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(57) ABSTRACT 

The invention involves methods and materials for treating 
and preventing non-invasive fungus-induced mucositis. 
Speci?cally, the invention involves administrating an anti 
fungal agent such that it contact mucus in an amount, at a 
frequency, and for a duration effective to prevent, reduce, or 
eliminate non-invasive fungus-induced rhinosinusitis. This 
invention also provides methods and materials for diagnos 
ing non-invasive fungus-induced rhinosinusitis and cultur 
ing non-invasive fungus from a mammalian mucus sample 
as Well as speci?c antifungal formulations and medical 
devices for treating and preventing non-invasive fungus 
induced rhinosinusitis. In addition, the invention provides 
methods and materials for treating and preventing other 
non-invasive fungus-induced mucositis conditions such as 
chronic otitis media, chronic colitis, and Crohn’s disease. 
Further, the invention involves methods and materials for 
treating and preventing chronic asthma symptoms. 
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METHODS AND MATERIALS FOR TREATING 
AND PREVENTING INFLAMMATION OF 

MUCOSAL TISSUE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority from US. Provi 
sional Application Serial No. 60/062,709, ?led Oct. 22, 
1997, US. Provisional Application Serial No. 60/063,414, 
?led Oct. 28, 1997, US. Provisional Application Serial No. 
60/063,418, ?led Oct. 28, 1997, US. Provisional Applica 
tion Serial No. 60/083,272, ?led Apr. 28, 1998 and US. 
Provisional Application Serial No. 60/086,397, ?led May 
22, 1998. 

BACKGROUND 

[0002] 1. Technical Field 

[0003] The invention relates to methods and materials 
involved in the treatment and prevention of non-invasive 
fungus-induced in?ammation of mucosal tissue as Well as 
asthma symptoms. 

[0004] 2. Background Information 

[0005] Mucositis, the in?ammation of mucosal tissue, is a 
serious medical problem that affects millions of people 
WorldWide. For eXample, conservative estimates indicate 
that betWeen 20 to 40 million Americans suffer from chronic 
rhinosinusitis, an in?ammation of the nasal cavity and/or 
paranasal sinuses. 

[0006] For the most part, the cause of chronic rhinosinusi 
tis is unknoWn. In a small percentage of patients, hoWever, 
non-invasive fungal organisms living Within mucus seem to 
be involved. Patients having this condition, noW knoWn as 
allergic fungal sinusitis (AFS), Were ?rst described in the 
early 1980’s (Miller J W et al., Prod. Scot. Thor. Soc. 36:710 
(1981) and KatZensteinALAet al., J Allergy Clin. Immunol. 
72:89-93 (1983)). Speci?cally, about three to eight percent 
of chronic rhinosinusitis cases requiring surgery because of 
nasal obstruction caused by polyp formation have been 
classi?ed as AFS. Brie?y, AFS is diagnosed by the presence 
of inspissated mucus in the nasal-paranasal cavities. Typi 
cally, this mucus contains clumps or sheets of necrotic 
eosinophils, Charcot-Leyden crystals, and non-invasive fun 
gal hyphae. In addition, patients With AFS typically have a 
history of nasal-paranasal polyposis and may have under 
gone multiple surgeries. In?ammation can affect all nasal 
paranasal cavities, but also can be asymmetric involving 
only one side. Computed topography (CT) scans of patients 
With AFS have a characteristic appearance and often reveal 
bone erosion in adjacent structures. Indeed, destruction of 
bones adjacent to the sinuses and nasal areas ranging from 
19 percent to 80 percent has been reported. 

[0007] Although fungal organisms seem to be the caus 
ative agent of AFS, successful treatment remains lacking. 
Currently, AF S patients as Well as most chronic rhinosinusi 
tis patients receive surgical treatment With or Without steroid 
therapy. Surgery helps clear the nasal-paranasal cavities 
When obstructed by polyps and steroid therapy helps control 
in?ammatory responses that seem to be causing tissue and 
bone destruction. Unfortunately, patients treated With sur 
gery alone almost alWays experience recurrent rhinosinusitis 
symptoms and additional polyp groWth. In addition, pro 
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longed use of steroids is associated With signi?cant side 
effects and steroid therapy removal also leads to recurrent 
episodes of rhinosinusitis. For these reasons, people suffer 
ing from chronic rhinosinusitis conditions typically experi 
ence repeated cycles of intense in?ammation, surgery, and 
steroid therapy folloWed by recurrent intense in?ammation. 
Thus, neither surgery nor steroid therapy is particularly 
effective or desirable as a long-term treatment for chronic 
rhinosinusitis conditions. 

SUMMARY 

[0008] The present invention relates generally to methods 
and materials for treating and preventing non-invasive fun 
gus-induced mucositis. The term “mucositis” as used herein 
means an in?ammation, as opposed to an infection, of a 
mucus membrane. This invention is based on the discovery 
that the condition knoWn as AF S can be treated successfully 
by using an antifungal agent in an amount, at a frequency, 
and for a duration effective to reduce in?ammation caused 
by the presence of fungal organisms Within nasal-paranasal 
mucus. In addition, this invention is based on the discovery 
that using an antifungal agent in an amount, at a frequency, 
and for a duration effective to maintain a reduced level of 
fungal organisms Within nasal-paranasal mucus can prevent 
AFS symptoms. Speci?cally, the invention involves admin 
istering an antifungal agent to a mammal such that the 
antifungal agent contacts the mammal’s mucus and reduces 
the presence of fungal organisms in mucus. In addition to 
being the only knoWn method for successfully treating and 
preventing AF S, the use of an antifungal agent is particularly 
advantageous to a patient When compared to other currently 
available medical approaches to AFS such as surgical treat 
ments and steroid therapies. Such medical approaches can 
have side effects, can be costly, and may be associated With 
patient discomfort. 

[0009] This invention is also based on the discovery that 
most, if not all, chronic rhinosinusitis conditions have a 
fungal etiology and that most, if not all, cases of chronic 
rhinosinusitis can be treated by using an antifungal agent in 
an amount, at a frequency, and for a duration effective to 
reduce the presence of fungal organisms Within nasal-para 
nasal mucus. In addition, using an antifungal agent in an 
amount, at a frequency, and for a duration effective to 
maintain a reduced level of fungal organisms Within nasal 
paranasal mucus can prevent chronic rhinosinusitis symp 
toms. 

[0010] This discovery is contrary to the current under 
standing of chronic rhinosinusitis and has far-reaching 
implications Within medicine. For eXample, numerous medi 
cal research articles report that about three to eight percent 
of chronic rhinosinusitis cases requiring surgery are AFS, a 
rhinosinusitis condition having a non-invasive fungal etiol 
ogy. In fact, less than 150 cases of AFS have been reported 
in the literature over the past 15 years. It is noted that the 
lack of appreciation for the non-invasive fungal etiology of 
chronic rhinosinusitis conditions may have occurred since 
affected individuals are frequently found to have bacterial 
infections (i.e., invasive bacteria). Presumably, tissue dam 
age caused by non-invasive fungus-induced in?ammation 
results in a higher occurrence of bacterial infections in those 
damaged areas. Thus, overlaying bacterial infections in 
affected individuals could have masked the underlaying 
cause, fungal organisms Within mucus. 
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[0011] For the purpose of this invention, the term “non 
invasive fungus-induced rhinosinusitis” includes AFS as 
Well as any other nasal-paranasal mucositis condition having 
a non-invasive fungal etiology. 

[0012] Treating and preventing non-invasive fungus-in 
duced rhinosinusitis, Whether diagnosed as AF S or any other 
rhinosinusitis condition having a non-invasive fungal etiol 
ogy, by using an antifungal agent circumvents the need for 
surgical treatments and steroid therapies that cause signi? 
cant pain and suffering to the patient. Moreover, the use of 
antifungal agents to treat and prevent non-invasive fungus 
induced rhinosinusitis actually directs treatment against the 
etiological agent (i.e., fungus), unlike surgical treatments, 
steroid therapies, and antibacterial treatments. 

[0013] The term “chronic” as used herein refers to af?ic 
tions present for at least three months. It is to be understood 
that af?ictions that are treated as described herein and 
become asymptomatic can be classi?ed as chronic. Thus, 
chronic afflictions can be symptomatic or asymptomatic. 

[0014] This invention is also based on another, equally 
signi?cant, discovery that chronic asthma symptoms can be 
treated and prevented successfully by using an antifungal 
agent in an amount, at a frequency, and for a duration 
effective to reduce the presence of fungal organisms Within 
airWay mucus. It is also apparent from the present discov 
eries that antifungal agents can be administered directly to 
the lung airWays for the treatment of chronic asthma. Again, 
these discoveries are contrary to the current understanding 
of chronic asthma and have far-reaching clinical implica 
tions. Taken together, these signi?cant breakthroughs can 
potentially alloW large populations to experience happier, 
healthier, and more productive daily lives. 

[0015] Speci?cally, the invention provides methods and 
materials for treating and preventing a Wide variety of 
mucoin?ammatory diseases by using an antifungal agent. 
The use of an antifungal agent is a safe and highly effective 
treatment approach that involves mucoadministering an 
antifungal agent in an amount, at a frequency, and for a 
duration effective to reduce, prevent, or eliminate a non 
invasive fungus-induced mucositis. The term “mucoadmin 
istration” as used herein refers to any type of administration 
that places an administered agent in contact With mucus. 
This invention also provides speci?c antifungal formula 
tions that can be applied to the various parts of a mammal 
that contain mucus. In addition, the invention provides 
medical devices that can be used to apply antifungal for 
mulations. These devices are particularly advantageous 
since they can be used by an individual to administer an 
effective dose of a speci?c antifungal formulation to the 
appropriate area of the body. Further, the invention provides 
improved methods and materials for collecting and culturing 
fungal organisms from mucus samples. These culturing 
techniques can be used to monitor the number of fungal 
species Within mucus during a particular antifungal treat 
ment regimen. In addition, these fungus collecting and 
culturing methods and materials are useful for identifying 
the genotype and phenotype of speci?c fungal organisms 
that cause non-invasive fungus-induced mucositis. The iden 
ti?cation and characteriZation of non-invasive fungal organ 
isms found in a particular individual’s mucus can assist 
clinicians in determining proper treatment and prophylactic 
approaches. For eXample, this information can help deter 

Jul. 5, 2001 

mine the speci?c antifungal agent, amount, mode of admin 
istration, and number of applications to be used as Well as 
possible combinatorial therapies that may include other 
medications and procedures such as steroids, antibacterial 
agents, and surgery. 

[0016] In general, the invention features a method for 
treating a mammal (e.g., human) having non-invasive fun 
gus-induced rhinosinusitis. This method involves directly 
mucoadministering to at least a portion of the mammal’s 
nasal-paranasal anatomy a formulation in an amount, at a 
frequency, and for a duration effective to reduce or eliminate 
non-invasive fungus-induced rhinosinusitis. This formula 
tion contains an antifungal agent or a plurality of antifungal 
agents and can be in a solid, liquid, or aerosol form (e.g., a 
poWder, crystalline substance, gel, paste, ointment, salve, 
cream, solution, suspension, partial liquid, spray, nebulae, 
mist, atomiZed vapor, aerosol, and tincture). In addition, the 
formulation can be in a form suitable for self-mucoadmin 
istration by a human. 

[0017] Further, the formulation can contain a pharmaceu 
tically acceptable aqueous vehicle (e.g., saline and Water). 
For eXample, a liquid form of the formulation can contain 
about 0.00001 percent to about 20 percent of an antifungal 
agent as determined by antifungal agent Weight per aqueous 
vehicle volume. In addition, the formulation can contain 
about 0.01 ng to about 1000 mg of an antifungal agent (e.g., 
amphotericin B) per liter in some embodiments of the 
invention, or about 1 ng to about 500 mg of an antifungal 
agent per liter in other embodiments of the invention, or 
about 100 mg of an antifungal agent per liter in still other 
embodiments of the invention. In addition, an effective 
amount of these aqueous formulations can be about 0.01 mL 
to about 1 L of formulation per nostril in some embodiments 
of the invention, or about 5 mL to about 100 mL of 
formulation per nostril in other embodiments of the inven 
tion, or about 40 mL of formulation per nostril in still other 
embodiments of the invention. Alternatively, an effective 
amount of a formulation can be about 0.01 ng to about 1000 
mg of an antifungal agent per kg of body Weight of the 
mammal in some embodiments of the invention or about 1 
ng to about 500 mg of an antifungal agent per kg of body 
Weight of the mammal in other embodiments of the inven 
tion. The effective amount of a formulation can change or 
remain the same during an effective duration. The effective 
frequency of direct mucoadministration can be from about 
four times a day to about once every other Week in some 
embodiments of the invention, or from about tWice a day to 
about once a Week in other embodiments of the invention, or 
about tWice a day in still other embodiments of the inven 
tion. In addition, the effective frequency of direct mucoad 
ministration can be greater than once a day, or greater than 
once a Week. The effective duration can be greater than 
about 7, 14, 30, 60, or 90 days. 

