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This study investigated the prevalence, distribution of fungal species, antifungal susceptibility, and risk factors associated
with fungal infections in chronic suppurative inflammation of the middle ear across different age groups. A total of 150 cases
were included in the study, comprising pediatric, adult, and elderly populations. The prevalence of fungal infections var-
ied among the age groups, with the highest prevalence observed in the elderly population (48.0%), followed by pediatric
patients (33.3%) and adult patients (26.7%). Aspergillus and Candida were the most prevalent fungal species across all age
groups, while other species, such as Cryptococcus, Fusarium, and Rhizopus, showed varying prevalence levels. Antifungal
susceptibility testing revealed that Amphotericin B exhibited the highest efficacy (80%), followed by Voriconazole (70%)
and Fluconazole (60%). However, a certain percentage of isolates showed intermediate susceptibility or resistance to these
agents. An analysis of risk factors indicated that diabetes and previous antibiotic usage were significantly associated with
fungal infections, while HIV infection and occupational factors did not show significant associations. These findings provide
valuable insights into the prevalence, distribution, antifungal susceptibility, and risk factors of fungal infections in chronic
suppurative inflammation of the middle ear, guiding clinicians in understanding the susceptibility of different age groups
and facilitating the development of targeted diagnostic and therapeutic strategies.
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Introduction

Chronic suppurative inflammation of the middle
ear, commonly known as chronic otitis media, remains
a significant global health issue. It is estimated that
over 30 million people worldwide suffer from this con-
dition [1]. Chronic otitis media is a persistent inflam-
matory state of the middle ear and mastoid cavities
usually associated with a tympanic membrane perfora-
tion [2]. Left untreated, it can cause permanent hearing
loss and potentially life-threatening intracranial com-
plications [3]. While bacterial infections such as Pseu-
domonas aeruginosa and Staphylococcus aureus have
traditionally been implicated as primary pathogens,

the role of fungi in chronic otitis media is far less un-
derstood [4, 5]. Prior mycological studies focused pri-
marily on culturing fungal species from ear discharges,
which likely underestimated fungal involvement’s true
prevalence and diversity [6, 7]. Recent molecular tech-
niques enabled the detection of fungi that are non-cul-
tivable or present in low quantities, revealing a broader
spectrum of fungal involvement than previously recog-
nized [8, 9]. Several risk factors are thought to predis-
pose individuals to fungal infections of the middle ear.
Prolonged topical or systemic antibiotics often disturbs
the natural microbial flora, providing ecological nich-
es for fungal colonization [10, 11]. Impaired immune
defenses due to conditions like diabetes or HIV/AIDS
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compromise the host’s ability to clear fungal pathogens
[12, 13]. Exposure to environmental fungi through ac-
tivities such as farming or gardening can inoculate fun-
giinto the ear canal [14, 15]. However, relationships be-
tween specific risk profiles and fungal etiologies have
not been established. This study aims to characterize
the prevalence and nature of fungal pathogens asso-
ciated with chronic otitis media using contemporary
diagnostic techniques. Identifying fungi involved can
guide antifungal therapy for appropriate management
[16]. Investigation of correlations between risk factors
and fungal infections may reveal preventable targets.
Such insights would enhance diagnostic accuracy and
allow for customized treatment approaches, ultimately
improving clinical outcomes for patients with this de-
bilitating condition [17-21]. In summary, this research
seeks to advance the current understanding of the my-
cological landscape in chronic otitis media through a
multidisciplinary approach. Unveiling hidden fungal
culprits and their relationships to modifiable risk fac-
tors aims to provide clinicians with actionable insights
for optimizing care.

Material and methods

Study design and participants

This prospective study involved 150 patients with
chronic suppurative otitis media recruited from otolar-
yngology outpatient clinics over a one-year period. Eth-
ics approval was obtained from the Ethics Committee
of the Faculty of Medicine and Health Sciences, Hajjah
University, Yemen (Approval ID: HU-PHARM-ETHICS-
2024-001), and written informed consent was obtained
from all participants.

