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Abstract. Identifying the predominant microbial species in
patients with ethmoidal sinusitis is conducive to its successful
treatment. The aim of the present study was to determine the
microbial composition and the predominant fungal and bacte-
rial species in patients with ethmoidal sinusitis. A sample was
obtained from 3 patients with ethmoidal sinusitis and from the
ethmoid sinus of 2 healthy volunteers. Those samples were
sequenced using an Illumina/Solexa sequencing platform
for mapping to human, fungal, and bacterial genomes.
Fungal and bacterial expressions in those samples were
analyzed through bioinformatics and statistical methods. The
sequencing data revealed that the dominant fungal strains in
the ethmoidal sinusitis samples compared with the healthy
controls (8_S33 and 10_S9) were Aspergillus oryzae and
Aspergillus flavus, and the dominant bacterial strains were
Haemophilus influenzae and Haemophilus parainfluenzae.
Together, these findings indicate that the development of
ethmoidal sinusitis is associated with the presence of fungi
and bacteria, which may benefit the successful diagnosis and
treatment for patients with ethmoidal sinusitis.

Introduction

Ethmoidal sinusitis is a common disease affecting the
ethmoid sinus. Ethmoid sinus is located in the ethmoid nasal
cavity above the labyrinth (1,2). Because of the limitations of
previous nasal examination methods and clinical application
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of antibiotics, ethmoidal sinusitis is often misdiagnosed,
which increases the difficulty of attaining successful surgical
treatment and drug therapy (3). In recent years, due to the
development of cold light source nasal endoscopy, which over-
comes the limitations of visual examination and the extensive
use of computed tomography/magnetic resonance imaging in
otolaryngology, a greater number of patients with ethmoidal
sinusitis are successfully identified (4,5). The acute inflamma-
tion of ethmoid sinus is not obvious, and the clinical symptoms
of chronic inflammation are subtle (1,3). Head or occipital
blunt pain is an important symptom in patients with ethmoidal
sinusitis, accompanied by insomnia, forgetfulness, depression,
dizziness and other symptoms (6). More serious, ethmoidal
sinusitis leads to weakening of the patient's sense of smell as
a result of closing to the olfactory area (6-8). Therefore, the
diagnosis and treatment of ethmoidal sinusitis has become the
focus of clinical research.

The sinus mucosa connecting with nasal mucosa, weak-
ening function of the epithelial cilia in nasal sinuses, abnormal
anatomy of ethmoid sinus, allergic reactions and mucosal
polyps may lead to stenosis or obstruction of the ethmoid
sinus (9). Changes of microcirculation in nasal sinuses may
be caused by disturbance of ventilation and drainage in nasal
cavity and paranasal sinuses (7,9). Simultaneously, changes
of microcirculation including an increase of secretion reten-
tion and humidity, decrease of oxygen content, increase of
sugar content and changes in pH provide suitable conditions
for the growth and reproduction of pathogenic microorgan-
isms (10-12). When the patient's immune system is inhibited
as a result of consumptive diseases, metabolic diseases or
long-term use of antibiotics, and in glucocorticoid patients,
pathogens may easily invade and multiply rapidly (13,14).
Several studies have reported, following a direct smear and
culture of the pathogen, that the majority of pathogens present
were Aspergillus, and a large number of bacteria are also
detected (8,11). However, the predominant fungal and bacterial
species remain unknown.

High throughput sequencing with its high output and
high resolution features not only provides a wealth of genetic
information, but also greatly reduces the cost and time of
sequencing (15). The Illumina/Solexa sequencing platform can
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be used to analyze millions of samples, which overcomes the
poor accuracy of conventional analysis technology (16). In the
present study, [llumina/Solexa sequencing platform was used
for quantitative evaluation of individual fungal and bacterial
species in ethmoidal sinusitis, in order to analyze the micro-
bial species composition, which may benefits the diagnosis
and treatment of ethmoidal sinusitis patients.

Patients and methods

Ethics statement. The present study was performed in full
compliance with bioethical laws in China. The collection
and use of patient data in the present study was approved by
The Ethics Committee of Beijing Tongren Hospital (Beijing,
China). Written informed consent was obtained from all
research subjects. Personal information from the hospital
database was applied for research purposes.

