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Abstract Fungal ball in paranasal sinus was reported to
be rare, but these days we have encountered numerous
cases. We retrospectively analyzed the data of 4,485
patients with chronic rhinosinusitis (CRS) who underwent
sinus surgery from 1999 to 2010. Patients were categorized
into group A (patients from 1999 to 2004) and group B
(patients from 2005 to 2010). We compared the prevalence
and clinical aspects of fungal ball between the two groups
by analyzing the medical records, PNS CT findings, sur-
gical findings, and pathologic reports. One hundred and
twelve patients were diagnosed with fungal ball during the
study periods. The prevalence of fungal ball was 0.9 %
(23/2,333) in group A and 4.1 % (89/2,152) in group B,
showing that it increased 4.6 times over 6 years. The
prevalence of underlying diseases was 21.7 % (5/23) for
hypertension and 8.7 % (2/23) for diabetes in group A, and
23.6 % (21/89) for hypertension and 14.6 % (13/89) for
diabetes in group B. On PNS CT examination, calcification
was identified in 78.2 % (18/23) of cases in group A and
44.9 % (40/89) in group B. The most involved paranasal
sinus in group A was the co-involved maxillary and eth-
moid sinuses at 26.1 % (6/23), whereas, the most prevalent
involved sinus in group B was the maxillary sinus at
33.7 % (30/89). We found that the prevalence of fungal
ball has increased steadily each year since 2005, accom-
panied by changes in the clinical aspects. These facts
should be kept in mind when diagnosing and treating
patients with medically intractable CRS.

J.S.Lee - S. Y. Shin (<) - K. H. Lee - S. W. Kim - J. S. Cho
Department of Otorhinolaryngology, Head and Neck Surgery,
School of Medicine, Kyung Hee University, Hoegi-dong,
Dongdaemun-gu, Seoul 130-702, Korea

e-mail: yugabin82 @yahoo.co.kr; ssy6604 @naver.com

Keywords Fungal ball - Prevalence - Clinical aspects -
Temporal changes: climate

Introduction

Fungal rhinosinusitis in the nasal cavity and paranasal
sinuses were considered uncommon in the past, but the
diagnosis rate has noticeably increased due to improve-
ments in endoscopic and radiologic technologies over the
past 30 years [1]. The frequency of fungal rhinosinusitis
tends to be higher in patients with immune deficiencies
such as AIDS, leukemia, organ transplants, chemotherapy-
induced immunodepression, diabetes, or steroid and anti-
biotic treatments [2]. And, we hypothesized that climate
change, including global warming and Asian dust storms, is
another influencing factor. Global warming has increased
sensitization to air-borne allergens, especially pollen and
mold [3]. Asian dust is known to contain bacteria, virus,
and fungus that cause damage to the upper and lower
respiratory tracts. South Korea is facing two climate-rela-
ted problems these days.

Fungal ball is the most common subtype of fungal rhi-
nosinusitis. A clinico-pathological report from the Mayo
Clinic stated that fungal balls are found in 3.7 % of chronic
rhinosinusitis (CRS) patients [4]. The most common spe-
cies of fungus found in fungal ball patients is Aspergillus
spp., which are reported to be found in 93 % of fungal ball
patients [5]. The preferred treatment of fungal ball is
complete removal through functional endoscopic sinus
surgery, and this is associated with a low recurrence rate.

Clinically, we have observed many more cases of fungal
ball within the past few years than in the past. The aim of
this study was to identify the changes in prevalence and
clinical aspects of patients with fungal ball infections over

@ Springer



1674

Eur Arch Otorhinolaryngol (2013) 270:1673-1677

the past 12 years and to investigate the potential factors
that influence the prevalence of fungal ball.

Materials and methods
Subjects

A total of 4,485 patients who were diagnosed with CRS
and underwent sinus surgery at Kyung Hee Medical Center
during the past 12 years were enrolled in this study, and the
prevalence of fungal balls was inspected using medical
records, surgical findings, PNS CT findings, and pathologic
reports. The patients were categorized into group A, that
included patients from 1999 to 2004, and group B, that
included patients from 2005 to 2010, to analyze and
compare fungal ball prevalence, age, underlying diseases,
PNS CT results, and surgical findings between the two
groups. Because the year 2005 was the median time for our
investigation, and was the year noted for the acceleration of
climate changes according to the Korean Meteorological
Administration, we categorized the patients into group A
and group B by the year 2005. Only fungal ball diagnoses
that were in accordance with the clinico-pathological
diagnosis criteria suggested by deShazo [6] were consid-
ered (Table 1). Climate data from 1999 to 2010 were
obtained from the Korean Meteorological Administration.
The study design was approved by the Institutional Review
Board of Kyung Hee University Medical Center.