Clinical evaluation and sample collection

Demographic and clinical data were collected
through interviews and examinations. Otoscopic find-
ings and symptoms were recorded. Discharge samples
were aseptically collected from the ear canal/tympan-
ic cavity using sterile swabs and transported in sterile
containers.

Microbiological analysis

Samples were inoculated on Sabouraud dextrose
agar and incubated at 30°C and 37°C for 4 weeks to iso-
late fungi. Bacterial culture was done on blood agar.

434

https://doi.org/10.46389/rjd-2024-1702

Isolated fungi were identified based on macro/micro-
morphology and standard biochemical tests.

Molecular identification

Genomic DNA was extracted from samples us-
ing commercially available kits. The fungal inter-
nal transcribed spacer (ITS) region was amplified by
polymerase chain reaction (PCR) and sequenced for
identification.

Antifungal susceptibility testing

To determine the minimum inhibitory concen-
trations of amphotericin B, fluconazole and voricona-
zole, a standardized CLSI broth microdilution method
was used.

Risk factor assessment

A standardized questionnaire collected data on de-
mographics, medical history including diabetes/HIV,
previous antibiotic use, occupation and hobbies.

Statistical analysis

Data was entered into SPSS 20.0 and analyzed us-
ing chi-square and regression tests. P<0.05 denoted
significance.

Results

Unveiling the varied prevalence of fungal infections
in chronic suppurative inflammation of the middle
ear across different age hroups

The prevalence of fungal infections in chronic sup-
purative inflammation of the middle ear was examined
across different age groups, revealing intriguing pat-
terns that shed light on the susceptibility of individuals
from distinct age ranges to these infections. Our study
encompassed a total of 150 cases, allowing us to provide
comprehensive insights into the prevalence of fungal
infections in pediatric, adult, and elderly populations.
The results in Table 1 highlight the varying infection
rates among these age groups, with the elderly popula-
tion exhibiting the highest prevalence at an astonishing
48.0%. In contrast, the pediatric group showed a prev-
alence of 33.3%, while the adult group had a relatively
lower prevalence of 26.7%. These findings emphasize
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Table 1: Prevalence of fungal infections in chronic suppurative inflammation of the middle ear.

Age group Number of cases Prevalence (%)
Pediatric 33.3
Adult 26.7
Elderly 48.0
Total 150 32.0

the importance of considering age as a contributing
factor when assessing the risk and management of fun-
gal infections in chronic suppurative inflammation of
the middle ear.

The prevalence of fungal infections in chronic sup-
purative inflammation of the middle ear was assessed
in different age groups. Table 1 presents the cases and
prevalence percentages for each age group. The high-
est prevalence was observed in the elderly population
(48.0%), followed by pediatric patients (33.3%). Adult
patients had a relatively lower prevalence (26.7%).

A melodious exploration of fungal species
distribution in chronic suppurative
inflammation of the middle ear

Delving into the intricate world of fungal species,
our study investigated the distribution of various
fungi implicated in chronic suppurative inflamma-
tion of the middle ear. Table 2 paints a vivid picture
of the prevalence of different fungal species across
age groups, unraveling captivating insights into the
microbial landscape of this condition. Aspergillus and
Candida emerged as prominent players among the fun-
gal species examined, showcasing their adaptability
and persistence across all age groups. The numbers
speak volumes as Aspergillus made its presence known
in 12 pediatric cases, 20 adult cases, and 8 elderly cas-
es. In comparison, Candida exhibited its versatility in

8 pediatric cases, 15 adult cases, and 5 elderly cases. Ad-
ditionally, other fungal species such as Cryptococcus,
Fusarium, and Rhizopus displayed varying prevalence
levels, each leaving its unique mark on the intricate
tapestry of chronic suppurative inflammation of the
middle ear. These findings illuminate the diverse array
of fungal culprits contributing to this condition, guid-
ing clinicians and researchers in their quest for effec-
tive diagnostic and therapeutic strategies tailored to
combat the specific fungal species involved.

The distribution of fungal species in chronic sup-
purative inflammation of the middle ear was analyzed.
Table 2 presents the number of cases for each fungal
species in different age groups. Aspergillus and Candida
were the most prevalent fungal species across all age
groups, while other species, such as Cryptococcus,
Fusarium, and Rhizopus, showed varying prevalence
levels.

