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Abstract
Purpose Fungus ball (FB) is the most common type of fungal rhinosinusitis and the prevalence of FB has increased over 
the past 10 years. The aim of this study was to compare the clinical characteristics of Korean adult patients with FB and 
chronic rhinosinusitis (CRS) without FB.
Methods We retrospectively analyzed data on 1362 patients (147 FB and 1215 CRS) who underwent endoscopic sinus sur‑
gery at nine Korean medical centers in 2005, 2010, and 2016. We evaluated the prevalence of FB and compared the clinical 
characteristics of FB and CRS. Medical records, computed tomography (CT) findings, atopic status, concomitant diseases, 
tissue, and blood eosinophil count were assessed.
Results The prevalence of FB was significantly higher in 2016 (15.9%) than in the other years (7.8% in 2005 and 7.5% in 
2010). The FB patients were more likely to be female, older, have unilateral disease and less likely to have allergy compared 
to the CRS patients. The most common main complaint related to CRS and FB was nasal obstruction. CT determined that 
unilateral disease and maxillary sinus dominancy were common in patients with FB. The incidence of concomitant diseases 
was much higher in FB, with lower tissue and blood eosinophilia.
Conclusion FB is commonly encountered in older women with the increased prevalence. FB had a different clinical pres‑
entation, radiological findings, and prognosis than CRS. Further studies are needed to understand the pathophysiologic 
mechanisms underlying the development of FB.
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Introduction

Fungus ball (FB) is the most frequent non‑invasive fun‑
gal rhinosinusitis and is characterized by accumulation of 
fungal hyphae within the sinus cavity without microscopic 
evidence of tissue invasion. FB commonly affects immu‑
nocompetent and non‑atopic individuals. FB is frequently 
diagnosed in patients with a prolonged history of recur‑
rent sinusitis and about 3.7% of the chronic rhinosinusitis 
(CRS) patients in late‑twentieth century [1]. The patho‑
genesis and risk factors for FB remain largely unknown. 
The frequency of FB diagnoses has tended to increase, 
due to the increased usage of antibiotics, global warming, 
Asian sand storms, and dental procedures on the maxillary 
teeth [2–4]. In Korea, the prevalence of FB continuously 
increased over the past 10 years [3, 5]. The incidence of 
FB was 13.4% in 2015 compared with 4.1% in 2005.

DeShazo proposed diagnostic criteria for FB based 
on clinical, radiological, morphological, and histologi‑
cal findings [6]. The clinical presentation of FB is non‑
specific and asymptomatic patients are common [7, 8]. 
Improvements in diagnostic imaging, such as computed 
tomography (CT) or magnetic resonance imaging and 
increased clinical suspicion, have led to more incidental 
or sub‑clinical findings of FB [8]. CT scans reveal char‑
acteristic heterogeneous opacities associated with discrete 
calcified densities within the involved sinus. The maxillary 
sinus is the most commonly involved sinus, followed by 
the sphenoid sinus [9]. Many researchers have reported on 
the clinical characteristics of FB and focused on the clini‑
cal and radiologic characteristics of FB [7, 10–12]. Most 
of them are performed in a single medical center. They 
have not compared the clinicopathologic characteristics of 
FB with CRS. In this study, we performed a retrospective 
analysis of FB patients from nine centers in South Korea at 
three time points during the last 12 years, and in four dif‑
ferent seasons. We analyzed the prevalence of FB in Korea 
and compared the clinical characteristics of FB with CRS.

Materials and methods

Study population

This retrospective study was conducted on a total of 1362 
patients at nine different medical centers, who underwent 
endoscopic sinus surgery for CRS or FB. The medical 
records were assessed in 2005, 2010, and 2016, and during 
January, April, July, and October. We selected three differ‑
ent years to check the prevalence change of FB in Korea. 
Since Korea has clearly defined four seasons with different 

temperature and humidity, we collected data from patients 
during four different representative months. The diagnoses 
of CRS and FB were based on paranasal sinus CT find‑
ings, endoscopic findings, surgical findings, and pathology 
reports. Patients were excluded if they were younger than 
18 years old, diagnosed with antrochoanal polyp, inverted 
papilloma, postoperative cyst, mucocele, and other benign 
or malignant tumors. And patients who underwent surgical 
procedures other than endoscopic sinus surgery were also 
excluded. The study design was approved by the Institu‑
tional Review Board of each medical center.

