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This article reviews the history of allergic fungal rhinosinusitis
and the clinical, pathologic, and radiographic criteria necessary
to establish its diagnosis and differentiate this disease from other
types of chronic rhinosinusitis. Allergic fungal rhinosinusitis is a
noninvasive fungal form of sinus inflammation characterized by
an often times unilateral, expansile process in which the typical
allergic “peanut-butter-like” mucin contributes to the formation
of nasal polyps, hyposmia/anosmia, and structural changes of the
face. IgE sensitization to fungi is a necessary, but not sufficient,
pathophysiologic component of the disease process that is also
defined by microscopic visualization of mucin-containing fungus
and characteristic radiological imaging. This article expounds on
these details and others including the key clinical and scientific
distinctions of this diagnosis, the pathophysiologic mechanisms
beyond IgE-mediated hypersensitivity that must be at play, and
areas of current and future research. � 2016 American
Academy of Allergy, Asthma & Immunology (J Allergy Clin
Immunol Pract 2016;4:599-604)
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Allergic fungal rhinosinusitis (AFRS) is a noninvasive fungal
disease of the sinuses described within the past 40 years and is now
recognized as a distinct form of chronic rhinosinusitis (CRS). This
article reviews the current understanding of AFRS, including its
clinical presentation, pathophysiology, and current treatment.

DEMOGRAPHICS
AFRS accounts for about 5% to 10% of CRS cases.1 It pre-

sents as a variant of chronic rhinosinusitis with nasal polyposis
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(CRSwNP), is more common in warm climates such as that of
the southern United States, and affects both adults and children.
Although it occurs in all ages, it tends to present in younger
versus older patients. For example, the average age of a cohort of
patients with AFRS in North Carolina was 29 years.2 Patients
with AFRS are more commonly black and women, and they
more commonly have a lower socioeconomic standing than do
patients with other forms of CRS.2-4

CLINICAL CHARACTERISTICS

Safirstein published the first description of AFRS in 19765 in
which he described a 24-year-old woman who presented with
recurrent nasal obstruction and rhinorrhea along with blood-
tinged nasal casts. Investigations revealed eosinophils in both
the blood and nasal mucus as well as immediate and delayed
hypersensitivity following intradermal skin testing to Aspergillus
fumigatus, which was also found in her nasal cultures. Her
symptoms were noted to improve with prednisone. Katzenstein
et al6 subsequently further described 7 similar cases, which she
termed “allergic Aspergillus sinusitis.” These cases highlight what
are still considered the key clinical presentations of AFRS, as will
be delineated below.

Clinical history
The presentation of AFRS may range from subtle to dramatic

and thus the signs and symptoms enumerated in Table I are
important when the diagnosis of this disease is suspected.
Indolent symptoms, such as painless and gradual nasal obstruc-
tion, anosmia, and the production of mucin, may progress for
years7 before alarming complaints arise, such as visual changes.8

The expansile changes of the paranasal sinuses can result in either
diplopia, due to proptosis, or loss of visual acuity and/or visual
field defects, due to encroachment on the optic canal. Patients
with AFRS are often atopic with IgE sensitization to various
aeroallergens, and they have concomitant allergic rhinitis (AR)
and/or asthma. Nasal congestion, rhinorrhea, and posterior
pharyngeal drainage are some of the most common symptoms
and can present gradually. The mucin produced in AFRS is a
brown, thick material, occasionally bloody with crusty casts (see
Figure 1, D). Classically described as having a thick, “peanut-
butter-like” appearance, this mucin is a trademark of AFRS.9,10

These symptoms fail to respond to antihistamines and nasal
corticosteroid sprays, which should lead the physician to enter-
tain the diagnosis of AFRS.

