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Abstract The aim of this study is to investigate intranasal
fungal incidence in Turkish patients with chronic rhinosi-
nusitis (CRS). One hundred patients with CRS and 40
healthy subjects as a control group were included in the
prospective study. Nasal lavage samples were investigated
for the presence of fungus, using new culture techniques
and histopathologic examination. Epidermal and intrader-
mal hypersensitivity tests were used to Wnd out fungal
atopy. Levels of serum eosinophils, total IgE and presence
of fungus-speciWc IgE were investigated in the blood sam-
ples. Quantitative parameters were analyzed using Pearson
�2 test. Allergic fungal sinusitis (AFS) was diagnosed in
13(13%) patients. There was no fungal growth in the con-
trol group. Eosinophilic mucin was detected in 94% of
patients. Clinical and laboratory parameters of CRS were
not signiWcantly diVerent in patient groups with or without
intranasal fungi. As a result, fungal incidence was not as
high as expected in Turkish patients with CRS. Further-
more, no signiWcant correlation could be found between

presence of intranasal fungus and type-1 hypersensitivity in
patients with CRS.
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Introduction

Although many intrinsic and extrinsic factors have been
blamed till now, ethiopathogenesis of chronic rhinosinus-
itis (CRS) has not been explained completely [2]. Allergic
aspergillus sinusitis was described as a new form of CRS
at the beginning of the 1980s [13, 17]. In recent decades
fungal etiology of CRS gained wide interest and, fungi
were detected in 96% of nasal lavage samples, using new
culture techniques [19]. Basic diagnostic criteria of Aller-
gic fungal sinusitis (AFS) include radiologically con-
Wrmed CRS, presence of allergic mucin and detection of
fungus without tissue invasion by culture or histopatho-
logic examination [7, 19]. Fungal atopy and hyperattenu-
ated areas on computerized tomography (CT) are
accepted as additional diagnostic criteria by some authors
[4, 12]. Fungi are widespread in nature and detection of
intranasal fungi in patients with CRS is no surprise. Fur-
thermore, similar ratio of fungal positivity was detected in
the nasal passage of healthy controls in many of the stud-
ies [1, 19]. Rate of fungal colonization in the nasal pas-
sage may be aVected by diVerent features of climate such
as humidity. Various host factors may also cause diVerent
response to fungi in the nasal passage. Therefore a wide
range of AFS incidence was reported in diVerent studies
[1, 5, 11, 22].

This study aims to Wnd out fungal incidence in Turkish
patients with CRS and to investigate the role of type-I
hypersensitivity in these patients.
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Materials and methods

This study was conducted at our tertiary referral hospital
between October 2003 and June 2005. Patients with CRS,
accompanied with or without nasal polyposis were included
in the study. The procedure was informed to all cases and
they signed the consent form. All subjects were questioned
in terms of symptoms of CRS, asthma, aspirin hypersensi-
tivity, previous history of paranasal sinus surgery, previous
medical therapy and additional systemic diseases. Patients
who have symptoms more than 12 weeks underwent further
investigations with nasal endoscopy and CT of the parana-
sal sinuses on coronal plane to conWrm the diagnosis of
CRS.

Patients with diabetes mellitus, immunodeWciency disor-
ders, renal transplantation, immunosuppressive therapy,
malignant diseases and acute upper airway diseases were
excluded. Three criteria were considered for the diagnosis
of AFS: radiologically conWrmed CRS, presence of allergic
mucin and detection of fungus without tissue invasion by
culture or histopathologic examination. Ethical committee
of our institute approved the study protocol.

Sample collection

Nasal lavage materials were taken from patients and control
cases. Sterile oxymetazolin (0.05%) spray was instilled into
each nostril for decongestion before the procedure. The
subjects were told to take deep breath and to keep it to pre-
vent nasopharyngeal contamination and leakage. Then,
10 ml sterile isotonic saline solution (0.09%) was instilled
into the each nostril and was collected into sterile plastic
container by forced exhalation. Samples were sent to
microbiology laboratory without waiting.

