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ABSTRACT

Background: Invasive pulmonary aspergillosis (IPA) is a life-threatening
fungal infection, particularly affectingimmunocompromised individuals.
The increasing emergence of antifungal resistance among Aspergillus
species poses significant challenges to effective therapy, especially in
regions with limited surveillance data.

Objectives: To investigate the distribution of Aspergillus species isolated
from IPA patients in Baghdad and evaluate their susceptibility patterns
to commonly used antifungal agents.

Methods: This cross-sectional study included 250 patients diagnosed
with IPA at Medical City Hospital, Baghdad, between September 2024
and May 2025. Clinical diagnosis was confirmed through imaging,
galactomannan, and (1,3)-B-D-glucan assays. Isolates were identified
and tested for susceptibility to nine antifungal drugs, including triazoles,
echinocandins, amphotericin B, and 5-fluorocytosine, using the
Microorganism Identification and Antimicrobial Susceptibility Testing
(ID&AST) System MA120 following Clinical and Laboratory Standards
Institute (CLSI) guidelines.

Results: Aspergillus flavus was the most prevalent species (58%),
followed by A. fumigatus (30%), A. niger (8%), and A. terreus (4%). All
isolates exhibited 100% resistance to fluconazole and 5-fluorocytosine.
Moderate to high resistance was observed against triazoles (16.0—
21.2%), echinocandins (56-58%), and amphotericin B (38%). A. flavus
demonstrated the broadest resistance spectrum, whereas A. fumigatus
retained better susceptibility to triazoles but showed emerging
resistance.

Conclusion: High levels of antifungal resistance in Aspergillus species,
especially A. flavus, were revealed by this study, highlighting the rise of
multidrug resistance. To treat IPA, it is critically important to implement
new treatment approaches and routine susceptibility testing.
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Introduction

One of the most prevalent types of fungi in the world is
Aspergillus. In regard to abiotic growth circumstances,
they lack a high degree of selection; Aspergillus species
are frequently isolated from different geographic places.*
Inhalation of Aspergillus spores can cause an allergic
reaction in certain individuals; other people may develop
lung infections that range from moderate to severe. When
the infection spreads to blood vessels and beyond, it results
in invasive aspergillosis, the most dangerous type of the
disease.?

Invasive pulmonary aspergillosis (IPA), a serious fungal
infection, is brought on by the filamentous Aspergillus
species. Aspergillus infection is reliant on immunologic
response and host variables. All individuals are exposed
to the fungus spores, but only those with compromised
immune systems can develop invasive infections. People
with weakened immunity, such as those receiving
chemotherapy, organ transplant recipients, or those
with advanced HIV/ AIDS, are frequently impacted.>* Risk
factors are constantly changing and have been seen after
a COVID-19 infection. These factors include post-influenza
infection and novel biological agents that target the immune
system.® COVID-19-associated pulmonary aspergillosis
(CAPA) has emerged as a recognised consequence,
particularly in patients in the intensive care unit (ICU)
who are on corticosteroids or mechanical ventilation.
Although advantageous for COVID-19, these immune-
modulating treatments also make people more vulnerable
to opportunistic fungal infections like IPA.%8

IPA is becoming more common over time. A 2023 published
study ,conducted in 2023, has shown that the overall
one-year mortality rate for IPA patients was 32%,° with
overall mortality rates in invasive forms of the disease
ranging from 35.6% to 70.0%%''. Aspergillus fumigatus
(80%) is the primary cause of IPA, followed by A. flavus
(15-20%).1? Recently, A. fumigatus was added to the
World Health Organization fungal priority pathogen list as
a part of the critical priority group of the list (Cryptococcus
neoformans, Candida auris, Aspergillus fumigatus, and
Candida albicans). Regarding their burden on public
health, Aspergillus fumigatus and Candida albicans were
ranked highly; both of them placed in the top four.®® For
the majority of clinical forms of aspergillosis, triazoles
are the primary choice. Triazoles and amphotericin B,
two kinds of antifungal medications now used to treat
aspergillosis, target ergosterol. Echinocandins, a third class
of chemicals, prevent the formation of beta-1,3-glucan,
a crucial component of fungal cell walls.}**> As members
of the triazole class, voriconazole, isavuconazole, and
posaconazole are the first-line treatments for invasive
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infections, and voriconazole or itraconazole are the first-
line treatments for chronic illnesses.**%8

Aspergillus acquired resistance to azoles has been
documented since 1990. Data on resistance, particularly
for A. fumigatus, has grown dramatically in recent years,
with up to 20% of Aspergillus isolates exhibiting entirely
newly developed resistance to widely used antifungal
medications.’®® Nevertheless, the global distribution of
antifungal-resistant strains and resistance patterns is still
unclear. The prolonged use of these medications, especially
during long-term treatment, may result in antifungal
pressure, which is what selects non-susceptible clones.
A combination therapy using medications with distinct
modes of action, such as voriconazole, amphotericin B
and echinocandin, is recommended for the treatment
of resistant aspergillosis. The increased use of second-
line medicines, such as echinocandins, in monotherapy
is a result of Aspergillus species’ resistance to first-line
drugs.2t™2

The current study offers region-specific insights into the
prevalence of Aspergillus species and their antifungal
resistance patterns, particularly in the Middle Eastern
context (Baghdad, lIraqg), revealing the antifungal
susceptibility profiles of IPA patients.

Materials and Methods
Patients and Sampling

The cross-sectional study included 250 patients diagnosed
with IPA who were treated at Medical City Hospital,
Baghdad, between September 2024 and May 2025.
Patients were diagnosed with IPA using clinical symptoms,
Computed Tomography (CT) scans and laboratory tests,
including galactomannan and (1,3)-B-D-glucan assays.
The Ethical Committee at the College of medicine, Al-
Iragia University (Reference: CMEC/0356/0020). A written
informed consent was obtained from all participants. The
research was performed in accordance with the Code of
Ethics of the World Medical Association (Declaration of
Helsinki).

Antifungal Susceptibility Test

Every isolate was sent for identification and testing for
resistance to nine antifungal medications represented
by triazoles (fluconazole, itraconazole, voriconazole,
posaconazole, and isavuconazole), echinocandins
(caspofungin and micafungin), amphotericin B, and
5-fluorocytosine. The Microorganism Identification and
Antimicrobial Susceptibility Testing (ID&AST) System MA120
(Render, China) was used for identification and resistance
testing; the susceptibility test was carried out in compliance
with Clinical and Laboratory Standards Institute (CLSI)
guidelines.®*
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Statistical Analysis

The Statistical Packages of Sciences (SPSS) programme
(2019) was used to detect the effect of different factors on
study parameters. Chi-square test was used to significantly
compare the percentages (significant at 0.05 and 0.01) in
this study.