Chief complaints, concomitant diseases, and allergic status 
were evaluated in the medical records. Preoperative CT scans 
were reviewed to determine the extent of the disease using the 
Lund–Mackay scoring system. Sinus dominancy was deter‑
mined by the ratio of the ethmoid and maxillary sinus scores 
(E/M ratio), based on the Lund–MacKay scoring. If the E/M 
ratio was greater than 2, opacification of the ethmoid sinus was 
considered to be more severe than that of the maxillary sinus. 
If every sinus was involved, it was determined to be “similar”. 
The atopic status of each patient was determined with a skin 
prick test or multiple allergen simultaneous test‑chemilumi‑
nescent assay against a standard panel of aeroallergens. Olfac‑
tory function was determined using the Korean version of the 
Sniffin’ Stick test to determine the total threshold–discrimina‑
tion–identification score [13]. The number of eosinophils in 
the hematoxylin‑and‑eosin‑stained tissue sections was deter‑
mined by two independent physicians. The average numbers of 
eosinophils in the submucosal area of five high‑power visual 
fields were counted. Blood eosinophilia was also assessed. The 
incidence of revision surgery cases and smoking status were 
also evaluated.

Statistical analysis

The results are presented as mean ± standard deviation. The 
normality test was performed by Kolmogorov–Smirnov test. 
The prevalence change at three different time points and in 
four different seasons was determined by one‑way analysis 
of variance followed by the Bonferroni test. The clinico‑
pathological differences between CRS and FB were deter‑
mined using two‑sample t tests and the Chi‑squared test. 
The analyses were conducted with Statistical Package for 
the Social Sciences software version 21 (SPSS Inc., Chicago 
IL, USA). Results with p < 0.05 were regarded as statistically 
significant.

Results

A total of 1362 patients were enrolled in this study. In 2005, 
357 CRS patients (209 men, 148 women, with a mean age 
of 38.8 ± 17.3 years) and 30 FB patients (8 men, 22 women, 
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mean age of 56.5 ± 12.9 years), in 2010, 419 CRS patients 
(276 men, 143 women, mea age of 45.0 ± 15.5  years) 
and 34 FB patients (14 men, 20 women, mean age of 
63.0 ± 16.0 years), and in 2016, 439 CRS patients (274 
men, 165 women, mean age of 49.0 ± 15.5 years) and 83 FB 
patients (20 men, 63 women, mean age of 61.2 ± 10.6 years) 
were enrolled. The incidence of FB was significantly 
higher in 2016 than in the other years (7.8% in 2005, 7.5% 
in 2010, and 15.9% in 2016; p < 0.01) and during Octo‑
ber (8.9% in January, 8.2% in April, 11.3% in July, and 
16.2% in October; p = 0.03). The mean age of FB patients 
(61.0 ± 11.1 years) was significantly higher than that of CRS 
patients (46.1 ± 15.6 years), and FB was more common in 
women (p < 0.01; Table 1).

The chief complaint differed between CRS and FB. 
The most common chief complaint from CRS was nasal 
obstruction (61.1%), followed by rhinorrhea (10.8%), pos‑
terior nasal drip (5.5%), and loss of smell (5.4%). In FB, 
nasal obstruction (28.6%) was the most common complaint 
followed by facial pressure (19.1%), posterior nasal drip 
(18.4%), and rhinorrhea (10.9%). The mean symptom dura‑
tion to visiting the rhinology department was significantly 
longer in the CRS group (45.9 ± 75.1 months) than in the 
FB (17.6 ± 42.5 months) (p < 0.01). CT determined that uni‑
lateral disease and maxillary sinus dominancy were more 
common in the FB group (86.4% and 78.9%) than in the 
CRS group (30.4% and 44.9% respectively; p < 0.01). How‑
ever, the mean Lund–Mackay score was not significantly 
different between the two groups (p = 0.18). The prevalence 
of positive allergy test and anosmia were more common in 
the CRS group (38.2% and 26.8%) than in the FB group 

(16.3% and 10.2% respectively; p < 0.01). Blood and tissue 
eosinophil counts were significantly higher in the CRS group 
(p < 0.01). When comparing concomitant chronic diseases, 
such as asthma, diabetes, hypertension, and chronic thy‑
roid diseases, FB patients more commonly had concomi‑
tant diseases (p < 0.01); however, the prevalence of asthma 
alone was not significantly different between the two groups 
(p = 0.27). The incidence of revision surgery cases (p = 0.03) 
and smoker were more common in CRS (p < 0.01; Table 2).

