions (1:5 to 1:1280). Six to eight-

week old female mice were anesthetized by intramuscularly injection I00¡t'L of 1%

sodiurn batbillrate and then inoculated by dropping 50pL diluted Il5Nl avial

influenza virus WV strain into each mouse's nasal cavity (n : 10 mice for each

dilution). Alimals were r.nonitored daily for 14 days and mLD50 was calculated

based on the death of mice with the Reed-Muench Method. The results indicate that

the survival of the mice were 0% in the l:5 virus dilution group, 10% in the 1:20 virus

dilution group, 25Vo in the 1:80 virus dilution group, 80% in the 1:320 vi¡us dilution

group, and 90yo 1n the 1:1280 virus dilution group. The mLD50 of H5N1 avian

influenza (WV sttain) u,as 10-2 
ts0e/0.05rnl or' 1:141.5 dilution/0.05rnl.

Therapeutic ¡ole of Cvsteami

Fifty female mice (6-8 weeks old) were allotted into tfuee treahrlent groups

(11,, T2, and T3). one negative (ultreated) control gr oup, and one positive

(TAMIFLU@) control group, with 10 nrice in each group. A-fter being ânestlrctized

via intramuscular ìnjection of 100pL 10% sodium barbitrrate, all of the mice were

inoculated inhanasally with 10 tines mLD50 H5N1 avian influenza viruS in 50¡tL

PBS. Within one hou¡ after infection, the animais r¡,¡as heated for 12 days by oral

gavage admìnistlation with TG27 at a daily dose of 4.8,2.4, 1.2 mg per mouse in T1-

T3 treatrnent groups respectiveiy, TAMILFLU@ 0.3mg per mouse daily in the

positíve control group and same volume ofPBS in the negative group.

Mice were observed twice a day for 14 days for clinical signs ofi¡fection and

for survival. The protection rate of TG2I agaínst H5Ni avian i¡f1ue¡za was

calculated and the significant differences bet'¡'een the groups were compared by Chi-

square test. For exarnple, the equatior for identifuing the protection rute (%o) = (death

date in control group-death rate of treatment group)/ (death rate of control group) X

100%. Resuits showed that the protection were 500/o, 7O%o and 70% in TG2l

keatment of T1 group (4.8 mglmouse.d a¡l¡, tZ gotp (2.4 mglmouse.dayr), and T3

group (1.2 mg/mouse.dayl), respectively; with a 0% pïotection rate in the negative

15

20

25

30

(10/10)** 20 mg/mL 0% (0/10) 80% (8/10) ** 62.5% (7/10)** 10 mg/mL
0%(0/10) 50% (5/10) ** 87.5% (9/10)** Tamiflu (5 .4 mg/mL) 0% (0/10)
50% (5/10) ** N/A  Negative control 
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controi group and a 60%ó protection rate in the positive (TAMIFLU@) control group.

The protection rate of TG21 in the Tt group (P<0.05), T2 gtoup (P<0.01), a¡¡d T3

group (P<0.05) differed significantly from that in the negative conhol group. These

results indicate that TG21 has a strong antiviral activity against H5N1 avian influenza

virus as al ideal drug h the heatment of avian influ erøa viral infections.

All patents, patent applications, and pubücations refer¡ed to or cited herein are

incorporated by reference in their entirety, including all figures and tables, to the

extent they a¡e not inconsistent with the explicit teachings ofthis specification.

It should be understood that the examples a¡d enrbodiments described herein

a¡e for illustrative purposes only and that various modifications or changes in light

thereof rvill be suggested to persons skilled in the art and are to be ilcluded wìthin the

spirit and purview of this application.

