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Purpose of review

The pathophysiology of allergic fungal rhinosinusitis (AFRS) is not fully understood and is in constant
evolution. Although initial theories favored an immunoglobulin E-mediated immune response to fungal
antigens as having a primary role in the immunopathologic process of AFRS, the purpose of this review is
to highlight recent studies that suggest a more complex, epithelial cell-driven immune response being
central to the pathophysiology of the disease. Treatment implications are considered.

Recent findings

Recent studies demonstrate a central role of cytokines derived from respiratory epithelial cells, including
interleukin (IL)-25, IL-33, and thymic stromal lymphopoietin, in the orchestration of both innate and adaptive
T helper 2 immune responses that are important components of the immunopathology of chronic
rhinosinusitis with nasal polyposis and AFRS. In addition, the robust Th2 adaptive response may be
mediated by both fungal antigens and Staphylococcus aureus superantigens.

Summary

Given the evolving understanding of AFRS pathophysiology, management continues to maintain a broad
focus on minimizing the burden of the inflammatory trigger(s) and suppressing the inflammatory cascade.
This is primarily accomplished through surgery and corticosteroid therapy. Immunotherapy, antimicrobial
therapy, and other immunomodulatory medications may help mediate the disease process as well.
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INTRODUCTION

Allergic fungal rhinosinusitis (AFRS), originally
described in 1983 by Katzenstein et al. [1], represents
a subclass of chronic rhinosinusitis (CRS) that
accounts for up to 10% of CRS cases in the United
States [1,2]. It most commonly affects young, atopic,
immunocompetent individuals, may present either
unilaterally or bilaterally, and has a geographic
predilection to both humid and arid environments
such as those seen in the Southern United States,
Middle East and Africa [2-5]. Consensus clinical
guidelines, based on widely accepted criteria pro-
posed by Bent and Kuhn [6], define AFRS by the
following characteristics: presence of nasal drain-
age, nasal obstruction, decreased sense of smell or
facial pressure for 12 weeks, mucin within the sinus
cavity containing fungal hyphae and degranulating
eosinophils, endoscopic evidence of nasal polyps
within the sinus cavity, computed tomography
(CT) or MRI findings consistent with chronic impac-
tion of eosinophilic mucin within diseased sinuses,
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evidence of fungal-specific Igk by skin prick or
serum IgE testing, and no evidence of invasive
fungal disease. Fungal culture is variably sensitive;
therefore, the histologic appearance of fungal
elements within eosinophilic mucin remains the
more reliable indicator of AFRS [5,7]. Typical histo-
logic findings include branching, noninvasive fun-
gal hyphae, lamellated sheets of eosinophils, and
elongated eosinophilic breakdown products known
as Charcot-Leyden crystals. Endoscopic evidence of
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KEY POINTS

e The pathophysiology of AFRS is complex involving
activation of both an innate and adaptive Th2
immune response.

o Epithelial cell-derived cytokines appear to have a
central role in the orchestration of both innate and
adaptive Th2 immune responses, important in the
pathophysiology of CRSWNP and AFRS.

e Surgery and corticosteroid therapy are currently at the
cornerstone of AFRS management.

e A role may exist for immunotherapy, antimicrobial
therapy, and biologics in treating AFRS, but further
study is necessary.

inflammation typically shows polypoid mucosa
in proximity to thick, highly viscous discolored
secretions. Characteristic CT findings include
expansion of involved sinuses with demineraliza-
tion of cortical bone and dual density secretions.
MRI often shows isodense or hypodense secretions
on T1-weighted imaging, and hypodense secretions
on T2-weighted imaging; adjacent mucosa enhan-
ces on both modalities. Total serum immunoglobu-
lin E (IgE) level is typically elevated between 500 and
4000 kUA/1 [8].