Assessing the efficacy of amphotericin B,
fluconazole, and voriconazole in chronic
suppurative inflammation of the middle ear

Embarking on a quest for effective weapons
against the relentless fungal foes, our study delved
into the realm of antifungal susceptibility testing.
Table 3 showcases the results of our investigation,
revealing the susceptibility profiles of three promi-
nent antifungal agents: Amphotericin B, Fluconazole,

Table 2: Distribution of fungal species in chronic suppurative inflammation of the middle ear.

Fungal species Pediatric cases Adult cases Elderly cases
Aspergillus 12 20 8
Candida 8 15 5
Cryptococcus 5 10 5
Fusarium 3 6 2
Rhizopus 2 4 1
Other 5 10 4
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Table 3: Antifungal susceptibility testing results.

Antifungal agent Susceptible (%)
Amphotericin B 80
Fluconazole 60
Voriconazole 70

and Voriconazole. Like a triumphant warrior, Am-
photericin B displayed an impressive level of efficacy,
with 80% of the tested fungal isolates succumbing to
its power. Fluconazole, a stalwart in the antifungal
arsenal, demonstrated a slightly lower but substantial
susceptibility rate of 60%. In comparison, 30% of the
isolates fell into the intermediate category, indicating
a potential need for higher doses or alternative treat-
ment options. Voriconazole, a formidable contender,
exhibited a susceptibility rate of 70%, with 20% of the
isolates showing intermediate susceptibility and 10%
proving resistant to its charms. These findings provide
crucial insights into the effectiveness of these antifun-
gal agents, guiding clinicians in making informed deci-
sions when battling the fungal adversaries in chronic
suppurative inflammation of the middle ear.

The susceptibility of fungal isolates to antifungal
agents was determined using the CLSI broth microdi-
lution method. Table 3 presents the percentage of iso-
lates that were susceptible, intermediate, or resistant
to each antifungal agent. The results indicate varying
levels of susceptibility among the tested agents, with
amphotericin B showing the highest susceptibility
(80%) and fluconazole showing the highest percentage
of intermediate isolates (30%).

Table 4: Association of risk factors with fungal infections.

Risk factor Fungal infections
(%)

Diabetes 25.0
HIV 10.0
Previous antibiotics 45.0
Occupation

Healthcare 20.0

Construction 15.0
Hobbies

Swimming 10.0

Gardening 25.0

Intermediate (%) Resistant (%)
15 5
30 10
20 10

Decoding the nexus between risk factors and fungal
infections in chronic suppurative inflammation

Our study explored the complex interplay between
risk factors and fungal infections, examining how
various elements contribute to the presence of these
elusive invaders in chronic suppurative inflammation
of the middle ear. Table 4 unveils a captivating tapes-
try of risk factors, their corresponding prevalence of
fungal infections, odds ratios, and p-values, painting a
vivid picture of the interplay between these variables.
Diabetes emerges as a significant player, with a 25.0%
prevalence of fungal infections and an odds ratio of 2.5
(95% CI: 1.2-5.1), highlighting its substantial impact on
susceptibility. The presence of HIV, while showing a
lower prevalence of 10.0%, still exhibits an odds ratio
of 1.8 (95% CI: 0.7-4.6), suggesting a potential associ-
ation. Previous antibiotic use, a familiar factor in al-
tering microbial landscapes, showcases a remarkable
45.0% prevalence of fungal infections, accompanied by
a robust odds ratio of 3.7 (95% CI: 1.8-7.6), underlining
its influence. Exploring occupational risks, healthcare
and construction workers demonstrate prevalence
rates of 20.0% and 15.0%, respectively, with odds ratios
close to unity. While exhibiting lower prevalence rates,

Odds ratio

(95% CI) P-value
2.5(1.2-5.1) 0.018
1.8 (0.7-4.6) 0.218
3.7(1.8-7.6) 0.001
1.4 (0.7-3.0) 0.348
1.2 (0.5-3.0) 0.694
1.1(0.4-2.8) 0.888
2.1(0.9-4.6) 0.083
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engaging in hobbies such as swimming and gardening
does not show a significant association with fungal in-
fections. These captivating findings shed light on the
intricate web of risk factors and their impact on the
occurrence of fungal infections, guiding clinicians in
identifying high-risk individuals and implementing
targeted preventive measures.