Microbiologic analysis

Microbiological investigation of nasal lavage samples was
performed as described by Ponikau et al [19]. BrieXy, the
samples were suspended with an equal amount of dithio-
threitol, vortexed for 30 s, allowed to stand at room tem-
perature for 15 min, and then were centrifuged at 3,000g
for 10 min. After inoculating a sample, taken from the vor-
texed sediment into Sabouraud’s dextrose agar slants, sup-
plemented with antibiotic (chloramphenical, 50 mg/l),
other part of the sediment was Wxed with 20% KOH and
examined using light microscope (40£ magniWcation) to
look for fungal elements. The cultures were incubated at
30°C for a month and examined for growth of fungi for
every 3 days. IdentiWcation of fungi was made by conven-
tional methods.

Immunologic analysis

Quantitative total IgE and fungal speciWc IgE measure-
ments (for Penicillum notatum, Cladosporium herbarum,
Aspergillus fumigatus, Candida albicans, Alternaria alter-
nata, Helminthosporium halodes) were performed in the
serum samples taken from patients. Unicap 100 (Pharmacia
Diagnostics, 2001, Germany) was used for measurements.
IgE levels were measured by Xuorometry and quantiWed by
drawing calibration curves. The value of >0.35 kUA/L was
accepted positive for speciWc IgE.

Histopathologic analysis

Nasal mucin and tissue samples were Wxed in 10% formal-
dehyde. Prepared blocks were examined under a light
microscope. Fungal elements, charchot–leyden crystals and
eosinophils were sought by two diVerent pathologists after
they were painted with hemotoxylene–eosin, periodic acid
SchiV and Gomori methenamine silver.

Allergy skin tests

Skin prick tests were carried out using a standard panel of
56 common aeroallergens including mites, molds, grass
mix, tree mix pollen, weed mix, cockroach and animal dan-
der (Greer Lab, NC, USA). Reactions were recorded
15 min after the test. Wheal diameter >3 mm with sur-
rounding erythema was considered as positive, if the posi-
tive control histamine was positive and negative control
was negative. The wheal without erythema was accepted as
irritant reaction and excluded.

Lateral side of shoulder was used for intradermal prick
test. About 0.2 ml of standard solution of intradermal test
(Candida albicans, Alternaria alternata, Cladosporium
herbarum, Penicillum notatum, Aspergillus fumigatus-
Allergopharma) was injected inside the dermis. Histamine
was used as a positive control and saline was used as a
negative control. Injection site was examined 15 min
later- and in- duration, more than 4 mm was accepted pos-
itive.

Nasal smear was performed in all patients using nasal
cotton swab. Nasal eosinophilia was evaluated using light
microscope with 100£ magniWcation after Wright
staining. Eosinophil counting was made in every Weld for
the following criteria: 1–5 eosinophils = low, 6–15
eosinophils = medium and more than 16 eosinophils =
high level. Peripheral eosinophils counting were per-
formed in the serum samples taken from the patients.
Eosinophils numbers > 450 mm¡3 was accepted as serum
eosinophilia.
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Statistical analysis

T-test was used to compare mean values. Quantitative
parameters were analyzed by Pearson �2 test. (SPSS 11.5
program, SPSS Inc.Chicago, IL, USA). The value of
p < 0.05 was considered statistically signiWcant.

Results

One hundred patients (56 male and 44 female) with CRS,
accompanied with or without nasal polyposis were included
in the study. Ages of patients ranged from 12 to 80 years
(mean 43, 65 § 16, 76 years). Ages of forty volunteers (28
male and 12 female) ranged from 15 to 67 years (mean 28,
05 § 12, 56 years).

Fungal growth in the culture was observed in the sam-
ples of 13(13%) patients in the patients group [Aspergillus
fumigatus (n: 2), Aspergillus niger (n: 2), Aspergillus Xavus
(n: 1), Alternaria spp. (n: 3), Penicillium spp (n: 2), Penicil-
lium notatum (n: 1), Candida albicans (n: 2), Candida par-
apsilosis (n: 1)]. Mixed fungal growth was observed in one
patient (two fungi). Cultures in all cases of the control
group were negative.

