
O R I G I N A L A R T I C L E

Diverse phenotypes and endotypes of fungus balls caused by mixed
bacterial colonization in chronic rhinosinusitis
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Background: The pathogenic roles of fungus and bacteria
in chronic rhinosinusitis (CRS) remain unclear. Recently, we
described the bacterial ball, which is distinct from the fun-
gus ball, as an unusual phenotype of bacterial infection. In
this study, we investigated the clinical, histopathologic, and
immunologic characteristics of sinonasal microorganic ma-
terials, including fungus ball and bacterial ball.

Methods: In this study, we enrolled 80 CRS patients with
sinonasal microorganic materials and 10 control subjects
who underwent skull base surgery or endoscopic dacry-
ocystorhinostomy and had no signs or symptoms of nasal in-
flammation. All specimens were stained with hematoxylin-
eosin, Gomori-methenamine-silver, and Gram stain to
identify fungal organisms and Gram-positive/negative bac-
terial colonies. The expression of tumor necrosis factor
(TNF)-α; interleukin (IL)-1β; S100A7; S100A8/A9; and short,
palate, lung, and nasal epithelial clone 1 (SPLUNC1) were
evaluated by enzyme-linked immunosorbent assay using
sinus lavage fluid.

Results: We histologically classified sinonasal microor-
ganic materials into the following 4 groups: fungus ball
(n = 45); bacterial ball (n = 6); mixed ball (formed by a
mixture of fungus and bacteria, n = 27); and double ball
(formed by separate fungal and bacterial balls, n = 2). Com-

pared with the fungus ball, the mixed ball was more fre-
quently detected in immunocompromised patients (p <

0.0001). In addition, TNF-α expression was significantly
higher in fungus and mixed balls than in control, whereas
the mixed ball showed higher expression of IL-1β compared
with the fungus ball. Moreover, the expression of S100A7
and S100A8/A9 protein in the mixed ball was significantly
decreased when compared with the fungus ball, whereas
there was no significant difference in SPLUNC1 expression
between fungus and mixed balls.

Conclusion: Our findings suggest that fungal and bacterial
interactions are diverse in CRS. Specifically, the mixed ball
is prevalent in CRS with an immunocompromised state and
it may decrease epithelial barrier function. C© 2019 ARS-
AAOA, LLC.
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C hronic rhinosinusitis (CRS) is characterized by in-
flammation of the mucosa of the nose and paranasal

sinuses with a duration of at least 12 consecutive weeks,
and is comprised of 2 subtypes: CRS with nasal polyps
(CRSwNP) and CRS without nasal polyps (CRSsNP).1

To date, several heterogeneous factors, including host
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factors (eg, allergy, immunodeficiency, ciliary immotility,
and anatomic obstruction) and environmental factors (vi-
ral, bacterial, fungal, and pollutants), play a critical role in
the pathogenesis of CRS.2–5 However, the condition is still
not fully understood. In addition, there are complex host-
environmental interactions, but failure of the fine-tuning or
balancing mechanism may elicit a diverse spectrum of CRS.

Among the several etiologies of CRS, fungus and bacteria
are well known to play major roles in its pathogenesis. Fun-
gal infection is generally categorized as either invasive or
noninvasive, according to the presence or absence of fun-
gal hyphae within the mucosa, submucosa, bone, or blood
vessels of the paranasal sinuses.6–9 Meanwhile, bacterial
infection can cause biofilm formation, secretion of super-
antigens, and dysbiosis.10–14 The fungus ball is the most
common subtype of fungal rhinosinusitis and has been re-
garded as a simple entity. However, its interaction with
bacterial infection has never been investigated.9

Recently, we reported a new phenotype of the bacte-
rial ball that has clinical and histologic features that differ
from those seen with the fungus ball.15 Interestingly, it is
very difficult to discriminate between a bacterial ball and
fungus ball during endoscopic sinus surgery, because they
share a very similar gross appearance. However, on histo-
logic analysis, the bacterial ball shows negative Gomori-
methenamine-silver (GMS) staining with positive Gram
staining, and also demonstrates varying amounts of bacte-
rial colonies in the acellular mucous matrix. Thus, further
study is required, and other possible phenotypes and/or en-
dotypes should be sought.