Results
Demographics

Among the 250 IPA patients, 74% (185) of isolates were
male, while 26% (65) were female. The p value was less
than 0.01, which indicated that there was a significant
difference between the number of males and females and
not just a random difference (Table 1).

Age Distribution

The largest age group was more than 60 years of age
(75 individuals, 30%); the second largest age group was
20-30 years (57 individuals, 22.80%). The groups of less
than 20 years (42 individuals, 16.80%) and 40-50 years
(38 individuals, 15.20%) also contributed significantly;
the smallest group was 30-40 years (10 individuals, 4%).
This indicated a bimodal distribution, where younger
(20-30 years) and older (> 60 years) individuals were
more represented. Since p < 0.01, the result was highly
significant. This suggests that the age distribution is not
random and differs significantly from an expected uniform
distribution (Table 2).

The most prevalent species in the sample of 250 isolates
was Aspergillus flavus, accounting for 58% of the total
sample. Aspergillus fumigatus followed with 30% of the
isolates. Aspergillus niger and Aspergillus terreus were less
common, making up 8% and 4%, respectively (Table 3).

Table I.Distribution of Study Sample According to

Sex
Sex Number Percentage
Male 185 74.00
Female 65 26.00
Total 250 100.00
Chi-square: x* (p value) - 57.60**(0.0001)
*¥5<0.01
Table 2.Distribution of Study Sample According to
Age Groups
Age Groups (Years) Number Percentage
<20 42 16.80
20-30 57 22.80
30-40 10 4.00
40-50 38 15.20
50-60 28 11.20
> 60 75 30.00
Total 250 100.00
Chi-square: x* (p value) - 61.063**(0.0001)
**p <0.01

Table 3.Distribution of Study Sample According to

Species
Species Number Percentage
Aspergillus flavus 145 58.00
Aspergillus fumigatus 75 30.00
Aspergillus niger 20 8.00
Aspergillus terreus 10 4.00
Total 250 100.00
Chi-square: x*(p value) - 184.40**(0.0001)
*¥p <0.01

Identification of Antifungal Susceptibility Profiles

This study tested four Aspergillus species against five triazole
antifungals, including fluconazole (FLC), itraconazole (ITR),
voriconazole (VRC), isavuconazole (ISA), and posaconazole
(POS), two types of echinocandins, namely caspofungin
(CAS) and micafungin (MCF), amphotericin B (AMB), and
5-fluorocytosine (5-FC). The statistical analysis showed the
studied Aspergillus species had very high resistance toward
FLC and 5-FC with all (100%) isolates being resistant; for the
other types of triazole (ITR, VRC, ISA, and POS), Aspergillus
species showed significant resistance, with 20%, 16%, 20%,
and 21.2% of isolates being resistant, respectively, while
towards AMB, moderate resistance was indicated (38%),
and for echinocandins (MCF and CAS), there was a high
resistance of 56.4% and 58.0%, respectively (Table 4).

Aspergillus spp. Susceptibility Profiling for FC and
5-FC

All studied Aspergillus species showed resistance to FLC;
minimum inhibitory concentrations (MICs) for all isolates
were 2 64 pg/mL, and there was no breakpoint for this
drug by CLSI, as Aspergillus spp. are considered intrinsically
resistant to FLC. For 5-FC, all (100%) isolates were resistant;
MICs for all isolates were > 2 pug/mL, and there was no
breakpoint for this drug by CLSI, as Aspergillus spp. are
considered intrinsically resistant to 5-FC (Table 5).

Aspergillus flavus Susceptibility Profiling

In the current study, A. flavus susceptibility profiling of
triazoles was as follows: For ITR, 37 (25.5%) were non-
wild type (NWT) and 108 (74.5%) were wild type (WT)
(Epidemiological Cutoff Value (ECV) 1 pg/mL). For VRC,
only 27 (18.6%) were NWT and 118 (81.4%) were WT (ECV
2 pg/mL). For ISA, 37 (25.5%) were NWT and 108 (74.5%)
were WT (ECV 1 ug/mL). For POS, 40 (27.6%) isolates were
NWT, and 105 (72.4%) were WT (ECV 0.5 pg/mL) (Table 5).
A. flavus susceptibility profiling of echinocandins showed
that for CAS, 88 (60.7%) were NWT, and 57 (39.3%) were
WT (ECV 0.5 pg/mL), and for MCF, 93 (64.1%) were NWT,
while 52 (35.9%) were WT (ECV < 0.5 pg/mL). CLSI has not
established a specific ECV for MCF against A. flavus; thus,
this study used a suggested ECV from a previous work.%

A. flavus susceptibility profiling of AMB revealed that 66
(54.5%) were NWT, and 79 (45.5%) were WT (ECV 4 ug/
mL) (Table 6).
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Table 4.Results of Antifungal Susceptibility of Samples

FLC ITR VRC ISA POS CAS MCF AMB 5-FC p
Value
S (WT) 0(0.00) 200 210 200 197 105 109 155 0 0.0001
n (%) ’ (80.00) | (84.00) | (80.00) | (78.80) | (42.00) | (43.60) | (62.00) (0.00) *k
(N\?VT) 250 50 40 50 53 145 141 95 250 0.0001
" (%) (100.00) | (20.00) | (16.00) | (20.00) | (21.20) | (58.00) | (56.40) | (38.00) | (100.00) *x
0
0.0001 0.0001 | 0.0001 | 0.0001 0.0001 0.0031 0.0044 0.0001 0.0001
pVaIUe * %k * 3k * 3k * %k * %k % %k * %k * %k % %k -

FLC: Fluconazole, ITR: Itraconazole, VRC: Voriconazole, ISA: Isavuconazole, POS: Posaconazole, WT: wild type, NWT: non-wild type

**p <0.01
Table 5.Susceptibility Profile of Aspergillus Isolates for Triazole Antifungals
FLC ITR VRC ISA POS
145 (R) 37 (NWT) 27 (NWT) 37 (R) 40 (NWT)
. (100.00) (25.50) (18.60) (25.50) (27.60)
Aspergillus flavus
n (%)
0(S) 108 (WT) 118 (WT) 108 (S) 105 (WT)
(0.00) (74.50) (81.40) (74.50) (72.40)
75 (R) 13 (NWT) 13 (NWT) 13 (NWT) 13 (NWT)
100.00 17.30 17.30 17.30 17.30
nspergillus (100.00) (17.30) (17.30) (17.30) (17.30)
fumigat %
umigatus n (%) 0(s) 62 (WT) 62 (WT) 62 (WT) 62 (WT)
(0.00) (82.70) (82.70) (82.70) (82.70)
Aspergillus niger 20 (R) 20 (WT) 20 (WT) 20 (WT) 20 (WT)
n (%) (100.00) (100.00) (100.00) (100.00) (100.00)
Aspergillus terreus 10 (R) 10 (WT) 10 (WT) 10 (WT) 10 (WT)
n (%) (100.00) (100.00) (100%) (100.00) (100.00)
NWT 50 NWT 40 NWT 50 NWT 53
R 250 (100.00) (20.00) (16.00) (20.00) (21.20)
All isolates n (%)
$0(0.00) WT 200 WT 210 WT 200 WT 197
(80.00) (84.00) (80.00) (78.80)

