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Abstract

Background: Fungal sinusitis is a sinus infection that results from filamentous and yeast-like fungi. Fungal sinusitis
infections range from chronic to acute, all causing similar symptoms such as nasal congestion and sinus pain.

Objectives: This study aimed to evaluate the drug susceptibility of fungal isolates collected from sinus infections.

Methods: A total of 61 fungal strains with fungal sinusitis origin, including 50 isolates of Aspergillus spp and 11 isolates of
Rhizopus spp were identified using DNA sequencing with beta-tubulin and ITS genes. Antifungal susceptibility to eight drugs
(including amphotericin B, itraconazole, voriconazole, posaconazole, isavuconazole, caspofungin, luliconazole, and
lanoconazole) was evaluated using CLSI-M38-A2 method.

Results: Out of 61 isolates including 21 isolates of Aspergillus fumigatus, 16 isolates of Aspergillus flavus, 13 isolates of Aspergillus
niger, and 11 isolates of Rhizopus arrhizus were identified by DNA sequencing. Luliconazole (MIC range: 0.032 - 0.125 and MIC50:
0.032 pg/mL) was the most active drug In vitro against Aspergillus spp., followed by lanoconazole (MIC range: 0.032 - 0.25 and
MIC50: 0.064 pg/mL), posaconazole (MIC range: 0.25 - 0.5 and MIC50: 0.125 pg/mL), itraconazole (MIC range: 0.125 - 1 and MIC50:
0.25 pg/mL), caspofungin (MEC range: 0.125 - 1 and MEC50: 0.5 pg/mL), voriconazole (MIC range: 0.032 - 1and MIC50: 0.5 pg/mL),
isavuconazole (MIC range: 0.5 - 4 and MIC50: 1 pg/mL) and amphotericin B (MIC range: 0.125 - 8 and MIC50: 1 mg/mL), in order of
decreasing activity. The caspofungin, and voriconazole demonstrated poor In vitro activity against R. arrhizus isolates evaluated,
followed by isavuconazole.

Conclusions: In vitro antifungal susceptibility showed that luliconazole, lanoconazole, and posaconazole had good In vitro
antifungal activity against all isolates. The azole agents exhibited better activity than polyene and echinocandin against
Aspergillus spp and R. arrhizus. The correct diagnosis of the fungal causative agents along with antifungal susceptibility testing
(AFST) is an effective in the management of patients with fungal sinusitis.
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1. Background

Fungal sinusitis (FS) is an infection or inflammation
of the sinuses caused by different species of fungi,
including Aspergillus, Penicillium, Mucor, Rhizopus, and
Phaeohyphomycetes (1). This disease can be classified
into five different manifestations: Invasive, chronic
invasive, fungal ball, saprophytic, and allergic fungal (2,
3). Fungal sinusitis infections begin in the paranasal
sinuses. The paranasal sinuses consist of four pairs of
air-filled cavities at the entrance to the upper airway,

including the maxillary, frontal, sphenoid, and ethmoid
sinuses (4). In recent years, molecular biology has found
its way into medical mycology and opened very
promising horizons for specialists in this field (5).
Ribosomal DNA sequencing, as a fungal detection
method, can be applied to indicate the identification of
alarge mutation in the fungal genome (6).

The fungal genome contains specific regions that
have been found to be very helpful in species
identification, molecular epidemiology, and fungal
taxonomy because of their nucleotide sequence
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diversity in different species of the same genus (7). These
regions include the internal transcribed spacer, beta (J)-
tubulin, IGS, and gene encoding elongation factor 1 (eEF-
1a) regions (8-10). Polymerase chain reaction (PCR)-
based methods can be optimal for fungal detection and
exhibit greater susceptibility rates than other methods.
In addition to molecular identification of fungal, they
provide researchers with significant information
regarding drug resistance, fungal taxonomy, and
molecular epidemiology (11).

Three types of antifungals are mainly used for the
treatment of FS: Polyenes, azoles, and echinocandins (8).
Azoles are useful for all filamentous fungi except
fluconazole (12). However, posaconazole has exhibited
its activity against Mucor spp (13). Except for Mucorales,
echinocandins are highly active antifungals against all
fungal agents, but they have not yet been widely used,
especially in Iran (14). Fluconazole and flucytosine (5-
fluorocytosine) are inactive against filamentous fungi
(15, 16). Recently, luliconazole and lanoconazole have
exhibited good In vitro antifungal properties against
filamentous fungi (17). Currently, the Clinical and
Laboratory Standards Institute (CLSI) has recommended
standard methods for antifungal susceptibility testing
(AFST) in the CLSI document M38-A2 for filamentous
fungi to provide reproducible results (18). The AFST
provides insight into the susceptibility profiles of
collected isolates and shows drug resistance of clinical
strains (19).

2. Objectives

The present study was aimed at molecular
identification and drug susceptibility evaluation of
fungal strain isolated from FS.

3. Methods

3.1. Fungal Isolates

This study was designed in medical mycology and
parasitology department, School of Medicine, Babol
University of Medical Sciences in north of Iran from
January 2017 to January 2023. Fungal isolates studied in
this research included 61 strains, including 50
Aspergillus spp and 11 isolates of Rhizopus spp. All isolates
were collected from Mazandaran, Mashhad and Tehran
provinces. All patients’ data were processed
anonymously, and the ethics committee waived its
informed consent form. Fungal isolates were stored in
20% glycerol solutions at-80°C for further investigation.

