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INTRODUCTION

Rhinosinusitis is defined as the inflammation of nasal and
paranasal sinus mucosa and is associated with mucosal
alterations ranging from inflammatory thickening to gross
nasal polyp formation.1,2 This inflammation of the nasal and
sinus mucosa may be due to microorganisms (bacteria and
fungi), allergic and nonallergic immunological
inflammation, and noninfectious, nonimmunological
causes.3 The subset of rhinosinusitis cases where the
etiological role of fungi is proven or is considered to be
important (due to its isolation from tissue biopsy samples)
is referred to as fungal rhinosinusitis (FRS). FRS is being
increasingly recognized in persons of all age groups,
resulting in great socioeconomic effects, including both
direct and indirect costs to the society.4,5 The patients have
high morbidity and even may have high mortality especially
those having acute invasive FRS. The impact of FRS not
withstanding, the disease is often neglected and

misdiagnosed especially in developing countries like India,
where FRS is one among the neglected diseases.

HISTORICAL PERSPECTIVES

Way back in the 18th century, Plaignaud in 1791 described
‘fungus tumor’ in the maxillary sinus of a 22-year-old
soldier.6 After a long gap of period, Oppe described
Aspergillus species causing sinusitis in 1897 in a patient
with infection of sphenoid sinus. The lesion in that patient
had extended to the cerebrum through erosion of the bony
wall.7 Mackenzie in 1894 described what is probably the
first case of apparent noninvasive fungal sinusitis.8

However, it was only in 1965, Hora recognized two
categories of fungal sinusitis: One noninvasive behaving
clinically like chronic bacterial sinusitis, and the other
invasive, in which the infection results in a mass that behaves
like malignant neoplasm, eroding bone and spreading into
adjacent tissue.9 Baker et al in 1957 reported for the first
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Fungal rhinosinusitis (FRS) refers to a spectrum of disease ranging from benign colonization of the nose and sinuses by pathogenic fungi
to acute invasive and fatal inflammation extending to the orbit and brain. FRS is classified into two categories: invasive and noninvasive.
Invasive FRS may again be subcategorized into acute invasive (fulminant) FRS, granulomatous invasive FRS, and chronic invasive FRS;
while noninvasive FRS is subcategorized into localized fungal colonization, sinus fungal ball and eosinophil related FRS (including allergic
fungal rhinosinusitis, eosinophilic fungal rhinosinusitis). This classification is not without controversies, and intermediate and semi-invasive
forms may also exist in particular patients. Acute invasive FRS is an increasingly common disease worldwide among the immunocompromised
patients and caused most frequently by Rhizopus oryzae, and Aspergillus spp. Granulomatous invasive FRS has mostly been reported
from Sudan, India, and Pakistan and is characterized by noncaseating granuloma formation, vascular proliferation, vasculitis, perivascular
fibrosis, sparse hyphae in tissue, and isolation of A. flavus from sinus contents. Chronic invasive FRS is an emerging entity occurring
commonly in diabetics and patients on corticosteroid therapy, and is characterized by dense accumulation of hyphae, occasional presence
of vascular invasion, sparse inflammatory reaction, involvement of local structures, and isolation of A. fumigatus. While localized fungal
colonization describes the most benign of all fungal sinusitis in the superficial nasal crusts, sinus fungal ball is a dense mycetoma like
aggregate of fungal hyphae in diseased sinuses. Common in southern Europe, especially France, majority of them are sterile on culture
while 30-50% may yield Aspergillus spp. The definitions and pathogenesis of the group of syndromes in eosinophil related FRS (AFRS,
EFRS) are contentious and a matter of intense research among otolaryngologists, pathologists, immunologists and microbiologists. While
dematiaceous fungi are the foremost initiators of these syndromes in the west, Aspergillus flavus is the predominant pathogen in India and
the Middle-East.
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time an acute invasive (fulminant) type of FRS caused by
Zygomycetes in immunocompromised patients.10 Later a
similar acute invasive FRS was also attributed to Aspergillus
spp. in 1980.11 Milosev et al first recognized the chronic
granulomatous type of invasive FRS in Sudan in 1969.12

Finby and Begg did the documentation of the benign entity
of fungal ball or sinus mycetoma in 1972.13 Safirstein in
1976 noted a combination of nasal polyposis, crust
formation, and sinus cultures yielding Aspergillus spp. in a
few patients and observed the clinical similarity that this
constellation of findings shared with allergic
bronchopulmonary aspergillosis (ABPA).14 Similarly in
1981, Miller et al15 and in 1983 Katzenstein et al16

independently recognized a pathophysiological resemblance
between a few cases of chronic rhinosinusitis (CRS)
associated with a mucosal plug in the sinuses and patients
with ABPA. This fourth type of FRS was first named as
allergic Aspergillus sinusitis. However, later it became
apparent that melanized fungi are also common etiological
agents of this allergic sinusitis and hence the entity was
renamed as allergic fungal sinusitis or rhinosinusitis (AFS
or AFRS).17-19 In a landmark article, Ponikau et al, 1999,
using novel diagnostic techniques, demonstrated the
presence of fungi and eosinophils in 96% of CRS, and
coined the new entity eosinophilic fungal rhinosinusitis
(EFRS).20 If their findings are true, this will effectively mean
that nearly all patients of CRS have a fungal etiology.
Increasing interest in the field of CRS and FRS has now
stimulated workshops and international cooperation for
meaningful discussion on the topic: First the American
Academy of Otolaryngology Head and Neck Surgery and
other related societies through a workshop attempted a
consensus of definition, classification of the condition and
suggested clinical research strategies for patients with
rhinosinusitis3; and very lately the International Society for
Human and Animal Mycology (ISHAM) convened a
working group to attempt consensus on terminology and
disease classification.21

CATEGORIZATION OF FUNGAL RHINOSINUSITIS

Though a lot of controversies surround the categorization
of FRS,21,22 most commonly accepted system divides FRS
into two categories (Table 1): Invasive and noninvasive
depending on the invasion of fungi across mucus membrane.
Invasive FRS is subcategorized as into three groups: acute
invasive (fulminant), granulomatous invasive, and chronic

invasive. Noninvasive FRS is also further subcategorized
as into three groups: Localized colonization, fungal ball
(sinus mycetoma), and eosinophil related FRS (including
allergic fungal rhinosinusitis, eosinophilic fungal
rhinosinusitis).

1. Invasive Fungal Rhinosinusitis (FRS)

a. Acute invasive (fulminant) FRS: Commonly caused
by members of the class Zygomycetes or by Aspergillus
spp. This disease occurs more often in the immuno-
compromised patients,23-29 and associated with a
mortality rate exceeding 50%. The disease is
characterized by a time course of less than 4 weeks with
predominant vascular invasion. Histopathology
demonstrates hyphal invasion of blood vessels, which
may include the carotid arteries and cavernous sinuses,
vasculitis with thrombosis, hemorrhage, tissue infarction
and acute neutrophilic infiltrates.22 The disease has also
been termed as acute necrotizing FRS because
necrotizing pathological reaction may be seen in some
patients with only minimal inflammation (Fig. 1), and
plenty of fungi in the necrotic tissue.23

b. Granulomatous invasive FRS: This disease has been
described primarily in Sudan, India, Pakistan and Saudi
Arabia, and rarely in the United States, and is
characterized by a time course of more than 12
weeks.22,30,31 The entity presents with an enlarging mass
in the cheek, orbit, nose, and paranasal sinuses in
immunocompetent hosts. Proptosis is often a prominent
feature. Histopathologically a granulomatous response
is seen with considerable fibrosis (Fig. 2A). Non-
caseating granuloma with foreign body or Langhans’
type of giant cells may be seen, sometimes with
vasculitis, vascular proliferation, and perivascular
fibrosis. Hyphae in many occasions are scanty and are
present inside the giant cells (Fig. 2B), and A. flavus is
the primary agent isolated. The presence or absence of
precipitating antibodies against antigens from the
etiological fungi correlates well with disease
progression.32

c. Chronic invasive FRS: Chronic invasive FRS is a slowly
destructive process that most commonly affects the
ethmoid and sphenoid sinuses but may involve any
paranasal sinus. The disease typically has a time course
of more than 12 weeks. However, in contrast to
granulomatous invasive FRS, the entity is characterized
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as dense accumulation of hyphae (Fig. 3), occasional
presence of vascular invasion, sparse inflammatory
reaction, and involvement of local structures. The entity
is usually seen in the patients having diabetes mellitus
or on corticosteroid treatment.22,30,33 Cultures of tissue
are positive in >50% of cases and A. fumigatus is the
most common agent isolated.

