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Abstract: Objective: This study was designed to investigate the clinical microbiology of fungal ball (FB) rhinosinusitis 
by culturing fungal clumps collected under endoscopic surgery. Methods: From April to November of 2012, fungal 
clumps were sampled by endoscopic surgery from patients diagnosed with FB using clinical and histopathological 
methods. The specimens were subjected to smear microscopy, and cultured for bacteria and fungi analysis. Results: 
Out of the 81 specimens from 80 patients, 69 (69/81, 85.19%) specimens were detected a mixed infection of 
bacteria and fungi. However, only 25 (25/81, 30.86%) specimens resulted in fungal growth. There were 12 (12/81, 
14.81%) specimens with fungal infections alone. The cultured fungi included 36 strains belonging to five genera, 
and most of them were Aspergillus spp. (30/36, 83.3%). The cultured bacteria included 94 strains belonging to 16 
genera, and the most frequently seen was Staphylococcus spp. (23/94, 35.94%). When it was fungal and Pseudo-
monas aeruginosa mixed infection, the fungal growth was inhibited (P = 0.002). Conclusion: Patients with fungal 
ball usually have mixed fungal and bacterial infections. The fungi from these samples are sometimes difficult to 
culture, which may be the result of the inhibition by bacteria in vitro and in vivo. 
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Introduction

Fungal ball (FB) rhinosinusitis is one of the main 
types of noninvasive fungal rhinosinusitis [1]. 
Along with fungi, bacteria are often isolated 
from the fungal clumps of patients with FB [2]. 
Fungal rhinosinusitis (FRS) is an important clini-
cal problem with diverse manifestations. The 
disease was classified as being noninvasive or 
invasive based on whether the fungi have 
invaded the sinonasal submucosal tissue, 
which could result in tissue necrosis and 
destruction [3]. FB and allergic fungal rhinosi-
nusitis (AFRS) are considered as the types of 
noninvasive FRS. Invasive disease is character-
ized as either acute or chronic based on the 
length of time the symptoms exist before pre-
sentation [4]. FB is the major form of noninva-
sive FRS in China [5]. FB can be cured only by 
surgical intervention [6]; however, the role of 

microorganisms in FB remains unknown. 
Aspergillus spp. is the most commonly reported 
microorganism to cause fungal balls of the 
sinuses [7]. In previous studies, researchers 
focused more on fungal culture and ignored 
bacterial culture of the samples from FB 
patients. Mixed infections of fungi and bacteria 
are often detected in clinical samples. 
Microorganisms or pathogens were also deter-
mined as one of the responsible agents in the 
etiopathogenesis of FB. Therefore, it is neces-
sary to analyze the microbiological characteris-
tics of FB, including fungi and bacteria.

The aim of this study was to characterize the 
microbes found in the fungal clumps of patients 
diagnosed with FB using histopathology. 
Traditional culture methods for fungi and bacte-
ria and smear microscopy were used in this 
study.
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Materials and methods

Samples

A total of 81 samples were obtained from 80 
patients histologically diagnosed with fungal 
balls. The fungal clumps were sampled under 
endoscopy from April to November of 2012. 

Microorganism cultures

All fungal clump samples were cut into small 
pieces (the size of each one is about 1 mm3) 
under sterile conditions. Pieces were cultured 
in liquid Sabouraud medium, agar slant 
Sabouraud medium and Sabouraud dextrose 
agar medium [8]. The media were incubated at 
26°C for 3 weeks for fungal cultures. 
Additionally, pieces were cultured in blood agar 
medium, chocolate agar medium and Makanke 

medium (Oxoid, Basingstoke, UK). These media 
were incubated at 37°C for 72 hr for the cultur-
ing of aerobic bacteria. Other pieces were cul-
tured in anaerobic media at 37°C under anaer-
obic conditions for 5 days to culture anaerobic 
bacteria. For bacteria, depending on the mor-
phology, we selected colonies and identified 
the species using MALDI-TOF MS (Bruker 
Daltonics, Bremen, Germany). As for fungi, we 
selected colonies and identified them by phe-
notype depending on the morphology.

Fungal smears

Fungal smears of each specimen were subject-
ed to lactic acid phenol Medan staining and 
10% KOH staining. A small piece of the fungal 
clump (the size of the small piece clump is 
about 1 mm3) was placed on a slide and 
pressed with a coverslip. The coverslip was 

Table 1. Clinical summary of patients with fungal ball rhinosinusitis

Age n (%) M:F
Site of infection Average course 

of disease 
(months)

No. of mixed 
infection (n, %)Maxillarysinus Sphenoid sinus Eethmoid sinus

≤ 29 3 (3.8) 1:2 2 - 1 34.7 1 (1.4)
30-59 54 (67.5) 15:39 40 10 4 32.7 47 (68.1)
≥ 60 23 (28.2) 7:16 16 6 1 43.7 20 (28.9)
Footnote: M:F = Male : Female.

