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and Neisseria abundance (p < 0.001) was significantly dif-
ferent from the remaining two groups. Ruminococcacea 
abundance (p < 0.001) and Comamonadaceae abundance 
(p < 0.001) were increased in the CRSwNP group. The rela-
tive abundance of Lactobacillus (p < 0.001), Bacteroides 
S24_7 (p < 0.001), and Desulfovibrio (p < 0.001) was sig-
nificantly decreased in the FB and CRSwNP groups com-
pared to the control group. The imbalance of the microbial 
community is related to the pathogenesis of sinusitis.

Keywords 16S rRNA · Fungal ball · Chronic 
rhinosinusitis · Nasal polyps · Microbiota

Introduction

Paranasal sinus fungus ball(FB), described as a non-invasive 
conglomeration of fungal hyphae, usually found in a single 
sinus cavity [1]. With the widespread use of sinus CT and 
nasal endoscopy, the diagnosis of fungal rhinosinusitis is 
gradually increasing, and the variety of pathogenic micro-
organisms is also increasing [2]. Chronic sinusitis with 
nasal polyps (CRSwNP) is usually considered to be related 
to pathogenic factors such as bacterial infections, allergy, 
mucociliary damage, and anatomical variations of the nasal 
sinus [3]. The microbial perspective of human health/disease 
interrelationships has become increasingly topical in recent 
years. The human mucosal surface hosts a large microbiota 
that is functionally and quantitatively diverse. Metabolites 
of the microbiome interact to regulate the growth of harmful 
pathogens and the development of immune cells [4, 5]. The 
mucosal surface microenvironment, formed by the body’s 
defense mechanisms, provides continuous selective pressure 
on epithelial microorganisms creating the ecological niche 
of the mucosal surface, while imbalances in the microbiota 
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may contribute to the inflammatory process [6]. The interac-
tion between the microbiota and the local immune system 
is considered as a potential etiology, but the mechanisms 
of their interactions are complex and still not sufficiently 
clarified [7]. A variety of diseases with intestinal [4], repro-
ductive tract [8] and oral sites [9] have been shown to be 
closely related to microflora imbalances. However few stud-
ies have used 16S rRNA gene sequencing to evaluate the 
nasal microbiome, especially the FB mircobiota, and there 
are differences in the results of different category of sinusitis 
[10, 11]. Therefore, more sequencing results are needed to 
provide valuable analysis of the nasal microbiota.

Through this study, we hope to demonstrate the role of 
bacteria in the pathogenesis of fungal ball versus chronic 
sinusitis with nasal polyps, and also to investigate the differ-
ences in microbiome profiles through comparative analysis 
of microbial community diversity.

Method and Materials

Sample Collection

For this study, we collected 49 samples which were classi-
fied into three different types of groups:1) 29 samples from 
the affected side of FB, 2) 10 from CRSwNP with Lund-
Mackay Scale ≥ 10 points, 3) Four from healthy participants. 
The exclusion criteria were patients using local or systemic 
antibiotics, hormones, antihistamines, and leukotriene recep-
tor antagonists within the past month; nasal irrigation within 
the past two weeks or patients with pregnancy and lactation; 
combined with the severe respiratory system, immunodefi-
ciency. All the samples were collected with nasal endoscopy 
(KARL STORZ, Germany, 0°, 70°) surgery under general 
anesthesia in the operating room. We use nasopharyngeal 
swabs (Copan, Italy) to collect the specimen before using 
the vasoconstrictors. Secretions from the middle meatus of 
maxillary sinus fungal ball of FB group and the remaining 
two groups and from the superior meatus of the sphenoid 
sinus fungal ball were put into the swabs and immersed into 
preservation solution completely. The swabs were all trans-
ferred to the laboratory for storage at -80˚C.

DNA Extraction and 16S rDNA Amplicon 
sequencing

Total bacterial genomic DNA samples were extracted using 
the Mag-Bind soil DNA kit(200)(M5635-02, OMEGA, 
USA), following the manufacturer’s instructions, and stored 
at − 20 °C prior to further analysis. PCR amplification of 
the 16S rRNA genes V3–V4 region was performed using 
the primer 338F-806R and quantified using the PicoGreen 

dsDNA Assay Kit (Invitrogen, Carlsbad, CA, USA). After 
the individual quantification step, amplicons were pooled 
in equal amounts, and pair-end 2 × 300 bp sequencing was 
performed using the Illlumina MiSeq platform with MiSeq 
Reagent Kit v3. The Quantitative Insights Into Microbial 
Ecology (QIIME, v1.8.0) pipeline was employed to process 
the sequencing data. Paired-end reads were assembled using 
FLASH. After chimera detection, the remaining high-quality 
sequences were clustered by UCLUST into operational taxo-
nomic units (OTUs) with 97% sequence identity.