Rate of eosinophilic mucin was higher in both the
patient groups with (100%) or without (93.1%) fungal
growth in the culture but there was no signiWcant diVerence
between two groups (p = 0.329). Fungal elements were not
detected histopathologically. All patients had radiologic
Wndings, changing from mucosal thickening to total opacity
of the sinuses, but hyperattenuated areas were not seen on
CT. All of the culture positive patients (n = 13) met the

AFS criteria. Patients’ clinical data according to fungal
growth are shown in Table 1. Frequencies of symptoms and
rate of bronchial asthma, aspirin sensitivity, nasal polyposis
and number of previous sinus surgeries did not diVer sig-
niWcantly for two groups of patients with or without fungal
growth (p > 0.05).

Comparisons of laboratory Wndings between two groups
of patients with and without fungal growth are summarized
in Table 2. Rate of serum eosinophilia was signiWcantly
higher (53.8%) in patients with intranasal fugal positivity
(p = 0.019). In contrast, rate of high level of total IgE was
signiWcantly higher (49.4%) in patients group without fun-
gal growth in the culture (p = 0.005). Other laboratory Wnd-
ings, including fungal speciWc IgE positivity (p = 0.119),
number of eosinophils in the nasal smear (p = 0.182), prick
test positivity for fungi and intradermal test positivity for
fungi (p = 0.421) did not diVer signiWcantly for two groups
of patients with or without fungal growth in the culture.

Discussion

Millar and Katzenstein reported similar clinical and histop-
athologic features in patients with CRS and allergic bron-
chopulmonary aspergillosis for the Wrst time, nearly two
decades ago [13, 17]. In recent years allergy to intranasal
fungi was accepted as one of the common causative factor
of CRS by many authors [4, 9, 16, 21]. While the rate of
AFS was reported 5–10% initially, it was increased up to
91% in recent studies [1]. However, controversy is still
continuing on the topic. Fungi are ubiquitous in the nature
and it may be a normal content of nasal mucus of patients

Table 1 Patients’ clinical data 
according to fungal growth

Frequency of symptoms 
and related Wndings

Culture positive 
(n = 13)

Culture negative 
(n = 87)

�2

Nasal/postnasal drainage 13 (100) 84 (96.6) 0.497

Nasal obstruction 12 (92.3) 84 (96.6) 0.466

Hiposmi/anosmi 11 (84.6) 77 (88.5) 0.687

Sneezing 9 (69.2) 78 (89.7) 0.041a

Facial pain/pressure 8 (61.5) 64 (73.6) 0.368

Headache 8 (61.5) 64 (73.6) 0.368

Nasal itching 8 (61.5) 62 (71.3) 0.475

Fatigue 10 (76.9) 53 (60.9) 0.265

Coughing 6 (46.2) 48 (55.2) 0.543

Dental pain 5 (38.5) 17 (19.5) 0.125

Fever 0 (0) 3 (3.4) 0.497

Asthma 4 (30.8) 25 (28.7) 0.880

Aspirin hypersensitivity 2 (15.4) 19 (21.8) 0.594

Nasal polyp 11 (84.6) 75 (86.2) 0.877

Previous sinus surgery 6 (46.2) 36 (41.4) 0.745

Culture positive and culture 
negative values are given as n 
(%)
a Statistically signiWcant
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with CRS. Ponikau et al. found 100% of intranasal fungal
positivity in healthy voluntaries, using new sample collec-
tion techniques [19]. In a recent study rate of intranasal
fungi was 70% in controls and 46.6% in patients [10].
Lackner et al. detected positive fungal cultures in 20% of
neonate, immediately after the birth (possible contamina-
tion from birth canal), then 7% on postpartum Wrst day,
15% on postpartum 4th day, 72% on postpartum 2nd month
and 94% on postpartum 4th month [14]. In a study from
India, fungi were detected 80% of 251 CRS patients [20].

Kostamo et al. found that all of the nasal cultures were
negative for fungi in January in healthy group, while 15.8%
of them had intranasal fungal positivity in September [11].
The present study rate of AFS is 13%, which is lower as
compared with the incidence of AFS, reported from Europe
and from the North America. DiVerent features of climate
may aVect incidence of intranasal fungi. Humidity is very
low in Central Anatolia where the study was conducted and
it may decrease the rate of intranasal fungal colonization.
Furthermore, intranasal fungal colonization alone may not
give rise to CRS for everyone. There should be some indi-
vidual factors that contribute for the development of CRS
in addition to fungi. In a study of Goh et al. [9], rate of
intranasal fungi detected in culture was 16.7% from the
samples of nasal lavages and 36.7% from the surgical spec-
imens. Therefore, sample collecting method is another fac-
tor that may aVect the rate of fugal growth in the cultures.

