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Abstract Studying the pathophysiology of allergic fungal rhinosinusitis (AFRS) has proved
challenging. While this clinical entity is easily distinguishable based on the clinical criteria
set forth by Bent and Kuhn twenty-five years ago, studies examining type 2 inflammatory pro-
files in AFRS can make it seem more alike other CRS subtypes than it is different. Still, evolving
research seems to clearly delineate this subtype from others in CRS. This review will critically
evaluate the evolution of research examining the pathophysiology of AFRS and will conclude
with a summary of the special considerations in the management of this fascinating disease.
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Introduction

It has been twenty-five years since Bent and Kuhn outlined
the diagnostic criteria for allergic fungal rhinosinusitis
(AFRS): (1) Type I hypersensitivity; (2) nasal polyposis; (3)
characteristic computed tomography; (4) eosinophilic
mucus; and (5) presence of non-invasive fungus in sinus
contents. The dynamic interplay between sinonasal mucosa
and fungus appears to culminate in a clinical presentation
that is often striking - in severe cases, significant bony
expansion can result in orbitocranial complications, making
this disease easily distinguishable from other forms of
chronic rhinosinusitis (CRS). Yet, in the past thirty years,
describing pathophysiologic features that explain the pre-
sentation of this disease and separate it from other sub-
types of CRS has prove delusive. As we further our pursuit
towards more personalized medicine and disease endotyp-
ing in CRS, describing the drivers of disease in CRS sub-
types, including AFRS, remains paramount. This review will
focus on our current understanding of AFRS and the fea-
tures that make it both alike, and different, from other
subtypes of CRS. We then focus on specific clinical consid-
erations as they relate to the AFRS subtype.
Epidemiology of AFRS

AFRS is almost exclusively a disease found in areas of high
humidity, where mold counts are higher than other re-
gions.1 In these territories, AFRS can account for up to 32%
of CRS cases undergoing functional endoscopic sinus surgery
(FESS).2,3 AFRS presents at a younger age (mean 21e33
years), is more common in African Americans, and dem-
onstrates a male predominance (1.5e2.6:1).4e10 Studies
examining socioeconomic variations in CRS subtypes are
controversial. Several retrospective investigations con-
ducted in the southeastern United States have suggested
that AFRS diagnosis is associated with lower socioeconomic
status; the same studies have identified AFRS patients as
presenting with advanced markers of disease, such as bone
erosion and orbitocranial complications.3,11,12 Conversely,
in a retrospective review of 54 patients with AFRS, Ghegan
et al6 found no link between socioeconomic status and bone
erosion in AFRS. Observations regarding the comorbidity of
asthma in AFRS subtypes underscore an inherent biologic
divergence from other subtypes of CRS. Several works from
the group of the senior author have demonstrated the
incidence of comorbid asthma to be nearly half of that of
CRSwNP.10,13e15 For instance, in a prospective study of 410
patients, Promsopa et al14 recently used pulmonary func-
tion testing (PFT) to evaluate the prevalence of asthma CRS
Table 1 Comparison of clinical characteristics between AFRS a

Characteristic CRSwNP

Nasal polyps Present
Age of presentation No specific range
Total serum IgE Dependent on atopic
Peripheral eosinophil levels Can be elevated
Asthma Up to 50% prevalence
subtypes. This study found 23.6% of AFRS patients as
compared to 48.3% of CRSwNP patients with PFT-confirmed
asthma. So clinically, AFRS has several unique features that
sets it apart from other CRSwNP subtypes (Table 1).