Sample. Between February 2015 and August 2016, 3 patients
(1 male and 2 females) with confirmed ethmoidal sinusitis
admitted to Department of Otolaryngology, Harbin First
Hospital (Harbin, China) were included in the present study
(the experiment al group). The age range of the experimental
group was 42-63 years (Table I). Samples of the layer of white
purulent secretions and the dark brown or brown sediment
content were obtained from patients with ethmoidal sinusitis
during endoscopic sinus surgery without opening the ethmoid
sinus to remove the lesions. Between February 2015 and
August 2016, 2 volunteers (1 male and 1 female), who had no
history of allergic rhinitis, inflammatory sinus disease, nasal
polyps, nasal septum deviation, or histopathologic examina-
tions or radiographic analysis of the nasal cavity and paranasal
sinuses, were included as the healthy control group. Samples of
ethmoid sinus tissue were obtained from 2 healthy volunteers
using the nasal endoscope. The age of this control group was
between 51 and 60 years (Table I). Subsequently, five samples
(one from each individual) were used for high throughput
sequencing. The three samples from the experimental group
were 1_S25,3_S8 and 5_S17, and the two samples from the
control group were 8_S33 and 10_S9.

DNA library construction and Solexa sequencing. A
Fungal/Bacterial DNA Purification kit (catalog no. KA4361,;
Amylet Scientific Co., Ltd., Wuhan, China) was used for puri-
fying total DNA from samples according to the manufacturer's
protocol. Based on the manufacturer's instructions, a TruSeq
DNA Sample Preparation kit (v2; Illumina, Inc., San Diego,
CA, USA) was used for synthesizing the paired-end libraries,
with approximate mean insert lengths of 200 bp. Prior to cluster
generation, the Agilent DNA1000 kit (Agilent, 5067-1504)
was used for assaying library concentration following the
manufacturer's protocol and size with a 2100 Bioanalyzer
(Agilent, Palo Alto, CA). Libraries were sequenced as 100-mer
X2 using a Hi-Seq 2000 sequencer equipped with a paired-end
module (Illumina, Inc.).

Data analysis. A program was written by the authors of the
current study with Perl 5.0 (Perl, Shanghai, China; http:/www.
perlchina.org/) to manage the mapping results and perform
statistical analysis. All bases on the underside of each read
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and low sequences were removed using the aforementioned
Perl program by cutting off the first low-quality base (quality,
<10; assessed according to instructions from https:/www.
ncbi.nlm.nih.gov/genome/microbes/) at a read length <30 bp.
The paired-end reads were removed when one read length
was <30 bp. Then, the remaining reads were mapped to the
human genome. The high-quality reads were mapped to
the human genome from NCBI (https://www.ncbi.nlm.nih.
gov/genome/microbes/) using soap2 2.21 software (http://soap.
genomics.org.cn/). The paired reads mapping to the human
genome were counted and filtered using soap2 software.
Mapping to the bacterial genome and fungal genome was
performed similarly to the human genome.

The bacterial genome was obtained from NCBI
(https://www.ncbi.nlm.nih.gov/genome/?term=bacteria) using
soap2 software. The fungal genome was obtained from NCBI
(https://www.ncbi.nlm.nih.gov/genome/?term=Fungi) using
soap2 software. Finally, fungal and bacterial expression
analysis was performed as detailed in Fig. 1, and the predomi-
nant fungal and bacterial species were analyzed with soap2
software.

Statistical analysis. Data are presented as the mean + standard
error of the mean. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Overview of microbial species in ethmoidal sinusitis samples.
Illumina Hi-Seq 2000 was used to sequence three ethmoidal
sinusitis samples and two healthy ethmoid sinus samples.
Then, bioinformatics and statistical analysis were used to
analyze the expressions of fungal and bacterial species (Fig. 1).
Based on the short DNA read, the longest single length was
126 bp (Table II). A total of 168 fungi and 867 bacteria were
detected in the samples (data not shown). The sequencing data
in Table IT demonstrates that the number of high quality reads
was 14,778,016 in sample 5_S17, which was 99.05% of the total
number of reads in sample 5_S17 and the highest number of
reads was 7,460,156 (length cut-off, =30 bp). The high-quality
reads of the experimental samples were higher than that of
the healthy group. The greatest number of reads (7460156)
was recorded in 5_S17, and the lowest number of reads was in
3_S8 (6,070,482). Following mapping to the human genome,
sample 1_S25 exhibited the lowest similarity (1.767%;
Table III). Following mapping to the bacterial genome, sample
5_S17 exhibited the greatest similarity (85.874%; Table III).
Furthermore, the proportion of fungi was lowest in sample
1_S25 (0.027%; Table I1I).