Statistical analysis

For statistical analysis, SPSS ver. 12.0 (SPSS Inc., Chi-
cago, IL, USA) was used to perform the Mann—Whitney
U test to detect differences between items in each group.
Pearson correlations were performed to identify correla-
tions between the prevalence of fungal ball in CRS patients
and alterations in Korean climate such as change in mean

Table 1 Clinicopathological criteria for the diagnosis of paranasal
fungus ball (adapted from Ref. [6])

Radiological evidence of sinus opacification with or without
calcifications

Mucopurulent cheesy or clay-like materials within the sinus

A dense conglomeration of hyphae (=fungus ball) separate from
the sinus mucosa

Non-specific chronic inflammation (lymphocytes, plasma cells,
eosinophils) of the mucosa

No predominance of eosinophils, no granuloma, no allergic mucin

No histological evidence of fungal invasion of mucosa, blood

vessels, or bone visualized microscopically after special stains
for fungus
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annual temperature and increases in the occurrence of
Asian yellow dust storms.

Results

Among the 4,485 patients who underwent CRS surgery,
including endoscopic sinus surgery and the Caldwell-Luc
approach, from 1999 to 2010, 112 had a fungal ball for a
prevalence of 2.5 %. The number of male patients was 32
and those of females was 80. Mean (£SD) age was 41
(£14) and age distribution was from 41 to 78 years.
Female patients over 50 showed higher prevalence
(32.7 %) than other patients and the number of fungal ball
patients. There were no patients who had malignancy or
immunocompromised state. The prevalence of fungal ball
in group A was 0.9 % (23/2,333) while that of group B was
4.1 % (89/2,152), showing a significant increase of 4.6-fold
over 6 years, and the prevalence of fungal ball increased
rapidly from 2004 onward (Fig. 1).

Group B had a higher prevalence of the underlying
diseases of hypertension and diabetes, with hypertension
occurring in 21.7 % (5/23) patients and diabetes occurring
in 8.7 % (2/23) patients of group A, and hypertension in
23.6 % (21/89) and diabetes in 14.6 % (13/89) in group B.
These differences were only significant in diabetes between
the two groups (Table 2).

In PNS CT, 78.2 % (18/23) in group A and 44.9 % (40/
89) in group B showed calcification intensities. The most
commonly involved regions of the sinus differed between
the two groups, with both the maxillary and ethmoid
sinuses being co-involved in 26.1 % (6/23) of group A and
the maxillary sinus alone being involved in 33.7 % (30/89)
of group B. It was also noted in two cases that fungal ball
involved only the sphenoid sinus in group B (Table 2).

There were positive correlations between the prevalence
of fungal ball and changes in climate including the
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Fig. 1 Cases and prevalence of fungal ball over 12 years
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Table 2 Comparison of group A and group B
Group A Group B p value
Number of patients 23 89
Duration 1999-2004 2005-2010
Prevalence 0.9 % (23/2,333) 4.1 % (89/2,152) 0.001*
Concomitant dis. HTN 21.7 % (5/23) HTN 23.6 % (21/89) 0.079
DM 8.7 % (2/23) DM 14.6 % (13/89) 0.043*
PNS CT findings (PNS involvement) Maxilla 21.7 % (5/23) Macxilla 33.7 % (30/89) 0.011%*
Maxilla 4+ ethmoid 26.1 % (6/23) Maxilla 4+ ethmoid 28.0 % (25/89) 0.021*
Calcification rate 78.2 % (18/23) 44.9 % (40/89) 0.026*

Group A the group of patients diagnosed with fungal ball from 1999 to 2004, Group B the group of patients diagnosed with fungal ball from 2005

to 2010
*p < 0.05

frequency of Asian yellow dust storms and the average
temperature in Korea over the past 12 years (Fig 1;
Table 3).

Discussion

As a genus of the ascomycetes group, Aspergillus is per-
vasive throughout the world and is the strain most com-
monly involved in the formation of fungal ball. A number
of fungi are found in food, fruit, grains, and flowers. A
specific type of Aspergillus spore mingles with dirt that
enters human hosts through the respiratory organs under
favorable climatic conditions. In such cases, the respiratory
organs then function as reservoirs of infection. In particu-
lar, when the respiratory organs are exposed to fine dust
and Aspergillus spores for long periods of time, fungus is
able to invade the damaged human paranasal sinus mucosa,
resulting in infection. In addition, the overuse of antibiot-
ics, anti-histamines, and steroids causes overgrowth of
fungus by changing the immune defense system of the
microbial flora within the paranasal sinus mucosa, resulting
in increased sensitivity of the host to fungal infection [6—
8].