Molecular and immune profiling in AFRS

The clinical description of AFRS evolved from an analogous
clinical entity in the lower airway, allergic bronchopulmo-
nary aspergillosis (ABPA), and described AFRS as an IgE-
driven disease.16,17 Certainly, the sine qua non features of
AFRS are the presence of fungus, IgE and systemic hyper-
sensitivity to fungal antigen. Early studies investigating the
etiology of AFRS supported this theory by identifying the
presence of fungal-specific IgE and IgG in patients with
AFRS.18e20 Increased scrutiny surfaced when follow up
studies demonstrated the presence of positive fungal cul-
tures in both non-AFRS CRS and healthy patients.21,22

Additionally, reactivity to fungal antigen and the presence
of fungal-specific IgE and IgG could be demonstrated by
both non-allergic and allergic fungal rhinosinusitis alike.
Studies by Pant et al23e25 have demonstrated that fungal-
specific IgE levels were not significantly different in pa-
tients with AFRS; and, fungal-specific peripheral blood
lymphocyte proliferation could be observed in both AFRS
patients and CRS patients without fungal allergy. Similarly,
Porter et al26 found a high recovery of positive fungal cul-
tures from sinus lavages of both CRSwNP and AFRS under-
going surgery. In the same patient population, fungal-
specific IL-4 production could be elicited in peripheral
blood cells from both CRSwNP and AFRS.

Carney et al27 performed immunohistochemistry studies
using infundibulum tissue from patients with AFRS, non-
allergic eosinophilic fungal sinusitis (NEFS) and CRS and
found no difference in number of mast cells, eosinophils,
and IgEþ cell numbers between AFRS and NEFS. Our group
has performed large-scale microarray analysis with a spe-
cific attention to immune profiling in 130 patients with
different subtypes of CRS.10 In this study, inflamed sinus
mucosa from patients with AFRS and AERD demonstrated
increased local IgE levels when compared to other sub-
types, including CRSwNP. All subtypes, CRSwNP, AERD,
AFRS, and CRSsNP, demonstrated increased levels canonical
type 2 inflammatory markers, including IL-13 and IL-5,
but only polyp subtypes AFRS and CRSwNP demonstrated
increased IL-4 levels. Gene expression clusters associated
with eosinophilic inflammation (CCL13, CCL18, CCL26,
periostin) were overexpressed in all subtypes examined.

The aforementioned research regarding AFRS patho-
physiology appear to highlight AFRS as more similar to
other subtypes of CRS than different; however, this may be
nd CRSwNP.

AFRS

Present
Often before age 30

status Very high often more than 1000 U/ml
Typically within normal limits

14 Less than 25%14
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because few studies have systematically attempted to
describe a divergence in the molecular profiles of AFRS
from other subtypes. Orlandi et al28 performed microarray
gene expression analysis to identify gene expression varia-
tions in AFRS and EMCRS. The authors identified four genes
uniquely overexpressed in EMCRS and not in AFRS, and 34
genes uniquely overexpressed in AFRS. The study was
limited by small sample size (7 patients total) and the
rationale for evaluating the target genes under study was
not clear. Tyler et al15 recently sought to describe the gene
expression variations in AFRS that make it unique when
compared to CRSwNP. The study included a total of 86
patients (37 AFRS, 34 CRSwNP, 15 healthy control). Using
whole-genome microarray analysis, the authors found that
AFRS tissue demonstrated nearly 3000 unique gene
expression variations, while CRSwNP only demonstrated 30;
the two subtypes shared 405 gene expression alterations.
Modeling these unique gene expression changes in a
pathway analysis software revealed that unique gene
expression variations in AFRS were strongly linked with T
helper 2 (Th2) inflammation, co-stimulatory signaling, and
T-cell receptor signaling. These findings implicate the
adaptive immune arm as a key differentiating factor that
separates AFRS from CRSwNP; and, that there is a clear
molecular delineation between these two subtypes. These
studies are supported by others which seem to similarly
implicate an enhanced antigen-sensing and Th2-
potentiating factor driving disease AFRS patients. For
instance, Schubert et al29 found that when compared to
hypertrophic sinus disease, the frequency of HLA-DQB1*03
allelic variations significantly varied in patients with AFRS
and positive B. spicifera cultures. Other investigations have
also demonstrated increased levels of antigen-specific IgE
in the subepithelium of sinus mucosa when compared to
other subtypes of CRS.30,31 Furthermore, the antigen-
specific IgE in these studies was not limited to fungal an-
tigen. AFRS patients also demonstrate increased levels of
circulating and sinonasal dendritic cells (DCs), DC chemo-
attractants and their receptors.32,33 Taken together, the
above evidence in AFRS place this subtype along an
extreme of type 2 inflammation, and it appears that the
adaptive immune arm is a key driving force behind the
observed inflammatory pattern in AFRS.
Innate immune dysregulation in AFRS