[0018] The mammal can be atopic or nonatopic and can be 
immunocompetent or immunocompromised. In addition, the 
non-invasive fungus-induced rhinosinusitis can be charac 
teriZed by polyp formation or polypoid change. The non 
invasive fungus-induced rhinosinusitis also can be a chronic 
condition. Mucoadministration can be an irrigation of at 
least a portion of the nasal-paranasal anatomy With a liquid 
form of the formulation. Alternatively, the mucoadministra 
tion can involve applying an aerosol form of the formulation 
to at least a portion of the nasal-paranasal anatomy. An 
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antifungal agent can be in a solid, liquid, or aerosol form. In 
addition, an antifungal agent can be a polyene macrolide, 
tetraene macrolide, pentaenic macrolide, ?uorinated pyrimi 
dine, imidaZole, aZole, triaZole, halogenated phenolic ether, 
thiocarbamate, allylamine, sterol inhibitor, and an agent that 
interpolates fungal cell Wall components. Such antifungal 
agents include amphotericin B, ?ucytosine, ketoconaZole, 
miconaZole, itraconaZole, ?uconaZole, griseofulvin, clotri 
maZole, econaZole, terconaZole, butoconaZole, oXiconaZole, 
sulconaZole, saperconaZole, voriconaZole, ciclopiroX ola 
mine, haloprogin, tolnaftate, nafti?ne, terbina?ne hydro 
chloride, morpholines, nystatin, natamycin, butena?ne, 
undecylenic acid, White?eld’s ointment, propionic acid, and 
caprylic acid. In addition to containing an antifungal agent, 
the formulation can contain, Without limitation, a pharma 
ceutically acceptable aqueous vehicle, pharmaceutically 
acceptable solid vehicle, steroid, mucolytic agent, antibac 
terial agent, anti-in?ammatory agent, immunosuppressant, 
dilator, vaso-constrictor, decongestant, leukotriene inhibitor, 
anti-cholinergic, anti-histamine, therapeutic compound, and 
combinations thereof. 

[0019] The method can also involve administering a sec 
ond formulation that contains, Without limitation, an anti 
fungal agent, antibacterial agent, steroid, mucolytic agent, 
anti-in?ammatory agent, immunosuppressant, dilator, vaso 
constrictor, decongestant, leukotriene inhibitor, anti-cholin 
ergic, anti-histamine, therapeutic compound, or combination 
thereof. Likewise, the method can involve an additional step 
after the direct mucoadministration. This additional step can 
be a prophylactic mucoadministration of a prophylactic 
formulation to the mammal in an amount, at a frequency, and 
for a duration effective to prevent non-invasive fungus 
induced rhinosinusitis. This prophylactic formulation also 
contains an antifungal agent and can be in a solid, liquid, or 
aerosol form (e.g., poWder, crystalline substance, gel, paste, 
ointment, salve, cream, solution, suspension, partial liquid, 
spray, nebulae, mist, atomiZed vapor, aerosol, tincture, pill, 
capsule, tablet, and gelcap). In addition, the prophylactic 
mucoadministration can be a direct or indirect mucoadmin 
istration. For eXample, the prophylactic mucoadministration 
can be an irrigation of at least a portion of the nasal 
paranasal anatomy With a liquid form of the prophylactic 
formulation, an application of an aerosol form of the pro 
phylactic formulation to at least a portion of the nasal 
paranasal anatomy, or an oral administration of the prophy 
lactic formulation to the mammal in the form of a solid or 
liquid. 

[0020] It Will be understood that each of the additional 
features of the invention described above can be applied to 
the folloWing additional embodiments and aspects of the 
invention. For eXample, methods for prophylactically treat 
ing a mammal at risk for developing non-invasive fungus 
induced rhinosinusitis, and methods for treating asthma, 
may utiliZe a formulation in Which the antifungal agent is 
about 0.00001 percent to about 20 percent by Weight or 
volume of a formulation, and so forth. 

[0021] In another embodiment, the invention features a 
method for prophylactically treating a mammal at risk for 
developing non-invasive fungus-induced rhinosinusitis. 
This method involves mucoadministering to the mammal a 
formulation in an amount, at a frequency, and for a duration 
effective to prevent non-invasive fungus-induced rhinosi 
nusitis. This formulation contains an antifungal agent. 
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[0022] Another embodiment of the invention features a 
method for treating a mammal having non-invasive fungus 
induced rhinosinusitis. This method involves the steps of 
identifying (e.g., diagnosing) the mammal, and directly 
mucoadministering a formulation to at least a portion of the 
nasal-paranasal anatomy of the mammal in an amount, at a 
frequency, and for a duration effective to reduce or eliminate 
non-invasive fungus-induced rhinosinusitis. This formula 
tion contains an antifungal agent. 

[0023] Another embodiment of the invention features a 
method for prophylactically treating a mammal at risk for 
developing non-invasive fungus-induced rhinosinusitis. 
This method involves the steps of identifying the mammal 
(e.g., diagnosing), and mucoadministering a formulation to 
at least a portion of the nasal-paranasal anatomy of the 
mammal in an amount, at a frequency, and for a duration 
effective to prevent non-invasive fungus-induced rhinosi 
nusitis. This formulation contains an antifungal agent. 

[0024] In another aspect, the invention features a method 
for treating a mammal having asthma. This method involves 
directly mucoadministering to at least a portion of the 
airWays (e.g., nasal-paranasal airWays and lung airWays) of 
the mammal a formulation in an amount, at a frequency, and 
for a duration effective to reduce or eliminate asthma symp 
toms. This formulation contains an antifungal agent. The 
direct mucoadministration can be the irrigation of the nasal 
paranasal anatomy of the mammal With a liquid form of the 
formulation. Alternatively, the direct mucoadministration 
can be the inhalation of the formulation through the mam 
mal’s mouth or nose. In addition, the method can involve an 
additional step after the direct mucoadministration. This 
additional step can be the prophylactic mucoadministration 
of a prophylactic formulation to the mammal in an amount, 
at a frequency, and for a duration effective to prevent asthma 
symptoms. This prophylactic formulation also contains an 
antifungal agent. 

[0025] In another embodiment, the invention features a 
method for prophylactically treating a mammal at risk for 
developing asthma. This method involves mucoadminister 
ing to at least a portion of the airWays (e.g., nasal-paranasal 
airWays and lung airWays) of the mammal a formulation in 
an amount, at a frequency, and for a duration effective to 
prevent asthma symptoms. This formulation contains an 
antifungal agent. 

[0026] Another embodiment of the invention features a 
method for treating a mammal having asthma. This method 
involves the steps of identifying (e. g., diagnosing) the mam 
mal, and directly mucoadministering a formulation to at 
least a portion of the airWays (e.g., nasal-paranasal airWays 
and lung airWays) of the mammal in an amount, at a 
frequency, and for a duration effective to reduce or eliminate 
asthma symptoms. This formulation contains an antifungal 
agent. 

[0027] Another embodiment of the invention features a 
method for prophylactically treating a mammal at risk for 
developing asthma. This method involves the steps of iden 
tifying the mammal (e.g., diagnosing), and mucoadminis 
tering a formulation to at least a portion of the airWays (e.g., 
nasal-paranasal airWays and lung airWays) of the mammal in 
an amount, at a frequency, and for a duration effective to 
prevent asthma symptoms. This formulation contains an 
antifungal agent. 
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[0028] In another aspect, the invention features a method 
for treating a mammal having non-invasive fungus-induced 
intestinal mucositis (e.g., chronic colitis and Crohn’s dis 
ease). This method involves mucoadministering to the mam 
mal a formulation in an amount, at a frequency, and for a 
duration effective to reduce or eliminate non-invasive fun 
gus-induced intestinal mucositis symptoms. This formula 
tion contains an antifungal agent and can be in the form of 
a regulated release capsule (e.g., pH or time regulated 
release capsule). The mucoadministration can be the oral 
application of the formulation Within the digestive tract of 
the mammal. Alternatively, the mucoadministration can be 
the application of the formulation Within the digestive tract 
of the mammal by Way of an enema. 

[0029] In another embodiment, the invention features a 
method for prophylactically treating a mammal at risk for 
developing non-invasive fungus-induced intestinal mucosi 
tis (e.g., chronic colitis and Crohn’s disease). This method 
involves mucoadministering to the mammal a formulation in 
an amount, at a frequency, and for a duration effective to 
prevent non-invasive fungus-induced intestinal mucositis 
symptoms. This formulation contains an antifungal agent. 

[0030] In another aspect, the invention features a method 
for treating a mammal having non-invasive fungus-induced 
otitis media. This method involves mucoadministering to the 
mammal a formulation in an amount, at a frequency, and for 
a duration effective to reduce or eliminate non-invasive 
fungus-induced otitis media. This formulation contains an 
antifungal agent. The mucoadministration can be the appli 
cation of the formulation Within the middle ear of the 
mammal. For eXample, a liquid form of the formulation can 
be used to irrigate the middle ear if the tympanic membrane 
is elevated or not intact. Alternatively, a formulation can be 
injected into the middle ear or a myringotomy can be used 
to penetrate the tympanic membrane. In addition, myringo 
tomy tubes can be used to bypass the tympanic membrane. 
Further, a formulation can be mucoadministered to the 
middle ear through the nose and eustachian tube. 

[0031] In another embodiment, the invention features a 
method for prophylactically treating a mammal at risk for 
developing non-invasive fungus-induced otitis media. This 
method involves mucoadministering to the mammal a for 
mulation in an amount, at a frequency, and for a duration 
effective to prevent non-invasive fungus-induced otitis 
media. This formulation contains an antifungal agent. 

[0032] In another aspect, the invention features an article 
of manufacture that contains packaging material (e.g., 
boxes, Wrappings, vials, and other containers) and a formu 
lation contained Within the packaging material. This formu 
lation contains an antifungal agent. The packaging material 
contains a label or package insert indicating that the formu 
lation can be directly mucoadministered to at least a portion 
of the nasal-paranasal anatomy of a mammal having non 
invasive fungus-induced rhinosinusitis in an amount, at a 
frequency, and for a duration effective to reduce or eliminate 
non-invasive fungus-induced rhinosinusitis. 

[0033] In another embodiment, the invention features an 
article of manufacture that contains packaging material and 
a formulation contained Within the packaging material. This 
formulation contains an antifungal agent and the packaging 
material contains a label or package insert indicating that the 
formulation can be mucoadministered to at least a portion of 
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the nasal-paranasal anatomy of a mammal at risk for devel 
oping non-invasive fungus-induced rhinosinusitis in an 
amount, at a frequency, and for a duration effective to 
prevent non-invasive fungus-induced rhinosinusitis. 

[0034] Another embodiment of the invention features an 
article of manufacture that contains packaging material and 
a formulation contained Within the packaging material. This 
formulation contains an antifungal agent. The packaging 
material contains a label or package insert indicating that the 
formulation can be directly mucoadministered to at least a 
portion of the airWays of a mammal having asthma in an 
amount, at a frequency, and for a duration effective to reduce 
or eliminate asthma symptoms. 

[0035] Another embodiment of the invention features an 
article of manufacture that contains packaging material and 
a formulation contained Within the packaging material. This 
formulation contains an antifungal agent and the packaging 
material contains a label or package insert indicating that the 
formulation can be mucoadministered to at least a portion of 
the airWays of a mammal at risk for developing asthma in an 
amount, at a frequency, and for a duration effective to 
prevent asthma symptoms. 

[0036] Another embodiment of the invention features an 
article of manufacture that contains packaging material and 
a formulation contained Within the packaging material. This 
formulation contains an antifungal agent. The packaging 
material contains a label or package insert indicating that the 
formulation can be mucoadministered to a mammal having 
non-invasive fungus-induced intestinal mucositis in an 
amount, at a frequency, and for a duration effective to reduce 
or eliminate non-invasive fungus-induced intestinal mucosi 
tis symptoms. 

[0037] Another embodiment of the invention features an 
article of manufacture that contains packaging material and 
a formulation contained Within the packaging material. This 
formulation contains an antifungal agent and the packaging 
material contains a label or package insert indicating that the 
formulation can be mucoadministered to a mammal at risk 
for developing non-invasive fungus-induced intestinal 
mucositis in an amount, at a frequency, and for a duration 
effective to prevent non-invasive fungus-induced intestinal 
mucositis symptoms. 

[0038] Another embodiment of the invention features an 
article of manufacture that contains packaging material and 
a formulation contained Within the packaging material. This 
formulation contains an antifungal agent. The packaging 
material contains a label or package insert indicating that the 
formulation can be mucoadministered to a mammal having 
non-invasive fungus-induced otitis media in an amount, at a 
frequency, and for a duration effective to reduce or eliminate 
non-invasive fungus-induced otitis media symptoms. 

