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ABSTRACT

The challenges of the invasive infections caused by the resistant Aspergillus species include the limited access
to antifungals for treatment and high mortality. This study aimed to provide a global perspective of the prev-
alence of amphotericin B resistance (AmBR), geographic distribution, and the trend of AmBR from 2010 to
2020. To analyze the prevalence of in vitro AmBR in clinical Aspergillus species, we reviewed the literature
and identified a total of 72 articles. AmBR was observed in 1128 out of 3061 Aspergillus terreus (36.8%), 538
out of 3663 Aspergillus flavus (14.9%), 141 out of 2691 Aspergillus niger (5.2%), and 353 out of 17,494 Aspergil-
lus fumigatus isolates (2.01%). An increasing trend in AmB-resistant isolates of A. fumigatus and a decreasing
trend in AmB-resistant A. terreus and A. flavus isolates were observed between 2016 and 2020. AmB-resistant
A. terreus and A. niger isolates, accounting for 40.4% and 20.9%, respectively, were the common AmB-resistant
Aspergillus species in Asian studies. However, common AmB-resistant Aspergillus species reported by Euro-
pean and American studies were A. terreus and A. flavus isolates, accounting for 40.1% and 14.3% in 31 studies
from Europe and 25.1% and 11.7% in 14 studies from America, respectively. The prevalence of AmB-resistant
A. niger in Asian isolates was higher than in American and European. We found a low prevalence of A. terreus
in American isolates (25.1%) compared to Asian (40.4%) and European (40.1%). Future studies should focus on
analyzing the trend of AmBR on a regional basis and using the same methodologies.

© 2022 SFMM. Published by Elsevier Masson SAS. All rights reserved.

1. Introduction

infections. Therapeutic options are dramatically limited due to the
continued emergence and ongoing spread of azole-resistant isolates,