The distinction between granulomatous invasive and
chronic invasive FRS is not very clear, and indeed some
investigators believe both entities to be similar.
Granuloma formation, fibrosis, vascular proliferation,
scanty fungal infiltration into tissues, absence of vascular
invasion, isolation of A. flavus and geographical
restriction of the disease are probably the important
differentiating features for granulomatous invasive FRS
from chronic invasive FRS. However, the clinico-
pathological distinction between these two types is not
sharp. Both have a chronic course and prominent orbital
involvement. Moreover, no difference in prognosis or
therapy is yet apparent based on this distinction.

2. Noninvasive FRS

a. Localized fungal colonization (saprobic infestation):
This disease entity refers to the asymptomatic
colonization of mucous crusts within the nasal cavity
by fungi, often in patients who had previous sinus
surgery. The possibility of extension of this growth
further leading to the formation of fungal ball has been
predicted.34 However most patients have a benign course
and treatment may not be warranted in such colonization.

FIGURE 1: Acute invasive fungal rhinosinusitis with bland infarcted
area. Plenty of hyphae of zygomycetes (X200)

FIGURES 2A and B: Chronic granulomatous fungal rhinosinusitis with
(A) extensive granulomatous process on hematoxylin and eosin stain
(X400), (B) fungal hyphae inside giant cells on periodic acid schiff stain
(X400)

b. Sinus fungal ball: Sinus fungal ball is described as the
presence of noninvasive accumulation of dense
conglomeration of fungal hyphae in one sinus cavity,
usually the maxillary sinus, though the disease may affect
other sinuses or rarely multiple sinuses.35 Commonly
used synonyms in medical literature include fungal ball,
sinus mycetoma, aspergilloma of the nasal sinuses, and
chronic noninvasive granuloma.34 The disease is defined
by the following criteria: Radiological evidence of sinus
opacification with or without radiographic hetero-
genecity, mucopurulent cheesy or clay-like materials
within the sinus, a dense conglomeration of hyphae
separate from the sinus mucosa (Figs 4A to C),
nonspecific chronic inflammation of the mucosa, no
predominance of eosinophils or granuloma or allergic
mucin, no histopathological evidence of fungal invasion
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of mucosa.36 Rarely the fungi may become invasive after
substantial immunosuppression, such as in renal
transplantation.37 In addition, some patients may develop
allergic mucin surrounding the fungal balls when
corticosteroids are tapered.34,38 Fungal balls have a
characteristic gritty matted gross appearance to the
surgeon.39

c. Eosinophil related FRS:
i. Allergic fungal rhinosinusitis (AFRS): After the early

observations of Safirstein, Millar, and Katzenstein,
Bent and Kuhn proposed five diagnostic criteria for
the entity of AFRS: type I hypersensitivity, nasal
polyposis, characteristic findings on CT scan,
presence of fungi on direct microscopy or culture,
and allergic mucin containing fungal elements
without tissue invasion.19 The ‘peanut-butter’ or
‘cottage-cheese’ like mucin evacuated from sinuses
of patients of AFRS is indistinguishable from the
mucoid impactions of patients with ABPA.22 Termed
allergic or eosinophilic mucin, it is tan to green,
brown or black, and consists of whole and partially
degenerated eosinophils, Charcot-Leyden crystals,
sparse hyphae and mucus (Figs 5A and B). The
adjacent sinus mucosa has a mixed cellular infiltrate
of eosinophils, plasma cells, and lymphocytes.22

However, the most important aspect in the concept
of AFRS is the allergy (type-I hypersensitivity) to
fungi. It is believed that fungal allergens elicit IgE–
mediated allergic reaction (type-I) and possibly type–
III (immune complex) mediated mucosal
inflammation in the absence of invasion in an atopic

FIGURE 3: Chronic invasive fungal rhinosinusitis with plenty of
hyphae on 10% potassium hydroxide wet mount (X200)

FIGURES 4A to C: Fungal ball with (A) fungal hyphae on periodic acid
schiff stain (X200), (B) on 10% potassium hydroxide wet mount (X200)
in light microscope and (C) in phase contrast microscope

host.40,41 One diagnostic requirement put forth by
guidelines for clinical research in CRS was to
consider AFRS as a distinct entity categorized by a
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type I hypersensitivity to fungi cultured from
eosinophilic mucin containing hyphae and harvested
from the patients nose or sinus cavities, and without
evidence of tissue invasion by fungus.3 Moreover,
when the sensitized individuals are exposed to an
environment of high fungal content, symptoms of
upper and/or lower airway hyper-responsiveness
increase significantly.42 Generalized sinonasal
inflammation in combination with viscid allergic
mucin effectively obstructs the normal drainage
pathway. Fungi stimulate locally destructive immune
responses. The process then may expand to involve
adjacent sinuses and may produce sinus expansion
and bony erosion.43,44 Accumulation of eosinophilic
mucin in the expanded sinuses leads to elevation of
inflammatory mediators, such as major basic protein,
eosinophil peroxidase, eosinophil–derived
neurotoxin, tumor necrosis factor β, and interleukin
(IL)-4, 5, 10 and 13.45,46 These early observations,
based on less than 20 patients, capture the usual
clinical findings of AFRS, although there are
exceptions to several of the criteria, particularly
presence of nasal polyps. Patients with recurrent
AFRS who have had prior surgery frequently lack
nasal polyps, although their sinuses contain
eosinophilic mucin with hyphae. Current thinking
does not support rigid dependence on the presence
of all five criteria to establish a diagnosis of AFRS;
rather a patient should demonstrate eosinophilic
mucin and allergy to causative fungi. Accordingly
the clinical examination should consider historical
and physical stigma of atopy (hay fever, asthma,
eczema, inhalant allergy), as well as nasal polyposis.
Radiologic evidence of sinusitis of one or more
paranasal sinuses with or without flocculent
calcifications is supportive. Characteristically, CT
scan findings include central areas of hyper-
attenuation within sinus cavity corresponding to
areas of hypointensity on T1-weighted MR images,
and signal void on T2-weighted MR images.
Controversy increased when Type-I hypersensitivity,
as a criterion to define AFRS, was removed.47

ii. Eosinophilic fungal rhinosinusitis: Contrary to the
prevailing belief that fungi were responsible for CRS
in only a selected group of patients with distinct
pathophysiology, Ponikau et al in 1999 demonstrated
the presence of fungi in nasal mucus from 96% of

patients with CRS and found type I hypersensitivity
to be present in < 25% of their study group. They
detected fungi along with eosinophil and eosinophil
degraded products in mucus.20 Often the eosinophils
detected in the mucus were in clusters along with a
few Charcot-Leyden crystals, but sometimes they
found the eosinophils in the form of cellular debris
and crystals. They termed this mucin ‘eosinophilic
mucin’ and coined the term ‘eosinophilic fungal
rhinosinusitis’ (EFRS). However, they also cultured
a diverse array of airborne fungi from the nose of
100% of healthy volunteers.20 Later, they further
improved the detection technique in eosinophilic
mucin by using a fluorescein-labeled chitinase
staining technique.48 From Europe, Braun et al in
2003 made a similar observation using sensitive
techniques to detect fungi.49 Similarly, Polzehl et al,