FLC: Fluconazole, ITR: Itraconazole, VRC: Voriconazole, ISA: Isavuconazole, POS: Posaconazole, CAS: Caspofungin, MFC: Micafungin, AMB:

Amphotericin B, 5-FC: Fluorocytosine WT: wild type, NWT: non-wild type
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Table 6.Susceptibility Profile of Aspergillus Isolates for Echinocandins, Amphotericin B, and 5-fluorocytosine

Antifungals
CAS MCF AMB 5-FC
88 (NWT) (60.70) | 93 (NWT) (64.10) 66 (NWT)
. (54.50) 145 (NWT)
Aspergillus flavus n (%)
57 (WT) (39.30) 52 (WT) 79 (WT) (100.00)
‘ (35.90) (45.50)
42 (NWT) 42 (NWT) 24 (NWT)
Aspergillus fumigatus (56.00) (56.00) (32.00) 75 (R)
n (%) 33 (WT) 33 (WT) 51 (WT) (100.00)
(44.00) (44.00) (86.00)
5 (NWT) 1 (NWT) 5 (NWT)
o (25.00) (5.00) (25.00) 20 (NWT)
Aspergillus niger n (%)
15 (WT) 19 (WT) 15 (WT) (100.00)
(75.00) (95.00) (75.00)
5 (NWT)
. 10 (NWT) (50.00) 10 (WT) 10 (NWT)
Aspergillus terreus n (%
perg (%) (100.00) 5 (WT) (100.00) (100.00)
(50.00)
NWT 145 NWT 141 NWT 95 NWT 250
All isolates (58.00) (56.40) (38.00) (100.00)
n (%) WT 105 WT 109 WT 155
(42.00) (43.60) (62.00) WT0(0.00)

CAS: Caspofungin, MFC: Micafungin, AMB: Amphotericin B, 5-FC: Fluorocytosine , WT: wild type, NWT: non-wild type

Aspergillus fumigatus Susceptibility Profiling

In the current study, the susceptibility profiling of A.
fumigatus to triazoles was as follows: for all tested triazoles
except FLC (ITR, VRC, ISA, and POS), 13 (17.3%) isolates
showed the NWT phenotype, while 62 (82.7%) showed
the WT phenotype (ECV 1 pg/mL for ITR, VRC, and ISA and
0.5 pg/mL for POS). A. fumigatus susceptibility profiling
of echinocandins showed that for CAS, 42 (56%) were
NWT and 33 (44%) were WT (ECV 0.5 pug/mL); for MCF, 42
(56%) were NWT and 33 (44%) were WT (ECV 0.25 pg/mL).
CLSI has not established a specific ECV for MCF against A.
fumigatus; thus, the present study used a reasonable ECV
suggested in a previous study.?®*?” For AMB, 24 (32%) were
NWT, and 51 (86%) showed a WT phenotype (ECV 2 ug/mL).

Other Aspergillus spp. Susceptibility Profiling

The other isolated species included Aspergillus niger and
Aspergillus terreus. For all tested triazoles except for FLC,

all isolates (100%) showed the WT phenotype. The ECV
values against A. niger were 4 pg/mL (ITR), 2 ug/mL (VRC),
4 pg/mL (ISA), and 2 pg/mL (POS). In contrast, A. terreus
had ECV values of 2 ug/mL (ITR), 2 pg/mL (VRC), 1 ug/mL
(ISA), and 1 ug/mL (POS). A. niger susceptibility profiling of
echinocandins revealed that for CAS, only 5 (25%) isolates
were NWT and 15 (75%) were WT (ECV 0.25 pg/mL), while
for MCF, 1 (5%) was NWT and 19 (95%) were WT (ECV 0.25
ug/mL). The ECV value used was obtained from a previous
study.? For AMB, only 5 (25%) isolates were NWT and 15
(75%) were WT (ECV 2 ug/mL). A. terreus susceptibility
profiling of echinocandins revealed that for CAS, all isolates
(100%) showed NWT phenotype (ECV 0.12 pug/mL), while
for MCF, 50% of isolates were NWT and the other 50%
were WT (ECV 2 pg/mL), depending on ECV determined
from a previous study.® For AMB, all isolates showed the
WT phenotype (ECV 4 pug/mL).
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Table 7.Antifungal Susceptibility Profile of Aspergillus Species Isolates

No. of Isolates at Each Determined MIC Value (ug/mL)
Drug < 0.015 | 0.03 | 0.06 | 0.12 | 0.25 0.5 1 2 4 8 16 32 64 128 256 Mic GM
0.008 Range (pg/mL) MIC (ug/L)
FLC - - - - - - - - - - - - - 38 79 28 64.000-256.000 128.00
ITR - - - - 19 89 - * 9 14 - - 14 - - - 0.120-32.000 1.50
" VRC - - 13 7 61 23 14 - * - - 13 14 - - - 0.030-32.000 0.54
EB ISA - 11 5 51 23 18 - * - - - 23 14 - - - 0.015-32.000 0.32
POS - - 21 33 46 5 * 9 - - 3 14 14 - - - 0.030-32.000 0.82
< CAS 33 - - 14 10 - * - 14 9 - 65 - - - - <0.008-16.000 0.44
MCF | 28 - - 14 46 5 * - - - 5 47 - - - - <0.008-16.000 0.35
AMB - - - - - - 5 51 23 * 14 23 29 - - - 0.500-32.000 4.00
5-FC - - - - - - - - 33 47 25 - 5 19 16 - 2.000-128.000 16.00
FLC - - - - - - - - - - - - - 33 23 19 64.000-256.000 128.00
ITR - 9 10 - 5 38 - * - - - - 13 - - - 0.015-32.000 0.21
§ VRC - 19 7 18 10 2 6 * - - - 6 7 - - - 0.015-32.000 0.34
.gﬂ ISA - 25 - 27 5 5 - * - 5 - - 8 - - - 0.015-32.000 0.57
2 | POS - 23 - 33 6 - * - 2 - 1 6 4 - - - 0.015-32.000 0.98
CAS 12 11 2 3 5 - * 4 8 - 9 21 - - - - <0.008-16.000 0.34
< | MFC | 22 - 7 - 4 * - - - 3 11 28 - - - - <0.008-16.000 0.49
AMB - - - - 11 6 9 25 *3 3 9 9 - - - - 0.120-16.000 1.40
5-FC - - - - - - - - 8 3 12 18 19 15 - - 2.000-64.000 11.31
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FLC - - - - - - - 14 64.000-256.000 128.00
ITR - 6 4 3 7 - - - 0.030-0.250 0.08
VRC - - 3 12 5 - - - 0.060-0.250 0.12
| ISA 3 7 1 6 3 - - - 0.015-0.250 0.06
'% POS 3 1 5 11 - - - - 0.015-0.120 0.04
< CAS 5 7 - - * 1 - - <0.008-0.030 0.12
MFC 6 6 3 - *1 - - - < 0.008-0.060 0.03
AMB - - - 1 1 11 3 - 0.120-1.000 1.40
5-FC - - - - - - 13 - 8.000-16.000 11.30
FLC - - - - - 3 64.000-256.000 128.00
ITR - 2 5 3 - - - 0.060-0.250 0.12
«» | VRC - 1 1 1 7 - - - 0.030-0.250 0.08
é ISA 2 1 2 5 - * - - 0.015-0.120 0.04
& POS - 3 7 - - * - - 0.030-0.060 0.04
| CAS - 4 1 * - - 5 - 0.030-16.000 0.30
< MFC - - 1 4 - - 3 - 0.060-16.000 0.97
AMB - - - - 6 2 - - 0.250-1.000 0.50
5-FC - - - - - - - 2 46.000-128.000 90.50
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Discussion

