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Abstract

Introduction:

Acute invasive fungal rhinosinusitis (AIFR) is a severe condition with high morbidity and mortality,
despite established management protocols. Adjuvant therapies may improve disease control. This study
aimed to investigate the in vitro antifungal effects of acetic acid (AA) and hydrogen peroxide (HP) on
fungi implicated in AIFR.

Materials and Methods:

Sinonasal tissue biopsies obtained during endoscopic sinus surgery (ESS) from patients with AIFR,
fungal ball, or allergic fungal rhinosinusitis (AFRS) were collected. Biopsies were exposed to 0.25%
AA or 1.5% HP for 10 minutes and subsequently cultured on Sabouraud dextrose agar. Untreated tissue
portions served as controls. Fungal growth was assessed and identified using macroscopic and
microscopic characteristics.

Results:

Of 48 collected samples, 10 did not grow in any culture medium and were excluded. Among the
remaining 38 samples, AA inhibited fungal growth in 7 samples (18.5%), and HP inhibited growth in
3 samples (8%). The majority of isolates were Aspergillus species (87%), with Mucorales representing
5.26%. Two samples demonstrated growth only in AA- or HP-supplemented media, with no growth in
standard media. Statistical analysis showed no significant differences in growth across the three media.

Conclusion:

Although AA and HP exhibited some antifungal activity in vitro, their effects on clinically relevant
fungal pathogens, particularly Aspergillus and Mucorales, were limited. Therefore, these compounds
may not be suitable as standalone adjuvant therapies for AIFR. Further research is required to explore
alternative or combinatorial adjuvant approaches.
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Introduction

Fungal rhinosinusitis (FRS) is a broad-
spectrum disorder encompassing various clinical
forms (1).

The most widely accepted classification is
based on the chronology of the disease and the
underlying inflammatory mechanisms,
including saprophytic fungal infestation, fungal
ball, allergic fungal rhinosinusitis (AFRS), acute
invasive fungal rhinosinusitis (AIFR), chronic
invasive fungal rhinosinusitis, and chronic
granulomatous FRS (2). Although AIFR is
relatively uncommon, it poses significant
clinical challenges due to its high morbidity and
mortality (3).

The condition is associated with a variety of
causative pathogens and predisposing factors,
including uncontrolled diabetes mellitus,
hematologic malignancies, immunosuppressive
therapy, elevated iron levels, voriconazole
exposure, and particularly neutropenia, which
plays a pivotal role in susceptibility, as
neutrophils are the primary immune cells
responsible for fungal clearance (4).

Among the order Mucorales, species of the
genera Rhizopus, Lichtheimia, and Mucor are
most frequently implicated in severe rhino-
cerebral infections (5-7).

Recent epidemiological shifts have been
attributed to the growing population of
immunocompromised patients, advances in
pathogen detection, and selective pressure from
the widespread use of broad-spectrum antifungal
agents (6,8).

Despite current management strategies,
including serial surgical debridement, systemic
antifungal therapy, and control of underlying
risk factors, the prognosis of rhino-cerebral
mucormycosis remains poor (9).

Moreover, antifungal resistance, both primary
and secondary, is increasingly reported among
causative fungal species (2,5). Given these
challenges, adjuvant therapies are urgently
needed to improve clinical outcomes. Acetic
acid (AA) and hydrogen peroxide (HP) have
demonstrated antimicrobial effects against
fungi, primarily through mechanisms involving
cell death and apoptosis (10,11).

We hypothesized that AA and HP may act as
effective adjunctive therapies for the treatment
of AIFR. Accordingly, their in vitro antifungal
activities were investigated to assess their
potential therapeutic utility.
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Materials and Methods

Study Design and Ethics

This was an in vitro experimental study using
human sinonasal tissue specimens from
patients with fungal rhinosinusitis, the sample
size was determined by the availability of
eligible specimens during the predefined 36-
month study period rather than by a formal a
priori sample size calculation.
All consecutive eligible specimens meeting the
inclusion criteria were included, resulting in the
analysis of 38 specimens. This study was
conducted in accordance with the Declaration
of Helsinki. Written informed consent was
obtained from all participants, and patient
information was kept confidential. The study
protocol was approved by the Institutional
Ethics Committee of Mashhad University of
Medical Sciences (approval code:
IR.MUMS.MEDICAL.REC.1403.416).

Patient Selection and Sample Collection
Patients with clinically suspected AIFR,
underwent endoscopic evaluation under local
anesthesia in the operating room. Biopsies were
obtained from suspicious mucosal areas
exhibiting pallor, necrosis, or crusting. A
portion of each biopsy was sent to the
pathology department in formalin for routine
histopathological  evaluation, while the
remaining tissue was placed in sterile saline and
sent to the mycology laboratory for fungal
analysis. Diagnosis of AFRS and fungal ball
was made by the rhinologist based on clinical
and imaging findings. Likewise, the obtained
tissues during endoscopic sinus surgery (ESS)
were transmitted to both fungal and
pathological laboratory separately.