Aspergillus species is one of the most common airborne saprobic
fungi which is widely distributed in environments and colonizes vari-
ous ecological niches [1]. It tolerates multiple physical conditions,
persists in hospital settings, and causes a wide range of infections
from superficial to potentially life-threatening systemic infections in
patients with underlying severe conditions [2—4]. Invasive aspergil-
losis is often associated with compromised host defenses, such as
neutropenia, allogeneic hematopoietic stem cell transplantation, and
solid organ transplantation [4]. Over the last decades, azole com-
pounds have been the first line of therapy to prevent Aspergillus
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but this has not been found in the majority of regions. As a result,
resistant Aspergillus infections indicate prolonged antifungal therapy,
higher healthcare, therapeutic failures, and high morbidity and mor-
tality [5, 6]. In the United States, the high rate of invasive aspergillosis
resulted in an increase in the duration of hospitalization from 32.1 to
45.7 per 1 million persons between 2000 and 2013 (Annual percent
change (APC)= ++3.0; P<0.001) [7]. Given the severity of invasive
aspergillosis and the recent reports of emerging azole resistance in
Aspergillus species, alternative antifungal prevention and treatment
strategies should be prioritized. Amphotericin B (AmB) has become
the drug of choice in the era of azole resistance [8] and can be the
gold standard in this context due to demonstrating a broad range of
activity against yeasts and filamentous fungi in the treatment of
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Prevalence %
Country Year N % (95% ClI) Weight
India 2010 43 [V ——- 0.37 (0.23, 0.53)0.48
Japan 2010 12 — 0.00 (0.00, 0.26)0.60
India 2010 42 | B — 0.37 (0.23, 0.53)0.48
Portugsl 2010 159 + 0.00 {0.00, 0.02)3.10
Denmark 2011 108 -~ 0.03(0.01, 0.08)2.41
Japan 2011 198 * 0.01({0.00, 0.04)2.98
Itsl 2011 10 — 0.00 (0.00, 0.31)0.47
us 2011 22 — 0.00 {0.00.0.15;1.30
Greece 2011 42 |—— 0.10 50.03. 0.23)0.93
Austria 2011 717 + 0.00 {0.00, 0.01)3.19
Spain/ UK 2011 23988 + 0.00 (0.00, 0.01)3.20
Italy 2012 32 -~ 0.00 {0.00, 0.11)1.85
India 2012 12 o 0.00 (0.00, 0.26)0.60
England 2013 40 - 0.00 (0.00, 0.09)2.17
India 2013 1 +— 0.00 (0.00, 0.88)0.05
Spain 2013 162 * 0.01 {0.00. 0.04)2.88
Japsan 2014 171 * 0.00 (0.00, 0.02)3.12
Netherlands 2014 952 + 0.00 50.00, 0.00)3.20
Tunisia 2014 2 - 0.00 (0.00, 0.84)0.07
USA 2015 7 4+ 0.00 (0.00, 0.41)0.28
South korea 2015 57 —— 0.12(0.05, 0.24)1.02
Japan 2015 92 +* 0.00 (0.00, 0.04)2.93
USA 2016 142 + 0.00 {0.00, 0.03)3.08
Poland 2016 16 — 0.00 (0.00, 0.21)0.89
Brazil 2017 45 -~ 0.00 {0.00, 0.08)2.32
USA 2017 2391 + 0.00 (0.00, 0.01)3.19
USA 2017 1637 + 0.01 50.01. 0.02)3.17
UK 2017 2501 + 0.00 (0.00, 0.00)3.20
Korea 2017 2 L + 1.00 (0.16, 1.00)0.07
USA 2017 1637 + 0.05 (0.04, 0.06)3.11
Austria 2018 2239 + 0.00 (0.00, 0.01)3.18
China 2018 110 | —— 0.10 (0.05, 0.17)1.68
Portugal 2018 197 - 0.03 (0.01, 0.07)2.72
Brazil 2018 189 1, 0.27 (0.21, 0.35)1.48
Portugal 2018 197 * 0.03 {0.01, 0.08)2.78
Taiwan 2018 54 -~ 0.00 (0.00, 0.07)2.52
India 2018 22 -+~ 0.03 (0.00, 0.16)1.23
Spain 2018 269 * 0.03 (0.01, 0.05)2.88
UK 2018 1489 + 0.00 (0.00, 0.00)3.20
Canads 2018 71 I -+ 1.00 (0.95, 1.00)2.77
Argentina 2019 142 - 0.04 (0.01, 0.08)2.48
USA 2019 182 + 0.00 {0.00, 0.02)3.13
Quture 2019 12 — 0.00 50.00. 0.26)0.60
Spain 2019 158 | == 0.12(0.07, 0.18)1.87
Japan 2019 53 -— 0.00 (0.00, 0.07)2.50
Saudi Arabis2019 11 —.— 0.09 (0.00, 0.41)0.28
Denmark 2019 322 + 0.00 (0.00, 0.01)3.18
USA 2020 182 + 0.00 i0.00.0.02 3.13
Korea 2020 84 -~ 0.04(0.01, 0.10)2.08
Oversll{l-squared=52.9%,p=0.000) ¢ 0.05 (0.04, 0.06)100.00
|

Fig. 1. Forest plot of the proportion of AmB resistant Aspergillus fumigatus.

severe fungal infections [9]. However, treatment of invasive aspergil-
losis with AmB is associated with a mortality rate as high as 65—71%
[6, 10, 11]. Recently, an increase was reported in the minimal inhibi-
tory concentration (MIC) value of AmB against Aspergillus species
[12—15]. This led to the appearance of fully resistant isolates against
AmB and azoles. Although AmBR has remained extremely rare and is
less common than azole resistance in the Aspergillus species, many
reports have described resistance to AmB among the isolates of A. ter-
reus, A. flavus, A. lentulus, and A. ustus [13, 16—20]. As determined by
in vitro susceptibility tests, resistance is often an independent factor
for therapeutic failure in infected patients treated with antifungal
agents [13, 21]. There is a lack of data or information regarding the
relationship between the MIC values of AmB and clinical outcomes.
Different rates of AmBR have been observed in various studies
[22-25]. Although the exact prevalence of AmB-resistant Aspergillus
species have not been determined to date, this rate was estimated to
be 10.8% among 280 patients in nine hospitals in Spain [24]. Heo et
al. reported a high rate (26.5%) of resistance to AmB in a study con-
ducted on 136 clinical Aspergillus isolates from Korea [25]. The ele-
vated AmB MICs among clinical Aspergillus isolates in different
studies [12—15, 25] can be the reason for concern. However, despite