3.2. Phenotypic Identification

The suspensions of spores or mycelium were
inoculated onto Sabouraud Dextrose Agar (SDA)
(HiMedia, India) plates and incubated at 37°C for 5 -7
days, as previously described. Microscopic slides were
prepared using the methylene blue staining procedure
and examined by light microscopy.

3.3. Molecular Identification

DNA extraction from the isolates grown in SDA for 3 -
7 days at 37°C was performed as previously method
described by Dehqan et al. (20). For Rhizopus spp.
isolates, the rDNA ITS region was amplified by primers
ITS1 and ITS4 (21). In addition, for Aspergillus spp, the part
of the BenA gene that encoded B-tubulin was amplified
using primers Btub1 and Btub2 (11). The final volume of
the PCR was 25 pL, containing 0.25 uM of 10-pmol
primer, 12.5 pL of 2x master mix (Ampliqon, Denmark), 1
uL of DNA template, and deionized water. Moreover, 1%
agarose gel electrophoresis was performed to detect
gene amplification in the samples, and images were
taken with a UV transilluminator. The isolates were
identified at the species level and for further analysis by
importing the obtained sequence data into MEGA
software (version 6). The ambiguously aligned regions
were adjusted manually to improve alignment accuracy.
Furthermore, the final identification of the isolates was
performed by comparing the obtained sequences with
the National Center for Biotechnology Information
(NCBI)'s reference sequence (RefSeq) database.

3.4. Antifungal Susceptibility Evaluation Based on CLSI-M38-
A2 Guidelines

The in vitro minimum inhibitory concentrations
(MICs) for filamentous fungi were determined using the
broth microdilution method according to the CLSI-M38-
A2 document (22). Eight antifungal drugs, including
amphotericin B, itraconazole, voriconazole,
posaconazole, isavuconazole, caspofungin, luliconazole,
and lanoconazole (Sigma-Aldrich, USA) were obtained as
reagent-grade powders from the particular producers
for preparation of the CLSI microbroth dilution trays.
The drugs were diluted in the RPMI-1640 medium
adjusted to pH = 7.0 with M-
morpholinepropanesulfonic acid (MOPS) (Sigma-
Aldrich, USA) with Lglutamine and dispensed into 96-
well microplates at a final concentration of 0.032 - 16
ug/mL for polyene and azoles; 0.016 - 8 ug/mL for
caspofungin.

The spore suspensions were prepared from fresh
colony of isolates grown on SDA,
spectrophotometrically at 530 nm wavelengths to an
optical density that ranged from 0.15 - 0.17 for Rhizopus
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isolates and from 0.09 - 0.13 for Aspergillus strains. The
MICs endpoints for polyene and azole were defined as
the lowest concentration of antifungal that inhibited
identifiable growth (100% inhibition growth) for all
fungal strains. However, for Aspergillus and Rhizopus
strains, minimum effective concentration (MEC)
endpoints for caspofungin were determined
microscopically as the minimal drug concentration that
produced noticeable morphological modifications of
the septate and non-septate hyphae, respectively. The
values of MIC50/MEC50, MIC50/MEC90, GMs, and MICs
range were calculated by importing the raw data of each
antifungal into Excel software (version 2018). Strains
Candida parapsilosis (ATCC22019) and C. krusei
(ATCC6258) were used as test controls. The raw data
MEC/MICs were entered into SPSS version 22 and were
then analyzed using descriptive statistics and cross
arrangement.

4. Results

The patients had an age range of 28 to 71 years and a
mean age of 59 years. Of these patients, 38 patients were
male and 33 were female. Fungal involvement of the
paranasal sinuses is commonly was observed in the
patients. The headache (40.1%), fever (32.8%), nasal
discharge (29.5%) and facial pain (23%) were the most
clinical signs. A total of 61 strains, including 21 isolates
of Aspergillus fumigatus, 16 isolates of Aspergillus flavus, 13
isolates of Aspergillus niger, and 11 isolates of Rhizopus
arrhizus were identified by DNA sequencing. All R
arrhizus isolates were isolated from the patients with
underlying COVID-19 and diabetes diseases.

Table 1 presents the GM/MIC/MEC90/MIC/MEC50
values and the dilution range of 8 different antifungal
drugs (amphotericin B, itraconazole, voriconazole,
posaconazole, isavuconazole, caspofungin, luliconazole,
and lanoconazole) for different fungal species. For all
isolates, GM-MIC/MEC, from lowest to highest, was
obtained for luliconazole (0.047 pg/mL), lanoconazole
(0.070 pg/mL), posaconazole (0.150 pg/mL), itraconazole
(0.347 yg/mL), voriconazole (0.695 pg/mL), caspofungin
(0.634 pg/mL), isavuconazole (1146 uyg/mL), and
amphotericin B (1172 pg/mL).

All  Aspergillus species were susceptible to
posaconazole, luliconazole and lanoconazole.
Amphotericin B with GM MIC = 0.847 pg/mL and GM MIC
= 3.668 ug/mL exhibited the least effect against A.
fumigatus and A. flavus, respectively. Isavuconazole with
GM MIC = 1.531 yg/mL and caspofungin with GM MEC =
7.052 pug/mL showed the least effect against A. niger and
R. arrhizus, respectively. Only three A. flavus isolates were
shown to be simultaneously resistant to amphotericin
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B, itraconazole, and voriconazole. Out of 50 Aspergillus
isolates, 3 isolates (6%) of A. fumigatus and 1 isolate (2%)
of A. flavus exhibited resistance to caspofungin. All
isolates of R. arrhizus were susceptible to luliconazole,
lanoconazole, amphotericin B, posaconazole,
itraconazole and isavuconazole. Statistical analysis of
the results indicated that there was no significant
association amongst MIC across different strains relative
to antifungal agents (P < 0.05).