[0039] Another embodiment of the invention features an 
article of manufacture that contains packaging material and 
a formulation contained Within the packaging material. This 
formulation contains an antifungal agent and the packaging 
material contains a label or package insert indicating that the 
formulation can be mucoadministered to a mammal at risk 
for developing non-invasive fungus-induced otitis media in 
an amount, at a frequency, and for a duration effective to 
prevent non-invasive fungus-induced otitis media symp 
toms. 
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[0040] In another aspect, the invention features the use of 
an antifungal agent for the manufacture of a medicament for 
the treatment or prevention of non-invasive fungus-induced 
rhinosinusitis. 

[0041] In another embodiment, the invention features the 
use of an antifungal agent for the manufacture of a medi 
cament for the treatment or prevention of asthma symptoms. 

[0042] Another embodiment of the invention features the 
use of an antifungal agent for the manufacture of a medi 
cament for the treatment or prevention of non-invasive 
fungus-induced intestinal mucositis. 

[0043] Another embodiment of the invention features the 
use of an antifungal agent for the manufacture of a medi 
cament for the treatment or prevention of non-invasive 
fungus-induced otitis media. 

[0044] In another aspect, the invention features an anti 
fungal formulation containing an antifungal agent, a ?avor 
ing, and Water. The Water constitutes at least about 50 
percent of the formulation. For example, the Water can 
constitute at least about 55, 60, 65, 70, 75, 80, 85, 90, 95, or 
99 percent of the formulation. 

[0045] In another embodiment, the invention features an 
antifungal formulation containing itraconaZole and Water. 
The itraconaZole is dissolved in the formulation at a con 
centration greater than about 25 pg per mL. For example, the 
itraconaZole can be dissolved in the formulation at a con 

centration greater than about 30, 40, 50, 60, 70, 80, 90, 100, 
110, 120, 130, 140, 150, 160, 170, or 180 pg per mL. In 
addition, the Water constitutes at least about 50 percent of 
the formulation. For example, the Water can constitute at 
least about 55, 60, 65, 70, 75, 80, 85, 90, 95, or 99 percent 
of the formulation. The formulation also can contain poly 
ethylene glycol (e.g., PEG-200, PEG-400, PEG-800, etc.). 
The formulation also can contain ?avoring (e.g., peppermint 
oil, cherry ?avoring, syrup, and the like). 

[0046] In another embodiment, the invention features an 
antifungal formulation containing itraconaZole and Water. 
The itraconaZole is suspended in the formulation at a con 
centration greater than about 25 pg per mL. For example, the 
itraconaZole can be suspended in the formulation at a 
concentration greater than about 30, 40, 50, 60, 70, 80, 90, 
100, 110, 120, 130, 140, 150, 160, 170, or 180 pg per mL. 
In addition, the Water constitutes at least about 50 percent of 
the formulation. For example, the Water can constitute at 
least about 55, 60, 65, 70, 75, 80, 85, 90, 95, or 99 percent 
of the formulation. The formulation also can contain poly 
ethylene glycol (e.g., PEG-200, PEG-400, PEG-800, etc.). 
The formulation also can contain ?avoring (e.g., peppermint 
oil, cherry ?avoring, syrup, and the like). 

[0047] In another embodiment, the invention features an 
antifungal formulation containing an antifungal agent, a 
?avoring, and Water. The Water constitutes at least about 50 
percent of the formulation. For example, the Water can 
constitute at least about 55, 60, 65, 70, 75, 80, 85, 90, 95, or 
99 percent of the formulation. In addition, the antifungal 
agent can be amphotericin B, ketoconaZole, saperconaZole, 
voriconaZole, ?ucytosine, miconaZole, ?uconaZole, griseof 
ulvin, clotrimaZole, econaZole, terconaZole, butoconaZole, 
oxiconaZole, sulconaZole, ciclopirox olamine, haloprogin, 
tolnaftate, nafti?ne, terbina?ne hydrochloride, morpholines, 

Jul. 5, 2001 

nystatin, natamycin, butena?ne, undecylenic acid, White 
?eld’s ointment, propionic acid, and caprylic acid. 
[0048] In another aspect, the invention features a method 
of making an antifungal formulation. The formulation con 
tains itraconaZole and Water. The itraconaZole is dissolved in 
the formulation at a concentration greater than about 25 pg 
per mL. For example, the itraconaZole can be dissolved in 
the formulation at a concentration greater than about 30, 40, 
50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 
or 180 pg per mL. The Water constitutes at least about 50 
percent of the formulation. For example, the Water can 
constitute at least about 55, 60, 65, 70, 75, 80, 85, 90, 95, or 
99 percent of the formulation. The method includes adding 
the Water to a stock solution containing the itraconaZole. 

[0049] In another aspect, the invention features a method 
for culturing fungus from a mammal’s mucus. The method 
includes (1) contacting the mucus With a mucolytic agent to 
reduce the viscosity of the mucus, (2) separating the fungus 
from the reduced-viscosity mucus, (3) contacting the sepa 
rated fungus With fungus groWth medium to form a fungus 
culture, and (4) incubating the fungus culture such that the 
separated fungus groWs. 
[0050] In another aspect, the invention features a method 
for obtaining a fungal antigen. The method includes (1) 
contacting a mammal’s mucus With a mucolytic agent to 
reduce the viscosity of the mucus, (2) separating fungus 
from the reduced-viscosity mucus, (3) contacting the sepa 
rated fungus With fungus groWth medium to form a fungus 
culture, (4) incubating the fungus culture such that the 
separated fungus groWs, and (5) isolating the antigen from 
the cultured fungus. 

[0051] In another aspect, the invention features a method 
for producing a fungus-speci?c antibody. The method 
includes (1) contacting a mammal’s mucus With a mucolytic 
agent to reduce the viscosity of the mucus, (2) separating 
fungus from the reduced-viscosity mucus, (3) contacting the 
separated fungus With fungus groWth medium to form a 
fungus culture, (4) incubating the fungus culture such that 
the separated fungus groWs, (5) isolating a fungal antigen 
from the cultured fungus, and (6) immuniZing an animal 
With the fungal antigen to produce the antibody. 
[0052] In another aspect, the invention features a nasal 
mucus collecting apparatus. The apparatus contains a col 
lection retainer, a collection tube, and a connecting portion. 
The collection retainer is suitable for retaining mucus. The 
collection tube extends from the collection retainer and 
de?nes a distal end and a lumen such that mucus can traverse 
the lumen from the distal end of the collection tube to the 
collection retainer. The collection tube is generally ?exible 
over at least a portion of the tube’s length such that the 
collection tube can be selectively manipulated into a desired 
con?guration by a practitioner during a collection proce 
dure. The collection tube further is generally malleable such 
that the collection tube generally retains the desired con 
?guration until the practitioner manipulates the collection 
tube to conform to a different con?guration. The connecting 
portion extends from the collection retainer and de?nes a 
second lumen that communicates With the interior of the 
collection retainer. The connecting portion is adapted to 
receive a vacuum source. In addition, the apparatus can 
further contain a valve that adjusts the opening of the second 
lumen. The collection retainer can be removable from the 
collection tube and the connection portion. 
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[0053] In another aspect, the invention features a pharma 
ceutical composition containing an antifungal agent. 

[0054] In another embodiment, the invention features a 
pharmaceutical composition containing an antifungal agent 
and an mucolytic agent. 

[0055] Another embodiment features a pharmaceutical 
composition containing an antifungal agent and a steroid. 

[0056] Another embodiment features a pharmaceutical 
composition containing an antifungal agent and a deconges 
tant. 

[0057] Another embodiment features a pharmaceutical 
composition containing an antifungal agent and an antibi 
otic. 

[0058] Another embodiment features a pharmaceutical 
composition containing an antifungal agent and an anti 
in?ammatory. 

[0059] Another embodiment features a pharmaceutical 
composition containing an antifungal agent and an anti 
histamine. 

[0060] Another embodiment features a pharmaceutical 
composition containing an antifungal agent and an anti 
cholinergic. 

[0061] Another embodiment features a pharmaceutical 
composition containing an antifungal agent and a leukot 
riene inhibitor. 

[0062] In another aspect, the invention features a compo 
sition for treating an immune response to fungus in a 
mammal, characteriZed by an agent con?gured for direct 
mucoadministration to the mucus of the mammal and having 
antifungal means for eliminating or reducing the fungus 
beloW a threshold level Wherein the fungus ceases to activate 
eosinophile migration to the affected area. 

[0063] In another aspect, the invention features a pharma 
ceutical composition for treating a fungal related condition 
in the nasal-sinus anatomy, pulmonary anatomy, ear 
anatomy, or intestinal anatomy of a mammalian patient, said 
composition comprising an effective dose of an anti-fungal 
as described herein. 

[0064] In another aspect, the invention features a pharma 
ceutical composition for treating a fungal related condition 
in the nasal-sinus anatomy, pulmonary anatomy, ear 
anatomy, or intestinal anatomy of a mammalian patient, said 
composition comprising an effective dose of an anti-fungal 
and at least one other agent or inhibitor as described herein. 

[0065] In another aspect, the invention features a pharma 
ceutical composition for treating a fungal related condition 
in the nasal sinus anatomy, pulmonary anatomy, ear 
anatomy, or intestinal anatomy of a mammalian patient, said 
composition comprising an effective dose of an anti-fungal 
suitable for long term use Within the nasal-sinus anatomy. 

[0066] In another aspect, the invention features a medica 
tion for treating sinusitis, asthma, otitis media, or colitis of 
a patient, comprising a mucolytic agent; and an anti-fungal 
compound as described herein. 

[0067] In another aspect, the invention features an irriga 
tion medication for treating an in?amed nasal area, lung 
area, ear area, or intestinal area of a patient, the in?amed 
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nasal area, lung area, ear area, or intestinal area being caused 
by the presence of a fungus, the medication comprising 
effective doses of an antifungal compound and a steroid as 
described herein. 

[0068] In another aspect, the invention features an irriga 
tion medication for treating an in?amed nasal area, lung 
area, ear area, or intestinal area of a patient, the in?amed 
nasal area, lung area, ear area, or intestinal area being caused 
by the presence of a fungus, the medication comprising 
effective doses of an antifungal compound and a mucolytic 
agent. 

[0069] In another aspect, the invention features an irriga 
tion medication for treating an in?amed nasal area, lung 
area, ear area, or intestinal area of a patient, the in?amed 
nasal area, lung area, ear area, or intestinal area being caused 
by the presence of a fungus, the medication comprising 
effective doses of a steroid and a mucolytic agent as 
described herein. 

[0070] In another aspect, the invention features an irriga 
tion medication for treating an in?amed nasal area, lung 
area, ear area, or intestinal area of a patient, the in?amed 
nasal area, lung area, ear area, or intestinal area being caused 
by the presence of a fungus, the medication comprising 
effective doses of an antifungal compound, a steroid, and a 
mucolytic agent as described herein. 

[0071] In another aspect, the invention features an irriga 
tion medication for treating an in?amed nasal area, lung 
area, ear area, or intestinal area of a patient, the in?amed 

nasal area, lung area, ear area, or intestinal area being caused 
by the presence of a fungus, the medication comprising an 
effective dose of at least one medicine selected from the 
group consisting of an antifungal compound, a steroid, a 
mucolytic agent, and any combination thereof as described 
herein. 

[0072] Unless otherWise de?ned, all technical and scien 
ti?c terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to Which this 
invention pertains. Although methods and materials similar 
or equivalent to those described herein can be used in the 
practice or testing of the present invention, suitable methods 
and materials are described beloW. All publications, patent 
applications, patents, and other references mentioned herein 
are incorporated by reference in their entirety. In case of 
con?ict, the present speci?cation, including de?nitions, Will 
control. In addition, the materials, methods, and examples 
are illustrative only and not intended to be limiting. 

[0073] Other features and advantages of the invention Will 
be apparent from the folloWing detailed description, and 
from the claims. 

DESCRIPTION OF DRAWINGS 

[0074] FIG. 1 is a CT scan of a patient With bilateral 
chronic rhinosinusitis. 

[0075] FIG. 2 is a CT scan of the patient of FIG. 1, four 
months later, after treatment With antifungal irrigations. 

[0076] FIG. 3 is a diagram depicting a device for collect 
ing mucus. 

[0077] FIG. 4 is a diagram depicting a device for collect 
ing mucus. 
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DETAILED DESCRIPTION 

[0078] The invention involves methods and materials for 
treating and preventing non-invasive fungus-induced 
mucositis. Speci?cally, the invention involves mucoadmin 
istering an antifungal agent in an amount, at a frequency, and 
for a duration effective to prevent, reduce, or eliminate 
chronic non-invasive fungus-induced rhinosinusitis. This 
invention also provides methods and materials for diagnos 
ing chronic non-invasive fungus-induced rhinosinusitis and 
culturing non-invasive fungus from a mammalian mucus 
sample as Well as speci?c antifungal formulations and 
medical devices for treating and preventing non-invasive 
fungus-induced rhinosinusitis. In addition, the invention 
provides methods and materials for treating and preventing 
other non-invasive fungus-induced mucositis conditions 
such as chronic otitis media, chronic colitis, and Crohn’s 
disease. Further, the invention involves methods and mate 
rials for treating and preventing chronic asthma symptoms. 