Table 2. Microorganisms summary of fungal ball rhinosinusitis
Fungal culture-negative 
in mixed infection Fungal culture-positive in mixed infection Fungal infections alone

Bacteria (Strain) Bacteria (Strain) Fungi (Strain) Fungi (Strain)
Staphylococcus sp 23 Proteus 1 Candida 1 Aspergillus flavus 7
Pseudomonas sp. 10 Staphylococcus sp. 18 A. flavus 13 Aspergillus fumigatus 2
Streptococcus sp 8 Streptococcussp 4 A. fumigatus 7 Aspergillus versicolor 2
Klebsiellasp 7 Klebsiellasp 1 Scedosporium apiospermum 1 Schizophyllum commune 1
Enterobacter sp. 3 Citrobactersp 1 A. versicolor 1
Acinetobacter sp. 2 Corynebacterium sp. 1 S. commune 1
Corynebacteriumsp 2 Brenham spp. 1 Alternaria alternate 1
Neisseria sp. 1 Haemophilussp 1
Haemophilus sp. 1 Acinetobactersp 1
Escherichia sp. 1 Streptomycessp 1
Citrobacter sp. 1
Serratia sp. 1

Eikenella sp. 1
Leclercia sp. 1
Stenotrophomonas sp. 1
Fusobacteriumsp 1
16 64 10 30 7 25 4 12
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ria included 94 strains belonged to 19 genera, 
and the most often seen were Staphylococcus 
spp. (23/94, 35.94%) (Table 2). There were no 
patients with a positive anaerobic bacteria cul-
ture. Patients with FB usually had mixed fungal 
and bacterial infections. The fungi from these 
samples were difficult to culture, which may be 
the result of the bacterial inhibition in vitro and 
in vivo (Figure 1). When the mixed infection 
contained P. aeruginosa, the ability to culture 
the fungi was lower than when a different bac-
teria was present (P = 0.002). Additionally, the 
phenomenon of sparse and even broken myce-
lium (shading poor) in specimens with mixed 
fungal and bacterial infections was found by 
smear microscopy (Figure 2). 

Discussion 

Fungal sinusitis is classified as invasive (acute 
invasive fungal sinusitis, chronic invasive fun-
gal sinusitis, and granulomatous invasive fun-
gal sinusitis) and noninvasive (allergic fungal 
sinusitis and sinonasal fungal ball). A fungal 
ball is described as the noninvasive accumula-
tion of a dense conglomeration of fungal 
hyphae in one sinus cavity, usually the maxillary 
sinus. However, the disease may affect other 
sinuses and resulted in multiple sinuses [1, 9]. 
The results of our study, in which 71.25% of 
cases involved the maxillary sinus, were consis-
tent with previous studies. Fungal sinusitis is 
more common in middle-aged and elder female 
individuals in contrast to all forms of invasive 
and chronic aspergillosis, which are more com-
mon in male individuals [3, 4, 10]. Again, our 
results (female and male ratio of 2.3:1) are con-
sistent with previous findings.

removed, and a drop of lactic acid phenol 
Medan dye or 10% KOH was added, and then a 
new coverslip was placed on top.

Bacterial smears

A small piece of the fungal clump was smeared 
on a glass slide, dried and fixed, and Gram 
stained.

Statistical analysis

SPSS 17.0 statistical software was used for 
data analysis (SPSS, Chicago, IL, USA). Con- 
tinuous values were expressed as mean ± stan-
dard deviation and analyzed with t-tests. 
Categorical variables are presented as abso-
lute numbers and analyzed by Chi-square test. 
Two-sided p-values < 0.05 indicated statistical 
significance. 

Results 

Demographic data

The ages of the 80 patients ranged from 9 to 
78 years old (mean age: 52.98 ± 11.72). The 
study group was made up of 24 (30%) males 
and 56 (70%) females. In total, 57 (71.25%) 
cases occurred in the maxillary sinus, 16 (20%) 
in the sphenoid sinus, 5 (6.25%) in the ethmoid 
sinus, 1 (1.25%) in the nasal sphenoethmoidal 
recess and 1 (1.25%) in the side of the maxil-
lary sinus and contralateral ethmoid (Table 1). 