In this study, we investigated the clinical, histopatho-
logic, and immunologic properties of sinonasal microor-
ganic materials in suspected fungus ball to better under-
stand the complex interactions of fungus and bacteria
in CRS. Specifically, for evaluation of immunologic ef-
fect, we assessed the expression of tumor necrosis factor-
α (TNF-α) and interleukin 1β (IL-1β), because TNF-α is
one of the major cytokines involved in the inflammatory
response and IL-1β is crucial for host defense responses
to infection/injury.16–19 Moreover, we evaluated the ex-
pression of S100A7, S100A8/A9, and SPLUNC1 proteins,
which were secreted by respiratory epithelium as natural
antibacterial or antifungal factors to determine their ef-
fects on epithelial barrier function.20,21 Our aims were to
investigate suspected fungus balls (sinonasal microorganic
materials, bioballs) and define the phenotypes of sinonasal
bioballs, and also to evaluate their effect on mucosal in-
flammation and the epithelial barrier from an immunologic
perspective.

Patients and methods
Study population and clinical assessment

From January 2016 to October 2018, we retrospectively
reviewed clinical data and pathologic reports of adult pa-
tients (�18 years of age) with CRS who had undergone

functional endoscopic sinus surgery. CRS was diagnosed
based on the 2012 guidelines proposed in the European
Position Paper on Rhinosinusitis and Nasal Polyps.1 Pa-
tients were excluded if they were <18 years of age or had
antrochoanal polyp, inverted papilloma, hamartomatous
lesions, or malignancy. Our study included a total of 80
cases of biomaterials (suspected fungal ball) among the
476 patients with CRSwNP and CRSsNP, and 10 cases
of control subjects who underwent skull base surgery or
endoscopic dacryocystorhinostomy with no signs or symp-
toms of nasal inflammation. Serum total immunoglobulin
E (IgE) and percent blood eosinophils were measured, and
atopic status was evaluated by skin-prick testing using a
commercially available kit (Allergopharma, Reinbek, Ger-
many) with 13 inhaled allergens, a negative control (0.9%
saline), and a positive control (1% histamine). Skin test re-
sults were interpreted after 15 minutes by measuring the
mean size of the flares and wheals for each allergen. A
positive reaction on the skin-prick test was defined as an
allergen-histamine wheal size ratio of �1. Asthma was di-
agnosed by an allergist based on spirometry (change in
forced expiratory volume in 1 second of �12% after ad-
ministration of a short-acting β-agonist) or methacholine
challenge test. Disease severity was categorized based on
the Lund-Mackay staging system using computed tomog-
raphy (CT) images, and olfactory function was expressed
by the TDI score (comprehensive score of threshold, dis-
crimination, and identification abilities). The institutional
review board of Hanyang University Medical Center (IRB
No. 2016-12-008-004) approved this study and informed
consent was obtained from the patients.

Histopathologic assessment
We stained all formalin-fixed, paraffin-embedded sections
with hematoxylin and eosin (H&E) for pathologic exami-
nation and GMS/Gram stain to identify fungal organisms
and Gram-positive/negative bacterial colonies. If fungal or-
ganisms and bacterial colonies were identified simultane-
ously, we also performed double-staining for GMS and
Gram stain to verify the locations of the fungal organ-
isms and bacterial colonies. All pathologic materials were
reviewed by 2 pathologists (Y.C.W. and S.J.S.). Accord-
ing to the histopathologic findings, we classified sinonasal
microorganic materials into the following 4 groups: fungus
ball; bacterial ball; mixed ball; and double ball. Fungal balls
consisted of fungal organisms without matrix, whereas bac-
terial balls consisted of Gram-positive bacterial colonies
within the thick acellular mucous matrix. Mixed balls were
defined when bacterial colonies were found in fungal ball
without matrix, whereas double balls were defined when
fungal and bacterial balls existed separately.

Immunologic assessment
In this study, we measured cytokine expression in the
paranasal sinus lavage fluid obtained from the control (n =
10), fungus ball (n = 20), and mixed ball (n = 12)
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TABLE 1. Demographics of chronic rhinosinusitis with
sinonasal bioballs

Control

(n = 10)

Sinonasal bioballs

(n = 80)

Gender male (%) 2 (20%) 25 (31.25%)

Mean age, years (range) 57 (50-61) 62 (24-88)

Smoking, n (%) 1 (10) 6 (7.5)

Atopic status, n (%) 2 (20) 22 (27.5)

Asthma, n (%) 0 (0) 1 (1.25)

Lund-Mackay CT score (mean ± SD) 5 ± 2 5.4 ± 2.9

Olfaction, TDI score (mean ± SD) 30 ± 11 29.8 ± 10.7

CT = computed tomography; TDI =threshold, discrimination, and identification.