Bioinformatics and Statistical Analysis

Sequence data analyses were mainly performed using 
QIIME and R packages (v3.2.0). OTU-level alpha diver-
sity indices, such as Chao1 richness estimator, ACE metric 
(Abundance-based Coverage Estimator), and Shannon diver-
sity index, were calculated using the OTU table in QIIME. 
OTU-level ranked abundance curves were generated to com-
pare the richness and evenness of OTUs among samples. 
Generate Venn diagrams using the R package "VennDia-
gram" to visualize shared and unique OTUs between sam-
ples or groups. Beta diversity analysis was performed using 
the UniFrac distance metric to study structural changes in 
microbial communities in different samples and visualized 
by non-metric multidimensional scaling (NMDS). Statistical 
comparisons of taxon abundance between samples or groups 
were performed by Metastats. LEfSe (Linear discriminant 
analysis effect size) was performed to detect differentially 
abundant taxa across groups using the default parameters. 
For normally distributed data, the microbiota richness index 
was examined by ANOVA, and for non-normally distributed 
data, the Kruskal–Wallis test was used. For normally and 
non-normally distributed data, pairwise comparisons were 
performed with Welch’s t-test or Mann–Whitney U-test, 
respectively. Demographic and clinical characteristics were 
analyzed with chi-square test for binomial variables and 
t-test for continuous variables, with a P value < 0.05 indi-
cating statistical significance.

Results

Study Population and Subject Characteristics

This study involved 42 patients, including 29 FB patients, 
10 CRSwNP patients and four controls. The demographics 
and clinical characteristics of the 3 groups revealed signifi-
cant differences in the age of subjects at the time of sam-
pling between the cohorts, with FB subjects being older. 
Meanwhile, there were significantly more females in the 
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FB cohort. CRSwNP had significantly higher incidence of 
hyposmia symptom than FB group (Table 1).

Bacterial Diversity

In total, 723,523 high-quality sequences were optimized 
using the NCBI against a library from the Greengenes 

database. 7777 OTUs were assigned to 29 bacteria phyla and 
509 genera. 2105 OTUs were shared by the three groups. 
Measurements of unique OTUs of FB, CRSwNP and control 
groups were 3534, 286 and 65, respectively. Venn diagram 
was used to show the number of different OTUs common/
unique to the group samples (Fig. 1). The Shannon index 
is used to construct a rarefaction curve. As the readings 
increase, the curve gradually flattens, which means that 

Table 1  The demographic and clinical data of the subjects

FB paranasal sinus fungal ball, CRSwNP chronic rhinosinusitis with nasal polyps

FB CRSwNP Control p value

Age(years), mean ± SD 59.72 ± 13.89 41.30 ± 15.97 38.00 ± 9.02 0.024
Female/Male 23/6 3/7 2/2 0.008
Site, n Middle meatus Maxillary sinus 25 Middle 

meatus
10 Middle meatus 4 –

Superior meatus Sphenoid sinus 4 –
Symptom, n Nasal obstruction 16 9 0.064

Nasal discharge 14 4 0.468
Headache 11 1 0.131
Bloody secretions 6 1 0.653
Postnasal drip 5 0 0.302
Hyposmia 0 6 0.000

Fig. 1  The number of different 
OTUs common/unique to the 
group samples. FB stands for 
paranasal sinus fungal ball. 
CRSwNP indicates chronic 
sinusitis with nasal polyps. Con-
trol represents healthy control
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the current sequencing depth of each sample is sufficient 
to reflect the bacterial diversity of the community (Fig. 2).

The ACE index, Chao1 index focus on the richness of 
the microbiota, while Shannon index takes into account 
the evenness of the microbiota at the same time. They all 
reflected the α-diversity of the microbiota. The indicators 
had statistically significant difference between the FB and 
other groups (Table 2). The α- diversity of FB showed a 
significant decrease. Control and CRSwNP had no signifi-
cant difference in the three indicators. Although healthy 
controls tended to have higher α-diversity when compared 
to CRSwNP group this was not significant (p > 0.05).

