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ABSTRACT. In this study, the author used endoscopic sinus photography to study the effects
of reduction of fungi in the nose, and in environmental air, on the sinus mucosa of 639 pa-
tients diagnosed with chronic rhinosinusitis. Sinus mucosal photographs were taken before
and after reduction of fungal load in the nose and air, to determine if there was an optimum
environmental air fungal load associated with sinus mucosal recovery to normal appear-
ance. Systemic symptoms associated with fungal exposure, which resolved when fungus was
removed from the patient and the environmental air and reappeared with recurrent envi-
ronmental fungal exposure, are also discussed and are termeaystemic fungal symptoms In-
terventions consisted of nasal fungal load reduction with normal saline nasal irrigations and
antimicrobial nasal sprays, and environmental air fungal load reduction with high-efficien-
cy particulate air (HEPA) filtration in combination with ionizers or evaporation of a solution

of botanical extract. Main outcome measures were obtained with environmental air 1-hr
gravity-plate fungal colony counts, laser air particle counts, and endoscopic sinus photog-
raphy. Blood levels of immunoglobulins 1gG and IgE for 7 common molds were also deter-
mined. After intervention, 94% of patients who used antimicrobial nasal sprays and who re-
duced their environmental fungal air count to 0B4 colonies per 1-hr agar gravity-plate
exposure (n = 365) exhibited normal sinus mucosa by endoscopic exam. Environmental air
fungal counts that exceeded 4 colonies resulted in sinus mucosal abnormalities ranging from
edema, to pus and/or nasal polyps at higher counts. Neutralization of allergy, and/or
surgery, were used as appropriate following implementation of environmental measures. On
the basis of these observations, as well as detailed clinical experience and a review of the
current literature, the author hypothesizes that the pathogenesis of chronic rhinosinusitis,
allergic fungal sinusitis, and systemic fungal symptoms is a genetic defect at the variable
beta chain helper T-cell receptor (TCR \b) site which requires the presence of an antigen
(fungus). Chronic sinusitis patients who have recurring exposure to environmental air that
contains fungal concentrations in excess of 4 colonies per 1-hr agar plate exposure appear
to have an increased risk of persistent chronic sinusitis and/or systemic symptoms, regard-
less of the medical treatment provided.
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ceptor>

CHRONIC RHINOSINUSITIS (CRS) affects approxi-
mately 37 million Americans, or 1 in 6 (16.3%). It is
more common than arthritis (12.47%), orthopedic im-
pairment (12.14%), or hypertension (11.44%). CRS
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costs patients and insurance companies over $2.4 bil-
lion per year for medication, hospitalization, and sur-

gery. In excess of 200,000 sinus surgeries are performed
every year in the U.S. Many patients remain refractory
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to surgery and antibiotic therapy, despite the more than
46.9 million prescription and nonprescription medica-
tions ordered annually! Antibiotics are not effective in
treating CRS because they target bacterial super-growth
and not the underlying fungal problem In the most re-
cent decade, the rate of CRS occurrence has been in-
creasing steadily! but the pathogenesis of chronic si-
nusitis has not yet been determined. The standard
school of thought is that fungus allergy is involved in
fewer than 10% of cases}, likely because fungi are visi-
ble endoscopically in the nose in less than 10% of cases
studied. However, fungi are present microscopically in
93% of casesexamined by culture? By definition, all
CRS patients also have secondary bacterial infections. It
is likely that the immune reaction to microscopic fungi
causes mucosal pitting and mucous stasis, both of
which lead to the development of secondary bacterial
infections.?

In 1999, researchers at the Mayo Clinic demonstrat-
ed a causal connection between fungi and CRS. They
found that 93% of all CRS cases also met the diagnos-
tic criteria for allergic fungal sinusitis (AFS). It was pos-
tulated that an immune reaction to fungi in the mucosa
is likely responsible for AFSand most CRS: This fact
was confirmed by Braun et al® in 2003. In addition, im-
munoglobulin (Ig)E-mediated hypersensitivity was not
present in the majority of cases studied, regardless of
whether nasal polyps were present.

Because 93% of CRS cases were found to meet the
diagnostic criteria for AFS, it is likely that AFS and CRS
represent varying degrees of allergic response to the
same fungal antigens, with AFS representing more ex-
tensive production of polyps and allergic mucin. There-
fore, AFS and CRS will be used synonymously in this ar-
ticle. The Mayo ClinicOs diagnostic criteria for AFS are
(a) CRS; (b) presence of allergic mucin (clusters of eo-
sinophils and their byproducts, such as Charcot-Leyden
crystals and major basic protein); and (c) presence of
fungal organisms in the mucin, confirmed by histology
or culture, or both.?2 In the present study, radioaller-
gosorbent (RAST) delayed mold reaction testing re-
vealed elevated fungus-specific IgG levels to 2 or more
of 7 common fungi in all patients.