[0079] Although not limited to any particular mode of 
action, the present invention involving the treatment and 
prevention of non-invasive fungus-induced in?ammation of 
mucosal tissue by using an antifungal agent is based on the 
folloWing proposed mechanism of disease progression 
derived from the discoveries reported herein. In general, 
most, if not all, individuals have fungal organisms living in 
their mucus. Normally, most individuals tolerate these non 
invasive organisms and live normal disease-free lives. For 
unknoWn reasons, some individuals do not tolerate these 
fungal organisms and begin to mount an immune response 
against them. As the immune response progresses, eosino 
phils accumulate Within the local tissue. This accumulation 
of eosinophils can contribute to the formation of obstructive 
tissue masses (e.g, polyps and polypoid structures) as Well as 
the transmigration of activated eosinophils from the tissue 
(inside the body) to the mucus (outside the body). These 
obstructive tissue masses appear to prevent normal cavity 
clearance and thus can facilitate additional fungal groWth. 
Once eosinophils are Within the mucus, they can release the 
contents of their granules presumably upon the activation of 
surface Fc receptors. Eosinophil granules contain many 
toXic molecules such as eosinophil cationic protein (ECP), 
eosinophil peroxidase (EPO), and major basic protein 
(MBP). Upon release, these toXic molecules can damage 
both the targeted foreign microorganisms (e.g., fungus) as 
Well as self tissues. The degree of damage caused by 
eosinophil accumulation and eosinophil degranulation var 
ies signi?cantly from slight in?ammatory pain and discom 
fort to major structural abnormalities such as tissue and bone 
destruction and the formation of polyps, polypoid structures, 
and other tumors. Once self tissues are damaged, the indi 
vidual can have an increased susceptibility to bacterial 
infections as Well. Thus, the characteristic in?ammatory 
responses, resulting damages, and resulting bacterial infec 
tions observed Within most, if not all, chronic rhinosinusitis 
patients are actually triggered by non-invasive fungal organ 
isms. 

[0080] It is noted that fungal organisms may be observed 
Within the tissue under eXtreme mucositis conditions of 
tissue and bone destruction simply because the barrier (i.e., 
epithelium) betWeen the inside and outside of the body has 
been destroyed or damaged. In these situations, the mere 
observed presence of a small number of fungal organisms 
Within a localiZed area of tissue damage does not deter from 
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the fact that the af?iction is a non-invasive fungus-induced 
mucositis and not an infection. 

[0081] The discovery that most, if not all, chronic rhinosi 
nusitis cases are caused by non-invasive fungal organisms 
suggests that other chronic in?ammatory conditions such as 
chronic otitis media, chronic colitis, and Crohn’s disease are 
most likely caused by non-invasive fungal organisms living 
Within mucus. In addition, the discovery that non-invasive 
fungus-induced rhinosinusitis can be successfully treated 
and prevented With antifungal agents When mucoadminis 
tered in an effective amount, at an effective frequency, and 
for an effective duration suggests that these other non 
invasive fungus-induced mucositis conditions also can be 
treated and prevented With antifungal agents When used 
appropriately as described herein. Further, the discovery that 
chronic asthma symptoms can be treated and prevented With 
antifungal agents When directly mucoadministered to the 
airWays by Way of nasal-paranasal irrigation suggests that 
antifungal agents can be effective When directly mucoad 
ministered to the airWays by inhalation through the nose or 
mouth. Thus, the methods and materials described herein 
have the potential to treat millions of people suffering from 
chronic rhinosinusitis, chronic otitis media, chronic colitis, 
Crohn’s disease, and any other non-invasive fungus-induced 
mucositis condition as Well as chronic asthma. 

[0082] As described above, a non-invasive fungus-in 
duced mucositis is an in?ammation, not an infection. In 
general, in?ammations are fundamentally and clinically 
different from infections. An infection is de?ned as the 
groWth of an organism Within tissue. In addition, an infec 
tion is characteriZed as an invasive disease meaning that an 
infectious organism enters the tissue of a host and then 
triggers a host immune response and/or causes damage. 
Thus, the role of the infectious organism is typically that of 
an invasive pathogen. In addition, an infected individual can 
be immunocompetent or immunocompromised. When the 
infected individual is immunocompromised, the infection is 
often termed an “opportunistic” infection. Further, infec 
tions can be acute or chronic depending upon multiple 
factors such as the competence of the infected individual’s 
immune system, the nature of the invasive pathogen, and the 
availability of medical treatments. 

[0083] In contrast, an in?ammation is characteriZed as a 
localiZed protective response that serves to destroy, dilute, 
and/or sequester an injurious agent or insult. In addition, 
in?ammatory responses typically result in redness, sWelling, 
heat, and pain. In the case of non-invasive fungus-induced 
mucositis, the localiZed protective response is against a 
non-invasive fungal organism living outside the tissue (e.g., 
Within mucus). Typically, some individuals suffering from a 
non-invasive fungus-induced mucositis are atopic and/or 
immunocompetent. In addition, the role of the injurious 
agent (i.e., fungus) is that of a non-invasive allergen. Thus, 
a non-invasive fungus-induced mucositis is an allergic reac 
tion mounted by the individual’s immune system against a 
fungal organism living outside an individual’s tissue. 

[0084] As described herein, the invention provides meth 
ods and materials that reduce the presence of fungal organ 
isms Within mucus to a level and for a period of time such 
that the characteristic in?ammatory responses and resulting 
damages associated With mucositis are stopped, treated, or 
prevented. For the purpose of clarity, reducing the presence 
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of fungal organisms Within mucus to treat or prevent 
mucositis is similar to removing an allergen (e.g., pollen) 
from the presence of an individual suffering from an allergic 
reaction (e.g., hay fever). Again, the allergic reaction 
against, for example, pollen is not an infection but an 
in?ammation. In addition, the simplicity of this invention 
underscores the far-reaching clinical implications that fol 
loW these discoveries. For example, once clinicians under 
stand that most, if not all, chronic rhinosinusitis is caused by 
non-invasive fungal organisms and that this in?ammatory 
disease can be treated and prevented by reducing the level of 
non-invasive fungal organisms Within nasal-paranasal 
mucus using the methods and materials described herein, 
then millions of people Will be able to have healthier, 
happier, and more productive lives. 

[0085] 
tis 

Identifying Non-invasive Fungus-induced Mucosi 

[0086] A non-invasive fungus-induced mucositis is 
de?ned as an in?ammation of any mucosal tissue induced by 
a non-invasive fungal organism. Examples of mucosal tissue 
include, Without limitation, the mucosa of the mouth, gut, 
nasal passages, paranasal sinuses, airWays of the lung, 
trachea, middle ear, eustachian tube, vagina, and urethra. In 
general, an in?ammation of a mucosal tissue can be deter 
mined using any of the methods commonly knoWn to a 
skilled artisan. For example, an individual can be identi?ed 
as having an in?ammation of a mucosal tissue upon exami 
nation of a tissue biopsy as Well as by visual examination, 
endoscopic analysis, and image analysis techniques (e.g., 
X-rays, CT scans, and magnetic resonance imagery (MRI) 
scans) since the various in?amed mucosal anatomies tend to 
exhibit observable abnormal characteristics. 

[0087] Multiple diagnostic methods can be used to deter 
mine if a particular mucositis is a non-invasive fungus 
induced mucositis. In general, such diagnostic methods 
include, Without limitation, revieWing the affected individu 
al’s prior medical conditions and treatments, intervieWing 
and evaluating the affected individual, and collecting and 
analyZing biological samples from the affected individual. 

[0088] RevieWing an affected individual’s medical history 
can be helpful in determining if a particular mucositis is a 
non-invasive fungus-induced mucositis since such in?am 
mations are typically recurrent and chronic. Thus, signs of a 
previous non-invasive fungus-induced mucositis episode 
Would suggest that an instant mucositis is a non-invasive 
fungus-induced mucositis as Well. Other useful information 
Within an individual’s medical history could include, With 
out limitation, allergies, surgeries, and other diseases such as 
cystic ?brosis and ciliary dismotility syndromes. 

[0089] IntervieWing and evaluating an affected individual 
can also help identify a non-invasive fungus-induced 
mucositis. For example, individuals suffering from chronic 
mucositis symptoms such as airWay obstructions, loss of 
smell, loss of hearing, WheeZing, dyspnea, coughing, head 
ache, and facial pressure may have a non-invasive fungus 
induced mucositis. In addition, a non-invasive fungus-in 
duced mucositis can be ruled out in individuals that exhibit 
the symptoms of an infection such as fever, fungal dissemi 
nation, fungemia, increase in polymorphonuclear leuko 
cytes, and acute onset. It is noted that recurrent bacterial 
infections can indicate an underlying non-invasive fungus 
induced mucositis condition since chronic in?ammation can 
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lead to the destruction of the epithelium and thus increase 
the individual’s susceptibility to bacterial infection. Further, 
multiple diagnostic tests can be performed to help identify a 
non-invasive fungus-induced mucositis. For example, a 
common allergy screen using a panel of fungal and non 
fungal antigens can be used to determine if an individual is 
atopic since some cases of non-invasive fungus-induced 
mucositis involve atopic individuals. Further, immuno 
based tests for the presence of anti-fungal antigen antibod 
ies, tests for abnormal pulmonary function With or Without 
methacholine, audiograms, and tympanograms can be used 
to identify a non-invasive fungus-induced mucositis. 

[0090] Collecting and analyZing biological samples from 
an affected individual can help identify a non-invasive 
fungus-induced mucositis. In general, biological samples 
such as mucus, stool, urine, sputum, and blood can be 
collected and analyZed for signs that indicate the involve 
ment of a non-invasive fungal organism. Such signs can 
include, Without limitation, the presence of any antigenic 
marker for non-invasive fungus-induced mucositis; the pres 
ence of eosinophils, eosinophil products (e.g., MBP and 
ECP), antibodies, fungal antigens, or fungal organisms 
Within a mucus, stool, urine, or sputum sample; and the 
absence of fungal organisms Within a blood sample. For 
example, the identi?cation of allergic mucus (i.e., mucus 
that contains evidence of eosinophil presence) can indicate 
a non-invasive fungus-induced mucositis. Such evidence of 
eosinophil presence includes, Without limitation, the pres 
ence of intact eosinophils, necrotic eosinophils, and eosino 
phil products. Many methods for detecting the presence of 
these various signs and markers Within a biological sample 
are Well knoWn in the art and can be used. For example, the 
presence of eosinophils Within allergic mucus can be deter 
mined using a hematoxylin/eosin stain folloWed by micro 
scopic examination. 

[0091] In addition, a tissue biopsy can be collected and 
analyZed for the lack of invasive fungus. As noted above, 
fungal organisms may be observed Within tissue under 
extreme mucositis conditions of tissue and bone destruction 
When examining a tissue biopsy simply because the barrier 
(i.e., epithelium) betWeen the inside and outside of the body 
has been destroyed or damaged. In these situations, the mere 
presence of a small amount of fungal organisms Within a 
localiZed area of tissue damage does not necessarily mean 
the af?iction is not a non-invasive fungus-induced mucosi 
tis. 

[0092] Further, immuno-based assays can be used to 
detect the presence of various signs of a non-invasive 
fungus-induced mucositis Within a biological sample. Many 
immuno-based assays are Well knoWn in the art including, 
Without limitation, enzyme-linked immunosorbent assays 
(ELISA) and radioallergosorbant tests (RAST). The meth 
ods of using RAST are described, for example, in McRury 
J et al. (Clin Exp Immunol 65:631-638 (1986)), Mabry R L 
and Manning S (Otolaryngol Head Neck Surg. 113:721-723 
(1995), and Lynch N R et al. (Int Arch Allergy Immunol 
114:59-67 (1997)). Immuno-based assays can use poly 
clonal antibodies, monoclonal antibodies, or fragments 
thereof that have speci?city for an antigen that can be used 
as a diagnostic marker for non-invasive fungus-induced 
mucositis. For example, monoclonal antibodies having 
speci?city for fungal organisms knoWn to cause non-inva 
sive fungus-induced mucositis can be produced and used to 
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screen biological samples. Such antibodies can be produced 
using methods described elseWhere (Zeidan et al., Experi 
mental Approaches in Biochemistry and Molecular Biology, 
William C. BroWn Publisher (1996) and Seaver, Commer 
cial Production of Monoclonal Antibodies: A Guide for 
Scale-Up, Marcel Dekker Inc., NeW York, NY. (1987)). 
Brie?y, a mouse can be immuniZed With a sample of a fungal 
organism isolate. Several Weeks later lymphocytes from 
spleen of the immuniZed mouse can be recovered and fused 
With myeloma cells to produce hybridoma cells. Hybridoma 
cells exhibiting speci?city for the immuniZing fungal isolate 
then can be isolated and monoclonal antibody preparations 
produced. 

