& frontiers | Frontiers in

") Check for updates

OPEN ACCESS

EDITED BY
Suzana Otasevi¢,
University of Ni$, Serbia

REVIEWED BY

Javad Javidnia,

Mazandaran University of Medical Sciences,
Iran

Iman Haghani,

Mazandaran University of Medical Sciences,
Iran

*CORRESPONDENCE
Zhang Zhao
zhaozhang19827@163.com

RECEIVED 15 August 2023
ACCEPTED 30 January 2024
PUBLISHED 09 February 2024

CITATION

Chen Z and Zhao Z (2024) Study on the
microbial diversity of ear canal secretions from
patients with otomycosis.

Front. Surg. 11:1277799.

doi: 10.3389/fsurg.2024.1277799

COPYRIGHT

© 2024 Chen and Zhao. This is an open-
access article distributed under the terms of
the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction
in other forums is permitted, provided the
original author(s) and the copyright owner(s)
are credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Surgery

Original Research
09 February 2024
10.3389/fsurg.2024.1277799

Study on the microbial diversity
of ear canal secretions from
patients with otomycosis

Zhuxiang Chen and Zhang Zhao*

Department of Otorhinolaryngology, Hubei NO.3 People’s Hospital of Jianghan University, Wuhan,
China

Otomycosis is caused by fungi, which usually cause discharge and additional
discomfort. The highest incidence of otomycosis occurs in summer. To better
treat this disease, it is necessary to study the microbial diversity of otomycosis
secretions. In this regard, this study used high-throughput sequencing
technology to determine the microbial diversity of the ear canal secretions of
six typical patients with otomycosis in Wuhan via internal transcribed spacer
(ITS) and 16S rRNA analyses and proposed a reasonable clinical treatment
plan. Six patients with otomycosis in the Department of Otorhinolaryngology,
Hubei Third People’'s Hospital Affiliated with Jianghan University, were selected
from June 2022 to August 2022. The results showed that Staphylococcus spp.
(average abundance 29.05%) was the dominant bacteria and Aspergillus spp.
(average abundance 90.68%) was the dominant fungus involved in otomycosis
secretion. Aspergillus spp. can cause inflammation of the external auditory
canal combined with bacterial infections such as Staphylococcus spp., which
can cause discharge in the ear canal. High-throughput sequencing provides
comprehensive information on the microbial community involved in
otomycosis discharge and will aid in evaluating the efficacy of clinical
treatment and medication.
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1 Introduction

Otomycosis, also known as otitis externa mycotica, is caused by the invasion or
massive reproduction of opportunistic fungi and the production of secretions,
increasing the complexity of treatment (1). Otomycosis is a common inflammatory
lesion in otolaryngology that accounts for 10%-20% of ear canal infections (2).
Otomycosis is very common in tropical and subtropical regions where the temperature
and humidity are high (3). Frequent ear picking (4), chronic otitis media (5), and the
use of antibiotics (6) all increase the incidence of otomycosis. Otomycosis can also
cause symptoms such as ear itching, hearing impairment, and ear pain (7).

A. niger or A. flavus complex in the genus Aspergillus spp., and Candida albicans,
Candida parapsilosis in the genus Candida spp. have been reported to be common
causative agents of otomycosis (8, 9). However, the fungal community involved in
otomycosis varies with region, climate and patient immune status (10). For example,
Aspergillus tubeingensis is the dominant and most common isolated species in Western
China and Southern Ireland (11, 12), and A. tubingensis is most common in southern
Iran (13). C.albicans is more common in immunocompromised patients with
otomycosis than in immunocompromised patients without otomycosis (14). Fungal
infection lesions can sometimes completely cover the eardrum, causing hearing loss that
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is difficult to heal on its own (15). Fungal infection is more
persistent and easier to relapse, so effective treatment measures
should be taken in a timely manner. When treating otomycosis,
the first step is to diagnose the condition, which usually involves
examining the ear canal to look for signs of fungal infection,
such as redness, swelling, discharge, or specific types of fungus.
After diagnosis, the first step is to clear the ear canal containing
the fungus and secretions. Second, the selection of appropriate
antifungal drugs is crucial for the treatment of otomycosis,
usually based on the type of fungus (such as Candida spp. or
spp.) (16),
miconazole (17) and tolnaftate (18) are currently commonly used

Aspergillus and drug resistance. Clotrimazole
drugs for the treatment of otomycosis. In some cases, topical
antifungal ear drops may be needed.