PATHOPHYSIOLOGY

The pathophysiology of AFRS remains unclear.
Characterization of the local immune cells and cyto-
kines within nasal polyps shows elevated eosinophils
and T helper 2 (Th2) cytokines such as interleukin
(IL)-4, IL-5, and IL-13 [9,10]. Initial theories centered
on IgE-mediated immune response to fungal anti-
gens were based on proposed mechanisms for allergic
bronchopulmonary aspergillosis. However, recent
studies that will be highlighted in this review suggest
a more complex immune response with a more
centralized role of epithelial cells orchestrating this
immunopathologic response.

ROLE OF FUNGI AND STAPHYLOCOCCUS

The heavy presence of fungi within entrapped
eosinophilic mucin suggests a role of fungi in the
pathophysiology of AFRS [S]. However, it is unclear
whether fungal accumulation is a result of or an
initiating trigger of the disease. Manning and
Holman [7] investigated the relationship between
fungal allergy and AFRS. Comparing eight Bipolaris
culture-positive AFRS patients to 10 non-AFRS CRS
patients, they found that 100% of the Bipolaris
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culture-positive AFRS patients were positive to
Bipolaris on skin prick testing and had elevated
Bipolaris-specific IgE serum levels, whereas 80% of
the non-AFRS CRS patients were negative on both
tests [7]. Luong et al. [11] demonstrated further
evidence supporting a fungal-induced Th2 immune
response in AFRS patients. Challenging isolated
peripheral blood mononuclear cells to common
etiologic fungal antigens, mononuclear cells from
only AFRS patients and not healthy control patients
responded with elevated secretions of IL-4 and
IL-5. These studies demonstrate that fungi trapped
within diseased sinus cavities of AFRS patients can
overcome the immune tolerance to these ubiquitous
agents. And extrapolating from understanding of
asthma, an analogous chronic Th2 inflammation
involving the lower airway, a mouse model of
asthma can be developed from airway challenge
with fungal spores supporting a causal relationship
[12].

Staphylococcus aureus, Gram-positive bacteria fre-
quently cultured from CRS patients (20-30%), is
another proposed etiologic and/or disease-modify-
ing factor. Histologic analyses of nasal polyps show
an increased colonization of Gram-positive bacteria
and in those samples with fungal colonization, 77%
were also co-colonized with bacteria [13]. Evaluating
CRS subsets, Clark et al. [14™] found a higher colo-
nization of S. aureus in AFRS as compared with other
non-AFRS CRS patients with nasal polyps. The
increased presence of S. aureus is also associated with
a Th2 immunologic response. Elevated serum levels
of IgE to S. aureus enterotoxin A and B in addition to
fungal-specific IgE levels are found in AFRS patients
[15%"]. Enterotoxin A and B are known superantigens
that can incite profound immune reactions through
a nonspecific, polyclonal activation of T cells.

From the aforementioned studies, we can con-
clude that AFRS patients have elevated loads of fungi
and S. aureus within diseased sinus cavities and have
mounted an immunologic response to these anti-
gens, but a causal relationship cannot be established
[5,16]. Without an animal model for AFRS or a better
understanding of the molecular signaling by fungi
and S. aureus leading to the activation of a Th2
immune response, a causal relationship is difficult
to establish given the ubiquitous nature of both
organisms.

EPITHELIAL CELL-DERIVED CYTOKINES
DRIVE LOCAL Th2 IMMUNE RESPONSE
The sinus cavity mucosa is lined by a single layer of
pseudostratified ciliated respiratory epithelial cells.
In addition to its barrier function, respiratory epi-
thelial cells can orchestrate a local Th2 immune
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reaction in response to various environmental
triggers. Upon challenge, epithelial cell-derived
cytokines IL-25, IL-33, and thymic stromal lympho-
poietin (TSLP) are released and initiate an innate
and adaptive Th2 immune response.

