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Introduction: The complicated etiology of chronic sinusitis with polyps and frequent allergy to mould is established.
Aim: We aimed to investigate the frequency of the IgE-dependent hypersensitivity in this group of patients and
prove the need of surgery in allergic chronic rhinosinusitis patients.

Material and methods: Forty-two patients (19 females, 23 males) aged 3473 years (55 +12.6 years), with chronic
sinusitis with polyps were included into the study. Functional endoscopic sinus surgery, laryngological examination,
sinus computed tomography scans, and smear from maxillary sinus for microbiological examination were done in
all patients. Skin prick tests with common perennial and seasonal inhalant allergens, tIgk and sIgE against moulds
were required.

Results: Thirty-two of 42 patients (71.4%) were allergic to at least one inhalant allergen. A mean concentration
of total IgE was 241.2 +186.3 kU/| (35.0-708.0 kU/l) and was lower in patients with fungal culture found in sinus
mucin than in patients without fungal presence 75.1 +54.6 kU/l vs. 284.3 +204.1 kU/I. We found no difference in the
number of positive skin prick tests in a group with and without fungal culture. None of patients with fungal culture
found in sinuses presented a detectable level of mold sIgE. All patients with fungal vegetation in sinuses required
at least two polypectomy procedures.

Conclusions: The total IgE concentration was significantly lower in patients with fungal presence in sinuses. Nasal

polyps occurred more frequently in patients with fungal presence in sinuses.
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Introduction

Sensitivity to fungal allergens plays an important
role in the pathogenesis of allergic rhinitis, asthma, and
sinus diseases all over the world [1-3]. We observe an in-
creasing rate of chronic rhinosinusitis (CRS) presence. Ac-
cording to data assembled in the USA in 1997, acute and
chronic sinusitis t concerned 14% of population [4]. Even
with the development of diagnostic tools, we still do not
know the precise prevalence of chronic sinusitis. In the
USA, in 1996, chronic sinusitis accounted for 32 million
patient visits [5]. It means that chronic sinusitis influenc-
es the quality of life of many patients every year, caus-

ing important economic implications [6]. Epidemiologi-
cal analysis reveals that in some of those CRS patients,
IgE-dependent hypersensitivity is present. On the other
hand, in 25-30% of allergic patients, 43% of asthmatics,
chronic sinusitis can also be found [5]. In the previous
data, there is contrary information about the frequen-
cy of allergy occurrence in CRS patients versus CRS-free
subjects [7]. Chronic sinusitis is the most common cause
of nasal polyps. Allergic state of eosinophilic inflamma-
tion is involved in polyp formation in a great part of pa-
tients. Current studies do not conclusively demonstrate
a causal relationship of airborne mold and clinical mani-
festation of CRS. Data are indirect and conflicting.
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In recent years, there has been an increase in occur-
rence of fungal infections related with chronic rhinosi-
nusitis. This fact is linked with many promoting factors,
such as diabetes mellitus, steroid therapy, antibiotics,
and immunosuppression use etc. Molds may of course
cause an infection. Improvement in diagnostic procedures
allow to identify this kind of infections. The most common
pathogen in those situations is aspergillus fumigatus and
aspergillus flavus [8-10]. But the presence of fungal spore
itself is not decisive in diagnosis, because in many healthy
individuals it may also be present in the sinus smear.

Airborne fungi and their spores are ubiquitous. The
most common illness caused by a mould spore is allergic
rhinitis [11-19]. Allergic rhinitis is usually connected with
a similar process in sinuses and may proceed into chron-
ic rhinosinusitis. The widespread research in the whole
population revealed that the most common serum fungal
antibody was slgE against Alternaria species, present in
7% of population [8].

Further analysis concerning occurrence of mold
spores in internal and external human environment re-
vealed that the most frequent mold spores are the fol-
lowing: Alternaria alternata, Cladosporium herbarum,
Cladosporium cladosporioides, Aspergillus niger, Penicil-
lium chrysogenum. According to Spanish authors, these
molds constitute up to 85.5% of all mould colonies grown
from different air samples taken from the environment of
patients with allergy to mould [10, 12].

The present data about immunology of nasal mucosa,
and the role of IgE, 1IgG and mastocytes in the mecha-
nisms of hypersensitivity are not fully conclusive. They
reveal the need of further research on pathomechanisms
of chronic sinusitis [4, 6, 10, 13—-15]. Moreover, the ques-
tion if moulds and which of them are clinical important
allergens in chronic sinusitis development, needs to be
answered.