the importance of the issue, there is a lack of review studies on the
prevalence of AmBR in clinical Aspergillus species. Therefore, the
present study was designed to systematically evaluate the shift in
AmB MICs to offer a global picture of AmBR in clinical Aspergillus iso-
lates within ten years (2010—2020).

2. Methods

This study reviews the existing published literature on in vitro
susceptibility testing of AmB against clinical Aspergillus species iso-
lates from 2010 to 2020. The studies to be included were retrieved
from Medline database through PubMed, Embase through Scopus,
ISI, Web of Science, Science Direct, and Google Scholar with the
search terms “amphotericin B AND resistance”, and “in vitro AND sus-
ceptibility AND testing” and, “azole AND resistant AND Aspergillus
species” OR “azole AND resistance” OR “Aspergillus species OR Asper-
gillus terreus OR Aspergillus flavus OR Aspergillus fumigatus OR Asper-
gillus niger”. We also searched the reference lists of the retrieved
articles, and the primary data extracted from each study were inde-
pendently verified by two authors (AV and KA). The collected data
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Pravalence %
Country Year N % (95% CI) Weight
Inca 2010 64 | —— 0.38(0.26,0.50) 224
Japan 2010 2 - 0.00(0.00, 0.84) 0.51
Netherlands/Ingdia 2010 178 I 0.02(0.00,0.05) 327
India 2010 64 | —p— 0.38(0.28,0.50) 224
Italy 2011 10 —_ 0.00 (0.00,0.31) 1.90
usSa 2011 20 — 0.00(0.00,0.17) 272
Netherlands/India 2011 208 ! —— 052(045 059) 288
Greece 2011 23 —_—— 0.22(0.07,0.44) 1863
Austna 2011 72 ~— 0.03(0.00,0.10) 3.11
Spain/ UK 201 793 ] ! 0.00(0.00,001) 332
France 1 3 1 — 084068 09%4) 218
Itaby | —— 044(029,059) 188
India —— 0.12(0.03,031) 202
Spain 1 —_—— 0.49(0.38 061) 233
India — 0.00(0.00, 0.41) 143
kuwait -0—: 0.11(005 0.19) 289
Spain PRV 0.23(0.10, 0.42) 182
Tunisia ' —— 0,67 (0.41,0.87) 126
USA —_— 0.00 (0.00,0.48) 125
South korea ; —— 083 (0.41,0.81) 145
Turkey — 0.00 (0.00, 0.60) 0.88
U ' 0.00 (0.00, 0.15) 280
Iram > | 0.05(0.02, 0.09) 3.20
Turkey —— 0.20 (0.01,0.72) 0867
Srazi - | 0.00 (0.00, 0.08) 2.23
USA - 0.00 (0.00, 0.05) 3.26
USA . 0.26 (0.21,0.33) 301
UK - 0.14(0.10,0.18) 3.19
Kores - 0.00 (0.00, 0.84) 0.51
USA 2017 238 . 0.00 (0.00, 0.02) 3.32
Austria 2018 121 . | 0.00 (0.00, 0.03) 3.30
China 2018 101 | —— 0.39(0.29, 0.49) 254
Poctugsl 2018 14 — 0.38 (0.13, 0.85) 1.08
Brazi 2018 30 J ——t—  0.73(0.54,0.88) 178
Portugal 2018 4 — 0.36(0.13,065) 108
Taman 2018 23 —_— 0.22 (0.07, 0.44) 183
Spain 2018 28 — 0.04 (0.00, 0.20) 2.51
Argentina 2019 18 —_— 0.27 (0.08, 0.55) 120
U 2019 18 -— 0.00 (0.00, 0.19) 262
Quture 219 23 -~ 0.04 (0.00, 0.22) 242
Jagan 2019 17 -— 0.00 (0.00, 0.20) 258
Sauds Arabia 2019 48 ~— 0.08 (0.01,0.17) 2.77
iran 2020 32 —0-’— 0.13(0.04,0.29) 220
USA 2020 4% >~ 0.00 (0.00, 0.08) 3.17
Iran 2020 20 ' —g 1.00 (0.83, 1.00) 2.72
Overall (I-squared = 70.9%. p = 0.000 0.19(0.16. 0.22) 100.00
1
L e U R P
01234587891