Physical examination
Allergic mucin drives many of the physical examination

findings. Allergic mucin, sometimes referred to as eosinophilic
mucin, commonly found in eosinophilic CRS, is a thick, highly
viscous mucus containing a dense accumulation of eosinophils
often having signs of degranulation (such as Charcot-Leyden
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Abbreviations used

AFRS- a
llergic fungal rhinosinusitis
AR- a
llergic rhinitis

CRS- c
hronic rhinosinusitis
CRSwNP- c
hronic rhinosinusitis with nasal polyposis

CT- c
omputed tomography
crystals).11 AFRS, by definition, also contains fungal hyphae
within the allergic mucin.12 This mucin expands within the si-
nuses, causing the bones and tissues to expand, and, in some
cases, results in a change in facial appearance including facial
asymmetry and proptosis.13 This can be indolent but, upon
recognition, becomes quite concerning to the patient, and, if the
patient is a child, is alarming to parents.14 For many patients
who have ignored their sinonasal symptomatology, this may be
the presenting complaint. Upon inspection of the anterior nares,
the nasal mucosa may be pale because of allergic inflammation,
and polyps, potentially only unilateral as the disease process is
often found to be, may be visible. On anterior rhinoscopy, the
nasal cavity may reveal the thickened, purulent drainage, mucosal
crusting, or dark mucus. Depending on the degree of disease,
polypoid degeneration may be noted. On nasal endoscopy, the
thickened, tenacious mucus may be more evident along with
significant polyposis and possible proteinaceous debris. Finally, it
should be appreciated that for many patients who present early in
the disease process, the diagnosis of AFRS may not be suspected
until sampling of mucus or pathological specimen reveals fungal
elements.

Skin testing and laboratory studies
Although the combination of CRS symptoms and the pres-

ence of allergic mucin may alert the clinician to a possible
diagnosis of AFRS, sensitization to the causative fungus is a
primary and requisite feature of AFRS. Evidence of sensitization
may be identified through positive skin testing or serum specific
IgE testing. Because these patients are usually atopic, fungal-
specific IgE titers are elevated; however, the species to which
such sensitization is present is not always the organism identified
in surgical specimens.15 Although fungal sensitization may be
present in other forms of CRS, total IgE titers are typically much
higher in AFRS.16,17

The most common fungi associated with AFRS include
Aspergillus species and the dematiaceous (or “darkly pigmented”)
fungi18,19 (such as species of Alternaria, Bipolaris, Cladosporium,
and Curvularia), with geographic location often determining the
more likely culprits of a region.20 Identification of the causative
fungi is often attempted with both histologic evaluation and
culture. In a review of histologic findings, Granville et al21

identified the causative fungus in 34 of 34 AFRS cases with
Gomori methenamine silver stain. In contrast, fungi were not
seen in any of 329 Gomori methenamine silver stains done on
typical CRS samples. The efficacy of fungal cultures can be
laboratory-dependent resulting in false-negative results, thus
forcing the clinician to rely on histologic features for diagnostic
purposes. As previously noted, the mucin in AFRS (referred to as
“allergic mucin”) is laden with intact eosinophils, eosinophil-
secreted products (eg, eosinophil cationic protein), and
Charcot-Leyden crystals (crystalized eosinophil-degradation
products), and this mucin is colonized with noninvasive fungal
hyphae (see Figure 1, C).12
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Radiographic findings

Radiographic appearance of AFRS is unique and one of the
most diagnostic findings in the disease process (Figure 1, A and
B). Plain radiographs, as with most forms of sinusitis, are
generally not helpful, but computed tomography (CT) and
magnetic resonance imaging provide the classic findings. In
contrast to CRS, AFRS may be limited to only a few sinuses and
oftentimes is unilateral. Involved sinuses demonstrate the pres-
ence of an expansile lesion commonly with bone thinning and/or
erosion; however, bony invasion is not seen.13 AFRS CT findings
also include heterogeneous opacities with areas of hyper-
attenuation (ie, increased density on a CT scan).22 In areas in
which erosion/expansion has not occurred, the surrounding bone
may appear thickened or osteitic from the chronic inflammation
as compared to the uninvolved areas. Although often described as
being “calcific,” the density of these opacities is actually a com-
bination of the various metals (eg, iron, magnesium, and man-
ganese) concentrated by the fungal organisms as well as the low
water and high protein content of the mucin.13 As a result, on
magnetic resonance imaging the T2-weighted images demon-
strate low signal intensity or signal void whereas on T1-weighted
sequences a high or mixed intensity signal can be seen. One
study reported that when used in combination with the presence
of nasal polyps and Aspergillus specific IgE, the sensitivity and
specificity of CT imaging is up to 70% and 100%, respectively.23