0% (0/10) 0% (0/10) 20%(2/10)  Note: ** P<0.01 compare with control
group by Chi-square test; a: survival/ total 20Summary       Ten-day-old
embryonated eggs from SPF (specific-pathogen-free) hens and four to
six-week-old chickens were used in this study to test antiviral effect of
TG21 on H5N1 avian influenza viruses CV strain The LD50 (50% Lethal
Dose) of virus to chicken, EBD.50 (50% egg infective dose) of virus to
embryonated eggs, and LD50 of 25TG21 to embryonated eggs were
determined firstly. For the in vitro studies, the  23 viruses were
pre-incubated with different concentration TG 21 for 30-120 minutes,
respectively, and then inoculated into embryonated eggs to observe
survival of the embryo. The IC50 (the drug concentration required to
survive 50% embryo) of TG21 was calculated. For the in vivo studies, the
chickens were administered with TG21 in  5 high, mediate and low doses
of AN through drinking water for three days before and five days after
challenged with viruses. Animal survival was recorded and the efficiency
of drug was evaluated. A positive control (TAMIFLUO) and a negative
control (no drug) were carried out in in parallel studies. Results showed
that, (1) the IC5Os of TG21 against H5N1 avian influenza viruses in
embryonated hen eggs were  10 15.6, 14.9. 6.8 mg/mL, respectively,
when 10 times EID50 viruses were treated with TG21 for 30, 60, 120
minutes prior to inoculation, 17.5 and 16.1 mg/mL, respectively, when 100
times EID50 viruses was treated with the drug for 30 and 120 minutes
prior to inoculation. The IC5Os of TAMIFLUO against H5N1 avian
influenza virus in embryonated hen eggs were 25.1 and 19 4 mg/mL,
respectively, when the 100 times  15 &DSO viruses were incubated with
TA_MlFLUO for 30 and 60 minutes prior to inoculation; and (2) the
efficiency of TG21 in a doses of 40, 20, 10 mg/head.day-1 against H5N1
avian influenza virus induced mortality in chickens was 100%, 62.5%, and
87.5%, respectively, under 2.5 times LD50 viral challenge dose, and 70%,
80% and 50% under 25 times LD50 viral challenge dose, while the
efficiency of  20 TAMIFLUO (5mg/head.day-I) was 50%. These results
suggest cysteamine has a strong antiviral activity against H5N1 avian
influenza virus, where it can provide similar or even better protection
against H5N1 avian influenza virus as compared to current licensed drugs
against avian influenza, such as TAMILFLU(r). 25Example 3-Antiviral
activity of Cysteamine against H5N1 avian influenza virus in mice 
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Claims

'We claim:

1. A method for treating a viral infection, whe¡ein said method comprises diagnosing

a subject witll the vilal infection; and adniniste¡ing to the subject a¡ effective amount of a

cysteamine compound.

2. The metliod, according to claim 1, wherein the viral infection is selected from the

group consistíng of avian influenza viruses; adenoviruses; herpésviruses; human

papillomaviruses; parvoviruses; reoviruses; picomavimses; cotonaviruses; flavivirus;

togaviruses, orthomyxovirus; bunyaviruses; rhabdoviruses; and paramyxoviruses-

3. The method, according to claim 2, wherein fhe subject is infected with at least one

of the group consisting of avian influenza virus, pneumoni4 conjunctivitis, gastroenteútis,

pharyngitis, acute haemorrhagic cystitis, herpes simplex virus, r'aricella zoster virus, Epstein-

Bar¡ virrrs, HPV fypes 1-65, palvovirus 819, canine pawovirus, orbivirus, rotavints,

âquareovirus, coltivirus, enterovirus, r'hinovirus, hepatovirus, coronavirus and torovirus,

petsivirus, hepatitis C-like viruses, aiphavirus, rubivi¡us, iufluenza A, B, and C vimses,

Thogoto virus, Hantavinis, Nairòvirus, ph-lebovirus, rabies virus, ephemerovirus,

vesiculovirus, measles virus, and mumps virus.

4. The method according to claim 1, which comprises administering at least 0.1 mg

ofthe cysteamine compound to the subject daily

5. The method, according to claim 4, which comprises administering between 2 mg

to 3,000 mg of the cysteamìne compould daily.

6. Tlie method, according to claim 1, wherein said cysteamine compou:rd ìs selected

from the group consisting of cysteamine, cysteamine salts, prodrugs of cysteamine, analogs

of cysteamine, derivatives of cysteamine, coujugates of cysteamine, and metabolites of

cysteamine.