5. Discussion

Fungal sinusitis is a common disorder in patients in
hot and humid areas (23). Fungal sinusitis is an
opportunistic infection that frequently begins in the
sinuses and spreads to the eye and skull, and can cause
fatal concerns through the brain and meningeal
infections (24). The A. fumigatus and A. flavus are the
main causative agents of rhinosinusitis as high- lighted
by several reports (25-28). Similarly, in current study,
Aspergillus spp was report to be the most commonly
isolated fungus from FS (14, 29). However, in the United
States, especially in the south and southwest, most cases
of FS are associated with black fungus agents such as
Curvularia, Bipolaris, and Alternaria (30). In accordance
with the present study, A. niger and R. arrhizus are
highlighted in some reports about FS (31, 32). In present
study, the average age of the patients with positive
fungal culture was 59, however, these values for Awan et
al. (33), Mohammadi et al. (7), Rehman et al. (34), and
Badiei et al. (35) studies were 29.49, 46, 33 and 33.89
years, respectively.

In present study, headache (40.1%) and fever (32.8%)
were the most common clinical symptoms among
patients. However, congestion and headache were the
most clinical finding in Mohammadi et al. study (7).
Raiesi et al. reported nasal obstruction and headache
were most common signs in their cases with fungal
rhinosinusitis (27). The reasons for the difference in
results could be due to the number of patients studied,
the type of FS, the underlying disease, the type of fungal
agent, and the geographical region. In present study,
two new antifungal drugs, lanoconazole and
luliconazole, had potential effects on fungal isolates
from FS origin. Similarly, Abastabar et al. found that
luliconazole and lanoconazole had the lowest MIC value
against susceptible and resistant isolates of A. fumigatus
compared with some other antifungals (36). Omran et
al. indicated luliconazole and lanoconazole the most
effective drugs against clinical and environmental
isolates of A. flavus (17). Our results indicated that the
GM-MIC value of luliconazole against all tested strains
was lower than that of lanoconazole.
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Table 1. In vitro Antifungal Susceptibility of Eight Antifungal Agents Against 61 Fungal Strains Isolated from Sinusitis

MIC/MEC (g/mL)
Species/Accession Numbers and Antifungal Agent
50%3 90%? emP Range
Aspergillus fumigatus (PQ584635-PQ584655)
Amphotericin B 1 1 0.847 0.125-2
Itraconazole 0.25 0.5 0.294 0.025-0.5
Voriconazole 0.25 0.5 0.285 0.025-1
Posaconazole 0.064 0.125 0.082 0.064-0.25
Isavuconazole 0.5 1 0.629 0.5-2
Caspofungin 0.5 0.5 0.423 0.125-1
Luliconazole 0.032 0.032 0.034 0.032-0.125
Lanoconazole 0.064 0.064 0.050 0.032-0.064
Aspergillus flavus (PQ584656-PQ584671)
Amphotericin B 4 4 3.668 2-8
Itraconazole 0.25 1 0.310 0.125-1
Voriconazole 0.5 1 0.738 0.5-1
Posaconazole 0.125 0.25 0.210 0.25-1
Isavuconazole 1 4 1.476 0.5-4
Caspofungin 0.5 0.5 0.385 0.25-1
Luliconazole 0.032 0.032 0.036 0.032-0.125
Lanoconazole 0.032 0.032 0.051 0.032-0.25
Aspergillus niger (PQ584672-PQ584684)
Amphotericin B 1 1 0.898 0.5-1
Itraconazole 0.5 1 0.528 0.032-1
Voriconazole 0.5 1 0.500 0.032-1
Posaconazole 0.125 0.125 0.181 0.064-0.5
Isavuconazole 1 4 1.531 0.5-4
Caspofungin 0.125 0.25 0.293 0.125-0.5
Luliconazole 0.032 0.032 0.035 0.032-0.125
Lanoconazole 0.032 0.064 0.046 0.032-0.125
Rhizopus arrhizus (PQ577041, PQ577042, PQ582413-PQ582421)
Amphotericin B 0.5 1 0.567 0.25-1
Itraconazole 0.5 0.5 0.342 0.125-1
Voriconazole 4 16 5.146 2-16
Posaconazole 0.25 0.5 0.266 0.125-0.5
Isavuconazole 2 2 1763 1-4
Caspofungin 8 8 7.052 4-8
Luliconazole 0.25 0.25 0.194 0.032-0.25
Lanoconazole 0.5 0.5 0342 0.125-0.5

2 The MIC/MEC50 and MIC/MEC90 values were determined as the minimum concentrations of drugs being able to prevent 50 - 90% of the clinical fungal strains, respectively.

P Geometric mean is a mean or average.

A limitation of luliconazole and lanoconazole are no
preparation for systemic administration, in vivo studies
in animal models have shown that these antifungal
drugs are more effective than other drugs for the
management of invasive aspergillosis (37). Jain et al.
reported that Aspergillus spp isolated from patients with
chronic rhinosinusitis and nasal polyps, 100% were
susceptible to amphotericin B, itraconazole, and
voriconazole (38). Kumar et al. indicated that A. flavus

isolated from paranasal sinus fungal infection were
susceptible to amphotericin B and itraconazole (39). In
contrast to present study, our results of AFST showed
that three isolates of A. flavus was resistant to
amphotericin B, itraconazole, and voriconazole. A
several mechanisms of resistance to azole antifungals
are including existence of mutations CYP51A enzyme
leading to a decreased drug affinity, overexpression of
cyp51A gene (TR34/L98H) producing an increase CYP51A
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level and overexpression of the genes coding for efflux
pump initiating a decreased intracellular accumulation
of antifungals (40).