FIGURES 5A and B: Allergic fungal rhinosinusitis with (A) allergic mucin
(X100), (B) Gomori methenamine silver stain showing hyphae within
the mucin (X100)
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2005 could detect fungi in 50% of sinus aspirate
samples from 77 CRS patients using similar sensitive
techniques. However, contrary to the previous two
reports, none of their controls had fungi in their sinus
contents.50 Ponikau et al further progressed their
hypothesis by demonstrating high levels of toxic
major basic protein (MBP) from eosinophils in the
mucus of patients with CRS, and postulating that
MBP damages the nasal epithelium from the luminal
side, permitting secondary bacterial infection on the
damaged epithelium.51 They proposed that certain
fungi could elicit eosinophilic inflammation in the
absence of type I hypersensitivity reactions in patients
with CRS.20,51 This concept of nonatopic
eosinophilia from fungi is supported by studies,
which demonstrate that peripheral blood
mononuclear cells (PBMCs) from patients with CRS
show exaggerated humoral and cellular responses
(both Th1 and Th2 types) after exposure to common
airborne fungi particularly Alternaria species, which
are absent in PBMCs from healthy control subjects.
The authors claimed that the anomalous immune and
inflammatory responses to ubiquitous fungi might
explain the chronic eosinophilic inflammation of
CRS.52

iii. Eosinophil mucin rhinosinusitis: At the turn of the
new century, Ferguson described the presence of
eosinophilic mucin without the presence of fungi in
a proportion of rhinosinusitis patients at her center.
She named this entity eosinophilic mucin
rhinosinusitis (EMRS)53 and suggested that EMRS
is a systemic disease with dysregulation of
immunological control. Cases with EMRS were
significantly associated with bilateral disease,
asthma, increased incidence of aspirin sensitivity, and
IgG1 deficiency, and so it was thought that systemic
steroids would be a useful adjunct in those patients.
However, she predicted fungal immunotherapy and
antifungal agents would be ineffective in patients
with EMRS. Four potential mechanisms for the
pathogenesis of EMRS were proposed: Allergic
fungal rhinosinusitis, nonallergic fungal eosinophilic
rhinosinusitis, super antigen induced eosinophilic
rhinosinusitis, and aspirin exacerbated eosinophilic
rhinosinusitis.53

The subclassification of eosinophil related FRS
is not universally accepted. Though the detection of

fungi in allergic mucin is considered important,
hyphae may be sparse in sinus content, and take
considerable time to visualize with the currently used
stains. As such cases of AFRS and EFRS may be
misdiagnosed as EMRS.53 However, the use of much
more sensitive diagnostic techniques such as chitin
staining48 or PCR amplification50 to detect the
presence of fungi, may reveal that EMRS is
predominantly or completely related to a response
to one or more fungi. In a prospective study from
India, considerable overlap in findings between
AFRS and EMRS were observed, though type – I
hypersensitivity, Charcot-Leyden crystals, bony
erosion, and heterogeneous opacity with sinus
expansion on CT scan were found to be significantly
associated with AFRS, whereas asthma was
significantly associated with EMRS.54 It is possible
that EMRS and AFRS are differing manifestations
of the same pathological process, with considerable
overlap.

Previously the role of fungi in the pathogenesis
of eosinophil related FRS was unquestioned. Fungi
were thought to be the sole and major initiators of
inflammation in such disease process. However, with
the confusion in discrete definitions of AFRS, EFRS
and EMRS, a possibility is that fungi may be
bystanders or one of several contributors to the whole
process. In the analysis of pathophysiology of
eosinophil related FRS, it has been suggested that
fungal elements trapped in the mucus in sinuses are
the source of antigenic material that stimulates IgE,
IgG, and IgA production.16,55 Numerous stimuli other
than fungi, or in addition to fungi, may be responsible
for the pathophysiology of this disorder, including
the putative role of allergens, bacteria and bacterial
derived superantigens.56

Various authors propose fungal rhinosinusitis to
be a continuous spectrum of disease starting from
the noninvasive to the acute invasive varieties with
considerable overlap and transition from one form
to another in the same patient. In this background,
the entity of noninvasive destructive fungal
rhinosinusitis may be viewed as an intermediate form
of FRS. Rowe-Jones and Moore-Gillon in 1994
proposed chronic destructive but noninvasive (semi-
invasive) form of fungal rhinosinusitis.57 It is
categorized by sinus expansion and bony erosion,
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but with no histologic evidence of tissue invasion.
In this state, the pathogens lead to progressive,
chronic inflammation, intermediate between allergic,
sinus fungal ball, and chronic invasive state. Even
though inflammation and bony erosion were evident,
these cases had not progressed to produce facial mass
or proptosis associated with invasive disease. Such
example of semi-invasive pulmonary aspergillosis
also exists.58 However, this entity may be a variant
of noninvasive types in which the fungal mass
destroys the sinus wall by pressure.59,60

EPIDEMIOLOGY OF FUNGAL RHINOSINUSITIS

Prevalence of the disease: Rhinosinusitis is a common
disorder affecting approximately 20% of the population at
some time of their lives. It has been estimated to affect
approximately 31 million patients (4% of adult population)
in the United States each year.61 In fact a recent survey
reported that 14.1% of adults recalled a health professional’s
diagnosis of sinusitis.5 Previously, 5-15% of all these cases
of chronic rhinosinusitis cases were thought to be of fungal
etiology. However, after the claim of fungus to be the
etiological agent in majority of cases of CRS by Ponikau et
al, 1999, the impact of FRS seems to be tremendous. FRS
causes significant physical symptoms, severe quality of life
impairment, and can substantially impair daily functioning.
The economic effect is also huge; in the US the direct cost
estimated in 1996 at $5.6 billion per year and indirect costs,
such as >70 million lost activity days per year and reduced
physical and social functioning.62,63 As the incidence of
chronic rhinosinusitis has increased over the last decade,
the economic effect is expected to be more. Further it should
be noted that in comparison to USA the prevalence of FRS
is even greater in tropical countries like India, Sudan and
Pakistan.