Bacteriain ethmoidal sinusitis samples. Following mapping to
the bacterial genome, the similarity in the experimental group,
from highest to lowest, were sample 5_S17 (85.874%), sample
3_S8 (52.421%), and sample 1_S25 (10.447%; Table III). The
bacterial similarity in healthy subjects was markedly lower
than in patients. The bacterial similarity in sample 10_S9
(healthy) was the lowest (0.016%; Table III). Furthermore, it
was observed that sample 1_S25 contained the highest number
of bacterial species (867), but there were only 132 bacteria
in healthy sample 8_S33 (data not shown). Further, the 6
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Table I. Sample information in the present study.
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Group Sample no. Sex Age (years) Sampling position Date of surgery
A 1_S25 Female 42 Anterior ethmoidal cell Feb 15,2015
A 3_S8 Male 63 Posterior ethmoidal cell Apr4,2016
A 5_S17 Female 56 Anterior ethmoidal cell Sep 2,2015
B 8 S33 Female 51 Anterior ethmoidal cell Aug 21,2016
B 10_S9 Male 60 Posterior ethmoidal cell Nov 27,2015

Group A, the experimental group, confirmed ethmoidal sinusitis patients; group B, healthy controls.
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genomes, count and filter

f

Remained reads

1k
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f
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Clean data

Mapping to the human
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Figure 1. Flow diagram of the analytical procedure followed in the present study.

most frequent bacterial species were identified in the healthy
and ethmoidal sinusitis samples. Enterobacter cloacae
was the dominant bacterial species detected in 4 samples
including 2 patients and 2 healthy controls (data not
shown). Haemophilus influenzae and Haemophilus para-
influenzae were detected in 3 patient samples with similar
levels of expression (Fig. 2). Klebsiella pneumoniae and
Prevotella intermedia were detected in 3 samples with
different levels of expression (Fig. 2). The most prevalent 6
bacterial species were also identified in the normal samples.
Based on the analysis, it was identified that 4 of the most
prevalent 6 strains in the normal samples were different
from those of the patients. They were Haemophilus influ-
enzae, Haemophilus parainfluenzae, Prevotella intermedia
and Selenomonas sputigena (Fig. 2). This indicates notable
differences in bacterial species between the healthy groups
(8_S33 and 10_S9) and patients with ethmoidal sinusitis.
Haemophilus influenzae and Haemophilus parainfluenzae
were the dominant bacterial species in the ethmoidal sinusitis
samples compared with the control.

Fungi in ethmoidal sinusitis samples. The remaining reads
were mapped to the fungal genome. The analysis presented
in Table III demonstrated that sample 8_S33 had the highest
fungal composition (0.320%) and 1_S25 had the lowest
fungal composition (0.027%). The similarity in the healthy
group was markedly greater than that in the experimental

group. Furthermore, there were 168 fungi in normal sample
10_S9, but only 73 fungi were detected in sample 1_S25
(experimental group; data not shown). The 6 most common
fungi species in the experimental and healthy groups were
also identified. Aspergillus rambellii was the most common
fungi species detected in all 5 samples. The expression of
Aspergillus rambellii in the experimental group was mark-
edly lower compared with that in the healthy group (P<0.05).
Pseudogymnoascus pannorum was detected in 4 samples.
Mitosporidium daphniae was detected in 3 samples with
different expressions. Aspergillus oryzae and Aspergillus flavus
were detected in two samples of the experimental group. In
8_S33 (33142) Mitosporidium daphniae was detected with the
highest level, followed by Aspergillus oryzae in sample 5_S17.
Aspergillus oryzae and Aspergillus flavus were the dominant
fungal species observed in patient samples, while absent in the
control (Fig. 3).

Other microbia identified in subject samples. Following
mapping to human, bacterial and fungal genomes, sample
1_S25 exhibited the highest prevalence of unknown reads
(87.758%, experimental group), and the lowest prevalence of
unknown reads was in sample 5_S17 in the experiment group
(9.633%). Sample 8_S33 and sample 10_S9 in the healthy
group had similar prevalences of unknown reads (Table III).