Discussion

Fungal rhinosinusitis used to be an uncommon disease; 
however, its detection is increasing with improvements in 
endoscopic and radiologic technologies [7]. It comprises 
about 4–10% of surgically treated CRS patients, and FB is 
the most common subtype, accounting for 53–72% of the 
fungal rhinosinusitis cases [7, 11]. According to a previ‑
ously published study in Korea, the prevalence of FB has 
increased steadily over the last 10 years, and our study 
also showed that the incidence of FB was significantly 
increased in 2016 [3, 5]. Global warming, increased air 
pollution, and increased allergen exposure can increase the 
incidence of FB. The global average surface air tempera‑
ture has increased by about 0.3–06 °C in the last 100 years, 
and recent (1981–2002) air temperature change in Korea 
was also higher (0.043 °C per year) than before [14, 15]. 
Between 1973 and 2017, the average temperature in Korea 
increased about 0.5–2 °C. The incidence of FB was much 
higher in 2016, with increasing higher average temperature 

Table 1  Comparisons of 
patients with fungus ball (FB) 
and chronic rhinosinusitis 
(CRS) during the 3 years of the 
study

2005 2010 2016 p value

CRS FB CRS FB CRS FB

Gender
  Male 209 8 276 14 274 20 < .001
  Female 148 22 143 20 165 63

Mean age 38.8 ± 17.3 56.5 ± 12.9 45.0 ± 15.5 63.0 ± 16.0 49.0 ± 15.4 61.2 ± 10.6 < .001
Month

  January 105 5 93 7 118 19 .031
  April 88 6 122 9 138 16
  July 90 11 124 5 115 26
  October 74 8 80 13 68 22

Allergy
  Positive 138 4 141 8 185 12 < .001
  Negative 219 26 278 26 254 71

Allergen
  House dust 81 3 91 4 99 6
  Pollen 29 1 43 3 43 4
  Fungi 6 0 12 0 18 2
  Others 18 0 16 2 34 2
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(12.1 °C in 2005, 12.2 °C in 2010, and 13.6 °C in 2016 
based on the data from the Korea Meteorological Adminis‑
tration). However the humidity was similar among 3 years 
(60.4% in 2005, 60.1% in 2010, and 59.2% in 2016) [16]. 
Although we cannot conclude with certainty that global 
warming is an important risk factor for the development of 
FB, it may play a role in its pathogenesis. Korea has a typical 
four‑season climate. In the spring (April), the average tem‑
perature is 14.1 °C and the relative humidity (RH) is 54.8%; 
in the summer (July), the average temperature is 26.2 °C 
with an RH of 72.9%; in the fall (October), the average tem‑
perature is 16.1 °C with an RH of 62.2%; and in the winter 
(January), the average temperature is − 3.2 °C with an RH 
of 53.0%. In our study, the incidence of FB was the highest 
in October. Although we cannot suggest the exact condition 
for the aggravation of FB symptoms, adequate temperature 
and humidity maybe influence the conditions of patient with 
increased chance to visit clinic.

Fine particulate matter (aerodynamic diameter ≤ 2.5 μm; 
PM2.5) has been an increasing concern in Korea since the 
middle of the 2010s, and PM2.5 levels influence not only 
respiratory diseases but also systemic diseases. The Korean 
government measured PM2.5 levels from 2015 (26 μg/mL in 
2016) and we could not compare PM2.5 levels with previous 
years. Therefore, we do not suggest a role for PM2.5 in the 
pathogenesis of FB. Particulate matter 10 (PM10) might not 
influence the development of FB in Korea given that PM10 
levels during the studied years were decreasing (57 μg/mL 
in 2005, 51 μg/mL in 2010, and 47 μg/mL in 2016 based on 
data from the Korea Meteorological Administration). Diabe‑
tes, estrogens, previous surgical interventions, and endodon‑
tic treatment are known risk factors for the development of 
FB [2, 7, 12]. In this study, the incidence of concomitant dis‑
eases, such as diabetes and hypertension, was much higher 
in FB; however, we could not determine whether concomi‑
tant diseases were a risk factor or not. Because FB devel‑
oped in elderly patients and the age factor may influence 
the incidence of concomitant diseases. Because FB devel‑
oped in elderly patients and the age factor may influence the 
incidence of concomitant diseases, we could not determine 
whether concomitant diseases were a risk factor or not. The 
prevalence of allergy (16.3%) and asthma (2.1%) in the FB 
was similar to that in the adult population in Korea (20–30% 
with atopy and 3–4% with asthma); thus, the allergic status 
might not influence the development of FB [16].