Laboratory Procedures

In the mycology laboratory, all biopsy
specimens were first examined using 20%
potassium  hydroxide (KOH) to detect
filamentous fungal elements and to differentiate
between septate hyphae (suggestive of
Aspergillus spp.) and non-septate hyphae
(indicative of Mucorales).

Two biopsy portions were treated with 0.25%
acetic acid or 1.5% hydrogen peroxide for 10
minutes. A third portion remained untreated as
a control. All specimens were subsequently
cultured separately on Sabouraud dextrose agar
supplemented with chloramphenicol and
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incubated at 35°C for 3—7 days. Fungal growth
was identified based on standard macroscopic
and microscopic morphological characteristics.
Only samples demonstrating growth in the
control medium were included in the analysis;
samples with no growth in the control medium
were excluded.

Statistical Analysis

All statistical analyses were performed using
IBM SPSS Statistics version 27.0.1 (IBM
Corp., Armonk, NY, USA). Categorical
variables were summarized as frequencies and
percentages. Comparisons between groups
were performed using Pearson's Chi-square test
when its assumptions were satisfied.
Specifically, observations were independent,
categories were mutually exclusive, and the
expected cell frequency was at least 5 in at least
80% of the contingency table cells, with no
expected cell count less than 1. When these
assumptions were not met, Fisher's exact test
was used instead. All tests were two-tailed, and
a p-value < 0.05 was considered statistically
significant.

Results

A total of 48 sinonasal tissue samples from
patients with FRS were collected, including
cases of AIFR, AFRS, and fungal ball. Ten
samples (20.8%) did not demonstrate fungal
growth in any of the three culture conditions
and were excluded from further analysis
(Figure 1). Among these excluded samples, 6
(60%) were clinically diagnosed as AIFR, 3
(30%) as AFRS, and 1 (10%) as fungal ball.

Pathological evaluation confirmed
mucormycosis in two AIFR cases, while one
case showed both mucormycosis and
aspergillosis; data were unavailable for the
remaining three AIFR samples.

48 tissue samples

|

AIFR=6 excluded ]
*{ Positive pathology=3, ]
unavailable=3

Fungi seen on slide=5 ]

|

AFRS=3 excluded ]

Positive pathology=3 ]

I

Fungi seen on slide=3 ]

J

Fungal ball=1 ]
excluded

Pathology and slide
represented Aspergillus

38 samples
analyzed

Fig. 1. Flow diagram illustrating the inclusion
and exclusion criteria applied to the study
population.

The remaining 38 samples were included in
the analysis: 14 (37%) AIFR, 21 (55%) AFRS,
and 3 (8%) fungal ball. The distribution of
fungal species among these three conditions is
summarized in Table 1.

Table 1. Frequency and percentage distribution of fungal species isolated from culture among three distinct clinical

conditions

Fungal rhinosinusitis (No.) Fungal species No. (%)
No growth 2(14.2)

A. flavus 7 (50)

Acute Invasive Fungal Rhinosinusitis (14) Aspergillus spp. 2(14.2)
Mucorales 2(14.2)

A. niger 1(7.4)
A. flavus 15(71.4)

Aspergillus spp. 4(19)

Allergic Fungal Rhinosinusitis (21) A. fumigatus 1(4.8)
Hyaline ﬁl.amer.ltous fungus 1 (4.8)

(unidentified)

A. flavus 1(33.3)

Fungal ball (3) Aspergillus spp. 1(33.3)
A. terreus 1(33.3)
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The most common species in AIFR and AFRS
was A. flavus, at 50% and 71.4%, respectively.
A. fumigatus was found only in the AFRS
category, 4. niger only in AIFR, and A. terreus
only in the fungal ball group. Mucorales were
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cultured only in AIFR, with a prevalence of
14.2%. One isolate exhibited hyaline
filamentous growth but could not be identified;
this belonged to AFRS. Detailed patient
comorbidities are provided in Table 2.

Table 2. Clinical characteristics and underlying conditions of patients with fungal rhinosinusitis

Clinical diagnosis Underlying disease Frequency Percentage (%)
Negative 0 0
DM 2 5
AML 7 18
Acute invasive fungal ALL 2 5
rhinosinusitis (AIFR) CML 1 3
CLL 1 3
Kidney Transplant 1 3
Total 14 37
Negative 17 45
Allergic fungal rhinosinusitis DM 3
(AFRS) Samter 's triad 3 7
Total 21 55
Negative 2 5
Fungal ball DM 1 3
Total 3 8

Two samples demonstrated fungal growth
only in media supplemented with AA or HP,
while no growth occurred in standard culture
media. Overall, AA inhibited fungal growth in
seven samples (18.5%), and HP inhibited
growth in three samples (8%) (Figure 2).

Statistical analysis using the Chi-Square and
Fisher's Exact tests showed no significant
differences in fungal growth among the three
culture conditions with the p-value of 0.175 and
0.309 respectively.