Microbial cultures

Of the 81 specimens from the 80 patients, 
smear microscopy detected mixed bacterial 

and fungal infections in 69 
(69/81, 85.19%) samples; 
however, only 25 (25/81, 
30.86%) specimens showed 
fungal culture growth. The 
other 44 (44/81, 54.32%) 
mixed infection samples did 
not display fungal colony 
growth. There were 12 (12/81, 
14.81%) specimens with only 
fungal infections. The cultured 
fungi included 36 strains 
belonged to 6 genera, and the 
most often seen was As- 
pergillus spp. (30/36, 83.3%) 
(Table 2). The cultured bacte-

Figure 1. Summary of bacteria in mixed in-
fection and their role.
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Figure 2. Fungal smears under light microscope. A-F: Fungal smears under light microscope with lactic acid phenol 
Medan staining and 10% KOH staining. A, B: In mixed fungal and P. aeruginosa infection, sparse fungal mycelium 
shading poor, fewer spores can be found. C, D: In mixed fungal and the other bacterial infection, thicker hyphae 
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Sinonasal fungal ball is known to be the most 
common form of fungal sinusitis, and it can be 
completely cured by proper surgical removal 
[3]. Currently, the definitive diagnosis of sinona-
sal fungal ball is made by histopathological 
finding of a high number of hyphae and mycotic 
colonization and is confirmed by culture of 
specimens. Culture of pathogens is critical for 
the correct diagnosis and appropriate clinical 
therapy of fungal balls [11]. In our study, 
Aspergillus was the most commonly found 
fungi in fungal balls, and this result is consis-
tent with previous studies [12]. Dufour et al. 
reported that most fungal balls comprise mixed 
fungal and bacterial infections [13]. However, a 
majority of studies have focused on fungal cul-
tures, and ignored bacterial cultures. In our 
study, 69 (85.19%) samples comprised mixed 
bacterial and fungal infections, and only 25 
(30.86%) samples were fungal culture-positive. 
These results confirmed that the fungal culture-
positive rate of fungal balls was low and that 
fungi were difficult to culture in vitro [7]. 
Molecular biological examination should be 
recommended for identification of the fungal 
balls that cannot be cultured. Previous studies 
confirmed that molecular technique of internal 
transcribed spacer sequencing used to identify 
pathogenic fungal species from fungal balls 
can improve the culture-positive rate to 80% 
[14]. In addition, Willinger et al. reported that 
PCR amplification and sequence analysis with 
universal fungal primers for 28 s ribosomal 
DNA was a more sensitive technique than 
hybridization and culture [7]. Thus, molecular 
biological methods can compensate for the 
lack of a positive fungal ball culture. Such 
methods are also important for an etiological 
diagnosis of fungal ball rhinosinusitis. There- 
fore, Metagenomics approach will be used to 
analyze the etiology of fungal balls in our next 
study.  

Importantly, the present study revealed that in 
fungal balls formed by mixed fungal and P. 
aeruginosa infection, the positive fungal cul-
ture rate is significantly lower than that involved 
other bacteria. Smear microscopy revealed 
sparse and even broken mycelium within the 
fungal balls formed by mixed fungal and bacte-
rial infections, especially those involved P. 

aeruginosa. The reason for this phenomenon 
may be due to that bacteria, specifically P. 
aeruginosa, can inhibit fungal growth both in 
vivo and in vitro [15]. Interactions between bac-
teria and fungi have dramatic effects on the 
survival, colonization, and pathogenesis of 
these organisms. Some bacteria could provide 
fungi with compounds that enhance the pro-
duction of fungal virulence determinants. Other 
bacteria produce factors that are likely to inhib-
it pathogenesis by repressing fungal filamenta-
tion [16]. For example, the opportunistic patho-
gen P. aeruginosa appeared to inhibit the 
growth of both Candida albicans and dermato-
phyte fungi [17]. Such interactions could have 
evolved through competition with fungi in soil, 
in association with plants, or in the context of 
host-associated infections [18]. Our result was 
consistent with the results of previous studies. 
The 3-oxo-C12-acyl homoserine lactone-signal-
ing molecule produced by P. aeruginosa was 
reported to inhibit C. albicans hyphal formation 
[19]. Another possible mechanism involved the 
fact that most bacteria can produce chitinase, 
which can break down fungal cell wall compo-
nent to inhibit fungal growth [20]. Furthermore, 
some mixed bacterial-fungal biofilms have 
properties that are distinct from their single-
species counterparts. Therefore, interactions 
between bacteria and fungi in fungal balls 
should be paid more attention. Clinical studies 
of the interactions between bacteria and fungi 
in fungal balls in combination with in vitro 
model systems are necessary to understand 
how bacterial-fungal interactions affect the 
development of sinonasal fungal balls in vivo. 
In-depth analysis of the etiology of fungal balls 
using metagenomics methods will help to 
understand the bacterial-fungal interactions 
within fungal balls.
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shading good, more spores and even conidia can be found, with active hyperplasia. E, F: In fungal infections alone, 
dense mycelium tightly wound, shading good, and dyed dark coloring by lactic acid phenol Medan.
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