A. flavus was the most common species of Aspergillus in the
current study. This contrasts with many Western studies,
which showed that A. fumigatus predominates, while A.
flavus is the second most isolated species in Europe and
the United States.?®* However, the present study aligns
with regional trends in Asia and the Middle East, where A.
flavus is more prevalent due to environmental and climatic
conditions.%%3!

The in vitro susceptibility profile of nine antifungals against
four isolated Aspergillus species was evaluated in this
work (Table 7) . The testing revealed that all the isolated
species were completely resistant to FLC and 5-FC, with
MICs of 64 pug/mL or higher for FLC and 2 pg/mL or higher
for 5-FC. Since fluconazole has low efficacy against moulds
like Aspergillus due to either fungal cell wall variations
or the inability of fluconazole to attach to their target
enzyme, Aspergillus is known to be inherently resistant
to fluconazole.?** Numerous studies have demonstrated
that intrinsic resistance to 5-FC is universal. This resistance
may be brought about by the downregulation of the FCYB
gene, which codes for the enzyme that facilitates 5-FC
absorption.* A study showed that the complexity of 5-FC
resistance in Aspergillus species is highlighted by the
fact that changes in tRNA can help A. fumigatus become
resistant to 5-FC.%*

Other triazole (ITR, VRC, ISA, and POS) resistance profiles
were 20.0%, 16.0%, 20.0%, and 21.2%, respectively. A. flavus
showed higher resistance to triazole than A. fumigatus; this
may be attributed to environmental azole exposure or
long-term prophylaxis in immunocompromised patients.3¢

For AMB, moderate resistance was observed (38%) overall,
with A. flavus showing more than 45% resistance. This result
aligns with an Iranian study, where a decreased resistance
to the drug was observed.®” Resistance to AMB is concerning
due toits role as a second-line therapy, especially in azole-
resistant cases. High resistance rates for echinocandins
(CAS and MFC) were reported (56—-58% overall). A. terreus
showed 100% resistance to CAS. This challenges the use of
echinocandins in monotherapy and supports combination
therapy in resistance cases. The echinocandin resistance
pattern in the current study is consistent with three regional
studies from Iran and Vietnam 3% A, flavus showed the
broadest resistance spectrum, including notable resistance
to echinocandins and AMB in addition to triazole. A.
fumigatus retained better susceptibility to azole but still
demonstrated emerging resistance. A. niger and A. terreus
had relatively lower resistance to azoles, but showed
variable responses to echinocandins. These findings align
with those of Arastehfar et al.’s study.*

In this study, Aspergillus fumigatus showed a significant
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resistance to several common triazole antifungals (ITR, VRC,
ISA, and POS), with 17.3% of samples showing the NWT
phenotype for all of them. Even though the majority of
isolates (82.7%) were still susceptible, the consistent NWT
rate across all triazoles pointed to the establishment of
multidrug resistance (MDR) in the strains of A. fumigatus.
Triazole’s cross-resistance is especially worrisome because
both drugs, itraconazole and voriconazole, have a shared
target, lanosterol 14-demethylase. MDR significantly
reduces available treatments. When voriconazole, the
first-line medication, proves ineffective, people turn to
amphotericin B or echinocandins; considerable resistance
to these was also exhibited in the current study.*>*

In the post-COVID-19 era, where IPA has become a major
secondary illness (CAPA), the results of our study are
very pertinent. The observed resistance patterns may
be attributed to heightened vulnerability to Aspergillus
infection caused by the immunosuppressive effects
of corticosteroid medication, extended intensive care
unit stays, and the use of mechanical ventilation during
COVID-19. Furthermore, our isolates’ high A. flavus
prevalence and resistance to several antifungals could
be the result of environmental exposure and increased
selective pressure during the pandemic.*4

Conclusion

The high resistance rates underscore the need for routine
susceptibility testing to guide targeted therapy. Voriconazole
remains a first-line treatment, but its effectiveness is
threatened by rising resistance. Combination antifungal
therapy should be considered for resistant or mixed-species
infections. The species distribution should guide empirical
therapy in local settings. Routine antifungal susceptibility
testing should be implemented in clinical laboratories to
guide effective species-specific treatment of IPA; empirical
use of FLC and 5-FC should be avoided in suspected IPA
cases. Triazole resistance also warrants cautious use
and may necessitate alternative combination therapies.
Expanded multicentre studies across different regions
of Irag and the Middle East are needed to validate these
findings, assess resistance trends over time and inform
national treatment protocols.

Authors’ Contributions: DA Al-Aameriand BN Al-Nuaimi
contributed to the conceptualisation and writing of the
original draft. BDH Al Khayali and SA Zghair contributed to
methodology and data collection. ZJ Fadhil and AB Al-Asadi
contributed to the review of the manuscript. SK Abdullah
contributed to software and statistical analysis.

Declaration of Generative Al and Al-Assisted Technologies
in the Writing Process: none.

Conflict of Interest: The authors declare that there is
no conflict of interest in this research.




Al-Nuaimi B N et al.
J. Commun. Dis. 2025; 57(3)

Source of Funding: none

References

1.

10.

11.