[0093] Since the speci?c methods and materials used to 
identify non-invasive fungus-induced mucositis can vary 
depending upon the speci?c location of the mucositis, a 
more detailed description is provided beloW for several 
exemplary mucosal tissues. 

[0094] 1. Nasal-paranasal Cavities 

[0095] The external bony framework of the nose consists 
of tWo oblong nasal bones. One nasal bone is disposed on 
each side of a midline, With the tWo bones forming an arched 
cross section. The nasal septum divides the nasal cavity in 
half. The lateral nasal Wall has three turbinates that increase 
the mucosal surface area of the nasal cavity or vestibule. The 
nasal vestibule is bounded by the nasal septum and lateral 
Wall. This large surface area of the turbinates and nasal 
septum promotes extensive contact With inspired air, thus 
facilitating humidi?cation, particle removal, and tempera 
ture regulation of inspired air. 

[0096] The paranasal sinuses are air-containing spaces 
joining the nasal cavity by means of openings or ostia. 
Although they are paired, the paranasal sinuses are com 
monly asymmetrical in shape and location, and include the 
maxillary, frontal, ethmoid, and sphenoid sinuses. Suggested 
functions of the paranasal sinuses include lightening the 
bones of the skull, providing mucus for the nasal cavity, and 
acting as resonant chambers for the production of sound. 
The maxillary sinuses are the largest of the paranasal 
sinuses. Each maxillary sinus is located in the maxilla and 
opens into the middle meatus. The frontal sinuses are located 
in the frontal bone and are superior and medial to the orbit 
of the eye. The frontal sinuses also empty into the middle 
meatus. The ethmolid sinuses are numerous and irregularly 
shaped air spaces opening into the middle and superior 
meatuses. The sphenoid sinus is in the sphenoid bone and is 
posterior to both the eye and the upper portion of the nasal 
cavity. The sphenoid sinus drains into the superior meatus. 

[0097] Mucosal tissue (mucosa) lines both the nasal cavity 
and the paranasal sinuses, and generally comprises an epi 
thelial layer, connective tissue, and mucus glands. A layer of 
mucus normally covers the mucosa. Mucus that is secreted 
from mucosa serves to trap particles and to prevent dehy 
dration of the nasal and paranasal tissues that are otherWise 
exposed to air. The mucus is normally transported by cilia 
toWard the nasopharynx and then sWalloWed. 

[0098] Individuals suffering from rhinosinusitis can be 
identi?ed using methods commonly knoWn in the art. Symp 
toms of rhinosinusitis include, Without limitation, nasal 
airWay obstruction, loss of smell, facial pain, head ache, post 
nasal drip, and rhinorrhea. Upon examination, the presence 
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of thick mucus or the visual identi?cation of nasal or 
paranasal obstruction With mucus or polyps often indicates 
a rhinosinusitis condition. Nasal polyps are outgroWths from 
the nasal-paranasal mucosa that are typically smooth, gelati 
nous, semitranslucent, round or pear shaped, and pale. In 
general, nasal polyps are located on the lateral Wall of the 
nose, usually in the middle meatus or along the middle and 
superior turbinates. Most nasal polyps arise from the eth 
moid sinus but some polyps originate in the maxillary 
sphenoid sinuses. The mass of a nasal polyp is composed 
mainly of edematous ?uid With sparse ?brous cells and a feW 
mucous glands. The surface epithelium of nasal and para 
nasal polyps generally reveals squamous metaplasia. Eosi 
nophils are usually present in polyps in moderate to large 
numbers, and it is noW knoWn that nasal polyp ?uid contains 
greater than normal concentrations of IgA, IgE, IgG, and 
IgM antibodies as Well as abnormally high concentrations of 
IL-5, a cytokine that contributes to eosinophil activation and 
survival. As demonstrated herein, the presence of nasal 
polyps is not a risk factor for rhinosinusitis, but rather an end 
stage of chronic in?ammation. 

[0099] The folloWing methods and materials can be used 
to identify individuals suffering from non-invasive fungus 
induced rhinosinusitis. As described above, the condition 
knoWn as AFS is a non-invasive fungus-induced rhinosi 
nusitis condition. Thus, any method knoWn in the art that is 
used to identify AFS can be used to identify non-invasive 
fungus-induced rhinosinusitis (Cody D T et al. Laryngo 
scope 104:1074-1079 (1994) and Kupferberg S B et al., 
Otolaryngol. Head Neck Surg 117:35-41 (1997)). For 
example, non-invasive fungus-induced rhinosinusitis can be 
identi?ed by the presence of inspissated mucus that contains 
clumps or sheets of necrotic eosinophils, Charcot-Leyden 
crystals, and non-invasive fungal hyphae. In addition, image 
analysis such as MRI and CT scans can be used to identify 
non-invasive fungus-induced rhinosinusitis since such con 
ditions typically exhibit a characteristic appearance and 
often cause bone erosion in adjacent structures (Quraishi et 
al., Otolaryngol. Head Neck Surg. 117:29-34 (1997); Man 
ning et al., Laryngoscope 107:170-176 (1997); Kinsella et 
al, Head & Neck 18:211-217 (1996); Allbery et al., Radio 
Graphics 15:1311-1327 (1995); Roth M R, Ear; Nose & 
Throat]. 73:928-930 (1994); and Bartynski et al., Otolaryn 
gal. Head Neck Surg. 103:32-39 (1990)). Further, individu 
als With non-invasive fungus-induced rhinosinusitis may 
have a history of nasal-paranasal polyposis and may have 
undergone multiple surgeries. 
[0100] Results using currently available diagnostic meth 
odology indicate that about three to eight percent of chronic 
rhinosinusitis cases requiring surgery are AFS cases. In 
general, these current AFS diagnostic methods involve cri 
teria such as the presence of a characteristic appearance on 
a CT scan, the presence of allergic mucus, and the presence 
of fungal organisms Within mucus samples as con?rmed by 
either histology or fungal groWth in culture. The present 
invention demonstrates that greater than about 90 percent of 
all chronic rhinosinusitis cases have a fungal etiology based 
on a better understanding of chronic rhinosinusitis, 
improved diagnostic procedures, and the impressive success 
rate of the antifungal treatment approaches described herein. 
In addition, the present invention demonstrates that the 
ability to groW fungal organisms from a mucus sample is not 
a useful criterion for diagnosing a non-invasive fungus 
induced rhinosinusitis condition, such as AF S, since most, if 
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not all, humans have fungal organisms Within their nasal 
paranasal mucus (See Example 1). It is noted, however, that 
collecting, analyZing, and/or culturing fungal organisms 
from a nasal-paranasal mucus sample can provide useful 
diagnostic information. Such information can include, With 
out limitation, information about the level of fungal organ 
isms and the number of different fungal species present 
Within a particular mucus sample. 

[0101] Lack of appreciation for the non-invasive fungal 
etiology of chronic rhinosinusitis conditions appears to have 
occurred for several reasons. First, reliance on inadequate 
mucus collecting and fungus culturing techniques seems to 
have led to the misinterpretation of negative fungal groWth 
results. As shoWn herein, these negative results Were most 
likely false-negative results since fungal organisms can be 
groWn from nasal-paranasal mucus samples collected from 
most, if not all, humans. Consequently, the ability to groW 
fungal organisms from a nasal-paranasal mucus sample is 
essentially meaningless as a diagnostic criterion for non 
invasive fungus-induced rhinosinusitis conditions including 
AFS. Second, clinicians, during surgery, routinely Wash 
aWay or discard mucus from the nasal-paranasal cavities 
prior to removing and examining a polyp for the presence of 
allergic mucus. Thus, the failure to detect allergic mucus 
most likely resulted from a failure to collect the proper 
medium in Which to examine. This in turn may have led to 
the Widely recogniZed and medically accepted theory that 
polyposis is the cause of certain in?ammatory conditions in 
the nasal-paranasal anatomies. As discussed above, polypo 
sis can be considered an end-stage result of chronic in?am 
mation. Third, chronic in?ammatory conditions, as 
described herein, can lead to recurrent bacterial infections 
that may have masked an underlying non-invasive fungus 
induced rhinosinusitis condition. In addition, any temporary 
relief observed after antibacterial treatment may have com 
plicated the diagnosis of a condition having a non-invasive 
fungal etiology. 
[0102] Regardless, the present invention teaches that spe 
cial care should be taken to preserve the mucus for analysis 
and that the presence of allergic mucus can be used to 
identify non-invasive fungus-induced rhinosinusitis. In 
addition, recurrent bacterial infections Within the nasal 
paranasal anatomy can indicate non-invasive fungus-in 
duced rhinosinusitis. 

[0103] Any individual that had a previous episode of 
rhinosinusitis is at risk for developing non-invasive fungus 
induced rhinosinusitis. In addition, elderly individuals as 
Well as individuals having cystic ?brosis, asthma, and a 
family history of nasal problems or allergies can be at risk 
for developing non-invasive fungus-induced rhinosinusitis. 
Further, individuals that are exposed to signi?cant levels of 
allergens (e.g., fungus spores, pollen, and chemicals) can be 
at risk for developing non-invasive fungus-induced rhinosi 
nusitis. 

[0104] 2. Middle Ear 

[0105] The ear can be divided into three parts: the external 
ear, middle ear, and internal ear. The middle ear is a cavity 
that is connected to the nasopharynx by the eustachian tube. 
In addition, the middle ear is separated from the opening of 
the external ear by the tympanic membrane and contains a 
chain of three small bones that connect the tympanic mem 
brane With the internal ear. Mucosal tissue lines most of the 
middle ear space. 
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[0106] Individuals suffering from an in?ammation of the 
mucosal tissue of the middle ear (otitis media) can be 
identi?ed based on a medical history of middle ear af?ic 
tions, visual examination, tissue biopsy, and symptoms such 
as a loss of hearing, otorrhea, and middle ear effusion. 

[0107] In general, a non-invasive fungus-induced otitis 
media condition can be identi?ed by (1) collecting and 
analyZing ?uid or mucus samples from the middle ear for 
fungal organisms or eosinophil presence, (2) tissue biopsy 
analysis for non-invasive fungal organisms, (3) an audio 
gram consistent With conductive hearing loss, and (4) a ?at 
tympanogram. Unlike nasal-paranasal mucus, identifying 
the presence of fungal organisms in samples collected from 
the middle ear can indicate a non-invasive fungus-induced 
in?ammatory condition since the middle ear normally is 
quite sterile. 

[0108] Any individual that had a previous episode of otitis 
media is at risk for developing non-invasive fungus-induced 
otitis media. In addition, young individuals (e.g., infants and 
toddlers) as Well as individuals having a family history of ear 
problems or allergies can be at risk for developing non 
invasive fungus-induced otitis media. 

[0109] 3. Intestines 

[0110] Mucosal tissue lines both the small and large 
intestines. Individuals suffering from an in?ammation of the 
intestines (e.g., ulcerative colitis and Crohn’s disease) can 
be identi?ed using methods and materials commonly knoWn 
in the art. For example, tissue biopsy analysis as Well as 
endoscopic analysis can be used to identify intestinal 
mucositis conditions such as intestinal polyposis. In addi 
tion, symptoms-such as diarrhea, abdominal cramps, gas, 
and nausea can indicate in?ammation of the intestines. 

[0111] In general, a non-invasive fungus-induced intesti 
nal mucositis condition can be identi?ed by the presence of 
fungal organisms, eosinophils, or eosinophil products Within 
stool samples. In addition, tissue biopsies revealing the 
presence of non-invasive fungal organisms can indicate a 
non-invasive fungus-induced intestinal mucositis condition. 

[0112] Any individual that had a previous episode of an 
intestinal in?ammatory condition is at risk for developing 
non-invasive fungus-induced intestinal mucositis. In addi 
tion, elderly individuals as Well as individuals having a 
family history of digestive problems, intestinal polyposis, or 
allergies can be at risk for developing non-invasive fungus 
induced intestinal mucositis. 