IL-33 is an alarmin cytokine whose release was
first linked to necrotic cells. Since its original
description, other studies have described signaling
means for IL-33 release without necessitating
necrosis [17]. Its receptor, ST2, has been identified
on a number of cells including mast cells, eosino-
phils, T cells, and newly described innate lymphoid
cells (ILCs). Analogous to T helper cells, ILCs are
divided by cytokine expression with three described
subtypes: ILC1, ILC2 and ILC3 [18"]. Elevated
expression of ST2 within inflamed sinus mucosa
from CRS with nasal polyps (CRSWNP) patients is
consistent with the known increase in cellular infil-
trates of ST2 positive cells [19™]. Using flow cytom-
etry analysis, Shaw et al. found a significant increase
in ILC2s (ILC subtype associated with Th2 cyto-
kines) within nasal polyp homogenates and that
these cells are the primary source of IL-13 in
response to IL-33 stimulation. Unlike T cells, these
ILCs are early responders and reside within the
sinonasal mucosa. Interestingly, one of the triggers
responsible for IL-33 release from respiratory epi-
thelial cells is fungi [19*]. In AFRS, fungal-induced
[L-33 activation may play an important pathway in
the observed local innate and adaptive Th2 immune
response.

In addition to the IL-33 pathway, IL-25 and
TSLP have both been linked to the Th2 immune
response characteristic of CRSwWNP. The ILC2s
within nasal polyp homogenates also express
the IL-25 receptor and can release IL-13 upon
IL-25 and IL-2 stimulation [20]. And elevated TSLP
expression and protein production in nasal polyps
is associated with activation of mast cells [21"].
These two pathways along with IL-33 demonstrate
the central role of respiratory epithelial cells in the
orchestration of both innate and adaptive Th2
immune response that may serve as an important
component of the immunopathology of CRSWNP
and AFRS.

ACTIVATION OF BOTH INNATE AND
ADAPTIVE IMMUNE RESPONSE

Recent studies have focused on the nature of the
innate and adaptive immune response in CRSWNP.
The innate immune response is the first, although
nonspecific, response to environmental threats
which include cells such as mast cells, eosinophils,
macrophages, dendritic cells, ILCs and neutrophils.
In AFRS patients, histologic and flow cytometry
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analyses for these innate cells within inflamed sinus
mucosa show significant infiltration of eosinophils,
mast cells, ILCs and dendritic cells [9,19"%,22,23].
Eosinophilic infiltration has been associated with
more severe disease and poorer treatment outcomes
[24]. Elevated mast cell numbers are present in nasal
polyp homogenates, independent of atopic status
[22]. As discussed above, ILC2s represent the
primary source of IL-13 in response to IL-33 stimu-
lation [19""]. And nasal polyps are characterized
by an increased infiltration of dendritic cells [25].
Activation of an innate response in AFRS is charac-
terized by a Th2 immune profile that also supports
skewing of a Th2 adaptive immune response.

In addition to the innate immune response,
AFRS is characterized by a robust Th2 adaptive
immune response. Elevated IgE production in AFRS
patients, with total and fungal-specific serum levels
significantly higher than other non-AFRS CRSwNP
and allergic rhinitis patients, is evident of a robust
Th2 adaptive immune response [15"%,26]. In
addition, it was recently shown that serum S. aureus
enterotoxin-IgE (SE-IgE) was present in 16 of 17
patients with AFRS, and there was a significant
and strong correlation of SE-IgE to total IgE in these
patients [15™]. Increased total and fungal-specific
IgE levels are found not only in the serum but also
locally within the diseased sinus mucosa of AFRS
patients [27]. Elevated antigen-specific IgE levels
were not limited to fungal-specific IgE, but included
IgE to other antigens [27]. Consistent with this
local increase in IgE production, inflamed sinus
mucosa from AFRS patients have increased infiltra-
tion of lymphocytes, primarily consisting of CD8" T
cells. Taken together, these studies confirm an acti-
vated adaptive immune in diseased sinus mucosa
of AFRS.