Williams JP, Hallsworth JE. Limits of life in hostile
environments: no barriers to biosphere function?
Environ Microbiol. 2009 Dec;11(12):3292-308.
[PubMed] [Google Scholar]

Kousha M, Tadi R, Soubani AO. Pulmonary aspergillosis:
a clinical review. Eur Respir Rev. 2011;20(121):156-74.
[PubMed] [Google Scholar]

Latge JP. Aspergillus fumigatus and aspergillosis. Clin
Microbiol Rev. 1999;12(2):310-50. [PubMed] [Google
Scholar]

Soubani AO, Chandrasekar PH. The clinical spectrum of
pulmonary aspergillosis. Chest. 2002;121(6):1988-99.
[PubMed] [Google Scholar]

CadenaJ, Thompson 3rd GR, Patterson TF. Aspergillosis:
epidemiology, diagnosis, and treatment. Infect Dis
Clin North Am. 2021;35(2):415-34. [PubMed] [Google
Scholar]

Mitaka H, Perlman DC, Javaid W, Salomon N. Putative
invasive pulmonary aspergillosis in critically ill patients
with COVID-19: An observational study from New
York City. Mycoses. 2020 Dec;63(12):1368-1372.
doi: 10.1111/myc.13185. Epub 2020 Oct 1. PMID:
32965042; PMCID: PMC7646269.Al-Nuaimi BN, Abdul-
Ghani MN, Al-Asadi AB, Al-Maadhidi JF, Al-Aameri
DA, Hadab MA. Efficacy of SARS-CoV-2 vaccines on
severity of Coronavirus disease in Iraq. Int Tinnitus J.
2024 Mar;28(51):68-72. [Google Scholar]

Al-Nuaimi BN, Al-Azzawi RH. Correlation between
MicroRNA-155 expression and viral load in severe
COVID-19 patients. J] Commun Dis. 2024;56(4):4.
[Google Scholar]

Henao-Martinez AF, Corbisiero MF, Salter I, Chastain
DB, Thompson Il GR. Invasive pulmonary aspergillosis
real-world outcomes: clinical features and risk factors
associated with increased mortality. Med Mycol. 2023
Aug;61(8):myad074. [PubMed] [Google Scholar]
Taccone FS, Van den Abeele AM, Bulpa P, Misset B,
Meersseman W, Cardoso T, Paiva JA, Blasco-Navalpotro
M, De Laere E, Dimopoulos G, Rello J, Vogelaers D,
Blot SI; AsplICU Study Investigators. Epidemiology of
invasive aspergillosis in critically ill patients: clinical
presentation, underlying conditions, and outcomes.
Crit Care. 2015;19(1):7. [PubMed] [Google Scholar]
Sun KS, Tsai CF, Chen SC, Chen YY, Huang WC.
Correction: Galactomannan testing and the incidence of
invasive pulmonary aspergillosis: a 10-year nationwide
population-based study in Taiwan. PLoS One. 2016 Jun
1;11(6):e0156566. [PubMed] [Google Scholar]
Krishnan S, Manavathu EK, Chandrasekar PH. Aspergillus
flavus: an emerging non-fumigatus Aspergillus species
of significance. Mycoses. 2009 May;52(3):206-22.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

[PubMed] [Google Scholar]

World Health Organization. WHO fungal priority
pathogens list to guide research, development and
public health action. World Health Organization; 2022
Oct 25. [Google Scholar]

Holt SL, Drew RH. Echinocandins: addressing
outstanding questions surrounding treatment of
invasive fungal infections. Am J Health Syst Pharm.
2011;68(13):1207-20. [PubMed] [Google Scholar]
Perfect JR. The antifungal pipeline: a reality check. Nat
Rev Drug Discov. 2017 Sep;16(9):603-16. [PubMed]
[Google Scholar]

Holt SL, Drew RH. Echinocandins: addressing
outstanding questions surrounding treatment of
invasive fungal infections. American Journal of Health-
System Pharmacy. 2011 Jul 1;68(13):1207-20.
Hoenigl M, Arastehfar A, Arendrup MC, BriiggemannR,
Carvalho A, Chiller T, Chen S, Egger M, Feys S, Gangneux
JP, Gold JA. Novel antifungals and treatment approaches
to tackle resistance and improve outcomes of invasive
fungal disease. Clinical microbiology reviews. 2024 Jun
13;37(2):e00074-23.Naji SS, Mahmood MA, Hussein
HM, Mahmood AA, Baker HS. The effect of Quercus
robur bark on oral candidiasis caused by Candida
albicans and Candida glabrata isolated from a pediatric
oral infection as comparison to azole antifungal. Clin
Cosmet Investig Dent. 2025;17:285-92. [PubMed]
[Google Scholar]

Al-Aameri DA, Zghair SA, Al-Nuaimi BN, Abdul-Ghani
MN, Naman ZT, Fadhil ZJ. Evaluation of susceptibility
of Candida species to six antifungal drugs in Iraqi
specimens. J Commun Dis. 2024;56(2):53-61. [Google
Scholar]

Hadrich I, Makni F, Neji S, Cheikhrouhou F, Bellaaj
H, Elloumi M, Ayadi A, Ranque S. Amphotericin B in
vitro resistance is associated with fatal Aspergillus
flavus infection. Med Mycol. 2012 Nov;50(8):829-34.
[PubMed] [Google Scholar]

De Francesco MA. Drug-resistant Aspergillus spp.:
a literature review of its resistance mechanisms
and its prevalence in Europe. Pathogens. 2023 Oct
31;12(11):1305. [PubMed] [Google Scholar]

Romero M, Messina F, Marin E, Arechavala A, Depardo
R, Walker L, Negroni R, Santiso G. Antifungal resistance
in clinical isolates of Aspergillus spp.: when local
epidemiology breaks the norm. J Fungi (Basel). 2019
May 21;5(2):41. [PubMed] [Google Scholar]
Al-Aameri DA, Al-Nuaimi BN. Mutations in ergosterol 11
gene of fluconazol resistant Candida albicans isolated
from different clinical samples. Malays J Biochem Mol
Biol. 2020;23(1):57-61.

Carvalhaes CG, Klauer AL, Rhomberg PR, Pfaller MA,
Castanheira M. Evaluation of rezafungin provisional