samples for investigating altered immune responses. To
obtain lavage fluids, we flushed with 5 mL phosphate-
buffered saline into the maxillary sinus and the fluid
was aspirated with the suction collector connected to a
sterile container. The paranasal sinus lavage fluids were
centrifuged in 15-mL conical tubes for 10 minutes at
1107 g, and then stored at −80°C. Until the sample was
concentrated 2-fold, the resulting supernatants were repeat-
edly centrifuged at 1107 g for 10 minutes. The concen-
trated supernatants were aliquoted into tubes and stored
at −20°C until use. We evaluated the samples to detect
TNF-α; IL-1β; S100A7; S100A8/9; and short, palate, lung,
and nasal epithelial clone 1 (SPLUNC1) protein levels us-
ing commercially available enzyme-linked immunosorbent
assay (ELISA) kits (R&D Systems, Minneapolis, MN) in ac-
cordance with the manufacturer’s instructions. Each sample
was measured in triplicate.

Statistical analysis
Because this is was pilot study, we did not calculate the
sample size. Data were analyzed by Mann-Whitney U test,
Pearson chi-square test, and Fisher’s exact test for com-
parison analysis. Statistical significance (p < 0.05) was
analyzed using the same 3 testing procedures. Statistical
analyses were performed using SPSS Statistics version 21.0
(IBM Corp, Armonk, NY) and GraphPad Prism version 6.0
(GraphPad, Inc, La Jolla, CA).

Results
Clinical characteristics of study population

We investigated a total of 80 patients with suspected fun-
gus ball. Mean subject age was 62 (range, 24-88) years, and
55 participants (67.0%) were female, as shown in Table 1.
They showed a mild degree of sinus inflammation (mean
Lund-Mackay score = 5.4) and low comorbidity rate of
atopy (n = 22, 27.5%) and asthma (n = 1, 1.25%). Olfac-
tory function was slightly decreased in most cases (mean

FIGURE 1. Clinical and radiologic findings of fungus ball, bacterial ball,
mixed ball, and double ball during endoscopic sinus surgery. Various phe-
notypes of sinonasal microorganic materials (bioballs) exist, which are similar
and thus difficult to distinguish. CT = computed tomography.

TDI score = 29.8). In addition, there was no significant
difference in age, sex, atopic status, and asthma between
control subjects and patients.

Different phenotypes of fungus and bacterial
infection in CRS

All sinonasal microorganic materials, including fungus ball,
bacterial ball, mixed ball, and double ball, were extramu-
cosally located in the paranasal sinus. The clinical and ra-
diologic findings were very similar (Fig. 1), but were easily
differentiated by histopathologic assessment (Fig. 2). The
incidence of each type was as follows: fungal ball (n = 45,
56.2%); mixed ball (n = 27, 33.8%); bacterial ball (n = 6,
7.5%); and double ball (n = 2, 2.5%). Thus, fungus and
mixed balls were considered as major forms of sinonasal
microorganic materials.

Clinically, fungus and mixed balls shared many similar-
ities as well as some differences (Table 2). In most cases,
fungus and mixed balls occurred in the maxillary sinus
and were predominantly found in subjects with CRSsNP.
In addition, subjects frequently showed calcification find-
ings in CT images and histologic analyses. Interestingly,
when we examined those with diabetes mellitus, autoim-
mune diseases such as rheumatic arthritis, and systemic
malignancies as immunocompromised subjects, the mixed
ball (40.7%) showed a significantly higher prevalence com-
pared with the fungus ball (22.2%, p < 0.001). However,
there were no significant differences in total IgE and per-
centage of eosinophils between fungus and mixed balls.
In this study, we could not compare data of 2 minor
bioballs (bacterial and double balls) due to the small sample
size.
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FIGURE 2. Pathologic findings of fungal balls, bacterial balls, mixed balls, and double balls in chronic rhinosinusitis. Fungal balls consisted of fungal organisms
(morphologically Aspergillus species) without matrix [(A) H&E stain, ×40; (B) box area of (A), H&E stain ×400; (C) GMS stain, ×400; (D) Gram stain, ×400].
Bacterial balls consisted of the matrix with thick acellular mucous material [(E) H&E stain, ×40; (F) box area of (E), H&E stain, ×400] in which Gram-positive
bacteria colonies were observed, but no fungal organisms were identified [(G) GMS stain, ×400; (H) Gram stain, ×400]. Mixed balls consisted of fungal
organisms [(I) H&E stain, ×40; (J) box area of (I), H&E stain, ×400; (K) GMS stain, ×400] in which some Gram-positive bacteria colonies [(L) Gram stain, ×400]
were detected without matrix. Double balls consisted of fungal ball (right) and bacterial ball (left) separately [(M) H&E stain, ×40]. Fungal organisms were
found in fungal balls [right box area of (M); (N) H&E stain, ×400; (O) GMS stain, ×400], and Gram-positive bacteria colonies were found in the acellular mucous
matrix [(P) left box area of (M), Gram stain, ×400]. GMS = Gomori-methenamine-silver; H&E = hematoxylin-eosin.