This and other studies are limited by their being small series.
Further as geographic location appears to have a significant
impact on the underlying prevalence of this disease, the sensi-
tivities and specificities of these findings may vary widely.

COMORBIDITIES

As noted, patients with AFRS are generally otherwise healthy.
Commensurate with their previously noted atopy, AR and, less
commonly, asthma24 may be present although one study indi-
cated that up to 37% of patients had concomitant asthma.25

When present, AR can be especially challenging to treat
because rhinitis symptoms are intertwined with those of AFRS.

PATHOPHYSIOLOGY
AFRS is an allergic disease in which noninvasive fungi cause

significant morbidity by inducing hypersensitivity reactions. The
inflammation observed in AFRS cannot, however, be simply
explained by an uncomplicated, traditional IgE-mediated
hypersensitivity reaction. Instead, AFRS reflects multiple
cellular immune responses and centrally includes eosinophilic
inflammation in response to IL-5 and other eosinophil-activating
cytokines and chemokines.26 Fungi colonize and proliferate
within the sinuses, triggering a significant immunologic reaction,
which drives the production of allergic mucin. Fungi are potent
immunogens that directly interact with the nasal epithelium and
innate immune cells, such as dendritic cells, through the
expression of pathogen-associated molecular patterns and prote-
ase secretions. Pathogen-associated molecular patterns (eg,
fungus-derived complex carbohydrates) are recognized by lectin
and other receptors, whereas proteases activate protease-
activating receptors are expressed on epithelial and innate
immune cells.27 Together, these processes create an aggressive
inflammatory response, combining a type 2 cytokine-mediated
adaptive immune response with a severe innate immune cyto-
kine “storm.”28
outh Manchester NHS Foundation Trust August 26, 2016.
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TABLE I. Research and patient-care definitions of AFRS

Criteria Research definitions of AFRS Patient-care definitions of AFRS

Pattern of symptoms �12 wk �12 wk

Symptoms for
diagnosis

Requires �1 of the following symptoms:
� Anterior and/or posterior nasal drainage
� Nasal obstruction
� Decreased sense of smell
� Facial pain, pressure, and/or fullness

Requires �1 of the following symptoms:
� Anterior and/or posterior nasal drainage
� Nasal obstruction
� Decreased sense of smell
� Facial pain, pressure, and/or fullness

Objective
documentation

Requires all of the following:
� Endoscopic evidence of allergic mucin (pathology

showing fungal hyphae with degranulating eosino-
phils) and sinus inflammation

� CT or magnetic resonance imaging findings consistent
with rhinosinusitis

� Evidence of fungal sensitization by skin testing or
serum IgE

� No histologic evidence of invasive disease

Requires all of the following:
� Endoscopic evidence of allergic mucin (pathology
showing fungal hyphae with degranulating eosino-
phils) and sinus inflammation

� Evidence of fungal sensitization by skin testing or
serum IgE

� No histologic evidence of invasive disease

Possible but NOT required:
� Fungal culture
� Increased total IgE
� More than 1 imaging modality consistent with AFRS

The following is HIGHLY recommended:
� Sinus CT imaging is not essential but is highly rec-
ommended because of tendency for bony erosions and
extension of disease into adjacent anatomic areas.