Geographical distribution: Geographical location is
probably an important determinant of the incidence of AFRS
and granulomatous invasive FRS. AFRS is found to occur
more commonly in India, North Africa, Middle-East, and
parts of USA like Mississippi basin and South-East and
South-West parts of United States.4,32,54,64-70 A survey of
20 otolaryngology practices throughout USA found that
23% of all patients in Memphis, Tennessee practice who
were referred for sinus procedures had a diagnosis of AFRS.
Similarly, practices in Alabama, Georgia, and Texas
reported a frequency of at least 10% compared to northern

areas where AFRS frequencies ranged from 0 to 4%.64

Warm, dry climates specifically North India, Sudan, Saudi
Arabia, and Arizona record very high number of cases.32

Granulomatous invasive FRS has been seen exclusively in
Sudan, India, Pakistan, and rarely in the United States.20,30-

32 The sinus fungal ball entity may also have geographical
restriction to certain extent, as maximum number of cases
has been reported from France, Italy, and Taiwan. About
30 cases of sinus fungal ball per year are reported from
Poitiers and Toulouse in France.71 Overall, 173 cases have
been reported from a single center in Poitiers, France over
a period of 14 years (1989-2002).72 Italy, another country
in southern Europe is also endemic for sinus fungal ball
disease. Over a period of 11 years (1994-2005), 81 cases
have been reported from a single center in Pavia, Italy.73 In
Asia, the entity of sinus fungal ball has been diagnosed in
126 patients at a single center Taiwan over a period of 8
years (1995-2003).74

Host factors: Most forms of fungal sinusitis are found more
commonly in males. The exact reason for this predisposition
is not known. However, sinus fungal ball has been found
more commonly in middle-aged or elderly females.72,73

Acute invasive FRS is more common in the older age group,
possibly due to the risk factors like diabetes and cancer
chemotherapy, which are common in that age group. In some
but not all studies from Sudan and north India, AFRS has
been documented commonly in young adult males from rural
areas than others. On basis of these reports it was postulated
that young adult males who commonly go to the field in a
hot, dry climate sustain frequent mucosal injuries of
paranasal sinuses and acquire the agent from the field.32

In some studies AFRS is claimed to be associated with
African-American race and poverty,75,76 though these
findings were not consistently demonstrated in all
studies.77,78

Acute invasive (fulminant) FRS occurs predominantly
in immunocompromised persons. Patients suffering from
diseases associated with impaired neutrophil function, such
as uncontrolled diabetes mellitus with or without
ketoacidosis, hematologic and solid organ transplant
malignancies, aplastic anemia, and hemochromatosis, or
those undergoing iatrogenic immunosuppression with
systemic corticosteroids or chemotherapeutic agents, are
especially susceptible to the development of this disease
entity.24,26,29,39,79-81 Absolute neutrophil counts less than 500
cells/ml are strongly correlated with the development of
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invasive fungal disease.81,82 Inhalation of ubiquitous fungi
like Aspergillus and Zygomycetes is an innocuous
phenomenon. However, in the immunodeficient host, these
fungi may breach host defenses and propagate within and
along the blood vessels and nerves, infecting sinonasal tissue
and creating an acidotic area of tissue necrosis that is ideal
for continued fungal proliferation.26 Widespread use of
steroid is also an important cause of increased incidence of
the disease.26,81,83 The steroid acts by two ways – suppressing
normal inflammatory cell response and by inducing a
diabetic stage. Meyer et al. suggested that advanced AIDS
and low CD4 cell counts might be associated with invasive
FRS. A functional neutropenic state is indeed present in
such cases of advanced AIDS, however, further studies are
required to confirm such association.84,85 Other risk factors
found to be associated with development of acute invasive
fungal rhinosinusitis include long-term antibiotic usage,
indwelling catheters, nasal intubations, metabolic
abnormalities, prolonged hospitalization, and sinus
disease.79,80 Among the limited number of cases of acute
invasive FRS in immunocompetent individuals,
Apophysomyces elegans seems to be an important etiology
and traumatic implantation of this agent mixed in soil
becomes an important risk factor in the acquisition of the
disease.86

For AFRS, atopy defines the condition and persons with
type I hypersensitivity to fungi are exclusively affected by
the disease. AFRS is also found more in persons with simple
asthma and aspirin sensitive asthma. However, both of these
associations are said to be more important for the nonfungal
EMRS.34,53 Atopy against fungi has also been found in a
few cases of sinus fungal ball. However, prior sinus surgery
seems to be a more important risk factor for development
of sinus fungal ball. It has been speculated that sinus fungal
ball may develop in any poorly ventilated sinus and that
fungal exposure and poor sinus ventilation may be the only
risk factors that are required.36 In a case-control study,
endodontic treatment on maxillary teeth was found to be a
strong risk factor for fungal ball of the maxillary sinus.87

Agent Factors: The agents causing different categories of
fungal rhinosinusitis are described in Table 2. Zygomycetes
are by far the commonest cause of acute invasive fungal
rhinosinusitis.31 The predominant Zygomycetes causing such
disease is Rhizopus oryzae.29,31,70 Apophysomyces elegans
as a cause of acute invasive FRS in the immunocompetent
host is common in tropics, especially in India.86 The most
common septate fungi causing acute invasive FRS in the

immunocompromised patient are Aspergillus fumigatus and
Aspergillus flavus.31 The fungi causing AFRS are diverse
and in a review of the English literature, Manning and
Holman in 1998 reported of 168 culture positive cases, 87%
due to dematiaceous fungi and 13% due to Aspergillus
spp.107 Most common dematiaceous fungi implicated were
Alternaria alternata, Bipolaris spp., Drechslera spp. and
Curvularia lunata. Interestingly, in the Indian scenario A.
flavus is isolated in more than 80% of cases of AFRS, both
in southern and northern parts of the country.32,65-67,69,70 A.
flavus was also isolated from 50% of patients diagnosed
with AFRS in the Middle-East.68 In granulomatous invasive
FRS A. flavus is the commonest pathogen isolated. In
contrast A. fumigatus causes most cases of chronic invasive
FRS.22,30-32 The biopsy samples collected from majority of
the cases with sinus fungal ball appear sterile, though fungi
are detectable on direct microscopy. Only 30 to 50% of such
cultures show the growth of the causative fungi, which are
usually Aspergillus fumigatus or Aspergillus flavus and
occasionally P. boydii.110

CONCLUSION

Despite recognition of fungal rhinosinusitis as a serious
disease entity for more than two centuries, our knowledge
about the epidemiology and medical mycology of the disease
remains incomplete and subject to newer findings and
research. FRS can range from the benign localized fungal
colonization to the extremely aggressive acute invasive FRS.
Though the classification is still confusing, each of the
clinicopathological variants of FRS is associated with unique
geographical and host related risk factors, and different
fungal etiological agents.

REFERENCES

1. Kaliner MA, Osguthorpe JD, Fireman P, Anon J, Georgitis J,
et al. Sinusitis: Bench to bedside: Current findings, future direc-
tions. Otolaryngol Head Neck Surg 1997;116(6 Pt 2):S1-20.

2. Spector SL, Bernstein IL, Li JT, Berger WE, Kaliner MA, et al.
Parameters for the diagnosis and management of sinusitis. J
Allergy Clin Immunol 1998;102(6 Pt 2):S107-44.

3. Meltzer E, Hamilos D, Hadley J, Lanza DC, Marple BF, Nicklas
RA, et al. Rhinosinusitis: Establishing definitions for clinical
research and patient care. J Allergy Clin Immunol 2004;114
(suppl)6:155-212.

4. Lanza DC, Dhong HJ, Tantilipikorn P, Tanabodee J, Nadel DM,
et al. Fungus and chronic rhinosinusitis: From bench to clinical
understanding. Ann Otol Rhinol Laryngol 2006;196:27-34.

5. International Rhinosinusitis Advisory Board. Infectious
rhinosinusitis in adults: Classification, etiology and management.
Ear Nose Throat J 1997;76:5-22.