Discussion

Ethmoidal sinusitis occurs in the unilateral sinus, and can be
identified via the thickening of the ethmoid sinus mucosa,
bone destruction at the top of the sieve, polyps obstruction
in the meatus nasi medius, olfactory cleft and purulent secre-
tion in the middle meatus in the meatus nasi medius (17,18).
Ethmoidal sinusitis is usually classified as acute ethmoidal
sinusitis and chronic ethmoidal sinusitis (3,7). Acute ethmoidal
sinusitis exhibits an acute onset and rapid progress caused by
acute rhinitis (2). Chronic ethmoidal sinusitis is caused by acute
ethmoidal sinusitis that cannot be completely cured or recur-
rent acute ethmoidal sinusitis (19). Chronic sinusitis is often
associated with chronic maxillary sinusitis (14). Pathogenic
microorganisms penetrate the mucosal barrier to invade
blood vessels or bone, which can cause vasculitis, vascular
embolization, bone destruction and tissue necrosis (17).
Severe infections of the ethmoid sinus often lead to fungal
meningitis, encephalitis and brain necrosis, which, altogether,
have a mortality rate between 50 and 100% (20). Therefore,
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Table II. Analysis of the reads identified in sequencing samples.
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High quality

Short reads Single length Total length Reads Total length High quality read out
Sample (n) (bp) (bp) (n) (bp) of total reads (%)
1_S25* 6,651,991 35-126 1,665,728,087 13,062,670 1,612,535,682 98.19
3_S8 6,070,482 35-126 1,516,014,942 11,963,776 1,475,872,767 98.54
5_S17* 7460,156 35-126 1,865,910,724 14,778,016 1,831,326.470 99.05
8_S33° 6,721,553 35-126 1,677,084,576 13,095,690 1,612,590,049 97.42
10_S9° 6,497,648 35-126 1,619,862,741 12,663,024 1,556,099,543 97 .44
With “experimental group and *healthy controls; length cut-off, 30 bp.
Table III. Reads species composition in sequencing samples.

Total high quality
reads Homo sapiens Bacterial Fungal Unknown microbes

Sample n % n % n % n % n %
1_S25* 13,062,670 100 230,863 1.767 1,364,683  10.447 3591 0027 11463533  87.758
3_S8¢ 11,963,776 100 2,316,555 19.363 6,271,526 52421 16,857  0.141 3,358,838  28.075
5.S17* 14,778,016 100 629,593 4260 12,6000426 85.874 34372 0.233 1,423,625 9.633
8.S33* 13,095,690 100 11,407,813  87.111 96,861 0.740 41,890 0.320 1,549,126 11.829
10_S9* 12,663,024 100 11,212,700  88.547 2,028 0016 36,193  0.286 1412,103  11.151

With ®experimental group and Phealthy controls. Soap2 2.21 software was used for this analysis. Homo sapiens, default parameters; bacterial

and fungal parameters, -1 30.
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Figure 2. One-way hierarchical cluster map of the top six bacterial species.

it is of importance to the diagnosis and treatment of patients
to elucidate the microbial composition and the predominant
species of ethmoidal sinusitis. In the current study, all cases
were treated via endoscopic sinus surgery without opening the
ethmoid sinus to remove the lesions. The ethmoidal sinusitis
samples and ethmoid sinus samples were analyzed using an
[llumina/Solexa sequencing platform. Subsequently, the reads
were mapped to human, fungal, and bacterial genomes, and
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Figure 3. One-way hierarchical cluster map of the top six fungal species.

the predominant fungal and bacterial species were glob-
ally analyzed to identify the microbial composition in those
samples.