ISSN: 0019-5138
DOI: https://doi.org/10.24321/0019.5138.202565


https://pubmed.ncbi.nlm.nih.gov/19840102/
https://scholar.google.com/scholar?q=1.+Williams+JP,+Hallsworth+JE.+Limits+of+life+in+hostile+environments:+no+barriers+to+biosphere+function%3F&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/21881144/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=2.%09Kousha+M%2C+Tadi+R%2C+Soubani+AO.+Pulmonary+aspergillosis%3A+a+clinical+review&btnG=
https://pubmed.ncbi.nlm.nih.gov/10194462/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=3.%09J.P.+Latge.+Aspergillus+fumigatus+and+aspergillosis&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=3.%09J.P.+Latge.+Aspergillus+fumigatus+and+aspergillosis&btnG=
https://pubmed.ncbi.nlm.nih.gov/12065367/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=4.%09Soubani+AO%2C+Chandrasekar+PH.+The+clinical+spectrum+of+pulmonary+aspergillosis&btnG=
https://pubmed.ncbi.nlm.nih.gov/34016284/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=5.%09Cadena+J%2C+Thompson+GR%2C+Patterson+TF.+Aspergillosis.+Epidemiology%2C+diagnosis+and+treatment&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=5.%09Cadena+J%2C+Thompson+GR%2C+Patterson+TF.+Aspergillosis.+Epidemiology%2C+diagnosis+and+treatment&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=7.%09Al-Nuaimi+BN%2C+Abdul-Ghani+MN%2C+Al-Asadi+AB%2C+Al-Maadhidi+JF%2C+Al-Aameri+DA%2C+Hadab+MA.+Efficacy+of+SARS-CoV-2+vaccines+on+severity+of+Coronavirus+disease+in+Iraq&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=8.%09Al-Nuaimi+BN%2C+Al-Azzawi+RH.+Correlation+between+MicroRNA-155+expression+and+viral+load+in+severe+COVID-19+patients&btnG=
https://pubmed.ncbi.nlm.nih.gov/37491703/
https://scholar.google.com/scholar?q=9.+Henao-Mart%C3%ADnez+AF,+Corbisiero+MF,+Salter+I,+Chastain+DB,+Thompson+III+GR.+Invasive+pulmonary+aspergillosis+real-world+outcomes:+clinical+features+and+risk+factors+associated+with+increased+mortality&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/25928694/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=10.%09Taccone+FS%2C+Van+den+Abeele+AM%2C+Bulpa+P%2C+Misset+B%2C+Meersseman+W%2C+Cardoso+T%2C+Paiva+JA%2C+Blasco-Navalpotro+M%2C+De+Laere+E%2C+Dimopoulos+G%2C+Rello+J.+Epidemiology+of+invasive+aspergillosis+in+critically+ill+patients%3A+clinical+presentation%2C+underlying+conditions%2C+and+outcomes&btnG=
https://pubmed.ncbi.nlm.nih.gov/27249796/
https://pubmed.ncbi.nlm.nih.gov/19207851/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=12.%09Krishnan+S%2C+Manavathu+EK%2C+Chandrasekar+PH.+Aspergillus+flavus%3A+an+emerging+non%E2%80%90fumigatus+Aspergillus+species+of+significance&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=13.%09World+Health+Organization.+WHO+fungal+priority+pathogens+list+to+guide+research%2C+development+and+public+health+action&btnG=
https://pubmed.ncbi.nlm.nih.gov/21690427/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=14.%09Holt+SL%2C+Drew+RH.+Echinocandins%3A+addressing+outstanding+questions+surrounding+treatment+of+invasive+fungal+infections&btnG=
https://pubmed.ncbi.nlm.nih.gov/28496146/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=15.%09Perfect+JR.+The+antifungal+pipeline%3A+a+reality+check&btnG=
https://pubmed.ncbi.nlm.nih.gov/40687555/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=18.%09Naji+SS%2C+Mahmood+MA%2C+Hussein+HM%2C+Mahmood+AA%2C+Baker+HS.+The+effect+of+Quercus+robur+bark+on+oral+candidiasis+caused+by+Candida+albicans+and+Candida+glabrata+isolated+from+a+pediatric+oral+infection+as+comparison+to+azole+antifungal&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=19.%09Al-Aameri+DA%2C+Zghair+SA%2C+Al-Nuaimi+BN%2C+Abdul-Ghani+MN%2C+Naman+ZT%2C+Fadhil+ZJ.+Evaluation+of+susceptibility+of+Candida+species+to+six+antifungal+drugs+in+Iraqi+specimens&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=19.%09Al-Aameri+DA%2C+Zghair+SA%2C+Al-Nuaimi+BN%2C+Abdul-Ghani+MN%2C+Naman+ZT%2C+Fadhil+ZJ.+Evaluation+of+susceptibility+of+Candida+species+to+six+antifungal+drugs+in+Iraqi+specimens&btnG=
https://pubmed.ncbi.nlm.nih.gov/22587728/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=20.%09Hadrich+I%2C+Makni+F%2C+Neji+S%2C+Cheikhrouhou+F%2C+Bellaaj+H%2C+Elloumi+M%2C+Ayadi+A%2C+Ranque+S.+Amphotericin+B+in+vitro+resistance+is+associated+with+fatal+Aspergillus+flavus+infection&btnG=
https://pubmed.ncbi.nlm.nih.gov/38003770/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=21.%09De+Francesco+MA.+Drug-resistant+Aspergillus+spp.%3A+a+literature+review+of+its+resistance+mechanisms+and+its+prevalence+in+Europe&btnG=
https://pubmed.ncbi.nlm.nih.gov/31117260/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=10.3390%2Fjof5020041&btnG=

Al-Nuaimi B N et al.
J. Commun. Dis. 2025; 57(3)

23.

24.

25.

26.

27.

28.

29.

CLSI clinical breakpoints and epidemiological cutoff
values tested against a worldwide collection of
contemporaneous invasive fungal isolates (2019 to
2020). J Clin Microbiol. 2022 Apr 20;60(4):e0244921.
[PubMed] [Google Scholar]

Denardi LB, Dalla-Lana BH, de Jesus FP, Severo CB,
Santurio JM, Zanette RA, Alves SH. In vitro antifungal
susceptibility of clinical and environmental isolates of
Aspergillus fumigatus and Aspergillus flavus in Brazil.
Braz J Infect Dis. 2018;22(1):30-6. [PubMed] [Google
Scholar]

Salsé M, Gangneux JP, Cassaing S, Delhaes L, Fekkar A,
Dupont D, Botterel F, Costa D, Bourgeois N, Bouteille B,
Houze S, Dannaoui E, Guegan H, Charpentier E, Persat
F, Favennec L, Lachaud L, Sasso M. Multicentre study
to determine the Etest epidemiological cut-off values
of antifungal drugs in Candida spp. and Aspergillus
fumigatus species complex. Clin Microbiol Infect. 2019
Dec 1;25(12):1546-52. [PubMed] [Google Scholar]
Espinel-Ingroff A, Sasso M, Turnidge J, Arendrup M,
Botterel F, Bourgeois N, Bouteille B, Canton E, Cassaing
S, Dannaoui E, Dehais M, Delhais L, Delhaes L, Dupont
D, Fekkar A, Fuller J, Garcia-Effron G, Garcia J, Gonzalez
GM, Govender NP, Guegan H, Guinea J, Houze S, Lass-
Florl C, Pelaez T, Forastiero A, Lackner M, Magboo
R. Etest ECVs/ECOFFs for detection of resistance in
prevalent and three nonprevalent Candida spp. to
triazoles and amphotericin B and Aspergillus spp. to
caspofungin: further assessment of modal variability.
Antimicrob Agents Chemother. 2021 Oct 18;65(11):10-
128. [PubMed] [Google Scholar]
Alastruey-lzquierdo A, Mellado E, Peldez T, Peman
J, Zapico S, Alvarez M, Rodriguez-Tudela JL, Cuenca-
Estrella M; FILPOP Study Group. Population-based
survey of filamentous fungi and antifungal resistance
in Spain (FILPOP Study). Antimicrob Agents Chemother.
2013 Jul;57(7):3380-7. [PubMed] [Google Scholar]
Balajee SA, Kano R, Baddley JW, Moser SA, Marr KA,
Alexander BD, Andes D, Kontoyiannis DP, Perrone G,
Peterson S, Brandt ME, Pappas PG, Chiller T. Molecular
identification of Aspergillus species collected for the
transplant-associated infection surveillance network.
J Clin Microbiol. 2009 Oct;47(10):3138-41. [PubMed]
[Google Scholar]