Shiv Sekhar Chatterjee, Arunaloke Chakrabarti

10
JAYPEE

TA
B

LE
 2

: T
he

 fu
ng

i c
au

si
ng

 d
iff

er
en

t c
at

eg
or

ie
s 

of
 fu

ng
al

 r
hi

no
si

nu
si

tis

C
at

eg
or

y 
of

 f
un

ga
l 

rh
in

os
in

us
it

is
C

om
m

on
ly

 i
so

la
te

d 
fu

ng
us

R
ar

el
y 

is
ol

at
ed

 fu
ng

us

G
ra

nu
lo

m
at

ou
s 

in
va

si
ve

 F
R

S
A

. 
fl

av
us

22
,3

0-
32

C
hr

on
ic

 in
va

si
ve

 F
R

S
A

. f
um

ig
at

us
, l

es
s 

co
m

m
on

ly
 A

. f
la

vu
s

M
uc

or
, A

lt
er

na
ri

a 
al

te
rn

at
a,

 C
an

di
da

, D
re

ch
sl

er
a,

 B
ip

ol
ar

is
 h

aw
ai

ie
ns

is
,

Sp
or

ot
hr

ix
 s

ch
en

ck
ii

, P
se

ud
al

le
sc

he
ri

a 
bo

yd
ii

, A
sc

ot
ri

ca
 c

ha
rt

ar
um

,
E

xs
er

oh
il

um
 m

cg
in

ni
si

i, 
A

sp
er

gi
ll

us
 a

ve
na

ce
us

, F
us

ar
iu

m
 v

er
ti

ci
ll

io
id

es
88

,1
08

,1
09

A
cu

te
 in

va
si

ve
 F

R
S

Z
yg

om
yc

et
es

 -
R

hi
zo

pu
s 

or
yz

ae
.29

,3
1,

70
M

uc
or

al
es

– 
R

. r
hi

zo
po

di
fo

rm
is

, M
uc

or
 c

ir
ce

ne
lo

id
es

, S
ak

se
na

ea
 v

as
if

or
m

is
,

(F
ul

m
in

an
t/

ne
cr

ot
iz

in
g)

A
sp

er
gi

ll
us

 f
um

ig
at

us
, A

sp
er

gi
ll

us
 f

la
vu

s.
31

A
bs

id
ia

 c
or

ym
bi

fe
ra

, C
un

ni
ng

ha
m

el
la

 b
er

th
ol

le
ti

ae
, M

uc
or

 r
ac

em
os

us
.88

-9
6

A
po

ph
ys

om
yc

es
 e

le
ga

ns
 [

In
di

a]
29

,8
6

E
nt

om
op

ht
ho

ra
le

s–
 C

on
id

io
bo

lu
s 

co
ro

na
tu

s,
 C

on
id

io
bo

lu
s 

in
co

ng
ru

ou
s,

B
as

id
io

bo
lu

s 
ra

na
ru

m
.88

,9
7  S

ep
ta

te
 F

un
gi

 –
 A

sp
er

gi
ll

us
 o

ry
za

e,
 S

ce
do

sp
or

iu
m

ap
io

sp
er

m
um

 (
P

se
ud

al
le

sc
he

ri
a 

bo
yd

ii
),

 S
ce

do
sp

or
iu

m
 p

ro
li

fi
ca

ns
, F

us
ar

iu
m

so
la

ni
, o

th
er

 F
us

ar
iu

m
 s

pp
., 

Sc
op

ul
ar

io
ps

is
 a

cr
em

on
iu

m
, S

co
pu

la
ri

op
si

s
ca

nd
id

a,
 A

sp
er

gi
ll

us
 te

rr
eu

s,
 E

xs
er

oh
il

um
 r

os
tr

at
um

, A
rt

hr
og

ra
ph

is
 k

al
ra

e,
Sc

yt
al

id
iu

m
 d

im
id

ia
tu

m
, P

ae
ci

lo
m

yc
es

 l
il

ac
in

us
, V

al
sa

 s
or

di
da

.88
,9

8-
10

6

L
oc

al
iz

ed
 c

ol
on

iz
at

io
n

A
sp

er
gi

ll
us

 f
um

ig
at

us
, o

th
er

A
lt

er
na

ri
a 

al
te

rn
at

a,
 P

en
ic

il
li

um
 r

ug
ul

os
um

, m
yc

el
ia

 s
te

ri
li

a,
11

3  m
uc

or
ac

eo
us

(S
ap

ro
bi

c 
in

fe
st

at
io

n)
A

sp
er

gi
ll

us
 s

pp
.11

3
fu

ng
i.11

6

F
un

ga
l b

al
l (

M
yc

et
om

a/
A

sp
er

gi
ll

us
 fu

m
ig

at
us

, A
sp

er
gi

ll
us

 fl
av

us
 a

nd
C

ha
et

om
iu

m
 g

lo
bo

su
m

, S
ce

do
sp

or
iu

m
 p

ro
li

fi
ca

ns
, A

sp
er

gi
ll

us
 n

id
ul

an
s,

A
sp

er
gi

llo
m

a)
oc

ca
si

on
al

ly
 P

. b
oy

di
i.11

0
P

en
ic

il
li

um
 s

pp
.88

 S
ch

iz
op

hy
ll

um
 c

om
m

un
e,

11
5  v

er
y 

ra
re

ly
 m

uc
or

ac
eo

us
 f

un
gi

.11
0-

11
2

E
os

in
op

hi
l r

el
at

ed
 F

R
S

A
F

R
S

D
em

at
ia

ce
ou

s 
fu

ng
i i

n 
U

S
A

 A
lt

er
na

ri
a

Sc
hi

zo
ph

yl
lu

m
 c

om
m

un
e,

11
5  A

sp
er

gi
ll

us
 n

id
ul

an
s,

 N
od

ul
os

po
ri

um
 h

in
nu

le
um

,
al

te
rn

at
a,

 B
ip

ol
ar

is
 s

pp
., 

D
re

ch
sl

er
a 

sp
p.

M
yr

io
do

nt
iu

m
 k

er
at

in
op

hi
lu

m
,88

 E
pi

co
cc

um
 n

ig
ru

m
,11

4 
P

en
ic

il
li

um
 s

p.
 a

nd
C

ur
vu

la
ri

a 
lu

na
ta

, E
xs

er
oh

il
um

.10
7

C
la

do
sp

or
iu

m
 s

p.
11

7

A
sp

er
gi

ll
us

 f
la

vu
s 

in
 I

nd
ia

32
,6

5-
67

,6
9,

70

an
d 

M
id

dl
e 

E
as

t.68

E
F

R
S

S
im

il
ar

 to
 A

F
R

S

A
F

R
S

 =
 A

ll
er

gi
c 

fu
ng

al
 r

hi
no

si
nu

si
ti

s;
 E

F
R

S
 =

 E
os

in
op

hi
li

c 
fu

ng
al

 r
hi

no
si

nu
si

ti
s;

 E
M

R
S

 =
 E

os
in

op
hi

li
c 

m
uc

in
 r

hi
no

si
nu

si
ti

s.



Epidemiology and Medical Mycology of Fungal Rhinosinusitis

Otorhinolaryngology Clinics: An International Journal, September-December 2009;1(1):1-13 11

6. Plaignaud X. Observation sur un fongus du sinus maxillarie. J
Clin 1791;1:111.

7. Oppe W. Zur Kentniss der schimmelmykosen bei den Menschen.
Zbl Allg Path 1897;8:301-06.

8. Mackenzie JJ. Preliminary report on aspergillus mycosis of the
antrum maxillare. John Hopkins Hosp Bull 1893;4:9-10.

9. Hora JF. Primary aspergillosis of the paranasal sinuses and
associated areas. Laryngoscope 1965;75:768-73.

10. Baker RD. Mucormycosis: A new disease? JAMA
1957;163:805-08.

11. McGill TJ, Simpson G, Healey GB. Fulminant aspergillosis of
the nose and paranasal sinuses: A new clinical entity.
Laryngoscope 1980;90:748-54.