The challenge in separating clinical phenotypes based on
type 2 inflammation is that oftentimes the characteristic
metrics of disease, like eosinophilia and IgE expression,
represent a common endpoint for a diverse milieu of in-
flammatory pathways. This may explain much of the
overlap in the observed pathophysiology among different
phenotypes of polyp subtypes of CRS. The epithelial bar-
rier of the sinonasal mucosa provides the initial line of
defense against microbial and allergen insult. It is
comprised of a complex array of cells, peptides and pro-
teins that are intricately linked with the adaptive immune
response. As such, more recent studies have examined the
pathophysiology of the innate immune arm within the
context of CRS.
IL-33 is a member of the IL-1 family of cytokines with
diverse cellular origins. It binds its receptor (IL1R, ST2) on
immune cells and promotes Th2 polarization, eosinophilic
and type 2 inflammation.34e37 In CRSwNP, IL-33 derived from
sinonasal respiratory epithelium promote secretion of IL-13
via innate lymphoid cells (ILCs) expressing IL-33 receptor,
ST2.38 Of additional importance, IL-33 production can be
stimulated by fungal antigen.38 We have demonstrated via
microarray analysis that IL-33 receptors are also elevated in
AFRS patients, and further, that IL-33 receptor gene
expression correlates with increases in eosinophilic and
mast cell gene expression.10 Taken together, these findings
implicate the importance of epithelial-associated cytokines
in promoting type 2 inflammation observed in AFRS.

The “immune barrier hypothesis” in CRS posits that
compromises in epithelial barrier function leads to chronic
and overactive stimulation of adaptive immunity in
response to external antigen that would normally be
tolerated by the human host.39 This is an intriguing
concept, especially within the context of AFRS, as it may
explain both the permissiveness of the sinonasal mucosa to
mold growth, and also the type 2 inflammatory overdrive in
these patients. Several studies have demonstrated
decreased barrier function within the context of AFRS.
Using air-liquid interface technique, Den et al40 measured
transepithelial resistance in cultured AFRS cells and found
that the functional permeability of AFRS cells was signifi-
cantly decreased compared to controls; and, AFRS cells
demonstrated decreased tight junction proteins and
increased expression of leaky tight junction proteins, like
claudin-2. Using the same air-liquid interface model, Wise
et al41 showed that IL-4 and IL-13 exposure decreased
transepithelial resistance and altered the expression of
epithelial junctional proteins in nasal polyp tissue.

Innate barrier proteins and peptides in the sinonasal
mucosa constitute an important first line of defense against
pathogens and mucosal injury in healthy tissue. These can
be secreted or constitutively expressed. Studied exam-
ples in CRS include epithelial-derived proteins, such
as defensins, cathelicidins, lysozyme, lactoferrin, and
SPLUNC1.39,42,43 Psaltis et al44 found that the antimicrobial
peptide, lactoferrin, is decreased at the gene expression
and protein level in AFRS. Ooi et al45 showed that the
antifungal protein surfactant protein (SP)-D was found in
submucosa of patients with CRS, NAFES, NANFES, but not
patients with AFRS. Our group has found that antifungal
peptides, the histatins, normally expressed in the major
salivary glands, are also expressed in the sinonasal mucosa
in patients with CRSwNP, but not in AFRS tissue. The au-
thors also reveal that the expression of histatins negatively
correlates with the expression of several type 2 inflamma-
tory mediators, including IL-13RA1, IL-4R, and periostin.15