With the rapid development of sequencing technology,
high throughput sequencing technology has been used
increasingly to solve biological problems. For example, the
reference sequences of species were not obtained through
de novo sequencing, which lays the foundation to further



%ﬁ SPANDIDOS
'3,‘ PUBLICATIONS

research molecular breeding; genome sequencing is carried
out for species with reference sequences to research the
molecular basis of the individual differences (21-23). The
[lumina/Solexa sequencing platform is one high throughput
sequencing method that allows sequencing by synthesis, which
is built on the principle of proprietary reversible chemical
reactions (24). Sequencing analysis of hundreds of thousands
of DNA molecules makes it possible to obtain a detailed
picture of the transcriptome and genome of a species (25,26).
High throughput sequencing technology includes high output
and high-resolution features that provides a wealth of genetic
information, and also greatly reduces the cost and time of
sequencing (27). Therefore, the Illumina/Solexa sequencing
platform may facilitate the rapid and accurate detection of the
microbial composition and the predominant fungal and bacte-
rial species in patients with ethmoidal sinusitis.

The majority of the fungal infections in the ethmoid sinus
are non-invasive fungal balls (25). It has previously been
demonstrated that the fungal pathogens of fungal ethmoidal
sinusitis were mainly Aspergillus (28). In the present study, it
was observed that Aspergillus oryzae and Aspergillus flavus
were the dominant fungal strains in ethmoidal sinusitis
compared with the healthy controls by high throughput
sequencing, as the expression of those species were markedly
higher compared with the healthy group. Fungi are widely
found in nature, and fungal spores that often mix with dust and
air are easily absorbed into the human respiratory tract (29).
Risk factors, including the weakness of mucosa epithelial cilia
function under sinus, anatomical abnormality of recessus sphe-
noethmoidalis, allergy and mucosal polyp cause poor nasal
drainage. Additionally, the immune system is dysfunctional,
thus fungal hyphae or spores will reproduce in the layer of
mucous membrane and mucous membrane of the nasal cavity,
which communicates with the nasal cavity (30,31). A warm
and moist environment in the ethmoid sinus induces fungal
growth and reproduction, which gradually forms a colony. The
colony is likely to block the natural opening of the sinuses and
cause infection (32).

Aspergillus is an opportunistic pathogen; healthy people
have a strong resistance to Aspergillus, but the infection risk
is increased when the patients exhibit the following patho-
logical conditions: i) The patients are immunosuppressed,
ii) the patients are in a vulnerable state, for example they
are diagnosed with a terminal disease, iii) the patients have
undergone prolonged use of antibiotics that induce dysbac-
teriosis, iv) the patients exhibiting weakened local resistance
at trauma sites, v) the patients are in an Aspergillus-rich
environment for a long time (33-35). The present findings
indicated that Aspergillus oryzae and Aspergillus flavus are
associated with ethmoidal sinusitis. It has also been reported
that ethmoidal sinusitis is caused by fungal or mixed fungal
and bacterial infections (20). It was further identified that
Haemophilus influenzae and Haemophilus parainfluenzae
were the dominant bacterial species in the ethmoidal sinusitis
samples, whereas Aspergillus rambellii, Mitosporidium daph-
niae, Pseudogymnoascus pannorum and Puccinia striiformis
were the dominant fungal species in the healthy samples.
There were notable differences in bacterial species between
the healthy and experimental groups. Secretion retention,
moisture and sugar content increases in the ethmoid sinus
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create suitable conditions for the growth and reproduction of
bacteria. Bacteria then invade the mucosal epithelium, which
attracts inflammatory cells and promotes the release of pros-
taglandin and histamine through the flagella and capsule, and
the release of collagenase and protease (36). This leads to the
development of mucosal injury and inflammation. It was also
identified that the similarity of bacteria in the experimental
groups was significantly higher than that in the healthy group,
whereas the similarity of fungi in the experimental groups was
markedly lower than that in the healthy group. The possible
reason is that P. aeruginosa restrained fungal growth, which
weakened the fungal hyphae fractured (37). These findings
suggest that fungal and bacterial presence is associated with
the development of ethmoidal sinusitis.

Following sequencing the ethmoidal sinusitis samples,
the microbial composition and the predominant species of
fungal and bacterial was analyzed globally in the samples.
The sequencing data indicated that compared to the healthy
control the dominant fungal strains in ethmoidal sinusitis
samples were Aspergillus oryzae and Aspergillus flavus, and
the dominant bacterial strains were Haemophilus influenzae
and Haemophilus parainfluenzae. These findings suggest that
the development of fungal ethmoidal sinusitis is associated
with the fungi and bacteria. However, there are still certain
limitations in to the current study, such as the small sample
size. In the future, the authors of the current study would like
to expand the sample size so a more credible conclusion may
be reached.
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