The complicated etiology of chronic sinusitis with pol-
yps and frequent allergy to mould lead us to perform the
research on frequency of occurrence of the IgE-depen-
dent hypersensitivity in this group of patients.

Aim

The aim of the study was to assess the frequency of
the Igk dependent hypersensitivity to inhalant allergens
especially to mould in patients with chronic sinusitis with
polyps.

Material and methods

In the study, 42 patients (19 females, 23 males) aged
34-73 years (55 +12.6 years), with chronic sinusitis with
polyps, after sinus surgery in the ENT Department in
Zabrze from February to July 2011 were included. All of
them had at least one functional endoscopic sinus sur-
gery (FESS). The diagnosis was confirmed by interview,
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ENT examination and sinus computed tomography (CT)
scans. All patients met the radiological criteria of sinus-
itis and sinunasal mucus was obtained during surgery.
Among those patients, 8 suffered from asthma and in
10 patients allergic rhinitis was diagnosed on the basis
of patient history, skin prick tests, and pulmonary func-
tion tests. None of patients developed immunodeficiency
disease, diabetes, cystic fibrosis or immobile ciliary syn-
drome. The previous course of the illness or additional
tests (CT, nasal smear) excluded the fungal infection.
None of the patients were treated with oral corticoste-
roids or leukotriene antagonists.

Skin prick tests

In all patients qualified for the study, allergy skin
testing with common perennial and seasonal inhalant
allergens including: grass/cereal, grass, weed, rye, trees |,
trees I, Candida albicans, Dermatophagoides pteron-
yssinus, Dermatophagoides farinae, dog’s and cat’s fur,
Alternaria alternata, Cladosporium herbarium, mould’s
mix | (Botrytis cinerea, Cladosporium herbarum, Curvu-
laria lunata, Fusarium moniliforme, Helminthosporium),
mould’s mix Il (Aspergillus fumigatus, Mucom mucedo,
Penicillium notatum, Rhizopus nigricans, Serpula lacry-
mans, Pullularia pullulans) (Allergopharma, Reinbek,
Germany) was performed. The concentration of all aller-
gen solution was 10000 TE/ml. The tests were read after
15 min. The size of the wheal was measured in millime-
ters and compared with the control solution and hista-
mine. A positive SPT was defined as a wheal equal to or
larger than 5 mm at diameter.

Immunological assay

Blood samples for immunologic assessments were
drawn from cubital vein. In all patients, the concentration
of allergen specific IgE for Alternaria alternata, Cladospo-
rium herbarium, Penicillium notatum, Aspergillus fumi-
gates and total IgE concentration was determined with
the ELISA method (Omega Diagnostics PLC, UK).

Microbiological examination

In all patients, the smear from maxillary sinus was
done under sterile conditions during surgery (FESS).
The culture was taken from the sinus site affected. The
samples were incubated on plates (Biocorp, Poland) on
three kind of medium: Sabouraud’s dextrose agar with
Chloramphenicol Lab-Agar (26°C and 37°C), Czapek-dox
Lab-Agar (26°C and 37°C) and Candida Chromogenic Lab-
Agar (37°C). Assays were performed in the Microbiolog-
ical Laboratory of the Department of Internal Diseases,
Dermatology and Allergology, Zabrze.

Statistical analysis

Independent sample t-tests were determined. Results
with values of p < 0.05 were considered significant.
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Table 1. Number of patients with positive reactivity to inhaled allergens

Allergens House dust Grass Weed Rye Trees | Trees |l Dog’s fur Cat’s fur
mite
Number 21 12 9 15 9 6 3 2
of patients
Results 500
Skin tests 450
. . . 400
Thirty-two of 42 patients (71.4%) were allergic to at 350
least one inhalant allergen, mostly to house dust mite < »
and molds (Table 1). Moreover, 14 patients had positive 300 tIgE [KU/1]
tests for mould as follows: Alternaria — 10, Cladosporium 250
-5, Candida albicans - 8, Penicillium notatum — 5, Asper- 200
gillus fumigates — 6, other mould tests were negative. 150
100
Measurement of antibodies IgE to mold and tIgE 50 4
Measurements of sIgE for selected fungi provided only 0
With FI Without FI

4 positive results for Alternaria alternate (all < 0.7 kU/1),
none in recurrent sinus surgery patients, all other results
were negative (< 0.35 kU/l). The mean concentration of
total Igk was 241.2 £186.3 kU/|, but the range was wide
between 35.0 kU/l and 708.0 kU/l. None of patients
with positive microbiological examination of mucus had
positive skin tests for mold allergens and there was no
presence of specific Igk against mold either. The mean
concentration of total IgE in this group of patients was
75.1 +54.6 kU/l and was significantly lower compared
with patients without fungal infection 284.3 +204.1 kU/!
(p < 0.05) (Figure 1).