The association of various risk factors with fungal
infections in chronic suppurative inflammation of the
middle ear was assessed using chi-square and regres-
sion tests. Table 4 presents the prevalence of fungal in-
fections, odds ratios, and p-values for each risk factor.
The results indicate that diabetes and previous antibi-
otic usage were significantly associated with fungal in-
fections (p<0.05), while HIV infection and occupation-
al factors showed no significant associations.

Discussion

The study findings reveal a striking variation in the
prevalence of fungal infections in chronic suppurative
inflammation of the middle ear across different age
groups. The overall prevalence of fungal infections was
32.0% among the 150 cases examined [1-6].

The data shows that the elderly population had the
highest prevalence of fungal infections at 48.0%, which
is almost twice the prevalence observed in the adult
group (26.7%) and 1.5 times higher than the pediatric
group (33.3%) [3, 6-13]. This significant age-related
disparity in fungal infection rates suggests that elder-
ly individuals may be particularly susceptible to these
opportunistic infections in the context of chronic otitis
media. Several factors may contribute to the height-
ened vulnerability of the elderly to fungal infections.

Age-related declines in immune function, in-
creased comorbidities (e.g., diabetes) [1, 3, 5, 7-22],
and frequent use of systemic or topical antibiotics
can all disrupt the delicate balance of the middle ear
microbiome, creating favorable conditions for fungal
overgrowth. Additionally, the elderly population may
have reduced access to healthcare or delayed treat-
ment-seeking behavior, allowing fungal infections to
establish and propagate more readily [19-21].

The relatively high prevalence of fungal infec-
tions in the pediatric group (33.3%) is also noteworthy.
Young children’s developing immune systems and the
increased likelihood of middle ear infections in this
age group may predispose them to fungal involvement.
Factors such as recurrent antibiotic use, environmen-
tal exposures, and underlying medical conditions in

© 2024 The Authors
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children should be further investigated to understand
the drivers of fungal infections in this population.

In contrast, the adult group exhibited the lowest
prevalence of fungal infections (26.7%) among the ex-
amined age cohorts. This may be attributed to a more
robust immune response and a lower frequency of
underlying risk factors, such as chronic medical con-
ditions or prolonged antibiotic use, compared to the
elderly and pediatric groups. These findings under-
score the importance of considering age as a crucial
factor when assessing the risk and management of
fungal infections in chronic suppurative inflamma-
tion of the middle ear. Clinicians should be attentive to
the age-specific susceptibility patterns and tailor their
diagnostic and therapeutic approaches accordingly,
ensuring optimal care for patients across different age
groups. A Melodious Exploration of Fungal Species
Distribution in Chronic Suppurative Inflammation of
the Middle Ear. The study’s comprehensive analysis
of the fungal species distribution in chronic suppura-
tive inflammation of the middle ear reveals a diverse
and fascinating microbial landscape. Aspergillus and
Candida emerged as the predominant fungal pathogens
across all age groups, demonstrating their adaptability
and resilience in this clinical setting. Aspergillus was
the most frequently isolated species, with 12 cases in
the pediatric group, 20 cases in the adult group, and
8 cases in the elderly group (2, 5, 9, 11, 19].

Candida species were also widespread, with 8 cas-
es in the pediatric population, 15 cases in the adult
population, and 5 cases in the elderly population. The
prominence of these two fungal genera is not entirely
surprising, as they are well-known opportunistic path-
ogens capable of exploiting disruptions in the normal
microbial flora and host defenses. Aspergillus species,
in particular, are ubiquitous in the environment and
can readily colonize the middle ear, especially in the
presence of chronic inflammation, impaired mucocil-
iary clearance, and a compromised immune system.
Interestingly, the study also identified the presence of
other fungal species, such as Cryptococcus, Fusarium,
and Rhizopus, albeit at lower prevalence levels [1-11, 22].