Clinically, determining what kind of opportunistic fungal
infection is involved and whether bacteria are involved are highly
important for the early diagnosis and treatment of otomycosis.
At present, opportunistic fungi are mainly identified clinically by
isolation, culture, and microscopic examination based on fungal
morphology (19). However, the above methods have several
limitations, such as equipment conditions, personnel level, and
staining methods (20). Moreover, the culture process easily
results in contamination by pathogenic bacteria, and traditional
methods can identify only the main pathogenic bacteria.
Therefore, it is difficult to accurately identify pathogenic bacteria
based on the abovementioned traditional methods. In recent
years, with the rise of high-throughput sequencing technology,
culture-free methods have been gradually introduced for the
identification of pathogenic microorganisms (21). To date, high-
throughput sequencing has not been widely used in the study of
otomycosis. In this study,

high-throughput  sequencing

technology was used to study the fungal and bacterial
communities involved in otomycosis to provide a reference for

clinical treatment.

2 Materials and methods
2.1 Ethics and consent

Patients with otomycosis were recruited from June 2022 to
August 2022 from the Department of Otorhinolaryngology,
Hubei Third People’s Affiliated with Jianghan
University. This study was approved by the Ethics Committee of
the Third People’s Hospital of Hubei Province Affiliated with
2023010),
consent was obtained from each patient participating in this study.

Hospital

Jianghan University (No. and written informed

2.2 Sample collection

In this study, 6 patients with otomycosis who met the inclusion
criteria (all had a history of ear picking, no otitis media, and no
history of diabetes) were recruited. Otomycosis was diagnosed
through ear canal observation, direct smears, and culture
samples, and all 6 patients had ear canal discharge. The ear
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TABLE 1 Detailed clinical information of 6 patients.

umber Geonder_pgeSymptom__buration

Sample 1 Male Ear fullness, itching 1 week
Sample 2 Male 38 Ear fullness, itching 2 weeks
Sample 3 Male 41 Earache, ear fullness, itching | 3 weeks
Sample 4 Female 42 Itchy ears, tinnitus 2 weeks
Sample 5 Female 28 Itchy ears, tinnitus 1 week
Sample 6 Female 41 Itchy ears, tinnitus 2 weeks

secretions from one ear were collected, and the patients were not
treated with other drugs before collection (See Table 1 for
details). Ear canal secretions were collected using sterile cotton
swabs soaked in sterile saline, packed into sterile sampling tubes,
and stored in a —80°C freezer, after which DNA extraction and

polymerase chain reaction (PCR) amplification were performed.

2.3 DNA extraction, PCR amplification,
library construction and sequencing

Fungal DNA and bacterial DNA were extracted from the
samples using a FastDNA® Spin Kit for Soil (American Mpbio
Corporation) (22) following the manufacturer’s protocol to
ensure that the DNA extracted from each sample met the
requirements. DNA quality was checked using 2% agarose gel
electrophoresis, and the concentration and purity of the DNA
were detected using a NanoDrop 2000 spectrophotometer
(Thermo Fisher Scientific, Wilmington, DE, USA). Next, the
ITSIF-ITS2R region of the fungal internal transcriptional spacer
gene was amplified using primers (ITS 1F 5'-
CTTGGTCATTTAGAGGAAGTAA-3'; ITS 2R 5-
GCTGCGTTCTTCATCGATGC-3") (23); the V3-V4 region of
the bacterial 16S rRNA gene was amplified using primers (338F
5'-ACTCCTACGGGAGGCAGCAG-3'; 806R 5’
GGACTACHVGGGTWTCTAAT-3") (24). Amplified products
were purified using an AxyPrep DNA Gel Extraction Kit
CA, USA) for library
construction. The library was subsequently sequenced on the

and

(Axygen Biosciences, Union City,
IMumina NextSeq 2000 platform of Shanghai Meiji Biomedical
Technology Co., Ltd. The original data were uploaded to the
NGDC database with the upload number CRA011427.