Patterson TF, Kirkpatrick WR, White M, Hiemenz JW,
Wingard JR, Dupont B, Rinaldi MG, Stevens DA, Graybill
JR. Invasive aspergillosis. Disease spectrum, treatment
practices, and outcomes. I3 Aspergillus study group.
Medicine (Baltimore). 2000;79(4):250-60. [PubMed]
[Google Scholar]

Zanganeh E, Zarrinfar H, Rezaeetalab F, Fata A, Tohidi
M, Najafzadeh MJ, Alizadeh M, Seyedmousavi S.
Predominance of non-fumigatus Aspergillus species

ISSN: 0019-5138

DOI: https://doi.org/10.24321/0019.5138.202565

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

among patients suspected to pulmonary aspergillosis
in a tropical and subtropical region of the Middle East.
Microb Pathog. 2018 Mar 1;116:296-300. [PubMed]
[Google Scholar]

Leonardelli F, Macedo D, Dudiuk C, Cabeza MS, Gamarra
S, Garcia-Effron G. Aspergillus fumigatus intrinsic
fluconazole resistance is due to the naturally occurring
T301I substitution in Cyp51Ap. Antimicrob Agents
Chemother. 2016 Aug 22;60(9):5420-6. [PubMed]
[Google Scholar]

Sheng C, Miao Z, Ji H, Yao J, Wang W, Che X, Dong
G, LU J, Guo W, Zhang W. Three-dimensional model
of lanosterol 14a-demethylase from Cryptococcus
neoformans: active-site characterization and insights
into azole binding. Antimicrob Agents Chemother.
2009 Aug;53(8):3487-95. [PubMed] [Google Scholar]
Bruch A, Lazarova V, Berg M, Kriiger T, Schauble S,
Kelani AA, Mertens B, Lehenberger P, Kniemeyer
O, Kaiser S, Panagiotou G, Gsaller F, Blango MG.
tRNA hypomodification facilitates 5-fluorocytosine
resistance via cross-pathway control system
activation in Aspergillus fumigatus. Nucleic Acids Res.
2025;53(3):gkae1205. [PubMed] [Google Scholar]
Gsaller F, Furukawa T, Carr PD, Rash B, Jochl C, Bertuzzi
M, Bignell EM, Bromley MJ. Mechanistic basis of pH-
dependent 5-flucytosine resistance in Aspergillus
fumigatus. Antimicrob Agents Chemother. 2018 May
25;62(6):€02593-17. [PubMed] [Google Scholar]
Bosetti D, Neofytos D. Invasive aspergillosis and the
impact of azole-resistance. Curr Fungal Infect Rep.
2023;17(2):77-8. [PubMed] [Google Scholar]
Dehghani R, Mohammadi S, Zarrinfar H, Jarahi L,
Najafzadeh MJ, Salah H. The emergence of decreased
activity of amphotericin B and voriconazole against
clinical isolates of Aspergillus species: a subtropical
region of the Middle East. J Popul Ther Clin Pharmacol.
2023;30(17):146-54.

Rivero-Menendez O, Alastruey-lzquierdo A, Mellado E,
Cuenca-Estrella M. Triazole Resistance in Aspergillus
spp.: A Worldwide Problem? J Fungi (Basel). 2016 Jul
4:2(3):21. doi: 10.3390/j0f2030021. PMID: 29376938;
PMCID: PMC5753134.

Yassin Z, Lotfali E, Khourgami MR, Omidi N, Fattahi A,
Nasrollahi SA, Ghasemi R. Caspofungin resistance in
clinical Aspergillus flavus isolates. ] Mycol Med. 2021
Dec;31(4):101166. [PubMed] [Google Scholar]
Hadab MA, Al-Nuaimi BN, Al-Asadi AB, Al-Maadhidi
JF, Abdul-Gani MN. Cytopathic effects of activated
parasporal inclusion proteins produced from Iraqi
isolates of Bacillus thuringiensis. Ann Trop Med Public
Health. 2020;23(2):190-9.

Arastehfar A, Carvalho A, Houbraken J, Lombardi L,
Garcia-Rubio R, Jenks JD, Rivero-Menendez O, Aljohani