Aspergillosis in sinus was first reported by Schubert [9].
Stammberger [10] reported that 10 % of patients who had
sinus surgery were infected by fungus, and Park [11] and
Lee [12] reported fungal infection rates of 1 and 4 %,
respectively. In this study, we found that the overall
prevalence of fungal ball in CRS during the past 12 years
was 2.5 %. However, the prevalence before and after year
2005 were not equal. From 1999 to 2004, the prevalence
was 0.9 %, while from 2005 to 2010 it was 4.1 %, meaning
that the prevalence increased by 4.6 times in 6 years. The
intermittent increase in the prevalence of fungal ball
infection that started in the early 2000s changed to a rapid
increase from the year 2005. The authors assumed that the

reason for the increase might be climate change. Other
reasons might be the above-mentioned improvements in
diagnostic technology, an increase in the number of
immunosuppressive patients, and the overuse of antibiotics
or steroids. Fungus within the fungal ball itself proliferates
when exposed to high temperatures [13], and subtropical-
ization brings increases in average annual temperatures and
rainfall. The climate change for this period in Korea
showed a 0.05 °C increase in temperature which is a
similar rate of change as the change in prevalence of fungal
ball in the past 10 years. Frequent exposure to fine dust or
dusty wind containing microorganisms, viruses, and fungi
could affect the morbidity rate of fungal ball. Considering
past examples in areas such as Great Britain where atmo-
spheric phenomena similar to that of Asian dust caused
increases in Aspergillus infections, it could be inferred that
the introduction of microorganisms carried by dusty wind
not only aggravates the prevalence of asthma and other
basal lung diseases, but also influences the prevalence of
fungal ball due to infection by the microorganism itself
[14]. As the frequency of Asian yellow dust storms has
been increasing in Korea since the early 2000s and the
phenomenon is considered to be a manifestation of major
climate change in the Korean peninsula, it is conceivable
that the increased frequency of exposure to Asian yellow
dust storms influences the pathophysiology of the fungal
ball to some extent (Fig. 2; Table 3).

Table 3 Correlation between prevalence of fungal ball and climate
change (frequency of Asian yellow dust storms and average tem-
perature in Korea)

Frequency of Asian
yellow dust storms

Average temperature of
Korea

Prevalence of
fungal ball

r=0528 p=0.047* r=0.617 p=0.033*

*p < 0.05
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Fig. 2 Trend of changing aspects for mean temperature and
frequency of Asian yellow dust storms in Korea (Korean Meteoro-
logical administration, 2010)

While CRS caused by microorganisms is found in sub-
jects of all ages, the age distribution of fungal ball infection
is more frequent in subjects over 30 years, and its highest
frequency is reported in middle-aged females [12, 15, 16].
In this study, the prevalence of fungal ball was the highest
both in male and female patients between the ages of 50
and 59 years, which was in concordance with preceding
reports.

Unlike patients with fulminant or invasive subtypes of
fungal sinusitis, many fungal ball patients have normal
immune systems, and the relationship between fungal ball
sinusitis and chronic disease has not been confirmed [1]. In
this study, we also could not detect a significant correlation
between fungal ball and underlying diseases. However, the
prevalence of diabetes in fungal ball patients of group B
was 14.6 %, which is higher than the 8.7 % prevalence of
group A. This observation suggests that there may be a
relationship between chronic wasting diseases such as
diabetes and the occurrence of fungal ball. And, it is
thought that various factors in diabetes were influenced to
the patients as like altered microvasculation of nasal
mucosa, decrease of mucociliary clearance and increase of
sensitivity to fungus, etc. [17].

CT of the sinus is performed to detect fungal balls and to
recognize sinus invasion, and calcified partial hyperinten-
sity is usually inspected by this method. From the 12 years
of patient records with image data, we observed calcified
intensity in 58 (51.7 %) of 112 cases. Maxillary invasion
was seen in 35 cases (31.3 %) and invasion of both the
maxillary and ethmoid sinuses was found in 31 cases
(27.7 %); these results were similar to those of previous
studies [18]. The location of sinus invasion was not sig-
nificantly different between group A and group B. Muco-
ciliary propagation and drainage of the maxillary and
ethmoid sinuses are expected to play crucial roles in
determining the location of invasion [2]. However, the
reason why the more recent cases (group B) were more
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likely to have invasion limited to the maxillary sinus
compared to the more extensive invasion seen in the earlier
cases (group A) is thought to be due to improvements in
care resulting in earlier diagnoses before spread to the
ethmoid sinus. Earlier diagnosis is thought to underlie the
recent increase in the rate of early diagnosis for CRS. In
addition, the decreased rate of calcification determined by
PNS CT in the last 6 years is also thought to be related to
earlier diagnosis prior to the formation of calcification in
the maxillary or ethmoid sinus. Based on these findings,
earlier endoscopic sinus surgery is recommended for
patients with medically intractable CRS that may be due to
fungal ball.

Conclusions

The affiliation’s prevalence of fungal ball has increased
steadily each year since 2005, accompanied by changes in
clinical aspects. We have to keep in mind these facts when
diagnosing and treating patients with medically intractable
CRS. Additional studies related to environmental factors
influencing fungal ball need to be done in the future.
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