Sriramajayam et al. reported that out of the 68 fungal
isolates collected from fungal rhinosinusitis, 75% were
resistant to fluconazole, 13.23% to itraconazole, and 2.94%
to amphotericin (41). Jain et al. reported the rates of
resistance to amphotericin B, itraconazole, and
caspofungin in 53 isolates of Aspergillus were 7.55%, 1.88%,
and 1.88%, respectively (42). In the present study, out of
50 Aspergillus isolates, 4 isolates (8%) were resistant to
caspofungin. The main identified mechanism of clinical
isolates of resistance to echinocandins is point
mutations in the FKS1 gene, which encodes the
antifungal target (43). In Austria reported the MICs
range of itraconazole for different isolates as follows: A.
flavus (0.5 - 2 pg/mL), A. niger (2 - 4 ug/mL), and Rhizopus
species (4 pug/mL) (44). Our results indicated that these
values for itraconazole were 0.125 - 1 ug/mL for A. flavus,
0.032 - 1 pug/mL for A. niger, and 0.125 - 1 ug/mL for R.
arrhizus. In contrast to present study, Zhou et al.
indicated that the MIC50 and MIC90 of isavuconazole
against A. flavus were 2 and 2 mg|L, respectively (45).

Our findings demonstrated that luliconazole with
GM MIC (0.194 pg/mL) and posaconazole with GM MIC
(0.266 yg/mL) were the most effective drugs against R.
arrhizus. In line with the present study, Mammen et al.
reported the posaconazole GM MIC value of 3.08 pug/mL
for 17 isolates of R. oryzae (46). Kachuei et al. reported the
GM MICs/MEC value of 2.28 yg/mL for amphotericin B,
10.76 pg/mL for itraconazole, 8.72 pg/mL for
voriconazole and 16 pg/mL for caspofungin against of R.
oryzae (47). Dannaoui et al. found that azole drugs are
considered ineffective against Zygomycetes, and they
reported MIC range 0.06 to 1 mg/L for amphotericin B
versus Rhizopus spp (48). Consistent with our result
study, Diekema et al. reported that caspofungin is
generally considered inactive against Rhizopus spp (49).
The reasons for the difference between our AFST results
with the others studies can be due to the type of strain,
geographical region, source of samples, and number of
isolates tested.

There were some limitations in present study. First,
the investigation of face covers in current study was not
comprehensive, the sample size was small during the
Covid-19 pandemic and no present data about
antifungal therapy of patients. In addition to clinical
and paraclinical findings, rapid identification of the
causative agents of FS, along with AFST, is an effective in
managing FS infection.

5.1. Conclusions
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In conclusion, DNA sequencing can be useful for
correct identification of filamentous fungi causative
agents of FS. In addition, AFST method can be helpful for
management patient with FS infection. Our results
indicated posaconazole is the most effective antifungal
for the management of FS with Aspergillus spp and R.
arrhizus as causative agents. Moreover, caspofungin to
be a good excellent for the management of FS, exception
against Mucorales. The results of the present study
showed that the two drugs, luliconazole and
lanoconazole, were very effective on fungal isolates, so
with further studies in the future, it is hoped that these
two drugs can be used to treat FS.

Footnotes

Authors' Contribution: All authors contributed to the
study conception and design. Material preparation and
data collection and analysis were performed by S. G. O,
A. N. O, M. T. A. and S. M. O. The first draft of the
manuscript was written by S. G. O and M. T. A. All authors
read and approved the final manuscript.

Conflict of Interests Statement: The authors
declared no conflict of interest.

Data Availability: The dataset presented in the study
is available upon request from the corresponding
author during submission or after its publication. The
data are not publicly available because they contain
information that could compromise the privacy of the
research participants.

Ethical Approval: The present study has been
registered in the Ethics Committee of Islamic Azad
University of Tonekabon (IR.JAU.TON.REC.1401.041 ).

Funding/Support: This work was supported by
Islamic Azad University of Tonekabon.

Informed Consent: Informed consent was obtained
from all participants.

References

1. Raz E, Win W, Hagiwara M, Lui YW, Cohen B, Fatterpekar GM. Fungal
sinusitis. Neuroimaging Clin N Am. 2015;25(4):569-76. [PubMed ID:
26476380]. https://doi.org[10.1016/j.nic.2015.07.004.

2. Schubert MS. Allergic fungal sinusitis: Pathophysiology, diagnosis
and management. Med Mycol. 2009;47 Suppl 1:5324-30. [PubMed ID:
19330659]. https://doi.org/10.1080/13693780802314809.

3. Rupa V, Thomas M. Different types of fungal sinusitis occurring
concurrently: Implications for therapy. Eur Arch Otorhinolaryngol.
2013;270(2):603-8. [PubMed ID: 22766834].
https://doi.org/10.1007/s00405-012-2096-2.


https://brieflands.com/articles/jjm-158331
https://ethics.research.ac.ir/ProposalCertificateEn.php?id=293376
http://www.ncbi.nlm.nih.gov/pubmed/26476380
https://doi.org/10.1016/j.nic.2015.07.004
http://www.ncbi.nlm.nih.gov/pubmed/19330659
https://doi.org/10.1080/13693780802314809
http://www.ncbi.nlm.nih.gov/pubmed/22766834
https://doi.org/10.1007/s00405-012-2096-2

Goodarzi Orimi S et al.

Brieflands

12.