[0113] Fungal Organisms 

[0114] Any fungal organism living in the mucus of a 
mammal can be a non-invasive fungal organism that is 
capable of inducing mucositis since it is the mere presence 
of the organism in an intolerant individual’s mucus that 
causes in?ammation. For example, all fungal organisms 
previously identi?ed in mucus samples of AFS patients can 
be non-invasive fungal organisms capable of inducing non 
invasive fungus-induced mucositis including, Without limi 
tation, Absidia, Aspergillus favus, Aspergillus fumigatus, 
Aspergillus glaucus, Aspergillus nidulans, Aspergillus ver 
sicolor; Alternaria, Basidiobolus, Bipolaris, Candida albi 
cans, Candida lypolytica, Candida parapsilosis, Cladospo 
rium, Conidiobolus, Cunninahamella, Curvularia, 
Dreschlera, Exserohilum, Fusarium, Malbranchia, Paecilo 
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mvces, Penicillium, Pseudallescheria, RhiZopus, SchiZophy 
lum, and Sporothrix. In addition, fungal organisms that 
Were, until noW, not identi?ed in mucus samples of patients 
diagnosed positive for AFS can be non-invasive fungal 
organisms capable of causing a non-invasive fungus-in 
duced mucositis including, Without limitation, Acremonium, 
Arachniotus citrinus, Aurobasidioum, Beauveria, Chaeto 
mium, Chryosporium, Epicoccum, Exophilia jeanselmei, 
Geotrichum, Oidiodendron, Phoma, Pithomyces, Rhinocla 
diella, Rhodoturula, Sagrahamala, Scolebasidium, Scopu 
lariopsis, Ustilago, Trichoderma, and Zygomycete. A list of 
additional fungal organisms that can be non-invasive fungal 
organisms capable of inducing a non-invasive fungus-in 
duced mucositis can be found in most taxonomic mycology 
text books. 

[0115] Collecting Mucus Samples 

[0116] In general, mucus can be collected from the surface 
of any mucosal tissue by using a collection solution to ?ush 
the mucus-containing cavity. Proper mucus collection tech 
niques should maximiZe recovery of a mucus-containing 
collection solution by alloWing suf?cient penetration of the 
appropriate anatomic cavities and by minimiZing collection 
solution absorption by the individual. Vasoconstrictor agents 
can be used to maximiZe mucus collection and mucolytic 
agents can be used to dissolve obstructive mucus such that 
collection solution penetration is enhanced. 

[0117] Thus, before collecting a mucus sample, an indi 
vidual can be treated With a vasoconstrictor agent and/or a 
mucolytic agent such that sufficient vasoconstriction and/or 
mucolytic action is induced in the appropriate region. Suit 
able vasoconstrictor agents can include, Without limitation, 
phenylephrine hydrochloride (NEO-SYNEPHRINE®; 
Sano? Pharmaceuticals), cocaine, and epinephrine. Amuco 
lytic agent is any agent that lique?es mucus such that it can 
be recovered from the patient. Suitable mucolytic agents can 
include, Without limitation, N-acetyl-L-cysteine (MUCO 
SILTM; Dey Laboratories) and recombinant human DNase 
(PULMOZYME®; Genentech, Inc.). Any administered 
vasoconstrictor agent or mucolytic agent should be alloWed 
to take effect by Waiting a sufficient period of time after 
administration such as about tWo to ?ve minutes. 

[0118] The folloWing methods and materials can be used 
to collect a nasal-paranasal mucus sample. First, an indi 
vidual is prepared to receive a collection solution in at least 
one nostril or nasal-paranasal cavity by directing the indi 
vidual to inhale and to loWer the chin, or in some other Way 
constrict the access of ?uids out of the mouth and doWn the 
esophagus. In a vertically sitting or standing individual, 
these maneuvers tend to minimiZe the loss or ingestion of the 
collection solution. Other maneuvers are also possible pro 
vided this goal is achieved. Second, an injection and col 
lection system is con?gured. In general, the con?guration is 
such that a collection solution can be administered to an 
individual’s nostril and then ef?ciently collected in a con 
tainer. The injection system can be, Without limitation, a 
syringe With a curved blunt needle or tube assembly. The 
container can be any type of container that holds liquid. In 
addition, the container can be, Without limitation, a storage 
container that is suitable for use as a transporter or sealable 
apparatus such that the collected sample can be handled or 
shipped. These containers also can contain an agent such as 
a preservative or antibacterial agent depending upon the 
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desired use of the mucus sample. Third, a collection solution 
is administered into an individual’s nostril and collected. 
Before administration, the individual can be instructed to 
expel the collection solution upon sensing the ?uid in its 
nasal-paranasal anatomy. Alternatively, the individual can 
be instructed to expel the collection solution simultaneously 
With the administration. During administration, the collec 
tion solution can be forcibly injected into at least one nostril 
or side of the nasal-paranasal anatomy. The volume of the 
collection solution can vary according to the individual and 
the state of the mucositis. For example, ?uid volumes can 
be, Without limitation, betWeen about 0.1 mL to about 100 
mL or more, and speci?cally betWeen about 0.1 mL and 
about 25 mL. The collection solution can be, Without limi 
tation, a saline solution, Water, and any other suitable 
solution appropriate for contacting mucosal tissue. In addi 
tion, the collection solution can contain other agents that 
may be useful for the collection of mucus such as a muco 

lytic agent. 

[0119] One goal of a collection solution is to dislodge and 
remove mucus Within mucus-containing cavities. In addition 
to a collection solution acting as a natural ?ushing agent, the 
penetrating effect of a mucolytic agent Within a collection 
solution can help liquefy thick obstructive mucus. Further, 
the combination of the force of administration With the near 
simultaneous pressuriZed expulsion by an individual can 
help dislodge and collect mucus. Typically, a collection 
solution can be administered during a period of less than 
about 5 seconds per side. In addition, a collection solution 
can be administered during a period of less than about 3 
seconds. Alternatively, the time period of collection solution 
administration can be extend beyond 5 seconds depending 
on speci?c factors such as the degree of in?ammation, the 
presence of obstructions, and the siZe of the individual. In 
addition, a greater than 5 second administration can be used 
When very small volumes or streams of collection solution 
are desired. 

[0120] Other collection procedures also can be used to 
collect mucus samples, particularly if an individual is unable 
to comply or cope With a liquid collection procedure. Such 
additional procedures are Well knoWn in the art and include, 
Without limitation, the surgical removal of mucus, a sWab or 
mechanical mucus extraction procedure, and pressure or 
vacuum systems that extract mucus. In addition, these other 
collection procedures as Well as the methods and materials 
described herein can be modi?ed or adapted to obtain 
biological ?uids from other areas of the body such as the 
middle ear and intestines. 

[0121] After a mucus sample is collected, the sample can 
be analyZed for the presence of markers that indicate the 
involvement of non-invasive fungus-induced mucositis. For 
example, a mucus sample can be examined to determine the 
presence of allergic mucus. In addition, fungal organisms 
can be cultured and analyZed from a mucus sample using the 
techniques described herein as Well as those techniques 
knoWn in the art. 

[0122] FIGS. 3 and 4 depict an exemplary device 10 for 
aspirating and collecting mucus and other liquids. Device 10 
includes upper member 12, collection retainer 14, and 
collection tube 16. Upper member 12, in turn, broadly 
includes central portion 22, threaded portion 24, connecting 
portion 26, and tube receiving member 28. Central portion 
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22 may generally de?ne opening 29 therein. Valve 30 is 
operably disposed Within opening 29. Threaded portion 24 
may extend doWnWardly from central portion 22. Connect 
ing portion 26 extends radially from central portion 22, is 
generally circular in cross-section in this embodiment, and 
de?nes bore 32. Bore 32 communicates the exterior of 
device 10 With an interior portion thereof. Tube receiving 
member 28 extends generally radially from central portion 
22. Tube receiving member 28 is disposed generally oppo 
site connection portion 26 in this embodiment. Tube receiv 
ing member 28 de?nes bore 34. As With bore 32, bore 34 
communicates the exterior of device 10 to the interior 
thereof. 

[0123] In this embodiment, retainer 14 is threadably 
received onto threaded portion 24. Retainer 14, hoWever, 
may be secured to central portion 22 by other knoWn means. 
Although a conically-shaped bottom con?guration is 
depicted, retainer 14 may assume a variety of con?gurations 
and be Within the scope of this invention. Collection tube 16 
extends from and is disposed Within bore 34. A length of 
tube 16 may be disposed Within the interior of retainer 14 to 
facilitate placement of collected material. Collection tube 16 
de?nes lumen 36 through Which the collected mucus travels. 
In one embodiment, tube 16 comprises a ?exible memory 
means to facilitate adaptation to different patient anatomies. 
That is, tube 16 remains conformed to a desired and ?exible 
con?guration, for example, as depicted by the phantom lines 
in the FIG. 3. Further means to facilitate travel of the mucus 
through the collection tube and device 10 may include a tube 
or device liner having material characteristics designed to 
minimiZe adherence of the mucus thereto. 

[0124] In one embodiment, device 10 is designed for a 
single use. Device 10 may be made from a number of 
materials, hoWever, synthetic resins such as polyethylene 
may be used. Connecting portion 26 connects device 10 to 
a vacuum hose 38. Thus, connecting portion 26 may have an 
outer con?guration such that an air tight ?t to vacuum hose 
38 results. Valve 30 adjusts the amount of vacuum commu 
nicated through lumen 36. By adjusting valve 30, a gradu 
ally increasing or decreasing amount of vacuum may be 
applied thereto. In this example, valve 30 includes a gener 
ally elongate slit Which is con?gured With a sliding member. 
The sliding member may be adjusted by the user so that all, 
none, or a portion of the elongate slit is exposed, thereby 
adjusting the vacuum communicated to lumen 36. Avariety 
of other adjustment means for regulating the vacuum, hoW 
ever, are Within the scope of this invention. Another example 
includes an “IV” type of valve Which utiliZes a roller valve 
to adjustably constrict a draW or collection tube. 

[0125] In contrast to other devices, tube receiving member 
28 and collection tube 16 extend generally perpendicularly 
from a longitudinal axis of retainer 14. This enables the users 
to better position collection tube 16 When recovering mucus 
and other liquids. It is recogniZed that other collection 
containers are possible Within the scope of this invention 
Which conform comfortably to a patient’s facial anatomy, 
and Which may be readily held in place by either the patient 
or a health care provider. Such embodiments may rely on 
vacuum, gravity, or other collection mechanisms provided 
they afford ready access for ?uids being injected into the 
patient While simultaneously alloWing drainage or With 
draWal of the ?uids and mucus from the patient. 
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[0126] In this embodiment lumen 36 is betWeen about 1 
mm and 10 mm in diameter, and betWeen about 5 cm and 50 
cm in total length. Exemplary retainer 14 is generally 
betWeen about 1“ to 3“ in diameter and 3“ to 6“ in height, 
although various other siZes may be useful. 

[0127] Device 10 is advantageously utiliZed to obtain 
mucus or ?uid samples from a patient’s nasal, paranasal, or 
pulmonary anatomy. In obtaining mucus or ?uid samples, 
device 10 is connected to a vacuum source and valve 30 is 
adjusted as desired. Tube 16 is con?gured to a desired 
position. Tube 16 is then inserted into a portion of the 
patient’s anatomy from Which mucus or ?uid is to be 
obtained. Valve 30 is further adjusted as necessary to obtain 
the sample, yet assure safety to the patient. The obtained 
mucus or ?uid is collected in retainer 14. Once collection is 
complete, retainer 14 may be detached from upper member 
12 for storage or shipment of the obtained mucus or ?uid 
sample. 

[0128] Culturing Fungal Organisms from a Mucus Sample 

[0129] A mucus sample can be prepared for fungal organ 
ism culturing by treating the sample With a mucolytic agent 
such as N-acetyl-L-cysteine or dithiothreitol (DTT) to 
enhance or facilitate further liquefaction of mucus. After 
adding a mucolytic agent, the mucus sample can be mixed 
and incubated at room temperature. This liquefaction alloWs 
fungal organisms present Within mucus to be released. Once 
lique?ed, mucus can be isolated by centrifugation or other 
means since mucus typically forms a layer separate from the 
other solutions (i.e., collection solution). Once isolated, the 
mucus can be mixed and an aliquot placed in contact With an 
appropriate fungal groWth medium such as groWth medium 
agar plates. Afungal groWth medium is any medium that can 
support the groWth of a fungal organism including, Without 
limitation, RPMI-1649, Delbecco’s modi?ed eagles medium 
(DMEM), inhibitory mold agar (IMA), and Bay agar. The 
fungal groWth medium can contain antibacterial agents (e. g., 
chloramphenicol and cipro?oxacin) to prevent the groWth of 
bacteria. 

[0130] Once lique?ed mucus is placed in contact With an 
appropriate fungal groWth medium, the cultures can be 
incubated at an optimal temperature, for example, betWeen 
about 20° C. and 37° C. and, in some instances, betWeen 
about 25° C. and 35° C. An optimum temperature can be 
assessed by placing duplicate cultures at various tempera 
tures and comparing groWth rates. Typically, cultures are 
incubated betWeen about tWo to thirty-live days at about 30° 
C. Once fungal groWth is observed, the fungal species can be 
identi?ed using procedures Well knoWn in the art and the 
phenotype and genotype of each fungal isolate character 
iZed. For example, a fungal isolate can be examined to 
determine any drug resistant or drug susceptibility proper 
ties. 