In CRS patients, the nasal mucous contains eosino-
phils, Charcot-Leyden crystals, IgG fungal antibodies,
no helper T-lymphocytes, and no antigen-processing
cells (APCs}. Peripheral blood and nasal mucosa of
CRS patients contain fungal-specific elevated IgG and
fungal antigens. These antigens activate helper T-lym-
phocytes in the blood, producing cytokines (interleukin
[IL]-5 and IL-13) that recruit eosinophils; lymphocytes
from normal controls do not recruit eosinophils in re-
sponse to fungal antigend. This fact is key to our hy-
pothesis because it means that helper T-cells in CRS pa-
tients are bypassing APCs, and are therefore likely to
have defective receptor sites.
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IL-13 causes immunoglobulin isotype switching (e.g.,
to IgE and IgGQ) and IgG production by immature B
lymphocytes. IL-5 promotes eosinophil activation and
activates B cells for terminal differentiation into Ig-se-
creting cells# Thus, both eosinophils and IgG are ready
to migrate through the mucous membrane and attack
the mold in the nasal mucousNa classic Type Il hyper-
sensitivity reaction (Fig. 1).

Waxman et al® proposed a Gell-Coombs Type IlI hy-
persensitivity reactiorf in Aspergillus sinusitis and
chronic bronchopulmonary disease. In AFS, the sinus
mucosa contains small lymphocytes, plasma cells, and
eosinophilsNa condition similar to that seen in asth-
matic bronchial mucosa.’

Systemic immune-complexbmediated disease (Type I
hypersensitivity reaction) affects tissues of theidneys,
joints, skin, heart, and serosal surfaces. The reas for
this specific organ/tissue predilection is unknown.More
work is needed to determine if a Type Il hyperserivi-
ty reaction to fungus is responsible for the arthtis and
other systemic fungal symptoms seen clinically.

The only real difference between Type Il and Typell
reactions, then, is in the location of the antigen.Type |
reactions are against antigens located on cell suates or
on extracellular matrix components, whereas Type lire-
actions occur against soluble or circulating antiges.
Systemic lupus erythematosis and most types of
glomerulonephritis are the result of Type lll immure in-
jury.® Therefore, in all types of allergic hypersensitivig
reactions, when the antigen (fungus) is removed thee-
action stops. This fact forms the basis for our CRigeat-
ment goal: to remove fungal antigen from both the ose
and the environmental air, in order to stop the furgal im-
mune reaction and allow the sinus mucosa to recover

Researchers have hypothesized that the immuno-
pathology affecting more than 16% of the population is
the result of a genetic defect in 1 or more of 9 genes
(genes 2, 3, 5.1, 6.7, 8, 12, 13.1, 13.2, 17) on the out-
side of the beta chain variable region of the T-cell re-
ceptor site (TCR W genes§® (Fig. 2). Normally, the
antigen (fungus) must first be processed by an APC into
smaller fragments, and these fragments must be trans-
ported to the human leukocyte antigen (HLA) class I
molecule on the surface of the APC, in order for the
TCR site to recognize the antigen linked with the HLA
I molecule and bind to it,® causing the T-cell to release
IL-5 and IL-13. Because the helper T-lymphocytes of
CRS patients produce IL-5 and IL-13 when presented
with fungal antigens, without APCs? the fungus is like-
ly bypassing the APC HLA Il molecule (the antigen-spe-
cific area) and binding directly to the outside of the TCR
Vb site via defective gene(s) on the TCRB/chain. This
genetic defect allows a microbe or toxin superantigen
to bind to HLA class Il histocompatibility molecules on
APCs and TCR sites simultaneously, bypassing APC-in-
duced activation of T-cells?101213 The result is pro-
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Type Il Hypersensitivity Reaction
in Nasal Mucus
Antibody-Dependent Cell-Mediated Reaction

Immunopathology Process

1. 1gG in the nasal mucous binds to the cellular antigen (mold) and activates the
complement system.

2. Complement acts as an opsonin, coating the mold to identify it for phagocytosis.

3. Opsonin identifies the cell for phagocytosis via the C3b receptor on the
eosinophil.

4. 1gG identifies the mold for destruction via the Fc receptor on the eosinophil.