12. Milosev B, el-Mahgoub S, Aal OA, el-Hassan AM. Primary
aspergilloma of paranasal sinuses in the Sudan. A review of
seventeen cases. Br J Surg 1969;56:132-37.

13. Finby N, Begg CF. Aspergilloma of sinus. NY J Med
1972;72:493-95.

14. Safirstein B. Allergic bronchopulmonary aspergillosis with
obstruction of the upper respiratory tract. Chest 1976;70:788-
90.

15. Millar JN, Johnston A, Lamb D. Allergic aspergillosis of the
maxillary sinuses. Thorax 1981;36:710.

16. Katzenstein AA, Sole SR, Greenberger PA. Allergic Aspergillus
sinusitis: A newly recognized form of sinusitis. J Allergy Clin
Immunol 1983;72:82-93.

17. Allphin AL, Strauss M, Abdul Karim FW. Allergic fungal
sinusitis: Problems in diagnosis and treatment. Laryngoscope
1991;101:815-20.

18. Manning SC, Schaefer SD, Close LG, Vuitch F. Culture positive
allergic fungal sinusitis. Arch Otolaryngol 1991;117:174-78.

19. Bent JP, Kuhn FA. Diagnosis of allergic fungal sinusitis.
Otolaryngol Head Neck Surg 1994;111:580-88.

20. Ponikau JU, Sherris DA, Kern EB, Homburger HA, Frigas E,
Gaffey TA, et al. The diagnosis and incidence of allergic fungal
sinusitis. Mayo Clin Proc 1999;74:877-84.

21. Chakrabarti A, Das A, Panda NK. Controversies surrounding
the categorization of fungal sinusitis. Medical Mycology
2008;47(Suppl 1):299-308.

22. deShazo RD, Chapin K, Swain R. Fungal sinusitis. N Eng J
Med 1997;337:254-59.

23. Gowing NFC, Hamlin IME. Tissue reaction to Aspergillus in
cases of Hodgkin’s disease and leukemia. J Clin Pathol
1960;13:396-413.

24. deShazo RD. Fungal sinusitis. Am J Med Sci. 1998;316:39-45.
25. Ferguson BJ. Mucormycosis of the nose and paranasal sinuses.

Otolaryngol Clin North Am 2000;33:349-65.
26. Adelson RT, Marple BF. Fungal rhinosinusitis: State-of-art

diagnosis and treatment. J Otolaryngol 2005;34(Suppl 1):18-
23.

27. Zapico ADV, Suárez AR, Encinas PM, Angulo CM, Pozuelo
EC. Mucormycosis of the sphenoid sinus in an otherwise healthy
patient. Case report and literature review. J Layngol Otol
1996;110:471-73.

28. Sridhara SR, Paragache G, Panda NK, Chakrabarti A.
Mucormycosis in immunocompetent individuals: An increasing
trend. J Otolaryngol 2005;34:402-06.

29. Chakrabarti A, Das A, Mandal J, Shivaprakash MR, George
VK, Tarai B, et al. The rising trend of invasive zygomycosis in

patients with uncontrolled diabetes mellitus. Med Mycol
2006;44:335-42.

30. Veress B, Malik OA, el-Tayeb AA, el-Daoud S, Mahgoub ES,
el-Hassan AM. Further observations on primary paranasal
Aspergillus granuloma in the Sudan. A morphological study of
46 cases. Am J Trop Med Hyg 1973;2:765-72.

31. deShazo RD, O’Brien M, Chapin K, Soto-Aguilar M, Gardner
L, Swain R. A new classification and diagnostic criteria for
invasive fungal sinusitis. Arch Otolaryngol Head Neck Surg
1997;123:1181-88.

32. Chakrabarti A, Sharma SC, Chander J. Epidemiology and patho-
genesis of paranasal sinus mycoses. Otolaryngol Head Neck Surg
1992;107:745-50.

33. Milroy CM, Blanshard JD, Lucas S, Michaels L. Aspergillosis
of the nose and paranasal sinuses. J Clin Pathol 1989;42:123-
27.

34. Ferguson BJ. Definitions of fungal rhinosinusitis. Otolaryngol
Clin North Am 2000;33:227-35.

35. Grosjean P, Weber R. Fungus balls of the paranasal sinuses: A
review. Eur Arch Otorhinolaryngol 2007;264:461-70.

36. deShazo RD, O’Brien M, Chapin K, Soto-Aguilar M, Swain R,
Lyons M, et al. Criteria for the diagnosis of sinus mycetoma. J
Allergy Clin Immunol 1997;99:475-85.

37. Gungor A, Adusumilli V. Fungal sinusitis: Progression of
diseases in immunosuppression: A case report. Ear Nose Throat
J 1998;77:207-15.

38.  Graham SM, Ballas ZK. Postoperative steroids confuse the
diagnosis of allergic fungal sinusitis. J Allergy Clin Immunol
1998;101:139-40.

39. Dhong HJ, Jung JY, Park JH. Diagnostic accuracy in sinus
fungus balls: CT scan and operative findings. Am J Rhinol
2000;14:227-31.

40. Horst M, Hejjaoni A, Horst V, Michel FB, Bonsquent J. Double-
blind, placebo controlled rush immunotherapy with a
standardized Alternari extract. J Allergy Clin Immunol
1990;85:460-72.

41. Marple BF. Allergic fungal rhinosinusitis: Current theories and
management strategies. Laryngoscope 2001;111:1006-19.

42. Downs S, Mitkakis T, Marks G, Car NG, Belousova EG, Leüppi
JD, et al. Clinical importance of Alternaria exposure in children.
Am J Respir Crit Care Med 2001;164:455-59.

43. Honser SM, Corey JP. Allergic fungal rhinosinusitis:
Pathophysiology, epidemiology, and diagnosis. Otolaryngol Clin
North Am 2000;33:399-408.

44. Ghegan MD, Lee FS, Schlosser RJ. Incidence of skull base and
orbital erosion in allergic fungal rhinosinusitis (AFRS) and non-
AFRS. Otolaryngol Head Neck Surg 2006;134:592-95.

45. Nussenbaum B, Marple BF, Schwade ND. Characteristics of
bony erosion in allergic fungal rhinosinusitis. Otolaryngol Head
Neck Surg 2001;124:150-54.

46. Kuhn FA, Swan R. Allergic fungal sinusitis: Diagnosis and treat-
ment. Curr Opin Otolarynogol Head Neck Surg 2003;11:1-5.

47. deShazo RD, Swain RE. Diagnostic criteria for allergic fungal
sinusitis. J Allergy Clin Immunol 1995;96:24-35.

48. Taylor MJ, Ponikau JU, Sherris DA, Kern EB, Gaffey TA,
Kephart G, Kita H. Detection of fungal organisms in eosinophilic
mucin using a flourescein-labeled chitin-specific binding protein.
Otolaryngol Head Neck Surg 2002;127:377-83.



Shiv Sekhar Chatterjee, Arunaloke Chakrabarti

12
JAYPEE

49. Braun H, Buzina W, Freudenschuss K, Beham A, Stammberger
H. ‘Eosinophilic fungal rhinosinusitis’ – A common disorder in
Europe? Laryngoscope 2003;113:264-69.

50. Polzehl D, Weschita M, Podbielski A, Riechelmann H, Rimek
D. Fungus culture and PCR in nasal lavage samples of patients
with chronic rhinosinusitis. J Med Microbiol 2005;54:31-37.