Materials and Method Cysteamine (hereinafter referred to as "TG21";
comprising 99% cysteamine) 30 was supplied by Omega Bio-Pharma
(H.K.) Limited. H5N1 avian influenza virus, WV strain, was isolated from
infected chickens. TAM-FLU(r) (Roche (China) Ltd., Shanghai, China)
was used as described herein.  24 Evaluation of 50% lethal dose of H5N1
avian influenza virus in mice (mLD50)        H5N1 avian influenza (WV
strain) stock solution was initially diluted 1:5 and then diluted with PBS in
four-fold series for 5 dilutions (1:5 to 1:1280). Six to eight-  5 week old
female mice were anesthetized by intramuscularly injection 100/IL of 1%
sodium barbiturate and then inoculated by dropping 50AL diluted I-15N1
avian influenza virus WV strain into each mouse's nasal cavity (n. = 10
mice for each dilution). Animals were monitored daily for 14 days and
mLD50 was calculated based on the death of mice with the Reed-Muench
Method. The results indicate that  10 the survival of the mice were 0% in
the 1:5 virus dilution group, 10% in the 1:20 virus dilution group, 25% in
the 1:80 virus dilution group, 80% in the 1:320 virus dilution group, and
90% in the 1:1280 virus dilution group. The mLD50 of H5N1 avian
influenza (WV strain) was 10-21509/0.05mL or 1:141.5 dilution/0.05mL
15Therapeutic role of Cysteamine in mice infected with avian influenza
virus        Fifty female mice (6-8 weeks old) were allotted into three
treatment groups (Ti, T2, and T3), one negative (untreated) control group,
and one positive (TAMEFLUO) control group, with 10 mice in each group.
After being anesthetized via intramuscular injection of 100AL 1% sodium
barbiturate, all of the mice were  20 inoculated intranasally with 10 times
mLD50 H5N1 avian influenza vim in 50kiL PBS. Within one hour after
infection, the animals was treated for 12 days by oral gavage
administration with TG2I at a daily dose of 4.8, 2.4, 1.2 mg per mouse in
TI-T3 treatment groups respectively, TAMILFLU(r) 0.3mg per mouse daily
in the positive control group and same volume of PBS in the negative
group. 25Mice were observed twice a day for 14 days for clinical signs of
infection and for survival. The protection rate of TG21 against H5N1 avian
influenza was calculated and the significant differences between the
groups were compared by Chi-square test. For example, the equation for
identifying the protection rate (%) = (death date in control group-death
rate of treatment group)/ (death rate of control group) X  30 100%. Results
showed that the protection were 50%, 70% and 10% in TG21 treatment of
Ti group (4.8 mWmouse.day-1), T2 group (2.4 mg/mouse.day1), and T3
group (1.2 mg/mouse.day-1), respectively; with a 0% protection rate in the
negative  25 



27

7. The method, according to claim 6, wherein said cysteamine salt is cysteamine

hydro chloride or cysteamine phosphate.

8. The method" accordilg to ciaim 1, wherein said cysteamine compound is taken

orally, palenterally, intravenously, intramuscularly, transdermally, via buccal route,

subcutaneously, or via suppository.

9. A method for reducing the severity, intensity, or duration of complications

associated with a viral infection, wherein said method comprises diagnosing a subjecf with

the virai infection; and administering to the subject an effective amount of a cysteamine

compound.

10. The method, according to claim 9, wherein the viral infection is selected from the

group consisting of avian i¡flue¡za vimses; adenoviruses; herpesviruses; hurnan

papillomaviruses; parvoviruses; reoviruses; picotnaviruses; coronaviruses; flavivirus;

togaviruses, ofhomyrovirus; bunyavirlses; r'habdoviruses; ancf palamlxoviutses.

11. The method, accordìng to claim 10, wherein the subject is infected with at least

one of the group consisting of avian influenla virus, pnertnonia, conjùnctivitis,

gastroenteritis, pharyrgitis, acute haemonhagic cystitis, herpes simplex virus, varicelia zoster

virus, Epstein-Barr virus, IIPV types 1-65, parvovirus Bl9, canine parvovirus, orbivirus,

rotavirus, aquareovirus, coltivirus, enterovirus, rhinovirus, hepatovirus, co¡onavirus ald

torovirus, petsivinrs, hepatitis C-like vilrses, aþhavìrus, rubivirus, influenza A, B, and C

viruses, Thogoto virus, Hantavirus, Nairovirus, phlebovirus, rabies virus, ephemerovirus,

vesiculovirus, measles virus, and mumps virus.