5. The eosinophil then ruptures and releases Charcot-Leyden crystals and major
basic protein (present in the eosinophil granules), which etch the mucosal sur-
face in the sinus. This results in mucous stasis, infection, and polypsNleading
to a cycle of more obstruction, more infection, and more polyps.

6. In all Type Il hypersensitivity reactions, the reaction stops when the antigen
(fungi) is removed.

7. Clinically, when the environmental air mold count is 0b4 with a 1-hr plate expo-
sure, the reaction stops and the mucosa normalizes, provided that secondary
infection is controlled and there is no obstruction and no underlying disease
such as autoimmune disorder or lymphoma.
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Fig. 1. Hypothesized cellular immunopathology mechanism. Top illustration shows a Gell-Coombs Type Il hypersensitivity antibody-de-
pendent cell-mediated reaction. Fungi from nasal mucous migrate into the nasal mucosa, causing a Type IV reaction within the mucosa.
Immunoglobulins (I9)G to fungi, and eosinophils, migrate from the mucosa to the nasal mucous, perpetuating the Type Il reaction. In pa-
tients with a variable b chain helper T-cell receptor site defect, more fungal exposure results in production of more fungal-specific IgG,
which drives a Type Ill hypersensitivity reaction to cause additional systemic fungal symptoms.Notes: PMN = polymorphonuclear cell,

and EM = electron micrograph.

found activation of up to 30% of the bodyOs total T-cells,
in contrast with the normal T-cell response of <
0.01%.'* The subsequent superantigen-induced T-cell
activation can cause systemic toxicity and is the likely
mechanism for fungal-induced sinusitis and systemic
disease?

Superantigens are thought to be associated with sys-
temic disease (e.g., human retrovirus in breast can-
cer,1® Type | diabetes, and multiple sclerosi¥). Super-
antigens have also been linked causally to psoriasi&?!®
and rheumatoid arthritis?°?* Some fungi are thought to
function as superantigen$® Our clinical observations
have supported such an association because both the
CRS and systemic fungal symptoms (e.g., arthritis,
memory loss, 6th nerve palsy, dizziness, hearing loss,
seizures, fatigue, vision problems, severe headaches,
gastroesophageal reflux disease, gastrointestinal distur-
bances, asthma, 1gG subclass deficiency, and fiboromy-
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algia) have resolved with the use of antimicrobial nose
sprays and environmental fungal removal protocol, and
return when the protocols are discontinued or when
fungal levels in air rise. This retrospective observation-
al study and literature review were conducted to for-
mulate an hypothesis for the cause of CRS and systemic
symptoms associated with fungal exposure.

Materials and Method

Study subjects. Between 1989 and 2003, 639 pa-
tients age 8D76 yr (average age = 46 yr; 381 females
and 258 males) diagnosed with CRS who had failed tra-
ditional antibiotic and/or surgical therapy were studied
in our private practice otolaryngology clinic. Findings
required for inclusion in the study were (a) a diagnosis
of CRS on the basis of patient history, (b) abnormal en-
doscopic sinus exam, and (c) abnormal sinus computed
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Defect in 1 or more of 9 TCR Vb genes (2, 3,
5.1.6.7, 8, 12, 13.1, 13.2, 17) causes nonspe-
cific receptor site binding of superantigen.

*A",‘ bota 2 p)

-
‘d HLA class Il molecule

APC

other molds

Fig. 2. Superantigen disease mechanism. Fungal superantigens bind to the side of the alpha 1 chain of the antigen-processing cell (APC)
and to the side of the variable beta chain helper T-cell receptor (TCR \b) site simultaneously, bypassing antigen specificity and caus-

ing APC-induced T-cell activation 891112

Superantigen Disease Mechanism
¥ Superantigens activate 30% of total T-cells (vs. normal 0.01%)
¥ This causes systemic toxicity (ie: affecting every bodily system)
¥ TCR W motifs are similar for Staphyococcus aureus enterotoxin B
(SEB) and fungi because immunoglobulin (Ig)E to both are always
found together in hypertrophic sinus disease nasal polyps. Therefore,
mixed respiratory vaccine (MRV) can be helpful.