In summary, the diseased sinus mucosa in AFRS
is characterized by the activation of an innate and
adaptive Th2 immune response that seems to be
driven in part by release of epithelial cell-derived
cytokines. Although the mechanism remains
unclear, fungi and S. aureus are capable of influenc-
ing these responses. A number of key immune cells
and activated pathways associated with AFRS have
been identified, but future studies are needed to
delineate the molecular mechanisms leading to
the infiltration, activation, and maintenance of this
response. This understanding will allow utilization
and development of more targeted therapies.

MANAGEMENT

Given the evolving understanding of the patho-
physiology of AFRS, the cornerstone of its manage-
ment remains surgery and corticosteroids aimed
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broadly at minimizing the burden of the inflamma-
tory trigger and suppressing the inflammatory cas-
cade. Other currently available treatment options
including immunotherapy, antimicrobial therapy,
and other immunomodulatory medications will
be discussed.

SURGICAL MANAGEMENT

Regardless of the mechanism, the pathophysiology
suggests that exposure to an environmental trigger
or triggers likely contribute to the chronic inflam-
mation. One primary goal of the therapy is thus to
reduce this exposure [4,5]. This is initially achieved
through surgery. In addition to decreasing exposure
burden, endoscopic surgical debridement of eosino-
philic mucin from the sinus cavities also improves
sinus aeration and enhances outflow. Additionally,
marsupialization of sinus cavities allows improved
access for postoperative debridement and mechan-
ical irrigation with saline solution and/or topical
medication [4].

CORTICOSTEROID THERAPY

Like surgery, uses of oral and topical steroid therapy
are mainstays in the treatment of AFRS. Although
the nasal polyps may respond dramatically to pre-
operative oral corticosteroids (OCS), surgery is still a
necessary treatment step for reasons described above
[28]. In cases of recurrent disease after previous sinus
surgery, steroids may obviate the need for revision
surgery, if access to the affected sinus cavity is
improved such that complete mechanical debride-
ment can be achieved. Topical steroids are only
effective in postsurgical patients with ample access
to diseased sinus mucosa [4]. In the immediate post-
operative AFRS patient, a lack of oral steroid use is
associated with eventual recurrence of disease, and
use of OCS demonstrate improved outcomes in
AFRS patients as compared with steroid-free patients
[29-31]. A recent prospective, placebo-controlled
trial randomized 24 postoperative AFRS patients
to either oral steroids or placebo. All 12 patients
receiving a tapering dose of prednisone for 12 weeks
versus only one patient treated with placebo were
completely symptom-free and disease-free by nasal
endoscopy at the 3 month follow-up [32]. Similar
benefits of OCS were seen in a retrospective study in
which 63 postoperative AFRS patients either under-
went sinus surgery alone (n=30) or received oral
and topical steroid therapy in the postoperative
period (n=33). A 50% recurrence rate of nasal pol-
yps within 2 years was found in the surgery only
group as compared with only 15% recurrence rate in
the steroid-treated group [33].
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Despite its nonspecific nature, extended taper-
ing doses of oral steroids following sinus surgery has
proven to be an efficacious algorithm for the manage-
ment of AFRS. However, chronic oral steroid use is
limited by known side-effects. On the contrary,
topical steroids have a positive safety profile, and
when added to saline irrigations provide an addi-
tional mechanical benefit [34,35"]. In a Cochrane
review of topical corticosteroids for the treatment
of nasal polyps, topical corticosteroids were associ-
ated with improved symptoms, decreased polyp size,
and reduction of recurrence of nasal polyps [36].
Therefore, topical steroid irrigations are typically
added to the treatment of the postoperative AFRS
patient as the oral steroids are tapered.