Nonmetric Multidimensional Scaling(NMDS) which 
based on the Unifrac distances reflect the β-diversity of 
the microbiota. (Fig. 3a, b) Healthy controls and CRSwNP 
groups were close in distance, indicating that the distribu-
tion of the microbiota of the two groups was relatively simi-
lar. While, significant different cluster had been observed 
between the FB and the other two groups. The distribution 
of samples within the FB group was relatively scattered.

Bacterial Composition

In the FB group, 491,244 high-quality sequences were 
obtained. OTU taxon analysis showed that 6497 OTUs 
referring to 22 phyla and 492 bacterial genera, and about 
0.4% of all were no blast hit. Ranked by abundance, the pre-
dominant bacterial phyla were Proteobacteria (47.04%), Fir-
micutes (27.36%), Bacteroidetes (14.63%), Actinobacteria 

(5.18%). The predominant bacterial genera were Haemophi-
lus (11.53%), Neisseria (7.39%), Staphylococcus (6.30%), 
Unclassified_Planococcaceae (5.13%), Bacillus (3.98%), 
Prevotella (3.63%). There was no statistical difference in the 
bacterial community between the maxillary and sphenoid 
sinuses(p = 0.901) (Fig. 4).

From the ten CRSwNP samples, 165,594 high-quality 
sequences were assigned to 3978 OTUs. 18 different bac-
terial phyla and 244 bacterial genera were detected, while 
0.01% of all were no blast hit. Compared with the FB group, 
Firmicutes (46.43%) was more predominant, followed with 
Proteobacteria (31.96%), Bacteroidetes (13.17%), Act-
inobacteria (7.07%). The predominant bacterial genera 
were Unclassified_Ruminococcaceae (17.04%), Unclas-
sified_S24-7 (11.42%), Desulfovibrio (10.65%), Lactoba-
cillus (7.9%), Unclassified_Comamonadaceae (4.97%), 
Unclassified_Clostridiales (4.45%).

The composition of the bacterial of the control group 
is similar to that of CRSwNP group. We obtained 66,685 

Fig. 2  The total number of 
sequences for each sample in 
the OTU abundance matrix is 
randomly sampled at differ-
ent depths, and the rarefaction 
curve is constructed with the 
number of sequences drawn at 
each depth and their corre-
sponding OTU numbers

Table 2  The comparison of the α-diversity indexes of the three 
groups

Estimators p-value

Control- Control- CRSwNP-

CRSwNP FB FB

Chao1 0.267  < 0.001  < 0.001
ACE 0.283  < 0.001  < 0.001
Shannon 0.084  < 0.001  < 0.001
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Fig. 3  NMDS of bacterial 
communities were conducted to 
describe the structural distribu-
tion of community samples 
by two-dimensional sorting 
diagrams based on the UniFrac 
distance metrics. Figure a was 
analyzed by Unweighted Uni-
Frac NMDS, b was analyzed by 
Weighted UniFrac NMDS. The 
former considers only the pres-
ence of OTUs in the samples 
without considering their high 
or low abundance. The latter 
takes into account the phyloge-
netic relationships among the 
community members and their 
abundance in the respective 
samples
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high-quality sequences belonging to 3299 OTUs of 12 
different bacterial phyla and 103 genera with 0.01% no 
blast hit in the control group. The major abundant phyla 
contained Firmicute (43.58%), Proteobacteria (33.73%), 
Bacteroidetes (14.85%), Actinobacteria (7.20%). 
Unclassified_Ruminococcaceae, Unclassified_S24-7, Des-
ulfovibrio, Lactobacillus, Unclassified_Comamonadaceae, 
Unclassified_Clostridiales belong to the prevalent bacterial 
genera with relative abundances (%) of 16.98, 13.25, 12.38, 
9.58, 4.93 and 4.23, respectively. The relative abundance 
of each group of phyla and genera was shown in Fig. 4a, b.