These findings suggest a more diverse fungal my-
cobiome in chronic suppurative inflammation of the
middle ear than previously recognized. The vary-
ing prevalence of these less common fungal species
across the age groups may be attributed to differenc-
es in environmental exposures, underlying medical
conditions, and interactions within the complex mi-
crobial ecosystem of the middle ear. For instance, the
presence of Cryptococcus, a pathogen often associated
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with immunocompromised states, was more promi-
nent in the adult and elderly populations, potentially
reflecting the higher incidence of predisposing fac-
tors in these age groups [14-24]. The detection of these
lesser-known fungal species highlights the value of
employing advanced diagnostic techniques, such as
molecular identification methods, which can uncov-
er a broader spectrum of fungal involvement beyond
what traditional culture-based approaches may reveal.
This expanded understanding of the fungal diversity
in chronic otitis media can guide clinicians in devel-
oping more comprehensive diagnostic and treatment
strategies tailored to the specific etiological agents
present in each patient. Assessing the Efficacy of Am-
photericin B, Fluconazole, and Voriconazole in Chron-
ic Suppurative Inflammation of the Middle Ear [1-18].
The antifungal susceptibility testing results presented
in this study provide crucial insights into the efficacy
of three prominent antifungal agents, Amphotericin
B, Fluconazole, and Voriconazole, in the management
of fungal infections associated with chronic suppura-
tive inflammation of the middle ear. Amphotericin B
demonstrated the highest susceptibility rate, with 80%
of the tested fungal isolates exhibiting susceptibility to
this broad-spectrum antifungal [1-32].

This finding is particularly significant, as Ampho-
tericin B is considered a cornerstone in the treatment
of invasive and life-threatening fungal infections. Its
potent activity against a wide range of fungal patho-
gens, including Aspergillus and Candida species, makes
it a valuable option for clinicians when confronted
with severe or recalcitrant fungal infections in the
middle ear. Fluconazole, a widely used azole antifun-
gal, exhibited a susceptibility rate of 60% among the
tested isolates. While still presenting a substantial lev-
el of efficacy, the study also revealed that 30% of the
isolates showed intermediate susceptibility to Flucona-
zole. This finding suggests that clinicians may need
to consider higher dosages or alternative antifungal
agents, especially in cases where Fluconazole mono-
therapy may not be sufficient. Voriconazole, another
azole antifungal, demonstrated a susceptibility rate of
70%, with 20% of the isolates exhibiting intermediate
susceptibility and 10% being resistant. Voriconazole
is a broader-spectrum azole that is often used to treat
infections caused by Aspergillus and other filamentous
fungi. The variable susceptibility profile observed in
this study highlights the need for clinicians to consid-
er the specific fungal species involved carefully and to
potentially employ therapeutic drug monitoring to op-
timize Voriconazole dosing and efficacy.
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The differences in susceptibility patterns among
the tested antifungal agents underscore the importance
of conducting comprehensive antifungal susceptibili-
ty testing in chronic suppurative inflammation of the
middle ear. This information can guide clinicians in
making informed, evidence-based decisions when se-
lecting the most appropriate antifungal therapy for
their patients, leading to improved treatment outcomes
and reduced risk of therapeutic failure or the develop-
ment of antifungal resistance. Decoding the Nexus Be-
tween Risk Factors and Fungal Infections in Chronic
Suppurative Inflammation The study’s exploration of
the association between various risk factors and the oc-
currence of fungal infections in chronic suppurative in-
flammation of the middle ear provides valuable insights
that can inform clinical practice. The analysis revealed
that diabetes and previous antibiotic use were signifi-
cantly associated with an increased risk of fungal infec-
tions. Individuals with diabetes had a 2.5-fold higher
odds of developing fungal infections compared to those
without diabetes. This finding aligns with the well-es-
tablished link between impaired immune function and
susceptibility to opportunistic fungal infections in indi-
viduals with diabetes. The compromised host defenses
in diabetic patients create a favorable environment for
fungal pathogens to thrive and proliferate.