IMMUNOTHERAPY

Characterized by high serum total and fungal-specific
IgElevels, fungal immunotherapy represents a means
of targeting the activated adaptive immune response
in AFRS. However, its efficacy for AFRS remains
controversial. Studies performed by Mabry et al
[37-40] wusing relatively dilute antigen concen-
trations in postoperative AFRS patients showed
improved outcomes over a 3-5-year period.
Similarly, a retrospective study comparing 36 post-
operative AFRS patients who received immunother-
apy to 24 who did not, found a significantly lower rate
of disease recurrence and subsequent revision surgery
over 1 year in the group treated with immuno-
therapy. Additional benefit was seen when immuno-
therapy was initiated promptly after surgery [41]. A
recent study evaluating the safety profile of high-dose
subcutaneous immunotherapy in AFRS patients
reported no differences in the local reactions and
no evidence of immune complex reactions over a
S-year follow-up [42]. These findings allow for future
studies using high-dose fungal immunotherapy in
AFRS patients [43]. The published experience with
fungal immunotherapy supports its use as adjuvant
therapy for AFRS.

ANTIMICROBIAL THERAPY

The data supporting fungi and S. aureus as environ-
mental triggers in AFRS implicate the use of anti-
fungals and antibacterials. Oral and topical
antifungals have been extensively evaluated for
the treatment of CRS after a series of studies pro-
posed a broader role of fungi in the pathophysiology
of all types of CRS [44]. A comprehensive meta-
analysis in 2011 revealed six randomized controlled
trials assessing efficacy of antifungals in the treat-
ment of CRS; evidence was overwhelmingly against
the use of antifungal therapy [45]. Importantly

Volume 22 o Number 3 o June 2014

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Current understanding of allergic fungal rhinosinusitis Plonk and Luong

though, studies specifically assessing the efficacy of
antifungals in the treatment of AFRS alone have a
more positive response, warranting further study
within this specific CRS subtype [46]. However,
given the ubiquitous nature of fungi and the non-
invasive nature of the disease, antifungals alone
may prove to have limited effectiveness even in
AFRS patients.

The association of S. aureus in AFRS supports the
use of antibacterial therapy. Mupirocin nasal irriga-
tion is an ideal antimicrobial treatment option in
that it reduces both planktonic and biofilm forms of
S. aureus [47]. Therefore, mupirocin can be incorp-
orated with the topical corticosteroid saline irriga-
tions in the postoperative treatment of AFRS.
Nevertheless, a recent review on topical therapy
in CRS highlighted a need for further study, noting
that a recommendation on high volume antimicro-
bial irrigations could not be made because of a lack
of available evidence [48""].

BIOLOGICS

The goal of obtaining a molecular understanding
of the pathophysiology of AFRS is to identify more
therapeutic targets. Current available options
include anti-IgE and anti-IL-5. Only one random-
ized controlled trial, considered underpowered, has
been performed using anti-IgE in CRSWNP patients,
which found no objective or symptomatic improve-
ment [49]. Anti-IL-S therapy in CRSWNP patients
shows more promise. IL-5, a key cytokine involved
in eosinophil inflammatory activity via a Th2
response, can be targeted directly with human
anti-IL-5 monoclonal antibodies [50"]. In a rando-
mized, double-blind placebo controlled trial of
30 CRSwWNP patients with symptoms refractory to
oral steroid therapy, the anti-IL-5 group had signifi-
cantly decreased polyp size and less sinus opacifi-
cation for at least 1 month after therapy [51]. As is
the case with most of the current evidence in
chronic sinusitis, the AFRS subclass has not dis-
tinctly been studied. Future targets may focus on
the epithelial cell-derived cytokines and their
associated pathways.

CONCLUSION

Though the understanding of AFRS pathophysiol-
ogy continues to evolve, management currently
relies on broadly attacking the immunopathologic
response, primarily through surgery and cortico-
steroid therapy. Future studies are necessary in
order to further elucidate molecular mechanisms
that allow for the activation and maintenance of
the disease process. This understanding will allow
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for the development and utilization of targeted
therapies.
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