2.4 Data analysis

The bacterial diversity was clustered using the USEARCHI11-
uparse algorithm, the OTU sequence similarity was 0.97, and the
species classification database was silval38/16s_bacteria, with a
classification confidence of 0.7. The fungal diversity was clustered
the USEARCHI11-uparse
taxonomic unit (OTU) sequence similarity was 0.97, and the

using algorithm, the operational
species classification database was unite8.0/its_fungi, with a
classification confidence of 0.7. R software (version 4.1.1) was

used to calculate the diversity of bacteria and fungi, and BugBase
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was used to predict the phenotype of bacteria in the samples

(https://bugbase.cs.umn.edu/index.html).

3 Results and discussion
3.1 Sequencing results

OTUs are used to classify and compare microorganisms, while
the Shannon index is an ecological index that measures community
diversity. In microbial community analysis, Shannon dilution
curves are often used to evaluate the richness and evenness of
species diversity in a sample. The OTU Shannon dilution curves
of both fungi and bacteria in the otomycosis secretion samples
tended to flatten (as shown in Figures 1A,B), indicating that the
detection rate of microbial communities in the otomycosis
secretion samples was close to saturation, and that the amount of
the current sequencing could cover most of the species in the
sample. This means that the sequencing performed was sufficient
to cover most species in the sample, providing a reliable basis for
subsequent analysis (25).

3.2 Bacterial diversity

After quality control filtering and removal of chimeric
sequences, a total of 257,429 sequences were generated, and
228,551 sequences were obtained after optimization, with an
average length of 425bp. These findings demonstrated that the
sequencing depth was sufficient to provide reliable bacterial
community analysis and was deep enough to reveal the microbial
diversity in the samples (26). Approximately >97% of the
sequences were clustered into one OTU, and the species OTUs
with sequence numbers >5 in at least 3 samples were retained.
The species OTUs with a total sequence >20 were retained, and
the OTUs aligned to the mitochondrial sequence were removed
and flattened according to the minimum sample sequence. A total
of 29 OTUs were obtained. The dominant bacterial phyla

10.3389/fsurg.2024.1277799

(abundance >1%) were Proteobacteria, Firmicutes, and
Actinobacteria, and the dominant genera were Staphylococcus
spp.. Achromobacter spp., Corynebacterium spp., Pseudomonas
spp.. and Lactobacillus spp. (as shown in Figure 2A). Among
them, Staphylococcus spp. is a common pathogen and a pus-
forming bacterium that was detected in 5 samples, and the
average abundance was 29.05% (as shown in Figure 2B). The high
abundances of Proteobacteria, Firmicutes, Actinobacteria, etc.,
indicate that these bacteria play a dominant role in the ear canal
microbial community. Identification of dominant genera such as
Staphylococcus spp., Achromobacter spp., Corynebacterium spp.,
spp., spp. aid
understanding the pathological mechanisms of ear canal infection

7).

Pseudomonas aeruginosa, coagulase-negative Staphylococcus spp.

Pseudomonas and Lactobacillus can in

Staphylococcus  aureus,  Staphylococcus  epidermidis,
and Klebsiella pneumoniae are common bacteria in the ear canal
secretions of patients with suppurative otitis media (28); S.
epidermidis is a normal bacterium in the ear canal (29); and the
rest are pathogenic bacteria, which is similar to the results of this
study. The high abundance of Staphylococcus spp. and other
bacteria in ear canal secretions indicates their important role in
ear canal infections. Identifying these bacteria can help develop
targeted treatment plans (30). Additionally, possible bacterial
infection should be considered in patients with otomycosis who
clinically do not respond well to conventional antifungal drugs.
The coexistence of bacteria and fungi may complicate treatment,
so identification and treatment of these pathogenic bacteria
should be considered during treatment (31).