51. Ponikau JU, Sherris DA, Kephart GM, Kern EB, Congdon DJ,
Adolphson CR, et al. Striking deposition of toxic eosinophil
major basic protein in mucus: Implications for chronic
rhinosinusitis. J Allergy Clin Immunol 2005;116:362-69.

52. Shin SH, Ponikau JU, Sherris DA, Congdon D, Frigas E,
Homburger HA, et al. Chronic rhinosinusitis: An advanced
immune response to ubiquitous airborne fungi. J Allegy Clin
Immunol 2004;114:1369-75.

53. Ferguson BJ. Eosinophilic mucin rhinosinusitis: A distinct
clinicopathological entity. Laryngoscope 2000;110:799-813.

54. Saravanan K, Panda NK, Chakrabarti A, Bapuraj RJ. Allergic
fungal rhinosinusitis: An attempt to resolve the diagnostic
dilemma. Arch Otolaryngol Head Neck Surg 2006;132:173-78.

55. Manning SC, Vuitch F, Weinberg AG, Brown OE. Allergic
aspergillosis: A newly recognized form of sinusitis in the
pediatric population. Laryngoscope 1989;99:681-85.

56. Borish L, Rosenwasser L, Steinke JW. Fungi in chronic
hyperplastic eosinophilic sinusitis. Clin Rev Allergy Immunol
2006;30:1-9.

57. Jones JMR, Moore-Gillon V. Destructive non-invasive paranasal
sinus aspergillosis: Component of spectrum of disease. J
Otolaryngol 1994;23:92-96.

58. Uri N, Cohen-Kerem R, Elmalah J, Doweck J, Greenberger E.
Classification of fungal sinusitis in immunocompetent patients.
Otolaryngol Head Neck Surg 2003;129:372-78.

59. Gefler WB, Weingard TR, Epstein DM, Ochs RH, Miller WT.
“Semi-invasive” pulmonary aspergillosis: A new look at the
spectrum of aspergillus infections of the lung. Radiology
1981;140:313-21.

60.  Robb PJ. Aspergillosis of the paranasal sinuses: A case report
and historical perspective. J Laryngol Otol 1986;100:1071-77.

61. Lethbridge-Cxejku M, Schiller JS, Bernadel L. Summary health
statistics for US adults: National Health Interview Survey 2002.
National Center for Health Statistics. Vital Health Stat
2004;10:222.

62. Ray NF, Baraniuk JN, Thamer M, Rinehart CS, Gergen PJ,
Kaliner M, et al. Healthcare expenditures for sinusitis in 1996:
Contributions of asthma, rhinitis, and other airway disorders. J
Allergy Clin Immunol 1999;103:408-14.

63. Ware JE Jr, Sherbourne CD. The MOS 36-item short-form health
survey (SF-36), I: Conceptual framework and item selection.
Med Care 1992;30:473-83.

64. Ferguson BJ, Barnes L, Bernstein JM, Brown D, Clark III CE,
Cook PR, DeWitt WS, et al. Geographic variation in allergic
fungal rhinosinusitis. Otolaryngol Clin North Am 2000;33:441-
49.

65. Chhabra A, Handa KK, Chakrabarti A, Mann SBS, Panda N.
Allergic fungal sinusitis: Clinicopathological characteristics.
Mycoses 1996;39:437-41.

66. Panda NK, Sharma SC, Chakrabarti A, Mann SBS. Paranasal
sinus mycoses in north India. Mycoses 1998;41:281-86.

67. Dhiwakar M, Thakar A, Bahadur S, Sarkar C, Banerji U, Handa
KK, et al. Preoperative diagnosis of allergic fungal sinusitis.
Laryngoscope 2003;113:688-94.

68. Taj-Aldeen SJ, Hilal AA, Schell WA. Allergic fungal rhinosinusitis:
A report of 8 cases. Am J Otolaryngol 2004;25;213-18.

69. Rupa V, Jacob M, Mathews MS, Job A, Kurien M, Chandi SM.
Clinicopathological and mycological spectrum of allergic fungal
sinusitis in South India. Mycoses 2002;45:364-67.

70. Michael RC, Michael JS, Ashbee RH, Mathews MS.
Mycological profile of fungal sinusitis: An audit of specimens
over a 7-year period in a tertiary care hospital in Tamil Nadu.
Indian J Pathol Microbiol 2008;51:493-96.

71. Klossek JM, Serrano E, Peloquin L, Percodani J, Fontanel JP,
Pessey JJ. Functional endoscopic sinus surgery and 109
mycetomas of paranasal sinus. Laryngoscope 1997;107:112-17.

72. Dufour X, Kauffmann-Lacroix C, Ferrie JC, Goujon JM, Rodier
MH, Klossek JM. Paranasal sinus fungal ball epidemiology,
clinical features and diagnosis. A retrospective analysis of 173
cases from a single center in France 1989-2002. Med Mycol
2006;44:61-67.

73. Pagella F, Matti E, De Bernardi F, Semino L, Cavanna C, Marone
P, et al. Paranasal sinus fungus ball: Diagnosis and management.
Mycoses 2007;50:451-56.

74. Hsiao CH, Li SY, Wang JL, Liu CM. Clinicopathologic and
immunohistochemical characteristics of fungal sinusitis. J
Formos Med Assoc 2005;104:549-56.

75. Wise SK, Ghegan MD, Gorham E, Schlosser RJ. Socioeconomic
factors in the diagnosis of allergic fungal rhinosinusitis.
Otolaryngol Head Neck Surg 2008;138:38-42.

76. Ghegan MD, Lee FS, Schlosser RJ. Incidence of skull base and
orbital erosion in allergic fungal rhinosinusitis (AFRS) and non-
AFRS. Otolaryngol Head Neck Surg 2006;134:592-95

77. Ghegan MD, Wise SK, Gorham E, Schlosser RJ. Socioeconomic
factors in allergic fungal rhinosinusitis with bone erosion. Am J
Rhinol 2007;21:560-63.

78. Wise SK, Venkatraman G, Wise JC, DelGaudio JM. Ethnic and
gender differences in bone erosion in allergic fungal sinusitis.
Am J Rhinol 2004;18:397-404.

79. Mirza N, Lanza DC. Diagnosis and management of rhinosinusitis
before scheduled immunosuppression. Otolaryngol Clin North
Am 2000;33:313-21.

80. Malani PN, Kauffman CA. Prevention and prophylaxis of
invasive fungal sinusitis in the immunocompromised patient.
Otolaryngol Clin North Am 2000;33:301-12.

81. Gilespie MB, O’Mailey BW. An algorithmic approach to the
diagnosis and management of invasive fungal rhinosinusitis in
the immunocompromised patient. Otolaryngol Clin North Am
2000;33:323-34.

82. Lueg EA, Ballagh RH, Forte V. Analysis of a recent cluster of
invasive fungal sinusitis at the Toronto Hospital for sick children.
J Otolaryngol 1996;25:366-70.

83. Iwen PC, Rupp ME, Hinrichis SH. Invasive mold sinusitis: 17
cases in immunocompromised patients and review of literature.
Clin Infect Dis 1997;24:1178-84.

84. Hunt SM, Miyamoto C, Cornelius RS, Tami TA. Invasive fungal
sinusitis in the acquired immunodeficiency syndrome.
Otolaryngol Clin North Am 2000;33:335-47.

85. Meyer RD, Gautier CR, Yamashita JT, Babapour R, Pitchon
HE, Wolfe PR. Fungal sinusitis in patients with AIDS: Report
of four cases and review of literature. Medicine 1994;73:69-78.