Fungal Growth in Culture (%)

100

Standard culture Acetic Acid

95 92
81.5
80
60
40
18.5
20 5 8
0 - . [ |

B Growth

B Not Growth

Hydrogen Perxide

Fig. 2. Clustered chart illustrating the percentage of fungal growth inhibition in culture media supplemented with

acetic acid (AA) and hydrogen peroxide (HP).

Discussion

In this study, we investigated the antifungal
activity of two compounds, AA and HP, against
fungal species associated with various forms of
FRS. The findings demonstrated that neither

AA (0.25%) nor HP (1.5%) exhibited
measurable antifungal efficacy against the
isolated Aspergillus species or Mucorales.
Statistical analysis confirmed that the
differences in fungal growth across the three-
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culture media were not significant. Despite
established therapeutic protocols for AIFR,
morbidity and mortality remain unacceptably
high (12). The rapid progression of AIFR is
largely attributed to extensive tissue necrosis
caused by vascular invasion by Mucorales,
particularly in the rhino-cerebral form, which is
anatomically adjacent to critical structures such
as the brain and orbit (13). Consequently,
identifying adjunctive therapeutic agents
capable of reducing fungal burden and disease
progression is of clinical importance. However,
developing antifungal drugs 1is inherently
challenging due to the relatively low incidence
of AIFR and the close evolutionary similarity
between fungi and human cells, both of which
are ecukaryotic (14). These considerations
motivated our evaluation of AA and HP, long-
known medical agents, as potential topical
antifungal alternatives.

The antifungal mechanism of acetic acid has

been well described. Its inhibitory effect is
mediated not only by extracellular acidification
but also by intracellular acidification following
entry of the undissociated acid into the fungal
cell (15). Fpsl aquaglyceroporin facilitates
transport of undissociated acetic acid across the
membrane, after which the compound
dissociates in the near-neutral cytosol,
producing acetate anions and protons (16). This
disrupts  intracellular pH  homeostasis,
compelling the fungus to expend energy on
proton extrusion and managing free acetate,
ultimately leading to apoptosis or necrosis.
Importantly, acetic acid is considered safe for
host tissues at low concentrations, typically
between 1% and 5%, which has supported its
historical use in wound care (15).
Similarly, HP is known to exert broad
antimicrobial activity through the generation of
free radicals and oxidation reactions, including
Fenton chemistry. These reactive species
induce both direct and indirect DNA damage,
resulting in cell death (10).

Despite these established mechanisms, our
results demonstrated no antifungal activity for
AA at 0.25% or HP at 1.5%. Prior studies have
shown that acetic acid concentrations of at least
0.3% are required to inhibit spore germination
and hyphal growth in several Mucorales
species, whereas concentrations below 0.3%
are ineffective (15). Given the sensitivity of the
sinonasal mucosa, we selected 0.25% AA as a

safe concentration for in vitro testing. However,
this concentration appears to fall below the
threshold required for fungistatic activity,
consistent with our observations.

Studies on Candida species have similarly
reported minimum inhibitory concentrations of
acetic acid at 0.25-0.3% (17). Resistance
mechanisms likely also contributed to our
findings. Mollapour and Piper described an
adaptive response in which high osmolarity
glycerol (HOG) MAPK pathway activation
leads to endocytosis and degradation of Fpsl,
reducing cellular entry of acetic acid and
conferring resistance (18).

This mechanism offers a plausible explanation
for the lack of inhibitory effect in our isolates.
This study has several limitations. Fungal
growth was assessed qualitatively and
macroscopically; colony-forming unit (CFU)
counts or photometric quantification were not
performed, which may limit sensitivity.
Additionally, external and intracellular pH
measurements were not obtained. The fungal
species represented in our sample set were
predominantly Aspergillus spp. and Mucorales,
reflecting regional epidemiology but not
encompassing the full diversity of FRS
pathogens. It remains possible that other
species may be more susceptible to AA or HP.
Conversely, the toxic effects of AA and HP on
the sinonasal mucosa impose restrictions on the
administration of higher doses of these
compounds, even though they demonstrate
efficacy at these concentrations.

Given the high burden of AIFR and the
persistent need for effective adjunctive
therapies, further research is warranted. Future
investigations should include randomized
controlled trials and more detailed in vitro
studies examining broader concentrations,
combination therapies, and potential synergistic
effects. Such studies should also assess toxicity
to sinonasal mucosa to ensure clinical
applicability.

Conclusion

This study demonstrates that while acetic acid
and hydrogen peroxide can inhibit fungal
growth in vitro, their antifungal effects against
pathogenic fungi causing AIFR, particularly
Aspergillus and Mucorales species, are limited.
Specifically, it is observed at the Ilow
concentration that is safe for the sinonasal
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mucosal  lining.  Consequently,  these
compounds are unlikely to serve as effective
adjuvant therapies for AIFR when used alone.
The findings underscore the need for continued
investigation into alternative or combination
therapies to enhance clinical outcomes in
patients with AIFR.
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