Taken together, disruptions in innate immune signaling
and epithelial barrier function appear to go hand-in-hand
with the pronounced type 2 inflammation observed in
AFRS. Future studies will elucidate the mechanisms sur-
rounding decreased barrier protein expression in AFRS,
whether this is the result of specific cytokine-mediated
suppression, an inciting factor in Th2 inflammation,
defect in activation of antifungal pathways, or a combina-
tion of mechanisms.
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Fungal contributions to disease

There is evidence that fungus contributes to pathogenesis
in AFRS, and this is supported by reports indicating that
fungal antigen promotes a Th2 response and also that
fungal components themselves are pathogenic. Few
studies have elucidated a direct role for fungus in the
pathogenesis of AFRS. Recent research in allergic asthma
has posited an intriguing role of fungal proteases in the
pathogenesis of allergic airway disease. Millien et al46

intranasally stimulated mice with fungal protease from
Aspergillus oryzae and observed categorical features of
allergic airway disease marked by eosinophilia, increased
mucin 5AC expression, and canonical type 2 cytokines
IL-4, IL-5 and IL-13. The same experiments in TLR4
knockout mice showed attenuation of pulmonary hyper-
reactivity, implicating TLR4 as instrumental in orches-
trating allergic asthmain a mouse model. Fibrinogen
cleavage products, derived from fibrinogen incubation
with fungal protease, were also capable of inducing TLR4-
dependent antifungal immunity gene expression (MUC5AC
and IL-13Ra1).46,47 Aspergillus proteases have been shown
to potentiate Th2 immune responses in mouse models of
eosinophilic rhinosinusitis.48 Ebert et al49 used microarray
gene assay to show that tissue obtained from AFRS pa-
tients undergoing ESS demonstrated increased expression
of a Th2-potentiating receptor, protease-activated re-
ceptor 3, expression relative to healthy patients. There
was no difference in PAR3 expression between AFRS and
CRSwNP, however. These studies may provide a compelling
argument for the direct role of fungal elements in pro-
moting the exaggerated type-2 inflammatory response
observed in patients with AFRS.

Taken together, we postulate that the phenotype
observed in AFRS may be initiated by a barrier dysfunction
and a defect in the TLR4 dependent innate antifungal
response that is typically activated by the presence of
fungi. As a consequence, fungal conidia can accumulate in
the sinuses and germinate to fungal hyphae with significant
protease activity which activate molecular pathways that
lead to an exaggerated adaptive immune response to the
fungal hyphae clinically resulting in an increased eosinophil
presence, mucus production and local IgE levels. In addi-
tion, the defect in the TLR4 dependent innate pathway
responsible for increased antifungal response would
expectantly blunt the pathologic pathways leading to
allergic asthma in this patient population, explaining the
decreased prevalence of asthma in AFRS.

Clinical considerations

Diagnostic

Despite improving our understanding of the biological basis
of AFRS, the diagnosis of this disease remains entirely
clinical, as set forth by Bent and Kuhn nearly twenty-five
years ago. Definitive diagnosis of AFRS is obtained at the
time of surgery. There are no studies known to date which
have attempted to confer a novel diagnostic tool that more
specifically identifies this clinical entity. Thus, the diag-
nosis of AFRS remains largely clinical.
Surgery

Initial aggressive surgery to clear all involved sinuses of
fungal debris and eosinophilic mucin is paramount in
obtaining sustained clinical improvement. Failure to do so
leads to early recurrence. Bony expansion of the sinuses
opens natural sinus outflow tracts, but at the same time,
demineralization and dehiscence of orbitocranial borders
can make surgery more challenging. The use of image-
guidance to aid surgical debridement is a necessity in these
instances.