86. Chakrabarti A, Ghosh A, Prasad GS, David JK, Gupta S, Das



Epidemiology and Medical Mycology of Fungal Rhinosinusitis

Otorhinolaryngology Clinics: An International Journal, September-December 2009;1(1):1-13 13

A, et al. Apophysomyces elegans: An emerging zygomycete in
India. J Clin Microbiol 2003;41:783-88.

87. Mensi M, Piccioni M, Marsili F, Nicolai P, Sapelli PL, Latronico
N. Risk of maxillary fungus ball in patients with endodontic
treatment on maxillary teeth: A case-control study. Oral Surg
Oral Med Oral Pathol Oral Radiol Endod 2007;103:433-36.

88. Schell WA. Unusual fungal pathogens in fungal rhinosinusitis.
Otolaryngol Clin North Am 2000;33:367-73.

89. Stark D, Milliken S, Marriott D, Harkness J. Rhizopus
microsporus var. rhizopodiformis sinusorbital zygomycosis in
an immunosuppressed patient: Successful treatment with
posaconazole after a complicated clinical course. J Med
Microbiol 2007;56:699-701.

90. Khan ZU, Ahmad S, Brazda A, Chandy R. Mucor circinelloides
as a cause of invasive maxillofacial zygomycosis: An emerging
dimorphic pathogen with reduced susceptibility to posaconazole.
J Clin Microbiol 2009;47:1244-48.

91. Manso E, Montillo M, Frongia G, et al. Rhinocerebral
mucormycosis caused by Absidia corymbifera: An unusual
localization in a neutropenic patient. J Med Vet Mycol
1994;4:104.

92. Ng TT, Campbell CK, Rothera M, Houghton JB, Hughes D,
Denning DW. Successful treatment of sinusitis caused by
Cuninghamella bertholatiae. Clin Infect Dis 1994;19:313-16.

93. Bullock JD, Jampol LM, Fezza AJ. Two cases of orbital
phycomycosis with recovery. Am J Ophthalmol 1974;78:811-
15.

94. Kaufman L, Padhye AA, Parker S. Rhinocerebral mucormycosis
caused by Saksenaea vasiformis. J Med Vet Mycol 1988;26:237-
41.

95. Brennan RO, Crain BJ, Koenig H, Durack DT. Cunninghamella:
A newly recognized cause of rhinocerebral mucormycosis. Am
J Clin Pathol 1983;80:98-102.

96. Baradkar VP, Mathur M, Taklikar S, Rathi M, Kumar S. Fatal
rhino-orbito-cerebral infection caused by Saksenaea vasiformis
in an immunocompetent individual: First case report from India.
Indian J Med Microbiol. 2008;26:385-87.

97. Dworzack DL, Pollock AS, Hodges GR, Barnes WG, Ajello L,
Padhye A. Zygomycosis of the maxillary sinus and palate caused
by Basidiobolus haplosporus. Arch Intern Med 1978;138:1274-
76.

98. Byard RW, Bonin RA, Haq AU. Invasion of paranasal sinuses
by Aspergillus oryzae. Mycopathologia 1986;96:41-43.

99. Ellison MD, Hung RT, Harris K, Campbell BH. Report of first
case of invasive fungal sinusitis caused by Scopulariopsis
acremonium: Review of scopulariopsis infections. Arch
Otolaryngol Head Neck Surg 1998;124:1014-16.

100.  Blazar BR, Hurd DD, Snover DC, Alexander JW, McGlave
PB. Invasive Fusarium infections in bone marrow transplant
recipients. Am J Med 1984;77:645-51.

101.  Kurien M, Annadi V, Raman R, Brahmadathan KN. Maxillary
sinus fusariosis in immunocompetent hosts. J Laryngol Otol
1992;106:733-36.

102. Akhaddar A, Gazzaz M, Albouzidi A, Lmimouni B,
Elmostarchid B, Boucetta M. Invasive Aspergillus terreus

sinusitis with orbitocranial extension: Case report. Surg Neurol
2008;69:490-95.

103. Togitani K, Kobayashi M, Sakai M, Uemura Y, Taguchi H,
Morita T, et al. Ethmoidal sinusitis caused by Exserohilum
rostratum in a patient with malignant lymphoma after non-
myeloablative allogeneic peripheral blood stem cell
transplantation. Transpl Infect Dis 2007;9:137-41.

104. Xi L, Fukushima K, Lu C, Takizawa K, Liao R, Nishimura K.
First case of Arthrographis kalrae ethmoid sinusitis and
ophthalmitis in the People’s Republic of China. J Clin Microbiol.
2004;42:4828-31.

105. Dunn JJ, Wolfe MJ, Trachtenberg J, Kriesel JD, Orlandi RR,
Carroll KC. Invasive fungal sinusitis caused by Scytalidium
dimidiatum in a lung transplant recipient. J Clin Microbiol
2003;41:5817-19.

106. Kalkanci A, Kustimur S, Sucak GT, Senol E, Sugita T, Adams
G, et al. Fulminating fungal sinusitis caused by Valsa sordida, a
plant pathogen, in a patient immunocompromised by acute
myeloid leukemia. Med Mycol 2006;44:531-39.

107. Manning SC, Holman M. Further evidence for allergic
pathophysiology in allergic fungal sinusitis. Laryngoscope
1998;108:1485-96.

108. Stringer SP, Ryan MW. Chronic invasive fungal rhinosinusitis.
Otolaryngol Clin North Am 2000;33:375-88.

109. Macêdo DP, Neves RP, Fontan J, Souza-Motta CM, Lima D. A
case of invasive rhinosinusitis by Fusarium verticillioides
(Saccardo) Nirenberg in an apparently immunocompetent
patient. Med Mycol 2008;46:499-503.

110. Ferguson BJ. Fungus balls of the paranasal sinuses. Otolaryngol
Clin North Am 2000;33:389-98.

111. Goodnight J, Dulguerov P, Abeymayor E. Calcified mucor
fungus ball of the maxillary sinus. Am J Otolaryngol
1993;72:493-95.

112. Henderson LT, Robbins KT, Weitzner S, Dyer TC, Jahrsdoerfer
RA. Benign mucor colonization (fungus ball) associated with
chronic sinusitis. South Med J 1988;81:846-50.

113. Vennewald I, Henker M, Klemm E, Seebacher C. Fungal
colonization of the paranasal sinuses. Mycoses. 1999;42 Suppl
2:33-36.

114. Noble JA, Crow SA, Ahearn DG, Kuhn FA. Allergic fungal
sinusitis in the southeastern USA: Involvement of a new agent
Epicoccum nigrum Ehrenb. Ex Schlecht. 1824. J Med Vet
Mycol. 1997;35:405-09.

115. Buzina W, Braun H, Freudenschuss K, Lackner A, Schimpl K,
Stammberger H. The basidiomycete Schizophyllum commune
in paranasal sinuses. Mycoses 2003;46 Suppl 1:23-27.

116. Pérez Fernández CA, Armengot Carceller M, Alba García JR,
Montero Balaguer B, Ballester E, Basterra Alegría J. Benign
sinusal mucor colonization in association with septal deviation.
Acta Otorrinolaringol Esp 2001;52:157-61.

117. Matsuwaki Y, Nakajima T, Iida M, Nohara O, Haruna S,
Moriyama H. A case report of allergic fungal sinusitis caused
by Penicillium sp. and Cladosporium sp. Nippon Jibiinkoka
Gakkai Kaiho 2001;104:1147-50.