¥ Known superantigens are SEB, Epstein-Barr virus, retrovirus (asso-
ciated with breast cancer, Type 1 diabetes, multiple sclerosis, psoria-
sis, rheumatoid arthritis), Alternaria, Bipolaris spicifera, and many

T-cell

tomography (CT) scan. Symptoms must have been pre-
sent for at least 3 mo and had to include 2 or more of
the following: (a) facial pain or pressure, (b) facial con-
gestion or fullness, (c) nasal obstruction or blockage, (d)
nasal discharge/purulence/discoloration, (e) postnasal
drainage, or (f) hyposmia/anosmia. Sinusitis must have
been present for at least 3 mo and been treated with an-
tibiotics for 4b6 wk (or 4 or more sinusitis episodes per
year treated with antibiotics for 710 days each), with
symptoms persisting or recurring after cessation of an-
tibiotic treatment.

Treatment protocols. Both the patients themselves
and the air in their home, office, and/or car environ-
ments (wherever fungal load was found to be elevated)
were treated to reduce fungal load. Treatment of pa-
tients consisted of (a) normal saline nasal irrigations
twice daily to remove fungi mechanically and (b) 2 an-
timicrobial nasal sprays (containing 2 structurally differ-
ent antibiotics, an antifungal, and a steroid), adminis-
tered as 3 sprays, 4 times daily for 410 wk, depending
on the time required to clear the sinus mucosa, as veri-
fied by endoscopic exam. Our nasal spray protocol is
summarized in Table 1.

436

Environmental remediation consisted of reducing air
fungal load by following an environmental treatment
protocol that included finding and repairing moisture
intrusion and implementing portable high-efficiency
particulate air (HEPA) filtration or inline central heating,
ventilaton, and air conditioning system (HVAC) filtra-
tion (94% efficient at 0.35-um particle size), in combi-
nation with either ionizers or the disbursement of
botanical extract by evaporation. The odorless botani-
cal extract was dispersed by the patient or environmen-
tal consultant by placing 2b4 foil-covered containers,
with wicks perforating the foil, on top of a portable
HEPA air filtration unit that exited clean air from the top
of the machine. These setups were placed in each room
used by the patient. In some cases, Room VI 2500 ion-
izers were used in combination with portable HEPA air
filters, instead of the botanical extract. (Botanical ex-
tract and an ionizer could not be used in the same room
because the ionizer destroys the activity of the extract.)
With the patientsO permission, sources of moisture intru-
sion were identified and controlled. Cars were treated
by spraying botanical extract into the HVAC system
from the outside suction vent at the windshield on both
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Table 1.NAntimicrobial Nasal Spray Protocol

1. Begin clindamycin and garamycin sprays (all antibiotic
sprays contain an antifungal, clotrimazole or other) with
steroids.

NOmit steroids if patient has steroid difficulty.

NAdd monteleukast for nasal polyps and for maintenance
therapy.

NIf patient is allergic to clindamycin, use cefazolin or
trimethoprim/sulfamethoxazole.

NIf patient is allergic to garamycin, use ciprofloxacin.

2. If fungus is visible, or if there is a history of significant fun-
gal exposure, use amphotericin-B, clindamycin, and
gentamycin sprays.

NUse amphotericin 1st (unstable), then the clinda-
mycin and gentamycin sprays.
NAlways use all sprays together: 3 sprays gid.

3. Use sprays for 2D8 wk, or until mucosa is clear by sinus
endoscopy or computed tomography sinus scan.

4. Maintain with:
NAgumax" (4 different citrus seed and citrus skin
extracts) mixed with betadine and a steroid.
KMonteleukast nose sprays: 3 sprays each nostril bid
(gid when traveling or after exposure).

Note: All spray formulas, and pharmacist training, provided by
PharmaSource IntOl, Inc. (Denver, Colorado).

sides, and on the inside of the car. (Portable HEPA fil-
ters, botanical extract containers, and ionizers were
supplied by National Allergy Supply, Inc. [Atlanta,
Georgia] and PharmaSource IntOl, Inc. [Denver, Col-
orado]; central inline air filters and moisture intrusion
correction were supplied by Mead Indoor EnviroTech,
Inc. [Atlanta, Georgia].)

All environmental treatment devices were evaluated
for effectiveness by an independent mycology laborato-
ry prior to use in the study. Before each device was test-
ed, a gravity-exposure Sabouraud dextrose agar (SDA)
plate (PharmaSource IntOl, Inc. [Denver, Colorado]) was
exposed for 1 hr inside a test room documented to con-
tain fungal colonies too numerous to count (TNTC). All
devices reduced the test roomOs fungal colony count
from TNTC to 0b2 colonies by day 6.