At the species level (as shown in Figure 3), S. aureus was
present in 3 out of the 6 samples, ranking second in average
abundance (the average abundance was 22.12%). Chen et al. (5)
showed that methicillin-resistant S. aureus is the main pathogen
of otomycosis. Methicillin-resistant S. aureus is a major cause of
soft

infections, hospital-acquired infections, etc.) in hospital and

bacterial infections (bacteremia, endocarditis, tissue

community settings (32). P. aeruginosa was found in only sample
4. According to the analysis shown in Figure 4, P. aeruginosa
significantly increased the diversity of fungi, increasing the
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FIGURE 2

Phylum- and genus-level community structure map of otomycosis secretions. Different colors represent different phyla and genera, and the colored
blocks on the right are sorted in descending order of abundance. (A) The community structure of the main bacteria at the phylum level.
Proteobacteria, Firmicutes, and Actinobacteria were the dominant phyla. (B) The community structure of the main bacteria at the genus level.
Staphylococcus spp., Achromobacter spp., Corynebacterium spp., Pseudomonas spp., and Lactobacillus spp. were the dominant genera.
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FIGURE 3
Species-level community structure diagram of otomycosis secretions.
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complexity of clinical treatment. The next step should be to isolate
and characterize the most abundant unidentified bacterial species.
In addition, the interaction between bacteria and fungi is worthy of
further exploration.

3.3 Fungal diversity
After quality control filtering and removal of chimeric

sequences, a total of 252,964 sequences were generated, and
239,866 sequences were optimized, with an average length of
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261 bp. >97% of the sequences were clustered into one OTU and
smoothed according to the minimum sample sequence; a total of
80 OTUs were obtained. The dominant phylum was Ascomycota,
and the dominant genus was Aspergillus spp.(average abundance
90.68%) (as shown in Figures 5A,B); these findings are consistent
with the results of Gu et al. (7) on patients with otomycosis in
Nanjing, Jiangsu Province, China. Aspergillus spp. is the dominant
genus involved in otomycosis in southern China. This study
highlights the importance of geographic location in determining
the
Aspergillus spp. in otomycosis in southern China may be related

human microbial community structure; dominance of
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Community barplot analysis

FIGURE 4
Species-level community structure diagram of otomycosis secretions.
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Phylum- and genus-level community structure diagram of otomycosis secretions. Different colors represent different phyla and genera, and the
colored blocks on the right are sorted in descending order of abundance. (A) The community structure of the main fungi at the phylum level; the
dominant phylum was Ascomycota. (B) The community structure of the main fungi at the genus level; the dominant genus was Aspergillus spp.

to environmental factors and ecosystem characteristics. According to
recent studies, otomycoses are commonly caused by the A. niger
complex and yeasts (Candida). Notably, the A. niger or A. flavus
complex are the major fungal species causing otomycosis. The
above studies highlight the complexity of otomycosis and the
challenges in their treatment (33).