Moreover, in patients with positive fungal culture si-
nus, surgery was performed more often (5.3 vs. 2.2 times)
than in patients whose culture from sinus surgery speci-
mens did not contain moulds (Table 2) (p < 0.05). None of
all 42 patients had verified fungal hyphae in pathologic
examination.

Figure 1. Mean total IgE level in chronic rhinosinusitis pa-
tients with and without fungal infection (Fl)

Microbiological examination

After incubation of samples obtained from sinus-
es during the surgery, in 10 patients (2 females and
8 males), the fungal culture was found. On the Sab-
ouraud’s dextrose agar medium with chloramphenicol
plates, Candida albicans, Aspergillus fumigates and As-
pergillus niger vegetation were identified. Eosinophilic
mucin was detected in 86% of patients.

Discussion

Rhinosinusitis, acute or chronic, is a disease affect-
ing a significant proportion of the world population

Table 2. Characteristics of patients with fungal culture positive examination of the smear taken from sinuses

Patient’s Gender tigk [ku/1] sIgE (kU/l) Skin tests FESS account Other diseases
age [years] (mould)

71 F 89 0 0 4 Asthma

73 M 35 0 0 8 Aspirin hypersensitivity

35 M 110 0 Grass and house 12 Aspirin hypersensitivity
dust

62 M 90 0 0 2

40 M 93 0 Weed and house 4
dust

73 M 48 0 0 2

58 F 78 0 0 3 Asthma

54 M 112 0 House dust 4

47 M 58 0 0 2 Aspirin hypersensitivity

72 M 38 0 House dust 5 Asthma
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[4, 6, 13]. According to the Centers for Disease Control
and Prevention (CDC), the current prevalence of sinusitis
in the US is up to 13.4% of the population (29.5 million
adults) [16]. Significance of allergic reaction in chronic
rhinosinusitis is still controversial. Chronic rhinosinusitis
inflammation is predominantly mediated by eosinophils
in Western populations. Eosinophil as an important me-
diator of allergic reaction indicates related allergic prob-
lems. The presence of eosinophilic polyps accompanying
chronic sinusitis is not identical with diagnosis of allergy
and must not be a symptom of allergy. However, in CRS
only 40-60% of patients have a positive allergy test, and
the eosinophilic inflammation is present with the same
intensity in patients who have detectable IgE-mediated
allergies as in those that do not [17]. Fungal organisms
are widespread on the Earth, and are one of the most
common group of aeroallergens. Spores are the most
allergic parts of molds. It is known that molds play an
important role in the pathomechanism of allergic rhini-
tis, but their complicated role in chronic sinusitis is still
not clearly understood and brings us often controver-
sial opinions [7, 18, 19]. A different hypothesis concerns
the state of allergic fungal rhinosinusitis. The latest re-
search shows that allergy to mould allergens is present
in 5-30% of people with atopy [11]. In 10% of patients,
spores are the causative factor of chronic rhinosinusitis.
The symptoms are not induced by fungal invasion, but
allergic stimulation of mucosa [20]. It is shown that in
patients with CRS, dendritic cells, mastocytes, lympho-
cytes respond to inhaled mould spores. A ubiquitous
airborne mold Alternaria alternata induces production of
cytokines IL-5 and IL-13 that are responsible for devel-
opment of eosinophilic inflammation and an increase in
slgG [17]. Alternaria is present in CRS patients as well as
in healthy controls. However, only the immune cells of
CRS patients react to the presence of Alternaria with the
production of cytokines crucial for inciting the eosinophil-
ic inflammation seen in this disease. This cytokine-driven
immune response occurs independently of IgE production
[17]. The non-IgE mediated lymphocyte response should
also be considered. A correlation between an increase in
serum IgG concentration and IL-5 release was also ob-
served [16]. Patients with CRS presented 5 times higher
IgG concentration in the serum than healthy individuals
[17]. Moreover, it was shown that one of protein fractions
extracted from Alternaria alternata can elicit direct eosin-
ophil degranulation [21]. Other mould allergens have no
such a feature, moreover have no influence on neutro-
phils. This observation suggests possible specific immune
response to mould species in human beings [17, 21].
It has been suggested that allergy to Alternaria moulds
is a marker of hypersensitivity to many other spores
[20-22]. A recorded number of positive skin prick tests
to Alternaria in CRS patients was higher compared to
healthy population. The frequency of positive skin tests
to mould allergens was observed in 33% of patients in
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our study and was similar to results of other authors
[20, 22]. In asthmatic patients this frequency was even
higher — of over 50%. These responses to ubiquitous air-
borne fungi may explain both the chronic airway inflam-
mation and the concomitant asthma in patients with
CRS. In the current study, 71.5% of patients with chronic
rhinosinusitis with polyps presented positive skin tests
to main inhaled allergens. This result shows more fre-
quent occurrence of hypersensitivity to inhaled allergens
compared to the whole population (i.e. 30-40%) [11, 12].
There are some reports that asthma is related with the
risk of moulds occurrence and fungal allergy. Positive
skin tests to mould allergens were observed in 60% of
asthma patients in Gdansk [23]. Some authors suggest
that frequency of fungus occurrence in healthy people
and CRS patients is similar and reaches about 100%
[5, 7]. It implies that presence of fungi is an insufficient
factor responsible for pathogenesis of CRS. On the other
hand, Tonus et al. and Rézanska-Kudelska et al. did not
support these results [24, 25]. However, Ponikau et al.
found a similar high percentage of fungal cultures from
nasal lavage content in CRS patients and controls, which
reflects the fact that they were all indeed inhaling fungal
spores [26]. The findings of this study reveal a relation-
ship between mould presence in the sinuses and multiple
polypectomy. The incidence of allergic hypersensitivity to
inhaled moulds was not significant for chronic rhinosi-
nusitis. Similar results were presented by Hidir et al. in
their study [27].