12. The method, according to claim 9, which comprises administering at least 0.1 mg

of the cysteamine compound to the subject daily.

13. The method, according to claim 12, which comprises administering between 2 mg

to 3,000 mg of the cysteamine compound daily.

control group and a 60% protection rate in the positive (TAMlFLUe)
control group. The protection rate of TG21 in the Tl group (P<0.05), T2
group (P<0.01), and T3 group (P<0.05) differed significantly from that in
the negative control group. These results indicate that T021 has a strong
antiviral activity against HSNI avian influenza 5virus as an ideal drug in
the h-ealinent of avian influenza viral infections.       All patents, patent
applications, and publications referred to or cited herein are incorporated
by reference in their entirety, including all figures and tables, to the extent
they are not inconsistent with the explicit teachings of this specification.
It should be understood that the examples and embodiments described
herein are for illustrative purposes only and that various modifications or
changes in light thereof will be suggested to persons skilled in the art and
are to be included within the spirit and purview of this application.  26
Claims We claim.        I. A method for treating a viral infection, wherein
said method comprises diagnosing a subject with the viral infection; and
administering to the subject an effective amount of a cysteamine
compound.        2. The method, according to claim 1, wherein the viral
infection is selected from the group consisting of avian influenza viruses;
adenoviruses; heipesviruses; human papillomaviruses; parvoviruses;
reoviruses; picomaviruses; coronaviruses; flavivirus; togaviruses,
orthomyxovirus; bunyaviruses; rhabdoviruses; and paramyxoviruses.
3. The method, according to claim 2, wherein the subject is infected with
at least one of the group consisting of avian influenza virus, pneumonia,
conjunctivitis, gastroenteritis, pharyngitis, acute haemorrhagic cystitis,
herpes simplex virus, varicella zoster virus, Epstein-Barr virus, IIPV types
1-65, parvovirus B19, canine parvovirus, orbivirus, rotavirus,
aquareovirus, coltivirus, enterovirus, rhinovirus, hepatovirus, coronavirus
and torovirus, petsivirus, hepatitis C-like viruses, alphavirus, rubivirus,
influenza A, B, and C viruses, Thogoto virus, Hantavinis, Nairbvirus,
phlebovirus, rabies virus; ephemerovirus, vesiculovirus, measles virus,
and mumps virus.        4. The method according to claim 1, which
comprises administering at least 0.1 mg of the cystearnine compound to
the subject daily.        S. The method, according to claim 4, which
comprises administering between 2 mg to 3,000 mg of the cysteamine
compound daily.        6. The method, according to claim 1, wherein said
cysteamine compound is selected from the group consisting of
cysteamine, cystearnine salts, prodrugs of cysteamine, analogs of
cysteamine, derivatives of cysteamine, conjugates of cysteamine, and
metabolites of cysteamine.  27        7. The method, according to claim 6,
wherein said cystearnine salt is cysteamine hydrochloride or cysteamine
phosphate. 
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14. The method, according.to claim 9, wherein said cysteamiue compound is selected

from the group consisting of cysteamine, cysteamine salts, prodrugs of cysteamine, analogs

of cysteamine, derivatives of cysteamine, conjugates of oysteamine, and rnetaboiítes of

cysteamine.

15. The method according to claim 14, wherein the cysteamine compound is

cysteamìne l.rydrochloride or cysteamine phosphate.

16. The melhod, according to claim 9, whereir said cysteamine compound is taken

orall¡ parenterally, intravenously, intramuscularly, transdemraliy, via buccal route,

subcutaneously, or via suppository.

i7. A method for treating symptoms assooiated with a viral infection, whereiu said

method comprises diagnosing a subject with the viral infection; and administering to a

subj ect. an effective amount of a cysteanine compound.