Eosinophilic inWltration is a common Wnding of AFS. It
is suggested that the proteins secreted from eosinophils
destroy fungi [15]. BeneWt of steroid therapy in patients
with AFS also supports the role of eosinophil in these
patients. Braun et al. reported that they detected eosino-
philic clusters in 94% of patients who underwent surgery
for CRS [1]. Watanabe et al. showed fungal hyphae sur-
rounded by eosinophils in one of Wve patients with AFS
[24]. However, we don’t know what causes the activation
of eosinophils.

In a retrospective study consisting of patients who
underwent endoscopic sinus surgery for CRS, the group
with serum eosinophilia had a higher rate of postoperative

recurrent sinusitis, recurrent nasal polyps, more revision
surgery for CRS, more need for postoperative antifungal
agents and multiple course of antibiotic treatment [26].
HaWdh et al. [10] found, higher rate of serum eosinophilia
in patients with CRS than in controls (30 versus 0%).
However, Pant et al. [18] reported that most of the clinical
characteristics of AFS patients were not signiWcantly diVer-
ent from the other subgroups with eosinophilic chronic rhi-
nosinusitis regardless of the detection of intranasal fungi or
fungal allergy. At the present study, rate of serum eosino-
philia was higher in patients with growth of fungi in
culture. Rate of eosinophils was also higher in nasal smear
in all patients with or without fungal growth in culture but
the diVerence between two groups was not statistically
signiWcant (p = 0.182). All these Wndings indicate that
eosinophilia is an important feature of the AFS but it is not
associated with only intranasal fungi and may also elevate
in other forms of CRS.

High level of fungus speciWc IgE and type-1 hypersensi-
tivity may represent allergic reaction to fungi [3, 8]. Collins
et al. [6] reported that presence of fungal speciWc IgE in
sinus mucin was associated with systemic fungal allergy.
Serum levels of speciWc IgE for Aspergillus were found
to be elevated in 70% of cases with AFS in a study of
Dhiwakar et al. [8]. Positive skin tests reactivity to fungal
allergen in patients with AFS in other studies also sup-
ported the role of type-1 hypersensitivity in pathogenesis of
AFS [9]. However Wndings of this study failed to demon-
strate a clear correlation between parameters of type-1
hypersensitivity and intranasal fungi in patients with CRS.

Impact of intranasal fungal colonization on clinical
course is another controversy. It is not clear whether sever-
ity of symptoms and persistence of disease in patients
groups with or without fungal positivity is diVerent or not.
Scheuller et al. [23] reported that fungal positivity in the
middle meatus did not correlate with quality of life out-
comes. In a recent study, Weschta et al. [25] administrated
topical amphotericin B into the nostrils over a period of
8 weeks in patients with CRS and found no signiWcant
eVect on symptoms. Frequencies of symptoms were not

Table 2 Patients’ laboratory 
Wndings according to fungal 
growth

Parameters Culture positive 
(n = 13)

Culture negative 
(n = 87)

�2

Prick test positivity for fungi 0 (0) 2 (2.3) –

Intradermal test positivity for fungi 9 (69.2) 50 (57.5) 0.142

High level of eosinophils in the 
nasal smear 

10 (76.9) 50 (57.5) 0.182

Serum eosinophilia 7 (53.8) 20 (23) 0.019a

Eosinophilic mucin 13 (100) 81 (93.1) 0.329

High level of total IgE 1 (7.7) 43 (49.4) 0.005a

Fungal speciWc IgE positivity 0 (0) 14 (16.1) 0.119

Culture positive and culture neg-
ative values are given as n (%)
a Statistically signiWcant
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signiWcantly diVerent in two groups of patients with or
without intranasal fungal positivity in our study. Incidence
of the triad of aspirin sensitivity, bronchial asthma and
nasal polyposis did not diVer in two groups of patients in
the present study.

In conclusion, fungal incidence in patients with CRS in
Turkish community was not as high as reported in the liter-
ature. Furthermore, Wndings of this study failed to demon-
strate a clear correlation between the presence of intranasal
fungi and type-I hypersensitivity in patients with CRS.
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