Possible but NOT required:
� Fungal culture
� Increased total IgE
� More than 1 imaging modality consistent with AFRS

Table adapted from Meltzer et al, with permission.12
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In addition to the specific immune response to fungal antigens,
the underlying TH2 process may be exacerbated by a nonspecific
activation of T effector cells in response to superantigens, including
those derived from the Staphylococcus aureus that routinely colonizes
the sinuses of patients with AFRS.29 Capable of activating T cells
without the requirement for antigen processing and presentation,
these superantigens can dramatically augment the type 2 cytokine
response.30 In some studies, Staph aureus colonization is more
prominent in AFRS than in CRSwNP.31 Staph aureus may also
have a symbiotic relationship with the fungi in AFRS, because the
fungi disturb the sinus epithelial barrier, creating a vulnerability on
which the Staph aureus capitalizes.32

GENETICS
Limited genetic associations have been identified in CRS

including AFRS, reflecting the many phenotypes of CRS and the
historical absence of unambiguous clinical definitions.33 In one
study, Schubert et al34 identified HLA-DQB1*03 in AFRS as a
potential marker, finding that 66% of the patients with AFRS
carried at least 1 HLA-DQB1*03 allele whereas only 50% of the
patients with eosinophilic CRSwNP carried this major histo-
compatibility complex. Using microarray analysis, Orlandi et al35

identified subtle differences in gene expression between AFRS
and eosinophilic CRS but found that both groups were signifi-
cantly distinct from normal controls; for example, the expression
of genes that mediate lysosomal activity including cathepsin B,
sialyltransferase 1, GM2 ganglioside activator protein, and S100
calcium-binding protein was elevated only in the eosinophilic
CRS group and not in the AFRS group.35

BIOMARKERS
To make the diagnosis of AFRS, physical examination find-

ings, laboratory evidence, and radiographic findings are
Downloaded from ClinicalKey.com at University Hospital of S
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paramount; however, minimally invasive, objective measure-
ments can assist in the diagnosis. At present, serum total IgE
levels serve as the most useful and readily measurable biomarker
because these are elevated in AFRS,36,37 with concentrations in
AFRS generally being more than 500 IU/mL,38 markedly higher
than in those with idiopathic CRSwNP. Also, although this
elevation in serum IgE cannot be completely explained by
fungal-specific titers, these elevations need to be interpreted in
the context of the patient’s clinical picture because they are not
pathognomonic for AFRS. Other biomarkers, such as the IL-
13edependent matrix protein periostin, have been explored.
Consistent with its being a TH2-mediated disease process, AFRS
is associated with an increase in periostin39; however, this
elevation did not distinguish AFRS from other presentations of
eosinophilic CRS. A few proteomic studies have been performed
attempting to identify an AFRS-specific “signature.” In one pilot
study, researchers used a novel protein pattern recognition
technique (surface enhanced laser desorption/ionization time-of-
flight mass spectrometry) to create a “proteomic fingerprint” of
the disease. Using this proteomic profiling of patient’s serum,
they were able to identify patients with AFRS with 84% sensi-
tivity and 90% specificity.40 Given these very promising, yet
preliminary results, this technique merits further investigation.
DIAGNOSIS OF THIS PHENOTYPE
Fungal involvement of the sinuses can be roughly divided into

2 groups: invasive and noninvasive, the latter being the category
for AFRS. Other noninvasive forms of fungal sinusitis include
fungus ball (commonly but mistakenly often referred to as
“mycetoma”) and certain presentations of eosinophilic CRS.
Nearly 20 years after its initial description as an Allergic Bron-
chopulmonary Aspergillosis-like disease of the upper airway in
1976, Bent and Kuhn41 sought to establish diagnostic criteria on
outh Manchester NHS Foundation Trust August 26, 2016.
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FIGURE 1. CT imaging, microscope imaging, and gross imaging of AFRS. A and B, CT imagining of AFRS and its unilateral, noninvasive,
expansile appearance with heterogeneous opacities (arrows). C, Microscopic imaging of Aspergillus fumigatus contained within allergic
mucin; note the short stalk-like conidiophore (arrow) with conical terminal vesicle and single-row phialides. D, Appearance of allergic
mucin.