[0131] Treating and Preventing Non-invasive Fungus-in 
duced Mucositis 

[0132] Antifungal agents can be mucoadministered to a 
mammal in an amount, at a frequency, and for a duration 
effective to treat or prevent non-invasive fungus-induced 
mucositis. An “antifungal agent” is any agent that is active 
against a fungal organism. For example, an antifungal agent 
is any agent that prevents the groWth of or kills a fungal 
organism such as antifungal polyene macrolides, tetraene 
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macrolides, pentaenic macrolides, ?uorinated pyrimidines, 
imidaZoles, triaZoles, aZoles, halogenated phenolic ethers, 
thiocarbamates, and allylamines. In addition, antifungal 
agents can be agents that interpolate fungal cell Wall com 
ponents or act as sterol inhibitors. Speci?c antifungal agents 
Within the scope of the invention include, Without limitation, 
amphotericin B, ?ucytosine, ketoconaZole, miconaZole, itra 
conaZole, ?uconaZole, griseofulvin, clotrimaZole, econa 
Zole, terconaZole, butoconaZole, oxiconaZole, sulconaZole, 
saperconaZole, voriconaZole, ciclopirox olamine, halopro 
gin, tolnaftate, nafti?ne, nystatin, natamycin, terbina?ne 
hydrochloride, morpholines, butena?ne undecylenic acid, 
White?eld’s ointment, propionic acid, and caprylic acid as 
Well as those agents that can be identi?ed as antifungal 
agents using methods Well knoWn in the art. It is noted that 
a particular patient may possess a fungal organism acting as 
the etiological agent that is resistant to a particular antifun 
gal agent. In such a case, an important aspect of this 
invention involves treating that patient With an effective 
antifungal agent (e.g., an antifungal agent that prevents the 
groWth of, or kills, the fungal organism acting as the 
etiological agent). Such fungal organisms acting as etiologi 
cal agents can be identi?ed using the collection and culture 
methods described herein. 

[0133] The term “mucoadministration” as used herein 
refers to any type of administration that places an adminis 
tered agent in contact With mucus. Thus, any intravenously 
administered agent that does not exit the blood stream is not 
considered a mucoadministered agent because the agent 
failed to contact mucus. In addition, the term “mucoadmin 
istration” can be subdivided into “direct” and “indirect” 
mucoadministration. The term “direct mucoadministration” 
as used herein refers to any type of administration that places 
an administered agent in direct contact With a targeted 
mucus prior to crossing epithelium. For the purpose of this 
invention, it is to be understood that injections of an agent 
into a cavity containing mucus is considered direct mucoad 
ministration if the agent contacts mucus even though an 
injection means (e.g., needle, tube, or catheter) may be used 
to cross an epithelium. Thus, using a needle to bypass the 
tympanic membrane and inject an agent into the middle ear 
is considered a direct mucoadministration that targets 
middle ear mucus. 

[0134] It folloWs that any intravenously administered 
agent that subsequently exits the blood stream, permeates 
epithelium, and contacts mucus is not considered a directly 
mucoadministered agent because the agent crossed epithe 
lium prior to contacting mucus. In this case, hoWever, the 
intravenously administered agent is considered an indirectly 
mucoadministered agent since the term “indirect mucoad 
ministration” means any type of administration that places 
an administered agent in contact With a targeted mucus after 
crossing epithelium. Again, the use of an injection means 
such as a needle, tube, or catheter to deliver an agent past 
epithelium and into direct contact With mucus does not 
necessarily mean the administration is an indirect mucoad 
ministration. 

[0135] It also folloWs that an oral administration can be 
either a direct or indirect mucoadministration depending on 
the targeted mucus. For example, an agent can be sWalloWed 
and then traverse the esophagus, stomach, and small intes 
tine to come in direct contact With mucus in the large 
intestine, Without having crossed an epithelium (i.e., direct 
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mucoadministration). At the same time, the orally adminis 
tered agent could be absorbed by the gut, accumulate 
systemically, and permeate the nasal epithelium to come in 
contact With nasal mucus (i.e., indirect mucoadministration). 
Thus, the direct and indirect nature of mucoadministration 
depends upon the speci?c route of administration as Well as 
the speci?c location of the targeted mucus. Typical routes of 
direct and indirect mucoadministration for various mucus 
locations of a mammal are described beloW. 

[0136] An effective amount of an antifungal agent or 
formulation containing an antifungal agent can be any 
amount that reduces, prevents, or eliminates non-invasive 
fungus-induced mucositis upon mucoadministration in a 
mammal Without producing signi?cant toxicity to the mam 
mal. Typically, an effective amount can be any amount 
greater than or equal to the minimum inhibitory concentra 
tion (MIC) for a fungal organism or isolate present Within a 
particular individual’s mucus that does not induce signi? 
cant toxicity to the individual upon mucoadministration. 
Some antifungal agents may have a relatively large concen 
tration range that is effective While others may have a 
relatively narroW effective concentration range. In addition, 
the effective amount can vary depending upon the speci?c 
fungal organism or isolate since certain organisms and 
isolates are more or less susceptible to particular antifungal 
agents. Such effective amounts can be determined for indi 
vidual antifungal agents using commonly available or easily 
ascertainable information involving antifungal effectiveness 
concentrations, animal toxicity concentrations, and tissue 
permeability rates. For example, non-toxic antifungal agents 
typically can be directly or indirectly mucoadministered in 
any amount that exhibits antifungal activity Within mucus. 
In addition, antifungal agents that do not permeate mucosal 
epithelium typically can be directly mucoadministered in 
any amount that exhibits antifungal activity Within mucus. 
Using the information provided herein, such effective 
amounts also can be determined by routine experimentation 
in vitro or in vivo. For example, a patient having a non 
invasive fungus-induced mucositis condition can receive 
direct mucoadministration of an antifungal agent in an 
amount close to the MIC calculated from in vitro analysis. 
If the patient fails to respond, then the amount can be 
increased by, for example, ten fold. After receiving this 
higher concentration, the patient can be monitored for both 
responsiveness to the treatment and toxicity symptoms, and 
adjustments made accordingly. 
[0137] For amphotericin B, an effective amount can be 
about 0.01 ng to about 1000 mg per kg of body Weight of the 
mammal per administration When directly mucoadminis 
tered. When used as a nasal irrigation solution, an effective 
amount can be a volume of about 0.01 mL to about 1 liter 
per nostril per administration of a solution containing about 
0.01 mg of amphotericin B per liter to about 1000 mg of 
amphotericin B per liter. Alternatively, an effective amount 
can be 20 mL per nostril per administration (e.g., tWo to four 
times daily) of an irrigation solution containing about 100 
mg of amphotericin B per liter of saline or Water. Typically, 
the saline or Water is sterile. The effective amount can 
remain constant or can be adjusted as a sliding scale or 
variable dose depending on the individual’s response to 
treatment. Effective amounts for other antifungal agents can 
be determined by a person of ordinary skill in the art using 
routine experimentation in vieW of the multiple teachings 
described herein. 
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[0138] Typically, an effective amount of any antifungal 
agent directly mucoadministered (e.g., itraconaZole, keto 
conaZole, and voriconaZole) can be about 0.01 ng to about 
1000 mg per kg of body Weight of the mammal per admin 
istration. The MIC values for voriconaZole range from about 
0.003 pg/mL to about 4 pg/mL depending upon the speci?c 
fungal organism or isolate tested. For ?uconaZole, the MIC 
values range from about 0.25 pg/mL to greater than about 64 
Mg/mL. 

[0139] To help determine effective amounts of different 
antifungal agents, it can be useful to refer to an effective 
amount equivalent based on the effective amount of a 
common antifungal agent. For example, the direct mucoad 
ministration of about 20 mL per nostril per administration 
(e.g., tWice daily) of an amphotericin B irrigation solution 
containing about 100 mg of amphotericin B per liter is an 
effective amount as demonstrated herein. The effects pro 
duced by this effective amount can be used as a reference 
point to compare the effects observed for other antifungal 
agents used at varying concentrations. Once an equivalent 
effect is observed, then the speci?c effective amount for that 
particular antifungal agent can be determined. In this case, 
that particular amount Would be termed an amphotericin B 
effective amount equivalent. 

[0140] Various factors can in?uence the actual effective 
amount used for a particular application. For example, the 
frequency of mucoadministration, duration of treatment, 
combination of other antifungal agents, site of administra 
tion, degree of in?ammation, and the anatomical con?gu 
ration of the treated area may require an increase or decrease 
in the actual effective amount mucoadministered. 

[0141] The frequency of mucoadministration can be any 
frequency that reduces, prevents, or eliminates non-invasive 
fungus-induced mucositis in a mammal Without producing 
signi?cant toxicity to the mammal. For example, the fre 
quency of mucoadministration can be from about four times 
a day to about once a month, or more speci?cally, from 
about tWice a day to about once a Week. In addition, the 
frequency of mucoadministration can remain constant or can 
be variable during the duration of treatment. As With the 
effective amount, various factors can in?uence the actual 
frequency of mucoadministration used for a particular appli 
cation. For example, the effective amount, duration of treat 
ment, combination of other antifungal agents, site of admin 
istration, degree of in?ammation, and the anatomical 
con?guration of the treated area may require an increase or 
decrease in mucoadministration frequency. 

[0142] An effective duration for antifungal agent mucoad 
ministration can be any duration that reduces, prevents, or 
eliminates non-invasive fungus-induced mucositis in a 
mammal Without producing signi?cant toxicity to the mam 
mal. Thus, the effective duration can vary from several days 
to several Weeks, months, or years. In general, the effective 
duration for the treatment of non-invasive fungus-induced 
mucositis can range in duration from several days to several 
months. Once the antifungal applications are stopped, hoW 
ever, non-invasive fungus-induced mucositis may return. 
Thus, the effective duration for the prevention of non 
invasive fungus-induced mucositis can last in some cases for 
as long as the individual is alive. 

[0143] For anatomies that are less susceptible to fungal 
organism repopulation factors (e.g., a human middle ear 
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With an intact tympanic membrane), an effective duration 
can range from about 10 days to about 30 days. For less 
sterile environments such as the nasal-paranasal anatomy, 
hoWever, an effective duration can range from about 30 days 
to greater than about 80 days. In the respiratory tract or 
digestive tract, an effective duration can be from about 10 
days to greater than about 30 days, or even greater than 
about 90 days. Again, prophylactic treatments are typically 
longer in duration and can last throughout an individual’s 
lifetime. 

[0144] Multiple factors can in?uence the actual effective 
duration used for a particular treatment or prevention regi 
men. For example, an effective duration can vary With the 
frequency of antifungal agent administration, effective anti 
fungal agent amount, combination of multiple antifungal 
agents, site of administration, degree of in?ammation, and 
anatomical con?guration of the treated area. Further, the 
speci?c antifungal agent used can in?uence the actual effec 
tive duration. For example, an effective duration for treating 
non-invasive fungus-induced rhinosinusitis can be about 30 
days for amphotericin B and about 7 days for itraconaZole. 

[0145] It is noted that diagnostic algorithm methods can be 
devised to determine or re?ect appropriate effective doses, 
durations, and frequencies. 

[0146] Formulations Containing at Least One Antifungal 
Agent 

[0147] A formulation containing an antifungal agent can 
be in any form provided the formulation can be mucoad 
ministered to a mammal in an amount, at a frequency, and 
for a duration effective to prevent, reduce, or eliminate a 
non-invasive fungus-induced mucositis. For example, a for 
mulation Within the scope of the invention can be in the form 
of a solid, liquid, and/or aerosol including, Without limita 
tion, poWders, crystalline substances, gels, pastes, oint 
ments, salves, creams, solutions, suspensions, partial liq 
uids, sprays, nebulae, mists, atomiZed vapors, tinctures, 
pills, capsules, tablets, and gelcaps. In addition, the formu 
lation can contain a cocktail of antifungal agents. For 
example, a formulation Within the scope of the invention can 
contain, Without limitation, one, tWo, three, four, ?ve, or 
more different antifungal agents. Further, Formulations 
Within the scope of the invention can contain additional 
ingredients including, Without limitation, pharmaceutically 
acceptable aqueous vehicles, pharmaceutically acceptable 
solid vehicles, steroids, mucolytic agents, antibacterial 
agents, anti-in?ammatory agents, immunosuppressants, 
dilators, vaso-constrictors, decongestants, leukotriene 
inhibitors, anti-cholinergics, anti-histamines, therapeutic 
compounds, and combinations thereof. In addition, a for 
mulation can contain any one or more compounds knoWn to 
be effective for inhibiting the gag re?ex of a mammal. 