Monitoring . Prior to treatment of the patient and en-
vironment, endoscopic sinus photography was per-
formed, and nose and air fungal cultures were taken.
Bacterial cultures were taken when visible pus was pre-
sent. A Calgi swab on SDA was used for nose culture,
and a 1-hr gravity SDA plate exposure for the environ-
ment. Plates containing nose swab samples were incu-
bated in a dark area at room temperature for 3 days. If
growth was observed, the plate was sent to a mycology
laboratory (Quest Diagnostics Mycology Laboratory
[Atlanta, Georgia]) for counting and identification.

Air samples were taken by exposing open plates in
the areas where the patient spent most time, as well as
in areas of likely contamination (e.g., bedroom, kit-
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chen, den, office, car, basement, crawlspace, attic) for
1 hr with the central HVAC fan in the OonO position. The
plates were placed at least 0.91 m (3 ft) from any wall.
After exposure, the plates were enclosed in foil and sent
to a mycology laboratory (Mold Lab IntOl [Knoxville,
Tennessee]) for evaluation.

After treatment of the patient and air to reduce fa-
gal loadNin accordance with the aforementioned pro-
tocolsN1-hr SDA plate exposures were repeated for
the environmental air, and a 2nd set of endoscopic
sinus photographs were taken for each patient. Com-
parisons were then made between the environmental
fungal colony counts and the endoscopic sinus pho-
tographs. If nasal and environmental air fungal culires
did not correspond, a different source of sinus irgction
was suspected.

Laser air particle counts were performed by Mead In
door EnviroTech (Atlanta, Georgia) before and after
treatment of environmental air. A ParticleScan Prodser
airborne particle counter (IQAIr, Inc. [Santa Fe Spngs,
Callifornia]) set at 0.3 um per 1 f& (0.03 m®) was used to
count particles. The resulting values were expresseas
number of particles per 0.1 f¢ for convention. The RAST
assay was used to detect serum IgG (delayed moldae-
tion) and IgE fungus-specific antibody levels for £om-
mon fungal antigens: Alternaria alternata/tenuis As-
pergillus fumigatus Candida albicans Cephalosporium
acre, Cladosporium herbarum Helminthosporium
halodes and Penicillium notatum/chrysogenu Antibod-
ies for the same 7 antigens were tested by Esoterbab-
oratory Services, Inc. (Austin, Texas) with enzymat im-
mune assay.

Literature review. A review of current literature was
conducted to aid in formulating an hypothesis for he
pathogenesis of both AFS and systemic fungal symptts.

Results

A total of 639 patients with persistent CRS were stud-
ied. After treatment of the patients and their environ-
ments to reduce fungal load, 343 of the patients, who
had abnormal sinus mucosa before treatment, showed
normal mucosa without infection. Nasal mucosa failed
to normalize in 22 patients. Of these, 3 were found to
have lymphoma (1 T-cell and 2 B-cell) and 19 had per-
sistent positive nasal fungal cultures (likely resulting
from uncontrolled exposure to environmental fungi). In
219 cases, patients were unable to reduce the mold
counts in their environments below 5 colonies and had
various degrees of mucosal disease remaining. Fifty-five
patients were lost to follow-up. All patients had elevat-
ed fungus-specific serum IgG levels to 2 or more of the
7 common fungi tested.

Particle and fungal counts. Laser air particle counts
higher than 50,000 particles per 0.1 f¢ (0.003 m®) at 0.3-
pm particle size were associated with sinus mucosab-
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normalities ranging from edema, to polyps and/or ps.
However, counts below 50,000 were associated with
sinus mucosal healthonly if mold counts were below 5
colonies per 1-hr gravity-plate colony count. Appraoxi-
mately 90% of patients cultured both mold and bacteia.
The bacteria types seen were typical and have beede-
scribed by many researchers. It is generally agreettat
chronic antibiotic treatment does not stop CRS.

Literature review. Review of the current literature
supported our hypothesis that the pathogenesis of CRS,
AFS, and systemic fungal symptoms is a genetic defect
at the TCR \b site, requiring antigen (fungus) presence.
When more than 4 fungus colonies (per 1-hr gravity-
plate exposure) are present in these patientsO environ-
mental air, chronic sinusitis and/or multiple systemic
symptoms can present clinically.