Different endotypes of fungus and bacterial
infection in CRS

First, we measured TNF-α and IL-1β protein expression
in the paranasal sinus lavage fluid (Fig. 3). Expression of
TNF-α proteins in fungus and mixed ball was significantly
higher compared with controls (p = 0.011 and p < 0.001,
respectively). IL-1β levels in patients with mixed ball were
elevated compared with control subjects and patients with
fungus ball (p < 0.001 and p = 0.009, respectively). These
findings indicate an increased proinflammatory response
in the sinus mucosa caused by bioballs. Next, we ana-
lyzed S100A7, S100A8/A9, and SPLUNC1 protein expres-
sion to determine their effects on epithelial barrier function

(Fig. 4). S100A7 expression was significantly decreased in
patients with mixed ball compared with control subjects
and those with fungus ball (p < 0.001 and p = 0.011, re-
spectively). In addition, S100A8/A9 expression was signifi-
cantly decreased in patients with mixed ball compared with
fungus ball (p = 0.0235). However, there was no signifi-
cant difference in SPLUNC1 protein expression among the
3 groups.

Discussion
In this study we have investigated the clinical, histopatho-
logic, and immunologic effects of sinonasal bioballs in CRS
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TABLE 2. Characterization of different types of sinonasal bioballs in chronic rhinosinusitis

Fungus ball (n = 45) Bacterial ball (n = 6) Mixed ball (n = 27) Double ball (n = 2)

Phenotype of CRS CRSsNP, 40; CRSwNP, 5 CRSsNP, 2; CRSwNP, 4 CRSsNP, 22; CRSwNP, 5 CRSsNP, 2; CRSwNP, 0

Sinus location M, 42; S, 3 M, 3; E, 2; S, 1 M, 25; E, 1; S, 1 M, 2

Calcification on CT 23 (51.1%) 2 (33.3%) 16 (59.3%) 1 (50%)

Calcification on histology 30 (66.7%) 2 (33.3%) 21 (77.8%) 2 (100%)

Blood eosinophils 2.59% 2.0% 2.0% 1.2%

Serum total IgE (kU/L) 118.9 79.8 84.1 68.4

Immunocompromised patients 10 (22.2%) 1 (16.7%) 11 (40.7%) 1 (50%)

CRS = chronic rhinosinusitis; CRSsNP = chronic rhinosinusitis without nasal polyp; CRSwNP = chronic rhinosinusitis with nasal polyp; CT = computed tomography; E =
ethmoid sinus; IgE = immunoglobulin E; M = maxillary sinus; S = sphenoid sinus.

patients to identify their complex interactions. To our best
knowledge, this is the first study to describe the diverse
phenotypes and endotypes of fungus balls caused by mixed
bacterial colonization in CRS. Previously, we found bacte-
rial ball to be an unusual finding characterized by different
clinical spectra, including a lower rate of calcification on
CT scans compared with fungus ball. However, the exact
pathophysiologic mechanism of bacterial ball and its clini-
cal relevance could not be determined. Thus, we aimed to
demonstrate the characteristics of sinonasal bioballs in de-
tail. Our findings show that bacterial infection was related
to bacterial ball, mixed ball, and double ball, whereas fun-
gal infection was associated with fungus ball, mixed ball,
and double ball. For fungus ball, calcification is typically
observed by CT imaging and is more frequently detected in
immunocompetent hosts.22 Accordingly, we observed cal-
cification in CT images not only with fungus ball, but also
with other related fungal infections, such as mixed and dou-
ble balls. However, the prevalence of immunocompromised

FIGURE 3. Evaluation of expression of TNF-α and IL-1β proteins in
sinonasal lavage fluids using ELISA (*p < 0.05, **p < 0.01, and ***p < 0.001).
ELISA = enzyme-linked immunoassay; TNF-α = tumor necrosis factor-α; IL-
1β = interleukin-1β.

patients was significantly higher in mixed ball; these pa-
tients were characterized as having combined fungal- and
bacterial-infection–related forms rather than fungus ball
alone. This suggests that immunocompromised states may
increase the susceptibility of patients to bacterial infections.