https://pubmed.ncbi.nlm.nih.gov/35249367/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=24.%09Carvalhaes+CG%2C+Klauer+AL%2C+Rhomberg+PR%2C+Pfaller+MA%2C+Castanheira+M.+Evaluation+of+rezafungin+provisional+CLSI+clinical+breakpoints+and+epidemiological+cutoff+values+tested+against+a+worldwide+collection+of+contemporaneous+invasive+fungal+isolates+%282019+to+2020%29&btnG=
https://pubmed.ncbi.nlm.nih.gov/29172033/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=25.%09Denardi+LB%2C+Dalla-Lana+BH%2C+de+Jesus+FP%2C+Severo+CB%2C+Santurio+JM%2C+Zanette+RA%2C+Alves+SH.+In+vitro+antifungal+susceptibility+of+clinical+and+environmental+isolates+of+Aspergillus+fumigatus+and+Aspergillus+flavus+in+Brazil&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=25.%09Denardi+LB%2C+Dalla-Lana+BH%2C+de+Jesus+FP%2C+Severo+CB%2C+Santurio+JM%2C+Zanette+RA%2C+Alves+SH.+In+vitro+antifungal+susceptibility+of+clinical+and+environmental+isolates+of+Aspergillus+fumigatus+and+Aspergillus+flavus+in+Brazil&btnG=
https://pubmed.ncbi.nlm.nih.gov/31082487/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=26.%09Sals%C3%A9+M%2C+Gangneux+JP%2C+Cassaing+S%2C+Delhaes+L%2C+Fekkar+A%2C+Dupont+D%2C+Botterel+F%2C+Costa+D%2C+Bourgeois+N%2C+Bouteille+B%2C+Houze+S.+Multicentre+study+to+determine+the+Etest+epidemiological+cut-off+values+of+antifungal+drugs+in+Candida+spp.+and+Aspergillus+fumigatus+species+complex&btnG=
https://pubmed.ncbi.nlm.nih.gov/34370582/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=27.%09Espinel-Ingroff+A%2C+Sasso+M%2C+Turnidge+J%2C+Arendrup+M%2C+Botterel+F%2C+Bourgeois+N%2C+Bouteille+B%2C+Canton+E%2C+Cassaing+S%2C+Dannaoui+E%2C+Dehais+M.+Etest+ECVs%2FECOFFs+for+detection+of+resistance+in+prevalent+and+three+nonprevalent+Candida+spp.+to+triazoles+and+amphotericin+B+and+Aspergillus+spp.+to+caspofungin%3A+further+assessment+of+modal+variability&btnG=
https://pubmed.ncbi.nlm.nih.gov/23669377/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=28.%09Alastruey-Izquierdo+A%2C+Mellado+E%2C+Pel%C3%A1ez+T%2C+Pem%C3%A1n+J%2C+Zapico+S%2C+Alvarez+M%2C+Rodr%C3%ADguez-Tudela+JL%2C+Cuenca-Estrella+M%2C+FILPOP+Study+Group.+Population-based+survey+of+filamentous+fungi+and+antifungal+resistance+in+Spain+%28FILPOP+Study%29&btnG=
https://pubmed.ncbi.nlm.nih.gov/19675215/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=29.%09Balajee+SA%2C+Kano+R%2C+Baddley+JW%2C+Moser+SA%2C+Marr+KA%2C+Alexander+BD%2C+Andes+D%2C+Kontoyiannis+DP%2C+Perrone+G%2C+Peterson+S%2C+Brandt+ME.+Molecular+identification+of+Aspergillus+species+collected+for+the+transplant-associated+infection+surveillance+network&btnG=
https://pubmed.ncbi.nlm.nih.gov/10941354/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=10.1097%2F00005792-200007000-00006+&btnG=
https://pubmed.ncbi.nlm.nih.gov/29410233/
https://scholar.google.com/scholar?q=31.+Zanganeh+E,+Zarrinfar+H,+Rezaeetalab+F,+Fata+A,+Tohidi+M,+Najafzadeh+MJ,+Alizadeh+M,+Seyedmousavi+S.+Predominance+of+non-fumigatus+Aspergillus+species+among+patients+suspected+to+pulmonary+aspergillosis+in+a+tropical+and+subtropical+region+of+the+Middle+East&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/27381395/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=10.1128%2FAAC.00905-16&btnG=
https://pubmed.ncbi.nlm.nih.gov/19470512/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=33.%09Sheng+C%2C+Miao+Z%2C+Ji+H%2C+Yao+J%2C+Wang+W%2C+Che+X%2C+Dong+G%2C+Lu%CC%88+J%2C+Guo+W%2C+Zhang+W.+Three-dimensional+model+of+lanosterol+14%CE%B1-demethylase+from+Cryptococcus+neoformans%3A+active-site+characterization+and+insights+into+azole+binding&btnG=
https://pubmed.ncbi.nlm.nih.gov/39711467/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=34.%09Bruch+A%2C+Lazarova+V%2C+Berg+M%2C+Kr%C3%BCger+T%2C+Sch%C3%A4uble+S%2C+Kelani+AA%2C+Mertens+B%2C+Lehenberger+P%2C+Kniemeyer+O%2C+Kaiser+S%2C+Panagiotou+G.+tRNA+hypomodification+facilitates+5-fluorocytosine+resistance+via+cross-pathway+control+system+activation+in+Aspergillus+fumigatus%3C%3F+mode+longmeta%3F%3E&btnG=
https://pubmed.ncbi.nlm.nih.gov/29610197/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=10.1128%2FAAC.02593-17&btnG=
https://pubmed.ncbi.nlm.nih.gov/37360857/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=36.%09Bosetti+D%2C+Neofytos+D.+Invasive+aspergillosis+and+the+impact+of+azole-resistance&btnG=
https://pubmed.ncbi.nlm.nih.gov/34293598/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=39.%09Yassin+Z%2C+Lotfali+E%2C+Khourgami+MR%2C+Omidi+N%2C+Fattahi+A%2C+Nasrollahi+SA%2C+Ghasemi+R.+Caspofungin+resistance+in+clinical+Aspergillus+flavus+isolates&btnG=

40.

41.

42.

Al-Nuaimi B N et al.
J. Commun. Dis. 2025; 57(3)

R, Jacobsen ID, Berman J, Osherov N, Hedayati MT,
IIkit M, Armstrong-James D, Gabaldén T, Meletiadis J,
Kostrzewa M, Pan W, Lass-Florl C, Perlin DS, Hoenigl
M. Aspergillus fumigatus and aspergillosis: from basics
to clinics. Stud Mycol. 2021 May 10;100:100115.
[PubMed] [Google Scholar]

Verweij PE, Snelders E, Kema GH, Mellado E, Melchers
WI. Azole resistance in Aspergillus fumigatus: a side-
effect of environmental fungicide use? Lancet Infect
Dis. 2009 Dec;9(12):789-95. [PubMed] [Google Scholar]
Wiederhold NP, Patterson TF. Emergence of Azole
Resistance in Aspergillus. Semin Respir Crit Care Med.
2015 Oct;36(5):673-80. doi: 10.1055/s-0035-1562894.
Epub 2015 Sep 23. PMID: 26398534.Al-Asadi AB, Al-
Nuaimi BN, Abdul-Ghani MN, Al-Maadhidi JF. Immune
response among different types of SARS-CoV-2 vaccines
in Irag.J Comm Dis. 2022;Sp Iss:103-8. [Google Scholar]
Al-Nuaimi BN, Al-Azzawi RH, Naji RZ. Association of
human cytomegalovirus with Her2 proto-oncogene
overexpression in Iraqi breast cancer patients. Biochem
Cell Arch. 2019 Apr 1;19(1):1691-8. [Google Scholar]

ISSN: 0019-5138
DOI: https://doi.org/10.24321/0019.5138.202565


https://pubmed.ncbi.nlm.nih.gov/34035866/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=10.1016%2Fj.simyco.2021.100115&btnG=
https://pubmed.ncbi.nlm.nih.gov/19926038/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=42.%09Verweij+PE%2C+Snelders+E%2C+Kema+GH%2C+Mellado+E%2C+Melchers+WJ.+Azole+resistance+in+Aspergillus+fumigatus%3A+a+side-effect+of+environmental+fungicide+use%3F.+&btnG=
https://scholar.google.com/scholar?q=44.+Al-Asadi+AB,+Al-Nuaimi+BN,+Abdul-Ghani+MN,+Al-Maadhidi+JF.+Immune+response+among+different+types+of+SARS-CoV-2+vaccines+in+Iraq&hl=en&as_sdt=0,5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=45.%09Al-Nuaimi+BN%2C+Al-Azzawi+RH%2C+Naji+RZ.+Association+of+human+cytomegalovirus+with+Her2+proto-oncogene+overexpression+in+Iraqi+breast+cancer+patients&btnG=