13.

14.

16.

17.

Zhao YC, Bassiouni A, Tanjararak K, Vreugde S, Wormald PJ, Psaltis AJ.
Role of fungi in chronic rhinosinusitis through ITS sequencing.
Laryngoscope. ~ 2018;128(1):16-22.  [PubMed  ID:  28675446].
https:[/doi.org[10.1002/lary.26702.

Huang YW, Wang WH, Lan MY. Analysing sinonasal microbiota of
fungal rhinosinusitis by next-generation sequencing. Clin
Otolaryngol. ~ 2023;48(2):313-20. [PubMed ID:  36106575].
https://doi.org[10.1111/coa.13980.

Goyal SS, Doering M, Kendall PL, Farrell N, Schneider ]S, Roland LT.
Progression of noninvasive fungal sinusitis to invasive fungal
sinusitis: A systematic review. Int Forum Allergy Rhinol.
2023;13(6):1024-33. [PubMed ID: 36305427].
https://doi.org[10.1002/alr.23097.

Mohammadi A, Hashemi SM, Abtahi SH, Lajevardi SM, Kianipour S,
Mohammadi R. An investigation on non-invasive fungal sinusitis;
molecular identification of etiologic agents. | Res Med Sci. 2017;22:67.
[PubMed ID: 28616054]. [PubMed Central ID: PMC5461590].
https://doi.org/10.4103/jrms.JRMS_166_17.

Nakaya K, Oshima T, Kudo T, Aoyagi I, Katori Y, Ota |, et al. New
treatment for invasive fungal sinusitis: Three cases of chronic
invasive fungal sinusitis treated with surgery and voriconazole. Auris
Nasus  Larynx.  2010;37(2):244-9. [PubMed ID: 19553042].
https://doi.org[10.1016/j.an1.2009.05.006.

Tekpinar AD, Kalmer A. Utility of various molecular markers in
fungal identification and phylogeny. Nova Hedwig. 2019;109(1-2):187-
224. https:/[/doi.org/10.1127/nova_hedwigia/2019/0528.

Hedayati MT, Taghizadeh-Armaki M, Zarrinfar H, Hoseinnejad A,
Ansari S, Abastabar M, et al. Discrimination of Aspergillus flavus
from Aspergillus oryzae by matrix-assisted laser
desorption/ionisation time-of-flight (maldi-tof) mass spectrometry.
Mycoses. 2019;62(12):1182-8. [PubMed ID: 31556203].
https:[/doi.org[10.1111/myc.13010.

Taghizadeh-Armaki M, Hedayati MT, Ansari S, Omran SM, Saber §,
Rafati H, et al. Genetic diversity and in vitro antifungal susceptibility
of 200 clinical and environmental Aspergillus flavus isolates.
Antimicrob Agents Chemother. 2017;61(5). [PubMed ID: 28264849].
[PubMed Central ID: PMC5404543].
https://doi.org[10.1128/AAC.00004-17.

Nikakhlagh S, Khodadadi ALI, Kanani M, Karampour LS, Saki N. The
effect of the oral itraconazole on the management of allergic fungal
sinusitis. Biomed Pharmacol I 2015;8(SEMAR):85-9.
https://doi.org[10.13005/bpj/562.

Kulendra K, Habibi M, Butler C, Clarke P, Howard D. Use of
posaconazole in the treatment of infective rhinocerebral
mucormycosis. | Laryngol Otol. 2010;124(12):1314-7. [PubMed ID:
20388246]. https://doi.org/10.1017/S0022215110000678.

Fung M, Babik |, Humphreys IM, Davis GE. Diagnosis and treatment
of acute invasive fungal sinusitis in cancer and transplant patients.
Curr Infect Dis Rep. 2019;21(12):53. [PubMed ID: 31773398].
https://doi.org/10.1007/s11908-019-0707-4.

Sigera LSM, Denning DW. Flucytosine and its clinical usage. Ther Adv
Infect Dis. 2023;10:20499361231161400. [PubMed ID: 37051439].
[PubMed Central ID: PMC10084540].
https://doi.org/10.1177/20499361231161387.

Talbot JJ, Kidd SE, Martin P, Beatty JA, Barrs VR. Azole resistance in
canine and feline isolates of Aspergillus fumigatus. Comp Immunol
Microbiol Infect Dis. 2015;42:37-41. [PubMed ID: 26387063].
https:|/doi.org[10.1016/j.cimid.2015.08.002.

Omran SM, Taghizadeh-Armaki M, Zarrinfar H, Hedayati MT,
Abastabar M, Mogarabzadeh V, et al. In-vitro antifungal susceptibility
testing of lanoconazole and luliconazole against Aspergillus flavus
as an important agent of invasive aspergillosis. | Infect Chemother.
2019;25(2):157-60. [PubMed ID: 30241879].
https:[/doi.org[10.1016/j.jiac.2018.07.018.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Clinical and Laboratory Standards Institute. Reference method for
broth dilution antifungal susceptibility testing of filamentous fungi.
Pennsylvania, USA: Clinical and Laboratory Standards Institute; 2017.
Available from: https:[/clsi.org/media/1894/m38ed3_sample.pdf.

Franconi I, Rizzato C, Ghelardi E, Lupetti A. Hospital distribution,
seasonality, time trends and antifungal susceptibility profiles of all
Aspergillus species isolated from clinical samples from 2015 to 2022
in a tertiary care hospital. BMC Microbiol. 2024;24(1):111. [PubMed ID:
38570761]. [PubMed Central ID: PMC10988875].
https://doi.org[10.1186/512866-024-03267-8.