Fig. 2. Forest plot of the proportion of AmB resistant Aspergillus flavus.

included authors’ names, year of publication, country, type of study,
setting, participants’ demographic information, study population,
underlying condition, Aspergillus species, AmB resistant Aspergillus
species, antifungal susceptibility testing method, AmB MIC cut-off
value, and the prevalence of AmBR. The extracted data were then
analyzed using R software (version 3.4.1). To determine the method-
ological quality of the included studies, the researchers used a 12-
item tool adopted from STARD 2015 checklist (http://www.equator-
network.org/reporting-guidelines/stard). The Chi-square test was uti-
lized to evaluate the associations among nominal variables, and the
p-value was estimated using the Monte Carlo method. Odds ratios
(ORs) were also used to compare the differential prevalence of AmBR
and determine the differences in causative agents of fungal infec-
tions. The significance of all ORs was calculated using a 95% Bayesian
credible interval (CI) and Bayesian logistic regression.

3. Results
3.1. Characteristics of the included studies

To analyze the prevalence of in vitro AmBR in clinical Aspergillus
species, we reviewed the literature and identified 88 relevant articles,
of which16 studies were excluded owing to the small sample size
(including less than 10 Aspergillus species isolates). The remaining 72
studies were eligible for inclusion [12-15, 23-90]. In total, 10
(13.8%), 46 (63.8%), and 16 (22.2%) studies were of high, moderate,

and low quality, respectively. The studies were conducted between
2010 and July 2020 in 29 countries. The most represented countries
included the United States (9 studies), Spain (8 studies), India (7 stud-
ies), Iran and South Korea (6 studies each). The retrospective cohort
study was the most commonly used study design (79%) followed by
prospective studies (21%). In total, 23 (31.9%), 28 (38.8%), and 21
(29.1%) studies evaluated the effect of antifungal susceptibility testing
on infection, colonization, and both infection and colonization,
respectively.

3.2. The pooled prevalence of AmBR among clinical Aspergillus isolates

Out of the total 26,909 Aspergillus isolates tested in these studies,
A. fumigatus (n = 17,494; 65.0%), A. flavus (n = 3663; 13.6%), A. terreus
(n=3061; 11.3%), and A. niger (n = 2691; 10%) represented the main
isolates. In most studies, the in vitro AmB susceptibility was evalu-
ated by the antifungal broth microdilution method of the Clinical and
Laboratory Standards Institute (CLSI) [n = 53; 73.6%], followed by the
broth microdilution MIC determination method of the European
Committee on Antimicrobial Susceptibility Testing (EUCAST) [n = 17;
23.6%], and E-test [n = 7; 9.7%]. In vitro antifungal susceptibility test-
ing was also performed using the EUCAST in combination with CLSI
(n=3; 4.1%), CLSI in combination with E-test (n = 2; 2.7%), EUCAST in
combination with E-test, and EUCAST in combination with CLSI and
E-test (one study each, 1.3%). Out of 72 studies, 55 (76.3%) articles
used the MIC breakpoint of >2 ug/mL to define AmBR against A.
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fumigatus. In addition, 18 (25%) and 1 (1.3%) studies used the MIC
breakpoints of >4 pug/mL and >1 pg/mL, respectively, and the AmB
MIC breakpoint was not determined for one study.