18. The rnethod, according to claim 17, wherein the vjral infection is selected from

the $oup consisting of avian influenza vimses, adenoviruses; herpesviruses; human

papillomaviruses; p.{voviruseqi {egyiruses; picomaviruses; coronaviruses; flavivims;

togaviruses, orthomyxovirus; bunyaviruses; tlrabdoviruses; and þaramyxoviluses.

' t9- The method, accordi¡g to claim 17, wherein the subject is i¡fected with H5N1

avian influenza virus, pneumonia, conjunctivitis, gastroenteritis, phar)'rìgitis, acute

haemorrhagic cystitis, herpes simpiex virus, varicella zoster virus, Epstein-Barr virus, HPV

types 1-65, parvovirus 819, canine parvovirus, orbivirus, rotavirus, aquareovirus' coltivirus,

enterovirus, ¡hinovirus, hepatovirus, coronavirus and torovirus, petsivìrus, hepatitis CJike

viruses, alphavirus, rubivirus, i¡fluenza Au B, and C viruses, Thogoto virus, Hantavirus,

Nairovirus, phlebovirus, rabies virus, ephemerovirus, vesiculovirus, measles vilus, ard

mumps virus.

8. The method, according to claim 1, wherein said cysteamine compound
is taken orally, parenterally, intravenously, intramuscularly, transdermally,
via buccal route, subcutaneously, or via suppository.        9. A method for
reducing the severity, intensity, or duration of complications associated
with a viral infection, wherein said method comprises diagnosing a subject
with the viral infection; and administering to the subject an effective
amount of a cysteamine compound.         10. The method, according to
claim 9, wherein the viral infection is selected from the group consisting of
avian influenza viruses; adenoviruses; herpesviruses; human
papillomaviruses; parvoviruses; reoviruses; picomaviruses; coronaviruses;
flavivirus; togaviruses, orthomyxovirus; bunyaviruses; rhabdoviruses; and
paramyxovimses.         11. The method, according to claim 10, wherein
the subject is infected with at least one of the group consisting of avian
influenza virus, pneumonia, conjunctivitis, gastroenteritis, pharyngitis,
acute haemon-hagic cystitis, herpes simplex virus, varicella zoster virus,
Epstein-Barr virus, HPV types 1-65, parvovirus B19, canine parvovirus,
orbivirus, rotavirus, aquareovirus, coltivirus, enterovirus, rhinovirus,
hepatovirus, coronavirus and torovirus, petsivinis, hepatitis C-like viruses,
alphavirus, rubivirus, influenza A, B, and C viruses, Thogoto virus,
Hantavirus, Nairovirus, phlebovirus, rabies virus, ephemerovirus,
vesiculovirus, measles virus, and mumps virus.         12. The method,
according to claim 9, which comprises administering at least 0 1 mg of the
cysteamine compound to the subject daily.         13. The method,
according to claim 12, which comprises administering between 2 mg to
3,000 mg of the cysteamine compound daily.  28        14. The method,
according to claim 9, wherein said cysteamine compound is selected from
the group consisting of cysteamine, cysteamine salts, prodrugs of
cysteamine, analogs of cysteamine, derivatives of cysteamine, conjugates
of cysteamine, and metabolites of cysteamine.        15. The method
according to claim 14, wherein the cysteamine compound is cysteamine
hydrochloride or eysteamine phosphate.        16. The method, according
to claim 9, wherein said cysteamine compound is taken orally,
parenterally, intravenously, intramuscularly, transdemially, via buccal
route, subcutaneously, or via suppository.        17. A method for treating
symptoms associated with a viral infection, wherein said method
comprises diagnosing a subject with the viral infection; and administering
to a subject an effective amount of a cysteamine compound.        18. The
method, according to claim 17, wherein the viral infection is selected from
the group consisting of avian influenza viruses; adenoviruses;
herpesviruses; human papillomaviruses; parvoviruses; reoviruses;
picornaviruses; coronaviruses; flavivirus; togaviruses, orthomyxovirus;
bun. yaviruses; rhabdoviruses; and paramyxovirus'es.        19. The
method, according to claim 17, wherein the subject is infected with H5N1
avian influenza virus, pneumonia, conjunctivitis, gastroenteritis,
pharyngitis, acute haemorrhag,ic cystitis, herpes simplex virus, varicella
zoster virus, Epstein-Ban virus, EIPV types 1-65, parvovirus B19, canine
parvovirus, orbivirus, rotavirus, aquareovirus, coltivirus, enterovirus,
rhinovims, hepatovims, coronavirus and torovirus, petsivims, hepatitis
C-like viruses, alphavirus, rubivirus, influenza A, B, and C viruses,
Thogoto virus, Hantavirus, Nairovirus, phlebovirus, rabies virus,
ephemerovirus, vesiculovirus, measles virus, and mumps virus.  29
20. The method, according to claim 17, which comprises administering at
least 0.1 mg of the cysteamine compound to the subject daily. 
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20. The method, according to claim 17, which comprises administering at least 0.1