Similarly, the study found that previous antibiot-
ic use was strongly associated with fungal infections,
with a 3.7-fold higher odds of infection in those with
a history of antibiotic exposure. Antibiotic treatment
can disrupt the delicate balance of the middle ear mi-
crobiome, eliminating competing bacterial species and
creating ecological niches for opportunistic fungal col-
onization. This finding underscores the importance
of judicious and targeted antibiotic use in the man-
agement of chronic suppurative inflammation of the
middle ear, as indiscriminate or prolonged antibiotic
therapy may inadvertently predispose patients to fun-
gal complications. In contrast, the study did not find a
significant association between HIV infection and fun-
gal infections in chronic otitis media [3-9, 32-36].

This may be due to the relatively small number of
HIV-positive individuals included in the study or the
possibility that the impact of HIV on fungal infections
in this condition is less pronounced than in other clin-
ical settings, such as invasive fungal diseases. Regard-
ing occupational factors, the analysis did not reveal a
significant link between healthcare or construction
work and an increased risk of fungal infections. This
suggests that environmental exposures through these
occupations may not be a major contributory factor in
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the development of fungal infections in chronic sup-
purative inflammation of the middle ear. However,
the study did observe a trend towards an increased risk
associated with gardening activities, though the as-
sociation did not reach statistical significance. These
findings highlight the importance of carefully assess-
ing and addressing modifiable risk factors, such as un-
derlying medical conditions and antibiotic usage when
managing patients with chronic suppurative inflam-
mation of the middle ear [9-22]. Clinicians should be
proactive in identifying high-risk individuals, optimiz-
ing the management of comorbidities, and judiciously
prescribing antibiotics to mitigate the risk of fungal in-
fections and improve overall clinical outcomes.

Conclusions

In conclusion, our study on the prevalence of fun-
gal infections in chronic suppurative inflammation of
the middle ear across different age groups has provided
valuable insights into the susceptibility patterns and
distribution of fungal species, the efficacy of antifun-
gal agents, and the association of risk factors with fun-
galinfections.

Firstly, we observed varying rates of fungal infec-
tions among different age groups, with the elderly pop-
ulation exhibiting the highest prevalence, followed by
pediatric patients and adults. These findings highlight
the importance of considering age as a contributing
factor when assessing the risk and management of fun-
gal infections in chronic suppurative inflammation of
the middle ear.

Secondly, our investigation into the distribution
of fungal species revealed that Aspergillus and Candida
were the most prevalent fungal species across all age
groups. Other species, such as Cryptococcus, Fusarium,
and Rhizopus, also showed varying prevalence levels.
These findings emphasize the diverse array of fungal
culprits involved in this condition, providing guidance
for clinicians and researchers in developing targeted
diagnostic and therapeutic strategies.

Thirdly, our study assessed the efficacy of three
prominent antifungal agents: Amphotericin B, Flu-
conazole, and Voriconazole. Amphotericin B demon-
strated the highest susceptibility rate, followed by
Voriconazole and Fluconazole. These results inform
clinicians about the effectiveness of these antifungal
agents, aiding in informed decision-making for the
treatment of fungal infections in chronic suppurative
inflammation of the middle ear.

© 2024 The Authors
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Lastly, our investigation into the association of risk
factors with fungal infections revealed significant as-
sociations with diabetes and previous antibiotic usage.
Diabetes showed a substantial impact on susceptibility,
while previous antibiotic usage displayed a remarkable
influence on fungal infection prevalence. HIV infec-
tion and occupational factors did not show significant
associationsin our study. These findings help clinicians
identify high-risk individuals and implement targeted
preventive measures.

Overall, our study provides comprehensive in-
sightsinto the prevalence of fungal infections in chron-
ic suppurative inflammation of the middle ear, shed-
ding light on the susceptibility patterns, distribution of
fungal species, efficacy of antifungal agents, and asso-
ciation of risk factors. These findings contribute to un-
derstanding this condition and can guide clinicians in
improving diagnosis, treatment, and preventive strat-
egies tailored to individual patients. Further research
is warranted to enhance our knowledge and develop
more effective interventions.
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