Systemic fungal symptoms.The most common sys-
temic symptoms seen to occur with fungal exposure, to
resolve with fungal removal, and to recur with repeated
fungal exposure are listed below. When these symp-
toms occur and recur in this manner, it is logical to hy-
pothesize that fungi are the causative agents. The symp-
toms vary widely among patients and are general. No
symptom is listed unless it began with fungal exposure,
was concurrent with positive nasal and environmental
fungal cultures, and resolved with fungal removal. The
following systemic fungal symptoms were observed in
our study subjects:

¥ Headache in the frontal sinus, radiating to the tem-
ples.

¥ DizzinessNboth imbalance and vertigo with spin-
ningNand impaired depth perception (e.g., patient
misses stair step going down).

¥ Hearing lossNboth high- and low-frequency, both
temporary and permanent.

¥ Tremors, with severe leg pain and thigh weakness. In-
ability to walk. Non-neurological muscle weakness,
fibromyalgia, lip and hand paresthesias, seizures
(rare).

¥ Pain in some or all joints.

¥ Cognitive disorder and memory loss (e.g., cannot do
serial 70s [mental subtraction: 1007 =93,93D 7 =
86, etc.], cannot remember instructions, and cannot
tell directions to common places).

¥ Other symptoms, including loss of smell and taste,
chronic sinus infections, bloating diarrhea, esopha-
geal reflux (specific to hypopharyngeal, esophageal,
and gastric candidiasis), severe fatigue.

¥ Immune suppression IgG subclass deficiency.

See Figure 1 for the likely mechanism of the Type Il hy-
persensitivity reaction.

When patients were treated with the combination of
medical therapy (Table 2) and environmental remedia-
tion described herein, symptoms of sinus congestion,
headache, pressure, and pain, as well as the other sys-
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Table 2.NTreatment for Systemic Fungal Symptoms, with or
without Sinusitis

¥ Systemic antifungals:

NFluconazole (Diflucan”), itraconazole (Sporonox),
terbinafine (Lamisil”), or Voriconazole (VFEND") ~
14D28 days.

NGrapefruit seed extract (delayed-release [PharmaSource
IntOl, Inc. {Denver, Colorado}]) 50075 mg po bid for 36
mo, depending on symptom resolution.

¥ Nasal sprays:

NAntifungal: amphotericin-B.

NLeukotriene inhibitor: montelukast (Singulair”).

NAntibiotic: clindamycin (gentamycin if infection is
visible by endoscopic exam).

¥ Valdecoxib (Bextra™) 10020 mg "~ 14D28 days.
¥ Saline nasal wash.

¥ Detoxification (e.g., drink distilled water, sauna, take
mega-antioxidant vitamins with thymus).

¥ Antigen neutralization, and autogenous lymphocytic factor
(for immune-compromised).

temic symptoms reported, generally tended to resolve
within 2D8 wk after 1-hr gravity-plate fungal counts fell
below 5 colonies.

Discussion

On the basis of 16 yr of clinical experience with 639
patientsNusing the treatment protocol described herein
and monitoring with both endoscopic photography and
sinus CT scansNit can be stated that OAs long as fungi
remain, so will the irritation and the sinusitis.O Experi-
ence has also shown that 1-hr gravity SDA agar plate
exposure is a simple, reliable, and predictable method
of assessing environmental fugal levels to determine
human health risk. The following scale correlates with
the results we obtained by comparing endoscopic sinus
photos at various mold colony counts with laser air par-
ticle counts (Fig. 3 and 4): (a) a count of 0b4 total fun-
gal colonies per room is within a normal range for sinus
health, (b) a count of 5D8 colonies per room is cause for
concernNillness is probable in patients with the 1gG
immune reaction to fungi herein described, and (c) a
count of 9+ colonies per room is hazardousNillness is
very likely among the CRS patient population.

Laser air particle counts below 50,000 per 0.003 nd
(0.1 1), at 0.3 um particle size, were associated with
sinus mucosal health. However, environmental air par-
ticle counts in this range, with fungal colony counts
greater than 4, were associated with sinus mucosal ab-
normalities. In other words, high fungal counts will
overpower an otherwise clean air particle count and
cause illness.

Key points in treatment. Removal of the antigen
(fungi) from the patient and the air halts the reaction
(i.e., CRS and systemic fungal symptoms). Nasal irriga-
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Polyp obstructing ethmoid.

Visible mold

Fig. 3. Resolution of ethmoid polyps 6 wk post-treatment. Once the environmental air fungal count dropped below 5 colonies per 1-hr
agar plate exposure, antimicrobial nose sprays cleared nasal polyps in 6 wk.