Based on the Metastats analysis, At the phylm level, 
the relative abundance of Firmicutes had significant 

difference between the FB group and the other two groups. 
(CRSwNP, p=0.003, Control, p=0.008). The abundance of 
TM7(p = 0.010), Chloroflexi (p = 0.018) and Bacteroidete 
(p = 0.027) were significantly different between the CRSwNP 
and control groups. At the genus level, CRSwNP(p = 0.003) 
and FB group(p < 0.001) revealed significant difference with 
control group in the relative abudunce of Lactobacillus. 
Haemophilus abundance is significantly different between 
the FB group and control group(p = 0.032), but not from the 
CRSwNP group. Further, based on the Linear discriminant 
analysis effect size(LEfSE), among the three groups, Neis-
seria (p < 0.001) has the highest relative abundance and the 
most significant difference in the FB group, followed with 

Fig. 4  The relative abundance of each sample of phyla a and genera b *In the FB group, samples 4,5,6,20 were sphenoid sinus fungal ball and 
the rest were from maxillary. There was no statistical difference between the two microbiota(p = 0.901)
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Parvimonas(p = 0.001) and Eikenella.(p = 0.017). In the 
CRSwNP group, The relative abundance of Ruminococca-
cea (p < 0.001) from the phylum of clostriadia and Coma-
monadaceae (p < 0.001) from the phylum of Burkholderi-
ales was significantly higher than the two other groups. The 
control groups revealed siginificant difference with highest 
abundance of Bacteroides S24_7 (p < 0.001), and Desulfo-
vibrio (p < 0,0.001). Other remaining taxa with statistical 
difference among the three groups were drawn into LDA 
diagrams based on the results of Lefse (Fig. 5).

Discussion

Patients with FB tend to have a mixture of fungal and bacte-
rial infections. It is often diagnosed as secondary to a long 
history of recurrent sinusitis, and about 3.7% of patients 
with chronic sinusitis in the late twentieth century were 
diagnosed with fungal sinusitis [12]. Stammberger believed 
that the purulent secretions produced by bacteria were an 
ideal medium for fungi to grow that the infection induces 
an environment conducive to fungal growth [13]. Fungi 
have a role in the development of CRSwNP, but are difficult 
to determine [14]. Recent studies of the sinus microbiota 
have demonstrated that the sinuses of patients with chronic 
sinusitis had a loss of bacterial diversity and a simultane-
ous enrichment of pathogens (resident microorganisms with 
pathogenic potential), with an imbalance in the microbiota 

community [15]. Patients with CRS always receive multi-
ple antibiotic treatments, leading to adverse factors such as 
microbiota disruption and multi-drug resistant bacteria [16].

In this study, the mean age of the FB group 
(59.72 ± 13.89) was significantly different from the remain-
ing two groups with an older age (p = 0.024). Meanwhile, 
the FB group possess higher incidence in female patients 
(p = 0.008). In the other studies, the FB mostly appeared in 
elder individuals. Females over 50 years of age are suscep-
tible to FB infections possibly related to decreased estrogen 
levels and mucosal dysfunction [17].

Among the three groups, though there were no sig-
nificance in α-diversity index between the control and 
CRSwNP groups, the mean α-diversity index was lower in 
the CRSwNP group. In the FB group the index was sig-
nificantly lower than that of the two groups. Based on the 
β- diversity analysis, the samples of the CRSwNP group and 
the control group were mixed with each other. This result is 
accordance to the previous study [18]. The FB group shows 
significant difference in β-diversity with other groups, but 
at the same time the differences within the FB group were 
also more obvious than the other two groups.

The four bacterial phyla (Firmicutes, Proteobacteria, 
Bacteroidetes, Actinobacteria) mainly constituted the 
nasal microbiota. Firmicutes was dominant in the control 
and the CRSwNP group. The relative abundance of Rumi-
nococcaceae and Lactobacillaceae which are the families 
of Firmicutes decreased significantly in the FB group. 

Fig. 5  The vertical coordinates 
are the taxonomic units with 
significant differences between 
groups, and the horizontal coor-
dinates show the logarithmic 
LDA difference analysis scores, 
ranked by the size of the scores, 
to describe the magnitude of 
their differences in different 
subgroups of samples. The 
longer lengths indicate the more 
significant differences of the 
taxonomic units, and the differ-
ent colors of the bars indicate 
the sample group with higher 
abundance for that taxonomic 
unit. (The graph only shows 
taxonomic unit with the most 
significant differences in the top 
20% of each group)
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Rumenococcaceae confirmed to be associated with allergic 
rhinitis and positively associated with the levels of Th2-
related factor [19]. Th2 differentiated cytokines IL-4, IL-5, 
IL-8, IL-10 and IL-13 can be involved in the development 
and progression of nasal polyps [20]. Rumenococcaceae was 
also a major bacterial colonies of the CRSwNP group in 
this study.