FB is typically found in older people and more predomi‑
nantly in women [10, 17]. In this study, patients with FB 
were older than patients with CRS and were more likely to 
be women (36.7% women in CRS and 71.4% in FB). The 
most common clinical presentation of CRS is nasal obstruc‑
tion as our study. According to the previous studies, the most 
frequently reported symptom of FB is purulent nasal dis‑
charge (50.8–64.4%) followed by facial pain (37.0–61.5%), 

Table 2  Demographic and clinical comparisons of patients with fun‑
gus ball (FB) and chronic rhinosinusitis (CRS)

CRS FB p value

Gender
  Male 759 42 < .001
  Female 456 105

Mean age 46.1 ± 15.6 61.0 ± 11.1 < .001
Symptom duration (Mo.) 45.9 ± 75.1 17.6 ± 42.5 < .001
Chief complain

  Nasal obstruction 742 42
   Rhinorrhea 131 16
  Posterior nasal drip 67 27
  Facial pressure 54 28
  Loss of smell 66 4
  Headache 47 10
  Foul odor 14 4
  Others 94 16

Site
  Bilateral 846 20 < .001
  Unilateral 369 127

Lund–Mackay score 5.9 ± 2.3 3.6 ± 2.3 .183
Sinus dominancy

  Ethmoid 213 9 < .001
  Maxillary 546 116
  Similar 466 22

Sinus surgery
  Primary 1052 140 .003
  Revision 163 7

Allergy
  Positive 464 24 < .001
  Negative 751 123

Smoking
  Yes 818 126 < .001
  No 330 12
  Ex 67 9

Smell test
  Normosmia 537 96 .001
  Hyposmia 352 36
  Anosmia 326 15

Concomitant disease
  Positive 400 87 < .001
  Negative 815 60
  Asthma 38 3 .271

Blood eosinophil (%) 3.6 ± 3.1 2.4 ± 2.2 < .001
Blood eosinophil count (/μL) 249.3 ± 263.0 151.0 ± 132.2 < .001
Tissue eosinophil (/HPF) 48.1 ± 85.8 10.1 ± 18.1 .009
Mean follow‑up period 

(Mo.)
11.3 ± 18.0 7.4 ± 10.5 .017
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nasal obstruction (54.1%), and postnasal drip (14.4–44.3%) 
[7, 10, 12]. However, in this study, nasal obstruction (28.6%) 
was the most common complaint followed by facial pain 
and postnasal drip, and some patients were incidentally 
discovered without clinical symptoms. These discrepancies 
might be due to the previous studies checking every common 
symptom of FB; however, our study evaluated only the chief 
complaints of FB patients. When comparing the CT findings 
in patients with CRS and FB, most cases of FB developed 
unilaterally and the maxillary sinus was commonly involved 
as has been reported previously [7, 10, 17]. Entrapment of 
the fungal spores in sinuses during respiration and oblit‑
eration of sinus ostium and secondary bacterial infection 
induce an environment conducive to fungal growth, such as 
decreased oxygen saturation, low‑pH, and nourishment by 
infected nasal secretion.

Conclusion

The pathogenesis of FB is not completely understood. How‑
ever, FB is commonly encountered in older women with 
the increased prevalence in Korea. Our findings revealed 
that FB had different clinical presentation, radiological find‑
ings, and prognosis from those of CRS. Appropriate surgical 
treatment of FB could provide excellent results with limited 
morbidity. Further studies are needed to better understand 
the pathophysiologic mechanisms underlying the develop‑
ment of FB.
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