Saprophytic sinus infection is a state of noninvasive
sinusitis. This state is characterized by asymptomatic
sinusitis, which is common in CRS patients after sever-
al surgeries [13]. Our results support this fact, because
patients with positive fungal culture have FESS more
frequently. In our material, in almost 1/4 of operated
patients, we confirmed the fungus presence in mucin
recovered from sinuses (Candida albicans, Aspergillus
fumigates and Aspergillus niger). In those patients nei-
ther the interview nor the laryngological examination
and CT scans suggested fungal co-infection. Noninva-
sive saprophytic fungal infection may be responsible for
those results. Identification of fungus in postoperative
material may be important for the follow-up and further
treatment [13, 15, 27]. It is interesting that none of fun-
gi-positive patients demonstrated hypersensitivity to
molds in skin prick tests or sIgE assay. This group of pa-
tients presented a 4-fold lower level of tIgE than patients
with numerous polypectomy.

There is an increasing number of mould allergic pa-
tients in the current medical practice. When making
a diagnosis of mould allergy we have to remember that
some selected mould allergens are clinically important
and essential to cause the allergic inflammation of nasal
mucosa or conjunctiva.

Atopic reactivity predispose rhinosinusal mucosa to
more frequent infections. An increased serum concen-
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tration of total IgE in all investigated patients with CRS,
as observed in our study, supports this opinion. It is also
supported by other authors. Hutcheson et al. described
a 5-times higher concentration of tIgk in CRS patients
[28]. Different results of total Igk and fungal sIgE serum
concentration in patients with fungal sinus presence may
suggest that immunoglobulin E is not linked to the de-
velopment of fungal presence in patients with chronic
rhinosinusitis with nasal polyps. Possibly mechanisms
other than type | hypersensitivity are crucial in the de-
velopment of such pathology.

In the future, further research using larger sample siz-
es and more quantitative analysis techniques should be
done. Clinicians should be aware that presence of fungiin
sinuses coexist with recurrent evolution of nasal polyps.

Conclusions

The total IgE concentration was significantly lower
in patients with fungal presence in sinuses compared to
those without. Patients with fungal presence in sinuses
have nasal polyps more often and need to undergo sur-
gery more frequently. The presence of mould increases
the risk of nasal polyps. Allergy to inhaled allergens often
coexists with CRS with polyps.
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