TABLE II. Bent and Kuhn criteria

Major criteria Minor criteria

Type I hypersensitivity to fungi (confirmed
by skin test or IgE ImmunoCAP)

Bone erosion

Nasal polyposis Charcot-Leyden crystals

Characteristic CT findings Unilateral disease

Eosinophilic mucus without invasion into
the sinus tissue

Peripheral eosinophilia

Positive fungal stain of sinus content
removed during surgery

Positive fungal culture

Table adapted from criteria proposed by Bent and Kuhn,41 with permission.
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the basis of commonalities observed in their patients with AFRS.
Five major criteria and other minor criteria are listed in
Table II.41 Because patients with eosinophilic CRS can have
eosinophilic mucin and atopy,42 the diagnosis of AFRS ideally
requires all 5 major criteria including the CT findings, which are
fairly unique to AFRS.43 Also, patients with AFRS can present
with unilateral disease, and polyps may not be present. The
major differences between AFRS and other forms of fungal
sinusitis are as follows: (1) in AFRS, the fungi never invade the
sinus tissue, and (2) the mucin of AFRS is the product of an
allergic hypersensitivity reaction to the fungi as opposed to a
simple overgrowth of mycelial elements as is seen in fungus balls.
UNIQUE THERAPEUTIC IMPLICATIONS OF THIS

PHENOTYPE
The treatments of AFRS can be divided into medical and

surgical approaches. Often times, patients are already on—and
failing—medical therapy for AR and/or CRS when the diagnosis
of AFRS is finally made. Unlike other forms of CRS, early sur-
gical intervention is essential to eradicate as much fungi and
“allergic” mucin as possible such that subsequent and necessary
medical interventions are more effective. Complete extirpation of
Downloaded from ClinicalKey.com at University Hospital of S
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the mucin is necessary to halt or prevent future deformations of
the facial skeleton bony confines of the paranasal sinuses. It is
universally agreed that although surgical intervention represents
the first major step in addressing the disease, continued and long-
term medical therapy is essential for preventing relapse.

Myriad therapies have been attempted including oral and
topical corticosteroids, oral and topical antifungals, subcutaneous
and sublingual allergen immunotherapy, leukotriene antagonists,
and even alternative therapies such as manuka honey, a specific
outh Manchester NHS Foundation Trust August 26, 2016.
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honey that has been widely studied for its antimicrobial and
anti-inflammatory properties. Corticosteroids are universally
agreed upon in the treatment of AFRS given their significant
effect on the production, activation, and migration of eosino-
phils,25 and current recommendations include systemic cortico-
steroids postoperatively until nasal lavage corticosteroids can be
started.44,45 Argument remains, however, on the optimal dura-
tion of systemic therapy, with some authors, for example,
advocating for protracted courses of oral corticosteroids until
there is resolution of all visible signs of inflammation.46

Given the role of fungus in the etiology of the disease, it
would seem logical to use an antifungal approach in addition to
addressing the inflammation. Although systemic and topical
antifungals have been frequently used,47 most studies find little
or no evidence for their efficacy.45 A Cochrane review of anti-
fungal therapies in all forms of CRS did not specifically address
their use in AFRS because studies involving these patients did
not fulfill their inclusion criteria.48 Despite this controversy, the
use of certain azole antifungals such as itraconazole, which have
been noted to have an anti-inflammatory effect,49 may have the
potential to reduce recurrence.47,50