Dehgan L, Nasrollahi Omran A, Taghizadeh Armaki M, Hashemi
Karoui M, Mahdavi Omran S. Genotyping and antifungal
susceptibility testing of Aspergillus flavus isolated from clinical
specimens. Jundishapur J Microbiol. 2024;17(10).
https://doi.org[10.5812/jjm-150338.

Armaki MT, Jafarzadeh J, Omran SM, Bayani M, Tavassoli A, Faeli L, et
al. First report of rhino-orbital mucormycosis caused by
Syncephalastrum racemosum in a diabetic patient with COVID-19 in
Iran and review of recent literature. Curr Med Mycol. 2022;8(2):49.

Clinical and Laboratory Standards Institute. Reference method for
broth dlution antifungal susceptibility testing of filamentous fungi. 2008.
Available from: https://clsi.org/media/1455/m38a2_sample.pdf.

Leszczynska ], Stryjewska-Makuch G, Lisowska G, Kolebacz B,
Michalak-Kolarz M. Fungal sinusitis among patients with chronic
rhinosinusitis who underwent endoscopic sinus surgery. Otolaryngol
Pol. 2018;72(4):35-41. [PubMed ID: 30190445].
https://doi.org/10.5604/01.3001.0012.1263.

Chen CY, Sheng WH, Cheng A, Chen YC, Tsay W, Tang ]L, et al. Invasive
fungal sinusitis in patients with hematological malignancy: 15 years
experience in a single university hospital in Taiwan. BMC Infect Dis.
2011;11:250.  [PubMed ID: 21939544]. [PubMed Central ID:
PMC3196720]. https://doi.org/10.1186/1471-2334-11-250.

Montone KT, Livolsi VA, Feldman MD, Palmer ], Chiu AG, Lanza DC, et
al. Fungal rhinosinusitis: A retrospective microbiologic and
pathologic review of 400 patients at a single university medical
center. Int | Otolaryngol. 2012;2012:684835. [PubMed ID: 22518160].
[PubMed Central ID: PM(C3299344].
https://doi.org[10.1155/2012/684835.

Dufour X, Kauffmann-Lacroix C, Ferrie JC, Goujon ]M, Rodier MH,
Klossek JM. Paranasal sinus fungus ball: Epidemiology, clinical
features and diagnosis. A retrospective analysis of 173 cases from a
single medical center in France, 1989-2002. Med Mycol. 2006;44(1):61-
7. [PubMed ID: 16805094].
https://doi.org[10.1080/13693780500235728.

Raiesi O, Hashemi S], Mohammadi Ardehali M, Ahmadikia K, Getso
M, Pakdel F, et al. Molecular identification and clinical features of
fungal rhinosinusitis: A 3-year experience with 108 patients. Microb
Pathog. 2021;158:105018. [PubMed ID: 34098021].
https://doi.org[10.1016/j.micpath.2021.105018.

Krishnan KU, Agatha D, Selvi R. Fungal rhinosinusitis: A
clinicomycological perspective. Indian ] Med Microbiol. 2015;33(1):120-
4. [PubMed ID: 25560014]. https://doi.org[10.4103/0255-0857.148407.

Shetty S, Chandrashekar S, Aggarwal N. A study on the prevalence
and clinical features of fungal sinusitis in chronic rhinosinusitis.
Indian ] Otolaryngol Head Neck Surg. 2020;72(1):117-22. [PubMed ID:
32158667]. [PubMed Central ID: PMC7040144].
https://doi.org/10.1007/s12070-019-01769-w.

Taj-Aldeen SJ, Hilal AA, Schell WA. Allergic fungal rhinosinusitis: A
report of 8 cases. Am | Otolaryngol. 2004;25(3):213-8. [PubMed ID:
15124174]. https://doi.org[10.1016[j.amjot0.2003.12.003.

Ahmed MK, Ishino T, Takeno S, Hirakawa K. Bilateral allergic fungal
rhinosinusitis caused by Schizophyllum commune and Aspergillus
niger. Rhinol. 2009;47:217-21.