[0148] Apharmaceutically acceptable aqueous vehicle can 
be, for example, any liquid solution that is capable of 
dissolving an antifungal agent and is not toxic to the 
particular individual receiving the formulation. Examples of 
pharmaceutically acceptable aqueous vehicles include, With 
out limitation, saline, Water, and acetic acid. Typically, 
pharmaceutically acceptable aqueous vehicles are sterile. A 
pharmaceutically acceptable solid vehicle can be formulated 
such that the antifungal agent is suitable for oral adminis 
tration. For example, capsules or tablets can contain an 
antifungal agent in enteric form. The dose supplied by each 
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capsule or tablet can vary since an effective amount can be 
reached by administrating either one or multiple capsules or 
tablets. Any Well known pharmaceutically acceptable mate 
rial such as gelatin and cellulose derivatives can be used as 
a pharmaceutically acceptable solid vehicle. In addition, a 
pharmaceutically acceptable solid vehicle can be a solid 
carrier including, Without limitation, starch, sugar, or ben 
tonite. Further, a tablet or pill formulation of an antifungal 
agent can folloW conventional procedures that employ solid 
carriers, lubricants, and the like. 

[0149] Steroids can be any compound containing a hydro 
cyclopentanophenanthrene ring structure. Examples of ste 
roids include, Without limitation, prednisone, dexametha 
sone, and hydrocortisone. Mucolytic agents can be any 
compound that lique?es mucus. Suitable mucolytic agents 
can include, Without limitation, N-acetyl-L-cysteine 
(MUCOSILTM; Dey Laboratories) and recombinant human 
DNase (PULMOZYME®; Genentech, Inc.). An antibacte 
rial agent can be any compound that is active against 
bacteria, such as penicillin, erythromycin, neomycin, gen 
tamicin, and clindamycin. An anti-in?ammatory agent can 
be any compound that counteracts in?ammation, such as 
ibuprofen and salicylic acid. An immunosuppressant can be 
any compound that suppresses or interferes With normal 
immune function, such as cyclosporine. Adilator can be any 
compound that causes the expansion of an ori?ce, such as 
albuterol. A vaso-constrictor can be any compound that 
constricts or narroWs blood vessels, such as phenylephrine 
hydrochloride (NEO-SYNEPHRINE®; Sano? Pharmaceu 
ticals), cocaine, and epinephrine. Adecongestant can be any 
compound that acts to reduce nasal-paranasal congestion or 
sWelling, such as pseudoephedrine hydrochloride, phenyl 
propanolamine, and oxymetaZoline. A leukotriene inhibitor 
can be any compound that inhibits the function or synthesis 
of a leukotriene, such as AZelastine®. An anti-cholinergic 
can be any compound that blocks parasympathetic nerve 
impulses, such as ipratropium bromide. An anti-histamine 
can be any compound that opposes the action of histamine 
or its release from cells (e.g., mast cells), such as terfenadine 
and astemiZole. 

[0150] Atherapeutic compound can be any compound that 
has a therapeutic effect upon administration. For example, a 
therapeutic compound can be any compound that blocks or 
interferes With the interaction of an eosinophil With an 
immunoglobulin bound to a fungal antigen by targeting, for 
example, Fc receptor or S-type lectin factor receptor (e.g., 
galectin-3) interactions. Such compounds can include, With 
out limitation, antibodies such as IgE, IgA, IgG, IgM, and 
IgD as Well as antibody fragments such as Fab, F(ab‘)2, 
FcyRI, FcyRII, FcotR, FceRII, and FceRI. 

[0151] Mucoadministration Targeting the Nasal-paranasal 
Anatomies 

[0152] The mucoadministration of an agent to the nasal 
paranasal anatomies can be any type of administration that 
places the agent in contact With nasal-paranasal mucus. 
Direct mucoadministration to the nasal-paranasal anatomies 
can include, Without limitation, nasal irrigations, nasal 
sprays, nasal inhalations, and nasal packs With, for example, 
saturated gauZe provided the administered agent contacts 
nasal-paranasal mucus prior to crossing epithelium. In addi 
tion, injections into the nasal-paranasal cavities using, for 
example, a needle or catheter tube is considered a direct 
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mucoadministration provided the administered agent con 
tacts nasal-paranasal mucus after leaving the needle or 
catheter tube and prior to crossing epithelium. Any device 
can be used to directly mucoadminister an agent to the 
nasal-paranasal anatomy including, Without limitation, a 
syringe, bulb, inhaler, canister, spray can, nebuliZer, and 
mask. For example, a 20 mL bulb can be used to irrigate the 
nasal-paranasal anatomy With a liquid form of a formulation 
containing an antifungal agent. Such a liquid form of a 
formulation can be stored at —20° C., 0° C., or room 
temperature. If stored beloW room temperature, the formu 
lation typically is Warmed prior to application to the nasal/ 
paranasal cavities. 

[0153] Indirect mucoadministration to the nasal-paranasal 
anatomies can include, Without limitation, oral, intravenous, 
intradermal, and intraperitoneal administrations provided 
the administered agent contacts nasal-paranasal mucus. In 
addition, any device can be used to indirectly mucoadmin 
ister an agent to the nasal-paranasal anatomy including, 
Without limitation, a syringe and regulated release capsule. 

[0154] It is noted that the particular route of administration 
can in?uence the effective amount and duration of treatment 
With antifungal agents as Well as the frequency of mucoad 
ministration. For example, orally mucoadministered anti 
fungal agents may require higher concentrations to deliver 
an effective amount to nasal-paranasal mucus than direct 
mucoadministration by nasal irrigations. 

[0155] Mucoadministration Targeting the Lung AirWays 

[0156] An airWay is any part of the mammalian anatomy 
that air traverses during respiration including the mouth, 
nasal passages, trachea, bronchi, and bronchial tubes. A lung 
airWay is any air passage of the lung lined by mucosa 
including the bronchi and bronchial tubes. The mucoadmin 
istration of an agent to the lung airWays can be any type of 
administration that places the agent in contact With lung 
airWay mucus. Direct mucoadministration to the lung air 
Ways can include, Without limitation, inhalations, nasal 
sprays, and nasal irrigations provided the administered agent 
contacts lung airWay mucus prior to crossing epithelium. In 
addition, injections into lung airWays using, for example, a 
needle or catheter tube is considered a direct mucoadmin 
istration provided the administered agent contacts lung 
airWay mucus after leaving the needle or catheter tube and 
prior to crossing epithelium. Any device can be used to 
directly mucoadminister an agent to the lung airWay includ 
ing, Without limitation, a syringe, bulb, inhaler, nebuliZer, 
aerosol canister, spray can, and mask. 

[0157] Indirect mucoadministration to the lung airWays 
can include, Without limitation, oral, intravenous, intrader 
mal, and intraperitoneal administrations provided the admin 
istered agent contacts lung airWay mucus after crossing 
epithelium. In addition, any device can be used to indirectly 
mucoadminister an agent to lung airWays including, Without 
limitation, a syringe and regulated release capsule. 

[0158] It is noted that the particular route of administration 
can in?uence the effective amount and duration of treatment 
With antifungal agents as Well as the frequency of mucoad 
ministration. For example, enteric mucoadministration of an 
antifungal agent may require a higher concentration to 
deliver an effective amount to lung airWay mucus than direct 
mucoadministration by inhalation through the mouth or 
nose. 
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[0159] It is to be understood that the direct and indirect 
mucoadministration to the airways including the trachea, 
nasal passages, and mouth can be accomplished using the 
methods and material described herein for the lung airWays. 

[0160] Mucoadministration Targeting the Middle Ear 

[0161] The mucoadministration of an agent to the middle 
ear can be any type of administration that places the agent 
in contact With middle ear mucus. The direct mucoadmin 
istration to the middle ear can include, Without limitation, 
ear drops and ear ?ushes provided the administered agent 
contacts middle ear mucus prior to crossing epithelium. For 
example, if the tympanic membrane is damaged or other 
Wise punctured, then an ear ?ush Would be considered a 
direct mucoadministration provided the administered agent 
contacts middle ear mucus. In addition, injections into the 
middle ear using, for example, a needle or myringotomy 
tube is considered a direct mucoadministration provided the 
administered agent contacts middle ear mucus after leaving 
the needle or tube and prior to crossing epithelium. Any 
device can be used to directly mucoadminister an agent to 
the middle ear including, Without limitation, a syringe and 
bulb. 

[0162] Indirect mucoadministration to the middle ear can 
include, Without limitation, oral, intravenous, intradermal, 
and intraperitoneal administrations provided the adminis 
tered agent contacts middle ear mucus after crossing epi 
thelium. In addition, any device can be used to indirectly 
mucoadminister an agent to the middle ear including, With 
out Limitation, a syringe and regulated release capsule. 

[0163] It is noted that the particular route of administration 
can in?uence the effective amount and duration of treatment 
With antifungal agents as Well as the frequency of mucoad 
ministration. For example, orally mucoadministered anti 
fungal agents may require higher concentrations to deliver 
an effective amount to middle ear mucus than direct 

mucoadministration by middle ear injection. 

[0164] Mucoadministration Targeting the Intestines 

[0165] The mucoadministration of an agent to the intes 
tines can be any type of administration that places the agent 
in contact With intestinal mucus. The direct mucoadminis 
tration to the intestines can include, Without limitation, oral 
and enema administrations provided the administered agent 
contacts intestinal mucus prior to crossing epithelium. In 
addition, injections, into the digestive tract using, for 
example, a needle or catheter tube is considered a direct 
mucoadministration provided the administered agent con 
tacts intestinal mucus after leaving the needle or catheter 
tube and prior to crossing epithelium. Any device can be 
used to directly mucoadminister an agent to the intestines 
including, Without limitation, a syringe and regulated release 
capsule. For example, an antifungal agent can be formulated 
into a regulated release capsule such that the antifungal 
agent is released after passing, for example, the stomach 
(e.g., pH regulated release capsules and time regulated 
release capsules). 

[0166] Indirect mucoadministration to the intestines can 
include, Without limitation, intravenous, intradermal, and 
intraperitoneal administrations provided the administered 
agent contacts intestinal mucus. In addition, any device can 
be used to indirectly mucoadminister an agent to the intes 
tines including, Without limitation, a syringe. 
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[0167] It is noted that the particular route of administration 
can in?uence the effective amount and duration of treatment 
With antifungal agents as Well as the frequency of mucoad 
ministration. For example, intravenously mucoadministered 
antifungal agents may require higher concentrations to 
deliver an effective amount to intestinal mucus than direct 
mucoadministration by an enema. 

[0168] Additional Treatments 

[0169] Other treatments can be used in combination With 
a formulation containing an antifungal agent to help enhance 
the treatment or prevention of non-invasive fungus-induced 
mucositis conditions. Such additional treatments can 
include, Without limitation, surgeries and the administration 
of a second formulation. Surgeries can include, Without 
limitation, the removal of polypoid groWths or other tumors, 
the physical opening of a cavity, and the insertion of catheter 
tubes and the like. A second formulation can include, 
Without limitation, antifungal agents, mucolytic agents, anti 
bacterial agents, anti-in?ammatory agents, immunosuppres 
sants, dilators, vaso-constrictors, decongestants, steroids, 
anti-cholinergics, leukotriene inhibitors, anti-histamines, 
therapeutic compounds, and combinations thereof. In addi 
tion, this second formulation can be administered to a 
mammal by any route. For example, oral, intraperitoneal, 
intradermal, intravenous, subcutaneous, intramuscular, topi 
cal, intranasal, and intrabronchial administration can be used 
to deliver a second formulation to a mammal. 

[0170] Treating and Preventing Asthma 

[0171] Asthma can be characteriZed by a paradoxical 
narroWing of the bronchi (lung passageWays) such that 
breathing becomes dif?cult. Individuals suffering from 
asthma can exhibit symptoms such as, WheeZing, dif?culty 
breathing (particularly exhaling air), dyspnea, and tightness 
in the chest. Factors that can exacerbate asthma include 
rapid changes in temperature or humidity, allergies, upper 
respiratory infections, exercise, stress, and smoking. Indi 
viduals suffering from asthma can be identi?ed using any of 
the knoWn methods in the art. In general, asthma can be, 
Without limitation, diagnosed objectively With a pulmonary 
function test (increased airWay resistance) With or Without 
provoking the airWay (e.g., methacholine challenge test), 
chest X-rays, and auscultation of the chest. 

[0172] Individuals at risk for developing asthma can 
include, Without limitation, those individuals that have had 
a previous episode of asthma. In addition, elderly individu 
als; individuals having cystic ?brosis, chronic rhinosinusitis 
With or Without gross nasal-paranasal polyps, aspirin sensi 
tivity, or a family history of respiratory problems or aller 
gies; and individuals that are exposed to signi?cant levels of 
allergens (e.g., fungus spores, pollen, and chemicals) or 
irritants can be at risk for developing asthma. 

[0173] Chronic asthmatic individuals can be treated by 
directly mucoadministering an antifungal agent to at least a 
portion of the airWays in an amount, at a frequency, and for 
a duration effective to reduce or eliminate asthma symptoms. 
Such direct mucoadministrations can be similar to the meth 
ods and materials described herein for the treatment and 
prevention of non-invasive fungus-induced rhinosinusitis 
since the nasal-paranasal cavities are airWays. For example, 
nasal sprays and nasal irrigations can be used to directly 
mucoadminister antifungal agents to airWay mucus. In addi 






