Allergen immunotherapy is an even more controversial area of
AFRS management. The previously debated concern that
allergen immunotherapy may exacerbate a type III hypersensi-
tivity reaction has been dismissed because type III hypersensi-
tivity is neither a mechanism contributing to the pathogenesis of
AFRS nor a known complication of immunotherapy.51 Several
studies have reported that immunotherapy is helpful in AFRS as
an adjunct therapy.52-55 These studies report better quality of life
and mucosal staging as well as diminished corticosteroid
requirements and repeat surgery compared with the
controls.54,56,57 However, all these studies have suffered from the
absence of well-characterized controls and doubt has been raised
from their interpretations given the poor outcomes of fungal
immunotherapy when used for other conditions such as AR and
asthma.58 Sublingual immunotherapy has been evaluated in the
setting of AFRS and also found to be a safe adjunct therapy59;
however, its efficacy has never been validated. As a result,
immunotherapy remains an option for treatment rather than a
recommendation.

Other treatments have also been attempted and, at best,
poorly studied. Leukotriene antagonists are not routinely used
although a favorable response has been reported.60 In addition,
topical manuka honey has been studied and although some
patients felt better, no endoscopic objective improvement in
sinus disease was reported.61
PROPOSED CLINICAL AND RESEARCH DEFINITION

OF THIS PHENOTYPE
The commonly accepted criteria for AFRS remain those that

were proposed by Bent and Kuhn in 1994 (Table II). To
maintain the sensitivity and increase the specificity of diagnosis
criteria, delegates of the American Academy of Allergy, Asthma,
& Immunology, the American Academy of Otolaryngic Allergy,
the American Academy of Otolaryngology e Head & Neck
Surgery, the American College of Allergy, Asthma, and Immu-
nology, and the American Rhinologic Society met in 2003 and
agreed upon newer criteria for the diagnosis of AFRS that should
be used in clinical research studies (Table I).12 These newer
criteria emphasize the duration of symptoms (�12 weeks) to
Downloaded from ClinicalKey.com at University Hospital of S
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bring the diagnostic criteria in line with other forms of CRS and
incorporate newer procedures, such as rhinoscopy, by which
diagnosis is possible without surgery. The European Position
Paper on Rhinosinusitis and Nasal Polyps 2012 also addressed
the diagnosis of AFRS.43 They specifically highlight the fact that
because many patients with other forms of CRSwNP may
commonly have 3 of the Bent-Kuhn criteria (ie, nasal polyposis,
fungi on staining, and eosinophilic mucin without fungal inva-
sion into the tissue), the additional documentation of both
IgE-mediated hypersensitivity (though also potentially seen in
nonfungal CRSwNP) and the presence of characteristic CT
findings is essential.62

RESEARCH QUESTIONS AND FUTURE

DIRECTIONS
Much remains to be known about AFRS. Some of the more

pressing research explorations:

� What are the immunologic differences between AFRS and
other forms of CRS?

� What are the roles of fungal-specific IgE and other innate and
adaptive immune responses in AFRS?

� What biomarkers differentiate AFRS from other forms of
CRS?

� What are the best preoperative and postoperative medical
regimens that will most effectively provide improved, long-
term quality of life and disease treatment?

� What is the role of allergen immunotherapy?
� Do certain antifungal therapies, such as itraconazole, play a
role in treating AFRS?

CONCLUSIONS
AFRS should be considered a distinct presentation of CRS

that is unique in its interaction with fungi and the role of fungal-
specific IgE/TH2 immune responses. It is a noninvasive form of
fungal sinusitis and diagnosis requires the presence of nasal
polyps, IgE hypersensitivity to the relevant fungus, unique CT
findings, “allergic” mucin, and a positive fungal stain of sinus
content. Treatment requires surgical removal of the allergic
mucin before starting effective medical therapy, which includes
systemic followed by topical corticosteroids. The role of other
adjunct treatments such as allergen immunotherapy and anti-
fungal medications has not been fully established and the lack of
high-level evidence prevents them from being generally
recommended.
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