Jundishapur ] Microbiol. 2025; 18(2): e158331


https://brieflands.com/articles/jjm-158331
http://www.ncbi.nlm.nih.gov/pubmed/28675446
https://doi.org/10.1002/lary.26702
http://www.ncbi.nlm.nih.gov/pubmed/36106575
https://doi.org/10.1111/coa.13980
http://www.ncbi.nlm.nih.gov/pubmed/36305427
https://doi.org/10.1002/alr.23097
http://www.ncbi.nlm.nih.gov/pubmed/28616054
https://www.ncbi.nlm.nih.gov/pmc/PMC5461590
https://doi.org/10.4103/jrms.JRMS_166_17
http://www.ncbi.nlm.nih.gov/pubmed/19553042
https://doi.org/10.1016/j.anl.2009.05.006
https://doi.org/10.1127/nova_hedwigia/2019/0528
http://www.ncbi.nlm.nih.gov/pubmed/31556203
https://doi.org/10.1111/myc.13010
http://www.ncbi.nlm.nih.gov/pubmed/28264849
https://www.ncbi.nlm.nih.gov/pmc/PMC5404543
https://doi.org/10.1128/AAC.00004-17
https://doi.org/10.13005/bpj/562
http://www.ncbi.nlm.nih.gov/pubmed/20388246
https://doi.org/10.1017/S0022215110000678
http://www.ncbi.nlm.nih.gov/pubmed/31773398
https://doi.org/10.1007/s11908-019-0707-4
http://www.ncbi.nlm.nih.gov/pubmed/37051439
https://www.ncbi.nlm.nih.gov/pmc/PMC10084540
https://doi.org/10.1177/20499361231161387
http://www.ncbi.nlm.nih.gov/pubmed/26387063
https://doi.org/10.1016/j.cimid.2015.08.002
http://www.ncbi.nlm.nih.gov/pubmed/30241879
https://doi.org/10.1016/j.jiac.2018.07.018
https://clsi.org/media/1894/m38ed3_sample.pdf
http://www.ncbi.nlm.nih.gov/pubmed/38570761
https://www.ncbi.nlm.nih.gov/pmc/PMC10988875
https://doi.org/10.1186/s12866-024-03267-8
https://doi.org/10.5812/jjm-150338
https://clsi.org/media/1455/m38a2_sample.pdf
http://www.ncbi.nlm.nih.gov/pubmed/30190445
https://doi.org/10.5604/01.3001.0012.1263
http://www.ncbi.nlm.nih.gov/pubmed/21939544
https://www.ncbi.nlm.nih.gov/pmc/PMC3196720
https://doi.org/10.1186/1471-2334-11-250
http://www.ncbi.nlm.nih.gov/pubmed/22518160
https://www.ncbi.nlm.nih.gov/pmc/PMC3299344
https://doi.org/10.1155/2012/684835
http://www.ncbi.nlm.nih.gov/pubmed/16805094
https://doi.org/10.1080/13693780500235728
http://www.ncbi.nlm.nih.gov/pubmed/34098021
https://doi.org/10.1016/j.micpath.2021.105018
http://www.ncbi.nlm.nih.gov/pubmed/25560014
https://doi.org/10.4103/0255-0857.148407
http://www.ncbi.nlm.nih.gov/pubmed/32158667
https://www.ncbi.nlm.nih.gov/pmc/PMC7040144
https://doi.org/10.1007/s12070-019-01769-w
http://www.ncbi.nlm.nih.gov/pubmed/15124174
https://doi.org/10.1016/j.amjoto.2003.12.003

Goodarzi Orimi Set al.

Brieflands

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Sharma B, Kamble U, Ghosh G, Prasad A, Chowdhary A. Invasive
rhinosinusitis due to Alternaria alternata and Rhizopus arrhizus
mixed infection: A case report and review. Inter | Infect. 2016;4(4).
https://doi.org[10.5812[iji.42127.

Awan NU, Cheema KM, Naumeri F, Qamar S. Allergic fungal rhino-
sinusitis frequency in chronic rhino-sinusitis patients and accuracy
of fungal culture in its diagnosis. Pakistan | Med Sci. 2020;36(3).
https://doi.org[10.12669/pjms.36.3.1661.

Rehman ABDUR, Rafiq FAISAL, Uppal AA. Evaluation of allergic fungal
sinusitis occurrence in patients with nasal polyps. Pak | Med Health
Sci. 2015;9(3):875-8.

Badiei P, Gandomi B, Sabz GA, Jafarian H. A study on the frequency of
fungal rhinosinusitis and to determine the sensitivity of the isolates
to antifungal drugs in Shiraz, Iran 2012-2013. | Arak Univ Med Sci.
2015;18(3):1-8. FA.

Abastabar M, Rahimi N, Meis JF, Aslani N, Khodavaisy S, Nabili M, et al.
Potent activities of novel imidazoles lanoconazole and luliconazole
against a collection of azole-resistant and -susceptible Aspergillus
fumigatus strains. Antimicrob Agents Chemother. 2016;60(11):6916-9.
[PubMed ID: 27572389]. [PubMed Central ID: PMC5075107].
https://doi.org/10.1128/AAC.01193-16.

Niwano Y, Kuzuhara N, Goto Y, Munechika Y, Kodama H, Kanai K, et al.
Efficacy of NND-502, a novel imidazole antimycotic agent, in
experimental models of Candida albicans and Aspergillus fumigatus
infections. Int | Antimicrob Agents. 1999;12(3):221-8. [PubMed ID:
10461840]. https://doi.org/10.1016/s0924-8579(99)00076-X.

Jain S, Das S, Gupta N, Malik ]N. Frequency of fungal isolation and
antifungal susceptibility pattern of the fungal isolates from nasal
polyps of chronic rhinosinusitis patients at a tertiary care centre in
north India. Med Mycol. 2013;51(2):164-9. [PubMed ID: 22783803].
https://doi.org/10.3109/13693786.2012.694486.

Kumar R, Shrivastava SK, Chakraborti A. Comparison of broth
dilution and disc diffusion method for the antifungal susceptibility
testing of Aspergillus flavus. American | Biomed Sci. 2010:202-8.
https://doi.org[10.5099/aj100300202.

Berger S, El Chazli Y, Babu AF, Coste AT. Azole resistance in Aspergillus
fumigatus: A consequence of antifungal use in agriculture? Front
Microbiol. 2017;8:1024. [PubMed ID: 28638374]. [PubMed Central ID:
PMC5461301]. https://doi.org[10.3389/fmicb.2017.01024.

Sriramajayam L, Kaur R, Dhakad MS, Gulati A. Antifungal resistance
profile of fungal isolates from fungal rhinosinusitis patients: A study

Jundishapur ] Microbiol. 2025; 18(2): e158331

42,

43.

44.

45.

46.

47.

48.

49.

from tertiary care hospital. J Lab Physicians. 2023;15(4):488-92.
[PubMed ID: 37780889]. [PubMed Central ID: PMC10539057].
https:|/doi.org/10.1055[s-0043-1764484.