Lactobacillaceae are regarded as promising probiotics 
which have been safely used daily as probiotics in food sup-
plements for over a century [21]. However, their potential 
as upper respiratory tract probiotics has not been widely 
considered. Some studies have described them as part of the 
normal upper respiratory microbiota in healthy adults and/
or children. Lacticaseibacillus casei AMBR2 has been dem-
onstrated to have the antimicrobial effects and the ability to 
repair the respiratory epithelium in patients with CRSwNP 
[22]. Lactobacillaceae are expected to be further investi-
gated in clinical trials for their potential as upper respiratory 
tract probiotics.

The relative abundance of Bacteroidete is decreased in 
CRSwNP compared to controls, especially Bacteroidete_
S247 which are called Muribaculaceae now. The members of 
this family have been identified as potential mucus degrad-
ers [23]. In the previous study, through a murine model, C. 
tuberculostearicum is able to cause mucosal inflammation 
with goblet cell proliferation and excessive mucus secretion 
in a decreased microbiota abundance condition [15]. This 
is similar to the pathophysiological mechanism of sinusitis 
[24]. Muribaculaceae have the potential to reduce Clostridi-
odes difficile colonization by using mucin-derived sugars 
in competition with Clostridium in situ [25]. CRSwNP is 
always associated with asthma and allergic rhinitis. The 
increasing abundance of Comamonadaceae is highly corre-
lated with the degree of bronchial hyperresponsiveness [26].

We found that Neisseriaceae had the most significant 
difference abundance in the FB group in our cohort. Neis-
seria is a genus of Proteobacteria, including pathogenic and 
commensal species that mainly colonize the human oro-
nasopharynx. Neisseria have also been found to be associ-
ated with human infections, including valve endocarditis, 
periodontitis, and otitis media [27]. One study found that 
sex hormone levels drop related to Neisseria mucosa abun-
dance increased [28]. In our study, the majority within the 
FB group were middle-aged and menopausal women with 
decreased estrogen levels which may leading to the increased 
abundance of Neisseria. Eikenella was first isolated from 
human abscesses. The previous study has reported that 
empyema could be secondary to Eikenella induced sinusi-
tis. The increase in the abundance may correlate with the 
severity of the infection [29].

The relative abundance of Haemophilus was increased 
in both the CRSwNP and fungal groups, while only the FB 

group was statistically different from the control group. 
The current studies have observed that in vitro Haemophi-
lus inhibits the function of the mucociliary clearance sys-
tem. This strategy can benefit fungus in the sinuses [30]. 
Many species of Haemophilus and Neisseria are naturally 
transformative, able to take up DNA fragments from their 
environment and integrate them into chromosomes. This 
behavior may also explain the prevalence of Haemophilus 
species in the Neisseria meningitidis environment [31].

In our study, there are some limitations. Firstly, the 
small sample size of healthy control may cause contin-
gency of statistical results. Secondly, the large variation 
within the fungal group may be caused by the different 
microbiota brought about by different species of fungi. 
Further classification of the samples according to fungal 
species is needed in the future. For the CRSwNP group, 
the group should be better to be distinguished by eosino-
philic and non-eosinophilic. Finally, further studies are 
needed to confirm whether the microbiota difference is 
the cause or the result of sinusitis formation, such as ani-
mal tests with significantly different genera to confirm 
whether the microbiota can induce fungal ball formation, 
or changes in microbiota before and after sinus implanta-
tion in animal models to elucidate the causal relationship 
between microbiota changes in fungal ball formation.

Conclusion

Among the three groups, the FB group differed from the 
polyp group, and the control group in terms of micro-
bial diversity. Neisseria abundance revealed the most 
significance difference in the FB group compared with 
other groups. The possible role of microbial dysbiosis as 
a pathogenetic mechanism of nasal mucosal inflamma-
tion was further confirmed in this study. In contrast, the 
increase relative abundance of S247 as well as Lactoba-
cillus in the healthy group may have an inhibitory effect 
on inflammation in the nasal mucosa, but the interaction 
between these bacterial microbiota requires further experi-
ments to verify.
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