mg ofthe cystearnine compound to the subject daily.

21. The method, according to claim 20, which comprises administering between 2 mg

to 3,000 mg of the cysteamine compound daí1y.

22. The method, according to ciaim 17, wherein said cysieamine compound is

selected from the group consisting of cysteamine, cysteamíne salts, prodrugs of cysteatnine,

analogs of cysteamine, derivatives of cysteamine, conjugates of cysteatnine, and nretabolites

of cysteamine.

23. The method, according to claim 22, wherein the cysteanine compound is

c)rsteamine hydrochloride or cysteamine phosphate.

24. The method, according to claim 17, wherein said cysteamine compound is faken

orall¡ parenterally, intravenously, intramuscularly, transdermally, via buccal route,

subcttaneously, or via suppository.

25. A method for preventing the development of a virai infection-related

complicatior\ wherein said method comprises administering to a subject an effective amount

of a cysteamine compound.

26. The method, according to claim 25, wherein the viral infection is selected from

the $oup consisting of avian influenza vilr.rses; adenoviruses; herpesvimses; human

pápiliomáviruses; pawoviruses; reoviruses; picomavirusés; coronaviruses; fiavivirus;

togaviruses, orthomyxovins; bunyaviruses; rhabdoviruses; ard paramyxovirusos.

27. The method, according to claim 26, wltexein the subject is infected witll at ieast

one of the group consisting of H5N1 avian influenza virus, pneunoni4 conjunctivitis,

gastroenteritis, pharyngitis, acute hasrnorhagic cystitis, herpes simplex vims, variceila zoster

vims, Epstein-Barr virus, HPV tlpes 1-65, parvovirus 819, canine parvovirus, orbivi¡us,

rotavirus, aquareovirus, coltivirus, enterovirus, rhinovirus, hepatovirus, coronavi¡us and