Medical therapy

Topical and systemic corticosteroids currently are the
cornerstone of medical therapy for AFRS, as in CRSwNP.
Suppressing inflammatory response in the sinuses is com-
plementary to thorough surgical evacuation of eosinophilic
material and fungal debris. Several randomized clinical
trials have shown that oral corticosteroids improve olfac-
tion, endoscopy scores, decrease polyp and blood eosino-
philia, IgE, and IL-5 levels.50e54 In some instances, long-
term, low dose systemic steroids are required to obtain a
durable response; however, given the long-term and
sometimes serious consequences of systemic corticosteroid
use, practitioners should weigh the relative benefits and
risks on an individual basis. Studies evaluating the efficacy
of topical steroids in AFRS patients are limited; however,
the available evidence in CRSwNP indicating both the safety
and efficacy of standard and non-standard topical nasal
steroids allows us to extrapolate that these drugs bear
similar utility in AFRS.55,56

Antifungal therapy

Several randomized controlled clinical trials and a pooled
meta-analysis examining the utility of topical antifungals in
patients with CRS and nasal polyps (without regard to AFRS
status) have failed to show any benefit in terms of patient
symptoms, markers of type 2 inflammation, or CT
scores.57e62 There are currently two randomized controlled
trials evaluating the efficacy of antifungal therapy in
AFRS.63,64 Khalil et al63 conducted a nonblinded prospective
randomized controlled trial (not placebo-controlled) in 50
patients with AFRS diagnosed based on Bent and Kuhn
criteria. The authors divided the study population into 5
groups: oral itraconazole (group A), fluconazole nasal spray
(group B), combined oral itraconazole and fluconazole nasal
spray (group C), fluconazole irrigation (group D), and con-
ventional medical treatment (Group E). Forty-one patients
were available for analysis at the maximum follow up of 9
months. Recurrence was not well defined, but reported as
66.7% (Group A), 10% (Group B), 14.3% (Group C), 28.6%
(group D), and 75% (Group E). The research did not conduct
statistical analysis to test for significant difference be-
tween groups.

Rojita et al64 recently conducted a prospective random-
ized controlled clinical trial studying post-operative man-
agement of AFRS. The study included a total of sixty patients:
thirty patients received systemic oral steroids for one
month, followed by 6 months of steroids sprays (Group A);
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thirty patients received 6 months of oral itraconazole
(Group B) post-operatively. The authors noted symptomatic
improvement and endoscopic clearance of disease in the
itraconazole group (Group B); however, there was no differ-
ence between the two groups. In addition, there was no
difference between groups when measuring absolute
eosinophil count, serum IgE level, andmean SNOTscores. The
authors conclude that oral itraconazole may be an effective
alternative to systemic steroids post-operatively in patients
with AFRS.

Seiberling conducted a retrospective chart review of 23
patients with AFRS and nonallergic eosinophilic fungal
sinusitis treated with oral itraconazole for 6 months (100 mg
BID) when recurrence developed after surgery.65 Time to
recurrence, oral steroid use, and outcomes were evaluated.
Nineteen patients responded to the medication with a
decrease in symptoms and fungal mucin/polyps on endos-
copy. Sixteen patients noted a decrease in oral steroid use
and eleven of those were disease-free at almost sixteen
months follow up. There were no permanent complications;
however, three patients had to stop itraconazole because of
elevated liver enzymes. Chan et al66 conducted a pilot study
in thirty-two patients with refractory AFRS who failed sys-
temic steroid and amphotericin B sprays. He evaluated the
efficacy of oral itraconazole therapy for 3 months with re-
gard to endoscopy, serum IgE and RSOM-31 scores. The study
was inconclusive, with patients demonstrating higher mean
IgE levels after treatment, 18 patients reporting (56%)
moderate-significant improvement, and 12 patients with
endoscopic improvement. Jen et al67 performed a pilot study
in patients with AFRS using itraconazole spray in addition to
systemic steroids and itraconazole. They found that 75% of
patients had disease stability; however, with no control
group in the study, its findings were observational. Rains
et al68 conducted a retrospective chart review in 139 pa-
tients with AFRS and cited findings using their protocol
including high dose itraconazole, low-dose oral steroids, and
topical corticosteroids. The authors reported a 50.3%
recurrence rate, with 20.5% of those patients requiring
reoperation. They concluded that their regimen, with its use
of itraconazole, was safe and effective.