—

—

Mold count after
air remediation

Clear sinus

tion with normal saline is essential for reducing nasal
antigen load and antigen-induced inflammation. Be-
cause more than 90% of patients cultured both fungi
and bacteria, combined antifungal and antibiotic nasal
sprays are key to long-term control of CRS. Appropriate
use of oral antibiotics, antifungals (fluconazole, de-
layed-release grapefruit seed extract capsules, terbina-
fine, itraconazole, voriconazole) and antihistamine/de-
congestants is also recommended. Clinical experience
has shown that immunotherapy for IgE- and 1gG-specif-
ic molds is beneficial, with neutralization as needed.
Mixed respiratory vaccine for chronic Staphylococcus
aureusis helpful if staph is consistently cultured. Ap-
proximately 10% of patients studied had severe nasal
polyposis and cultured staph. IgE to both staphylococ-
cal enterotoxin B and dermatiaceous fungi are almost
always found together in situ in hypertrophic sinus dis-
ease nasal polyps? Endoscopic sinus surgery is essen-
tial for patients who fail medical therapy. However, ab-
sent removal of fungus from the nose and air, bacterial
sinusitis remains, regardless of immunotherapy, vac-
cine, or surgical intervention.

The 93% of CRS patients in the Mayo studywho had
positive fungal nasal cultures also exhibited secondary
bacterial infections, likely as a result of the mucosal pit-
ting and mucus pooling that occurs when an eosinophil
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binds to fungi in the nasal mucosa, ruptures, and re-
leases major basic protein into the mucosa. This may
explain our observation that antibiotic nose sprays are
more effective when combined with an antifungal
spray. When fungi were successfully removed from the
nose and air, 94% of patients showed endoscopic sinus
mucosal improvement to a normal appearance (i.e., no
mucosal edema, polyps, or purulence), as depicted in
Figures 3 and 4.

Treatment failure strategy. When environmental fun-
gal counts are in the range conducive to good sinus
health (0B4 colonies), endoscopic sinus surgery has
been performed, all treatment has failed, and a patient
still has CRS, the following approach is recommended.
The patient should be referred to a hematologist/oncol-
ogist for thorough work-ups for lymphoma, all collagen
vascular diseases, Immune-Deficiency Syndrome, en-
docrine disorders, and Chronic Fatigue Syndrome. Be-
cause mold contamination previously unidentified by
history and environmental testing may be the cause of
sinusitis treatment failure, patients should be asked
again about potential sources of exposure (e.g., garden-
ing and other hobbies, cleaning, construction, moving
of old boxes, or use of old books). Areas involved
should be tested (or retested) with SDA agar plates, and
an effort should be made to eliminate these exposures.
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sprays.

Fig. 4. Computed tomography scans of subjectOs sinuses pre- and post-treatmehéft. 2 scans showing sinusitis prior to treatment. Right.
2 scans showing clear sinuses 1 mo after environmental treatment protocol and use of antimicrobial (antibiotic and antifungal) nose

Conclusions

CRS and systemic fungal symptoms are likely caused
by an immune response to fungal antigen. When the
antigen is removed from the nose and the environmen-
tal air, the immune reaction stops; the sinus mucosal
edema, polyps, and/or pus improve or resolve; and sys-
temic symptoms improve or resolve. Fungus is likely re-
sponsible for most CRS, and for a complex of systemic
symptoms, as a result of a genetic defect on the TCRoV
site. Exceptions to this are underlying diseases, failure
to find the source of the mold exposure, and permanent
systemic immune damage resulting from lengthy fungal
exposure. Chronic sinusitis patients who have recurring
exposure to environmental air containing fungal con-
centrations in excess of 4 colonies per 1-hr agar plate
exposure appear to have an increased risk of persistent
chronic sinusitis and/or systemic symptoms, regardless
of the medical treatment provided.

* % % % * % % * * %

The author thanks Malcolm Wilkinson, R.Ph., for tirelessly
compounding antimicrobial nasal sprays for these patients
over the last 20 yr; the patients themselves for teaching him
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how to help them back to wellness; and his staff for their help
in assembling all the data.

Submitted for publication September 20, 2003; revised; ac-
cepted for publication November 19, 2003.

Requests for reprints should be sent to Donald Patk Den-
nis, M.D., FA.C.S., Atlanta Center for ENT and Faal Plastic
Surgery, 3193 Howell Mill Road, Suite 215, Atlanta,GA 30327.

E-mail: ddennis@mindspring.com

* % % % * % % % * %

References

1. Kaliner MA, Osguthorpe JD, Fireman P, et al. Sinusitis:
bench to bedside. Current findings, future directions. J Al-
lergy Clin Immunol 1997; 99:5829D48.