In addition, to identify the immunologic effect on the
sinus mucosa, we evaluated TNF-α and IL-1β expression
using paranasal sinus lavage fluids. Several studies have re-
ported enhanced expression of TNF-α and IL-1β.23–26 Con-
sistent with those studies, we observed increased expression
of TNF-α in fungus and mixed balls. Interestingly, mixed
ball patients also showed higher expression of IL-1β protein
than those with fungus ball. Similar to our work, one previ-
ous study showed higher IL-1β expression in neutrophilic
CRSwNP than in eosinophilic CRSwNP.23 Therefore, we
thought concomitant bacterial infection may induce upreg-
ulation of IL-1β inflammation, which may be involved in
increasing neutrophilic inflammatory processes in mixed
ball. Moreover, the respiratory epithelium provides barrier
function to pathogens through the use of mucociliary func-
tion, tight junctions, and natural antimicrobial factor pro-
duction. Among the natural antimicrobial factors, S100A7
protein, which is present at the skin epidermis, is an attrac-
tant of CD4+ lymphocytes and neutrophils.27 In addition
to its chemotactic properties, S100A7 protein can kill bac-
teria directly.28 S100A7 exerts its antimicrobial activity by
disrupting microbial membranes at low pH.29 Moreover,
S100A8/A9 protein is produced by neutrophils, monocytes,
and epithelial cells and acts as a potent proinflammatory
chemoattractant for neutrophils and monocytes.30,31 Simi-
lar to S100A7 protein, S100A8/A9 shows antibacterial and
antifungal properties.32,33 Furthermore, SPLUNC1 protein
is expressed in the epithelium and submucosa of the na-
sopharynx and is secreted into the nasal cavity. It can bind
to the lipid A portion of lipopolysaccharide and inhibit the
growth of Pseudomonas aeruginosa, Mycoplasma pneumo-
nia, and presumably other Gram-negative organisms.34–36

Thus, we examined the expression of S100A7, S100A8/A9,
and SPLUNC1 proteins. In this analysis, we detected a
clear reduction in S100A7 and S100A8/A9 protein levels
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FIGURE 4. Evaluation of expression of human S100A7, S100A8/9, and SPLUNC1 proteins in sinonasal lavage fluids by ELISA (*p < 0.05, **p < 0.01, and ***p <

0.001). ELISA = enzyme-linked immunoassay; SPLUNC1 = short, palate, lung, and nasal epithelial clone 1.

in mixed ball compared with fungus ball. Consistent with
our findings, several previous studies demonstrated reduced
expression of S100A7 and S100A8/A9 in CRS.37,38 How-
ever, SPLUNC1 protein expression did not differ among
the 3 groups (control, fungus ball, mixed ball). Similar to
our findings, one study also revealed that there was no
significant difference in SPLUNC1 protein expression in
the uncinate tissues of control subjects and patients with
CRS.39

Generally, fungal sinusitis is categorized as either
invasive or noninvasive, based on presence or absence of
fungal hyphae within the mucosa. The invasive form is
subdivided into acute, chronic, and chronic granulomatous
and, among these, the acute invasive form is the most
fatal, usually occurring in immunocompromised patients.
In contrast, the noninvasive form of fungal sinusitis is
considered an indolent disease with a good prognosis.
However, to date, there has been no definititive evidence of
progressive development from fungus ball to invasive fun-
gal sinusitis. Interestingly, we found that fungus ball is not
a unique sinonasal bioball, but it shows diverse phenotypes
and endotypes in CRS. Specifically, we observed decreased

expression of S100A7 and S100A8/A9 proteins in CRS
patients with mixed ball. This implies that, when concomi-
tant bacterial infection occurs, nasal respiratory epithelia
may show the decreased epithelial barrier function. Thus,
based on our findings, it is reasonable to hypothesize that
invasive fungal sinusitis may develop from noninvasive
fungus under certain conditions, such as mixed ball. In ad-
dition, consistent with our hypothesis, several studies have
described the possibility of a progressive disease spectrum
from noninvasive fungus to invasive fungal sinusitis.40–42

Our study has several limitations. First, the sample size
was relatively small and further study is needed to verify
our findings. Second, we did not conduct a long-term
cohort study; therefore, we could not determine the
difference in prognosis according to the different type of
sinonasal bioball. Third, although reduced levels of S100
proteins may compromise innate immunity, we could not
determine the precise pathophysiologic mechanism. For
this reason, future studies are required to identify the
precise role of S100 proteins in immune barrier function
and the possibility of progressive disease from fungus ball
to the invasive form.
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