Jain R, Singhal SK, Singla N, Punia RS, Chander ]. Mycological profile
and antifungal susceptibility of fungal isolates from clinically
suspected cases of fungal rhinosinusitis in a tertiary care hospital in
north india. Mycopathol. 2015;180(1-2):51-9. [PubMed ID: 25707737].
https://doi.org/10.1007/s11046-015-9873-6.

Perlin DS. Mechanisms of echinocandin antifungal drug resistance.
Ann N Y Acad Sci. 2015;1354(1):1-11. [PubMed ID: 26190298]. [PubMed
Central ID: PMC4626328]. https://doi.org/10.1111/nyas.12831.

Lass-Florl C, Mayr A, Perkhofer S, Hinterberger G, Hausdorfer |, Speth
C, etal. Activities of antifungal agents against yeasts and filamentous
fungi: Assessment according to the methodology of the European
Committee on antimicrobial susceptibility testing. Antimicrob Agents
Chemother. 2008;52(10):3637-41. [PubMed ID: 18694949]. [PubMed
Central ID: PMC2565893]. https://doi.org[10.1128/AAC.00662-08.

Zhou S, Ismail MAI, Buil JB, Gabr A, Verweij PE, Mahgoub ES, et al.
Fungi involved in rhinosinusitis in arid regions: Insights from
molecular identification and antifungal susceptibility. Microbiol
Spectr. 2023;11(5). €0183123. [PubMed ID: 37772821]. [PubMed Central
ID: PMC10580872]. https://doi.org/10.1128/spectrum.01831-23.

Mammen MD, Sahni RD, Varghese GM, Rupa V. Clinical utility of
antifungal susceptibility testing in patients with fungal
rhinosinusitis. Indian | Med Microbiol. 2021;39(3):328-33. [PubMed ID:
33906748]. https://doi.org/10.1016/j.ijmmb.2021.04.005.

Kachuei R, Khodavaisy S, Rezaie S, Sharifynia S. In vitro antifungal
susceptibility of clinical species belonging to Aspergillus genus and
Rhizopus oryzae. ] Mycol Med. 2016;26(1):17-21. [PubMed ID: 26852191].
https://doi.org[10.1016/j.mycmed.2015.12.002.

Dannaoui E, Meletiadis ], Mouton JW, Meis JF, Verweij PE; Eurofung
Network. In vitro susceptibilities of zygomycetes to conventional
and new antifungals. | Antimicrob Chemother. 2003;51(1):45-52.
[PubMed ID:12493786]. https://doi.org/10.1093/jac/dkg020.

Diekema DJ, Messer SA, Hollis R], Jones RN, Pfaller MA. Activities of
caspofungin, itraconazole, posaconazole, ravuconazole,
voriconazole, and amphotericin B against 448 recent clinical isolates
of filamentous fungi. J Clin Microbiol. 2003;41(8):3623-6. [PubMed ID:
12904365]. [PubMed Central ID: PMC179829].
https://doi.org/10.1128/JCM.41.8.3623-3626.2003.


https://brieflands.com/articles/jjm-158331
https://doi.org/10.5812/iji.42127
https://doi.org/10.12669/pjms.36.3.1661
http://www.ncbi.nlm.nih.gov/pubmed/27572389
https://www.ncbi.nlm.nih.gov/pmc/PMC5075107
https://doi.org/10.1128/AAC.01193-16
http://www.ncbi.nlm.nih.gov/pubmed/10461840
https://doi.org/10.1016/s0924-8579(99)00076-x
http://www.ncbi.nlm.nih.gov/pubmed/22783803
https://doi.org/10.3109/13693786.2012.694486
https://doi.org/10.5099/aj100300202
http://www.ncbi.nlm.nih.gov/pubmed/28638374
https://www.ncbi.nlm.nih.gov/pmc/PMC5461301
https://doi.org/10.3389/fmicb.2017.01024
http://www.ncbi.nlm.nih.gov/pubmed/37780889
https://www.ncbi.nlm.nih.gov/pmc/PMC10539057
https://doi.org/10.1055/s-0043-1764484
http://www.ncbi.nlm.nih.gov/pubmed/37780889
https://www.ncbi.nlm.nih.gov/pmc/PMC10539057
https://doi.org/10.1055/s-0043-1764484
http://www.ncbi.nlm.nih.gov/pubmed/25707737
https://doi.org/10.1007/s11046-015-9873-6
http://www.ncbi.nlm.nih.gov/pubmed/26190298
https://www.ncbi.nlm.nih.gov/pmc/PMC4626328
https://doi.org/10.1111/nyas.12831
http://www.ncbi.nlm.nih.gov/pubmed/18694949
https://www.ncbi.nlm.nih.gov/pmc/PMC2565893
https://doi.org/10.1128/AAC.00662-08
http://www.ncbi.nlm.nih.gov/pubmed/37772821
https://www.ncbi.nlm.nih.gov/pmc/PMC10580872
https://doi.org/10.1128/spectrum.01831-23
http://www.ncbi.nlm.nih.gov/pubmed/33906748
https://doi.org/10.1016/j.ijmmb.2021.04.005
http://www.ncbi.nlm.nih.gov/pubmed/26852191
https://doi.org/10.1016/j.mycmed.2015.12.002
http://www.ncbi.nlm.nih.gov/pubmed/12493786
https://doi.org/10.1093/jac/dkg020
http://www.ncbi.nlm.nih.gov/pubmed/12904365
https://www.ncbi.nlm.nih.gov/pmc/PMC179829
https://doi.org/10.1128/JCM.41.8.3623-3626.2003