2. Ponikau JU, Sherris DA, Kern EB, et al. The diagnosis and
incidence of allergic fungal sinusitis. Mayo Clin Proc
1999; 74:877D84.

3. Braun H, Buxina W, Freudenschuss K, et al. Eosinophilic
fungal rhinosinusitis: a common disorder in Europe?
Laryngoscope 2003; 113:264D69.

4. Ponikau JU. Chronic Rhinosinusitis: The War of the Im-
mune System Against Fungi. Bronx, NY: American Rhino-
logic Society News, January 2001. Available from
<http://american-rhinologic.org/cgi-bin/menu.cgi?m=
main.menu&state=1001210000100000001000000&
citem=4&f=news.0102.ponikau.phtmI>

Archives of Environmental Health



10.

11.

12.

13.

14.

. Waxman JE, Sale SR, Spector JG, et al. Allergis-

pergillus sinusitis: concepts in diagnosis and treatment of
a new clinical entity. Laryngoscope 1987; 97:261D66.

. Nelson S. Gell-Coombs Classification of Hypersensitive

Reactions. Geneva, Switzerland: Health on the Net Foun-
dation, 2001. Available from <http://www.hon.ch/Library
/Theme/Allergy/Glossary/gcc.html>

. Hamilos DL. Chronic sinusitis. J Allergy Clin Immunol

2000; 106:213D27.

. Oswald MR. Basic Immunology. Kansas City, KS: Univer-

sity of Kansas Medical Center, 2000; 4:72. Available from
<http://www.kumc.edu/instruction/medicine/pathology/
ed/keywords/kw_hypersenl.html|>

. Schubert MS. A superantigen hypothesis for the patho-

genesis of chronic hypertrophic rhinosinusitis, allergic
fungal sinusitis, and related disorders. Ann Allergy Asth-
ma Immunol 2001; 4:181D87.

Kotzin BL, Leung DY, Klapper J, et al. Superantigens and
their potential role in human disease. Adv Immunol
1993; 54:99D166.

Klapper J, Kotzin B, Herron L, et al. W-specific stimula-
tion of human T cells by staphylococcal toxins. Science
1989; 244:811D13.

Choi Y, Kotzin B, Hernon L, et al. Interaction of Staphy-
lococcus aureustoxin OsuperantigenO with human T cells.
Proc Natl Acad Sci USA 1989; 86:8941D45.

Marrack P, Kappler J. The staphylococcal enterotoxins
and their relatives. Science 1990; 248:705D09.

Krakauer T. Immune response to staphylococcal super-

15.

16.

17.

18.

19.

20.

21.

22.

antigens. Immunol Res 1999; 20:163D73.

Liu B, Wang Y, Melana SM, et al. Identification of provi-
ral structure in human breast cancer. Cancer Res 2001,
61:1754D59.

Perron H, Jouvin-Marche E, Michel M, et al. Multiple
sclerosis retrovirus particles and recombinant envelope
trigger an abnormal immune response in vitro, by induc-
ing polyclonal Vbetal6 T-lymphocyte activation. Virology
2001; 287(2):321D32.

Bour H, Demidem A, Garrigue JL, et al. In vitro T cell re-
sponse to staphylococcal enterotoxin B superantigen in
chronic plaque type psoriasis. Acta Derm Venereol 1995;
75:218Db21.

Leung DY, Travers JB, Giorno R, et al. Evidence for a strep-
tococcal superantigen-driven process in acute gutte
psoriasis. J Clin Invest 1995; 96:2106D12.

Valdimarsson H, Sigmundsdottir H, Jonsdottir I. Is psoria-
sis induced by streptococcal superantigens and main-
tained by M-protein-specific T cells that cross-react with
keratin? Clin Exp Immunol 1997; 107(suppl):21BD24.
Paliard X, West SG, Lafferty JA, et al. Evidence for the ef-
fects of a superantigen in rheumatoid arthritis. Science
1991; 253:325D29.

Cole BC, Griffiths MM. Triggering and exacerbation of au-
toimmune arthritis by the Mycoplasma arthritidis super-
antigen MAM. Arthritis Rheum 1993; 36:994D1002.
Bachert C, Gevaert P, Holtappels G, et al. Total and spe-
cific IgE in nasal polyps is related to local eosinophilic in-
flammation. J Allergy Clin Immunol 2001; 107:607D14.

July 2003 [Vol. 58 (No. 7)]

441