21. The method, according to claim 20, which comprises administering
between 2 mg to 3,000 mg of the cysteamine compound daily.        22.
The method, according to claim 17, wherein said cysteamme compound is
selected from the group consisting of cysteamine, cysteamine salts,
prodrags of cysteamine, analogs of cysteamine, derivatives of
cysteamine, conjugates of cysteamine, and metabolites of cysteamine.
23. The method, according to claim 22, wherein the cysteamine
compound is cysteamine hydrochloride or cysteamine phosphate.        24.
The method, according to claim 17, wherein said cysteamine compound is
taken orally, parenterally, intravenously, intramuscularly, transdermally,
via buccal route, subcutaneously, or via suppository.        25. A method for
preventing the development of a viral infection-related complication,
wherein said method comprises administering to a subject an effective
amount of a cysteamine compound.        26. The method, according to
claim 25, wherein the viral infection is selected from the group consisting
of avian influenza viruses; adenoviruses; herpesviruses; human
papillomaviruses; parvoviruses; reoviruses; picomaviruses coronaviruses;
flavivirus; togaviruses, orthomyxovims; bunyaviruses; rhabdoviruses; and
paramyxoviruses.        27. The method, according to claim 26, wherein the
subject is infected with at least one of the group consisting of H5N1 avian
influenza virus, pneumonia, conjunctivitis, gastroenteritis, pharyngitis,
acute haemorrhagic cystitis, herpes simplex virus, varicella zoster virus,
Epstein-Barr virus, HPV types 1-65, parvovirus B19, canine parvovirus,
orbivims, rotavirus, aquareovirus, coltivirus, enterovirus, rhinovirus,
hepatov-irus, coronavirus and  30 torovirus, petsivirus, hepatitis C-like
viruses, alphavirus, rubivirus, influenza A, B, and C viruses, Thogoto
virus, Hantavirus, Nairovirus, phlebovirus, rabies virus, ephemerovirus,
vesiculovirus, measles virus, and mumps virus.       28. The method,
according to claim 25, which comprises administering at least 0 1 mg of
the cysteamine compound to the subject daily.       29. The method,
according to claim 28, which comprises administering between 2 mg to
3,000 mg of the cysteamine compound daily.       30. The method,
according to claim 25, wherein said cysteamine compound is selected
from the group consisting of cystearnine, cysteamine salts, prodrugs of
cysteamine, analogs of cysteamine, derivatives of cysteamine, conjugates
of cysteamine, and metabolites of cyst eamine       31. The method,
according to claim 30, wherein the cysteamine compound is cysteamine
hydrochloride or cysteamine phosphate.       32. The method, according to
claim 25, wherein said cysteamine compound is taken orally, parenterally,
intravenously, intramuscularly, transdermally, via buccal route,
subeutaneouSly, or Via.suppOsitory.       33. A composition comprising an
effective amount of a cysteamine compound for preventing a viral
infection and an antiviral drug.       34. The composition, according to
claim 33, wherein the viral infection is an avian influenza virus; and
wherein the antiviral drug is selected from the group consisting of
ganciclovir, acyclovir, foscamet, amantadine, rimantadine, and
oseltamivir. 
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torovirus, petsivirus, hepatitis C-like viruses, alphavirus, rubivi¡us, ìnfluenza A, B, and C

viruses, Thogoto virus, Hantavirus, Nailovirus, phlebovírus, rabies virus, ephemerovirus,

vesiculovirus, measles virus, and mumps virus.

28. The method, according to claim 25, which comprises administerìng at least 0.1

mg of the cysteamine compound to the sulrject daily.

29. The method, according to claim 28, which comprises administering between2 mg

to 3,000 n-rg of the cysteamine compound daily.

30. The method, according to claim 25, wherein said cysteamine compound is

selected from the group consisting of cysteamine, cysteamine salts, prodrugs of cysteamine,

analogs of cysteamine, derivatives of cysteamine, conjugzrtes of c)/steamine, ând metabolites

of cysteamine

3I. The method, according to claim 30, wherein the cysteamine compound is

cysteamine hyclrochloride or cysteamine pliosphate.

32. The method, according to claim 25. wherein said cysteamine compound is tahen

orally, parenterally, intravenously, intramuscularly, transdermally, ia buccal route,

subcutaneously, or via suppositor y.

33. A composition comprising an effective amount of a cystearnine compound for

preventing a vr:l infectron and an antiviral dmg.

34. The oomposition, accordi.g to claim 33, wherein the viral infectíon is an avian

i¡fuenza virus; and wherein the a¡rtiviral drug is selected f¡om the group consisting of

ganciclovir, acyclovìr, foscarnet, amantadine, rimantadi[e, and oseltamivir.

35. A composition comprising a¡ effective amount of a cysteamine compound for

preventmg a viral infection ald a pharmaceutical material for treating symptoms associated

with a¡ influer¿a infection.

35. A composition comprising an effective amount of a cysteamine
compound for preventing a viral infection and a pharmaceutical material
for treating symptoms associated with an influenza infection.  31      36.
The composition, according to claim 35, wherein the viral infection is an
avian influenza virus; and wherein the pharmaceutical material is selected
from the group consisting of antitussives, mucolytics, expectorants,
antipyretics, analgesics, and nasal decongestants. 
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36. The composition, according to claim 35, wherein the viral infection is an avian

infhrcnza vius; and whe¡ein the pharmaceutical material is seiected ffom the group

cousisting of antitussives, mucolytics, expectorants, antipyretics, alalgesics, and nasal

decongestants.