Given the available evidence, which is mixed, it is
challenging to make recommendations for or against the
use of topical or systemic antifungals in AFRS.56 Future,
well-designed randomized clinical trials with robust out-
comes measures in well-defined patient populations are
needed to determine the efficacy of systemic or topical
antifungals in AFRS.

Immunotherapy

AFRS is defined by a Type 1 hypersensitivity to fungus, so it
stands to reason that immunotherapy (IT) could feasibly
blunt the immune response to fungus and decrease disease
burden. Gan et al55 recently conducted a systematic review
of the available literature regarding IT in AFRS. They found
that the aggregate quality of evidence as grade C (2 level
3b studies and 3 level 4 studies). Again, it is difficult to
recommend for or against IT in AFRS given the available
evidence; however, it remains an option in recalcitrant
AFRS, as some studies have reported decreased polyp
burden, crusting, and need for corticosteroid use.20,69e71
Biological therapy

Type 2 inflammation has long been a shared hallmark of dis-
ease in AFRS, CRSwNPand allergic asthma, a findingwhich has
been bolstered by the theory of the unified airway. The
introduction of biologic therapies targeting type 2 inflamma-
tory mediators like IgE, IL-4, IL-5, and IL-13 in eosinophilic
asthma has ushered in similar studies evaluating the safety
andefficacy of these drugs inCRS.72 Bachert et al73 performed
a randomized, double-blind placebo-controlled clinical trial
in one-hundred five patients with CRSwNP. In their study, 54
patients received the anti-IL-5 antibodymepolizumab, and 51
patients received placebo. Treatment with mepolizumab
resulted in significant reduction innumber of patients needing
surgery at week 25, supported by significant improvement in
nasal polyposis severity VAS score, endoscopic nasal polyp
score, VAS symptom scores and SNOT scores. Rivero recently
conducted a systematic review andmeta-analysis of biologics
in nasal polyposis.74 The authors identified 8 studies that met
their inclusion criteria, 5 were RCTs. Their meta-analysis
showed that anti-IL-5 therapy reduced nasal polyp scores
and concluded that biologics may be effective in certain CRS
patient populations. Few have highlighted patient pop-
ulations meeting diagnostic criteria for AFRS. Gan et al75

conducted a retrospective chart review and identified seven
patientswithAFRS andmoderate severe asthmawho received
subcutaneous injections with the anti-IgE antibody, omalizu-
mab. The authors cite a 31% improvement in SNOT-22 scores
and 61% improvement in endoscopy scores one year after
omalizumab therapy. More prospective clinical trials are
needed, and in these studies more clearly defined clinical
subtypes, or endotypes, should be clarified in order to identify
the patient populations that will benefit most from these
novel therapies. Still, results from these initial studies hold
promise for patients with AFRS and CRS, in general.

Conclusion

Clinically, AFRS can be differentiated from other polyp
subtypes of CRS; however, research focusing on canonical
markers of type 2 inflammation and fungal sensitivity seem
to blur the lines separating this clinical entity from other
subtypes of CRS. Nonetheless, emerging evidence involving
molecular and immune profiling AFRS implicates the adap-
tive immune arm, innate barrier dysfunction, and possibly
fungal proteases as key differentiating factors that make
AFRS unique. Future research in AFRS should highlight the
interplay between the innate and adaptive immune arm,
and the role of fungus in promoting type 2 inflammation in
AFRS. While it seems rational that immunotherapy and
antifungal therapy should decrease disease burden, the
quality of evidence supporting these therapies is low. As
always, prospective randomized controlled trials with
robust outcomes will better define the utility of therapies
like IT, antifungals, and biologics in AFRS.
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