At the species level, four of the six samples were Aspergillus terreus
(average abundance 57.48%), one was Aspergillus minisclerotigenes
(average abundance 16.73%), and one was Aspergillus fumigatus
(average abundance 16.10%) (as shown in Figure 4). The results of
Zhang et al. (12) showed that the most common fungal
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inflammation in the external auditory canal was caused by A. terreus
(50.9%), whereas A. fumigatus was less common (9.1%), similar to
the results of this study. A. ferreus occurs in a variety of
environments and is the fourth leading cause of invasive and
noninvasive aspergillosis (34). A. fumigatus is a saprophytic fungus
found primarily in soil that can also cause invasive airborne
infections. In immunocompromised patients, these infections are
often fatal (35, 36). A. fumigatus occurs less frequently in
otomycoses but remains an important pathogen. There are no
reports about otomycosis caused by A. minisclerotigenes. Studies
have shown that A. minisclerotigenes can cause fungal keratitis (37).
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This suggest that, although currently understudied, the impact of A.
minisclerotigenes should also be paid attention to during the
treatment of otomycosis. Therefore, if otomycosis is clinically
diagnosed, the scabs and secretions in the external auditory canal of
the patient should be thoroughly removed, and antifungal
medication should be applied to allow the infection to act as an
antifungal agent, thereby eliminating the symptoms of otomycosis.
When treating otomycosis, it is important to consider that different
Aspergillus spp. may have different susceptibilities to antifungal
drugs. For different pathogenic bacteria, different therapeutic
strategies should be adopted, and not all antifungal drugs can be
used for the treatment of otomycosis; for example, among
Aspergillus  spp., only A. terreus is intrinsically resistant to
amphotericin B (32). Next, the pathogenesis of otomycosis caused
by A. minisclerotigenes and the effect of existing drugs on its
treatment can be investigated.

3.4 Bacterial phenotype prediction

The results of the bacterial phenotype prediction showed that
most of the bacteria were aerobic (aerobic bacteria), and the
proportion of anaerobic bacteria was relatively low, which was in
line with the actual environment of the ear canal. The microbial
community of the ear canal is typically dominated by aerobic
bacteria, consistent with the situation in which the ear canal is an
aerated and drier environment. Aerobic bacteria grow and
reproduce more easily in such an environment. The proportion of
anaerobic bacteria in the ear canal was lower. This may be due to
the natural physiological conditions of the ear canal that limit the
growth of anaerobic bacteria (27). In addition, otomycosis
secretions have a strong biofilm-forming ability (38), which is
consistent with the dominance of Staphylococcus spp. in terms of
bacterial diversity. A biofilm is a protective layer formed by
microorganisms, such as bacteria and fungi, that helps them
survive in harsh environments. This biofilm formation is
particularly important in ear canal infections because it can lead
to persistent and difficult-to-treat ear canal infections (39).
Achromobacter spp. contributed 40.15% to the phenotype of
biofilm

Pseudomonas spp. contributed 15.97% and 9.32%, respectively, to

bacterial formation.  Corynebacterium  spp. and
the observed bacterial biofilm formation. The contribution of
Acinetobacter spp. to biofilm formation was significant, consistent
with its role in hospital-acquired infections. Achromobacter spp.
are multidrug-resistant bacteria that can survive in hospital
settings and cause serious infections, such as hospital-acquired
pneumonia. Corynebacteria spp. and Pseudomonas spp. also play
important roles in the formation of biofilms. The biofilm-forming
ability of these bacteria is a key factor in their adaptation and
survival in ear canal infections (40). In addition, most bacteria
have a certain potential pathogenicity (mainly Achromobacter
spp.-» 40.15%), which should receive increased attention in clinical
treatment; that is, the harm caused by pathogenic bacteria cannot
be ignored when treating fungal infections. Studies have shown
that Achromobacter spp. can form biofilms (41, 42) and cause

diseases, such as hospital-acquired pneumonia (HAP) (43), which
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is consistent with the predictive results of this phenotype. The
potential pathogenicity of Achromobacter spp. needs to be taken
seriously in clinical treatment. When treating otomycosis, doctors
need to be aware of the harm caused by these bacteria. Because
these bacteria may be resistant to multiple antibiotics, choosing
the appropriate antibiotic and treatment regimen is critical for
controlling and preventing the spread of infection (44).

4 Conclusion

In this study, high-throughput sequencing was used to identify
the microbial community of the ear canal secretions of 6 patients
with otomycosis of the external auditory canal in Wuhan, Hubei
Province. The sequencing results showed that the dominant
genus of fungi was Aspergillus spp., and the dominant genus of
spp. The results
comprehensive information on the microbial community of

bacteria was  Staphylococcus provide
patients with otomycosis of the external auditory canal, which

can provide a reference for clinical treatment.
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