The highest resistance rate was reported in a study conducted in
India (n = 128; 92%) [26], followed by a study in France (n = 37; 84%)
[13], and a prospective international A. terreus survey performed by
Risslegger et al. (n = 370; 52.4%) [41]. In 19 (26.3%) studies, all isolates
were fully susceptible to AmB. AmBR was observed in 1128 out of
3061 A. terreus (36.8%), 538 of 3663 A. flavus (14.9%), 141 out of 2691
A. niger (5.2%), and 353 out of 17,494 A. fumigatus isolates (2.0%).
Overall, the pooled mean prevalence of AmBR was 0.17% (95% CI:
0.18%—0.19%) for 26,909 Aspergillus isolates. Pooled mean AmBR
were 0.05% (95% CI: 0.04%-0.06%; Fig. 1) for A. fumigatus isolates
(n=17,494), 0.19% (95% CI: 0.16%—0.22%; Fig. 2) for A. flavus isolates
(n = 3663), 0.36% (95% CI: 0.20%-0.53%; Fig. 3) for A. terreus
(n=3061), and 0.04% (95% CI: 0.02%—0.06%; Fig. 4) for A. niger isolates
(n=2691).

3.3. Trends in the prevalence of AmBR among Aspergillus isolates

To analyze the trends of changes in the prevalence of AmBR in
recent years in different continents, we performed a subgroup analy-
sis of the prevalence of AmBR based on the study year. Analysis of
AmBR in a 5-year interval between 2010 and 2015 revealed the

Journal of Medical Mycology 32 (2022) 101310

highest AmBR of 41.9% (519 of 1237) for A. terreus isolates, followed
by A. flavus (16.9%), A. niger (7.3%), and A. fumigatus (0.93%). More-
over, it decreased from 41.9% of 1237 A. terreus isolates in 2010
—2015 to 33.4% of 1824 A. terreus isolates in 2016—2020. The preva-
lence of AmBR was 12.5% for A. flavus isolates (n = 1861), 3.7% for A.
niger isolates (n = 1521), and 2.7% for A. fumigatus isolates
(n = 10,626) between 2015 and 2020. The prevalence of AmB-resis-
tant A. fumigatus isolates increased gradually from 0.93% of 6868 A.
fumigatus isolates in 2010—-2015 to 2.7% of 10,626 Aspergillus isolates
in 2015—2020. Table 1 presents the pooled prevalence of AmB-resis-
tant Aspergillus species based on the study year.

3.4. Prevalence of AmBR in different geographic regions

The prevalence of AmB-resistant Aspergillus isolates differed in
geographic regions in this subgroup analysis. The pattern of AmB-
resistant Aspergillus species isolates in Asian studies was different
from those in European and American studies; AmB-resistant A. ter-
reus and A. niger isolates accounting for 40.4% and 20.9%, respectively,
were the common AmB-resistant Aspergillus species in Asia. Common
AmB-resistant Aspergillus species reported European and American
studies were A. terreus and A. flavus isolates, accounting for 40.1% and
14.3% in 31 studies from Europe and 25.1% and 11.7% in 14 studies
from America, respectively. This finding is essential as it indicates a

Prevalence %
Country Year N % (95% Cl) Weight
Japan 2010 3 : 0.0020,00.0.71;244
Denmark 2011 2 + 0.50(0.01,0.99)221
ltaly 2011 10 e fpes—— 0.60 (0.26, 0.88) 2.51
USA 2011 23 e — 0.65&043.0.84;264
Greece 2011 12 —_— 0.33(0.10, 0.65) 256
Austria 2011 151 : -+~ 0.88(0.82, 0.93)275
Spainf UK 2011 545 . : 0.04$0.02.0.06;2.76
Spain 2011 87 . ~ 1.00(0.96,1.00)276
ltaly 2012 13 s 0.38(0.14, 0.68) 256
India 2013 3 - 0.33&0.01.0.91;228
Spain 2013 27 —_— 0.26 (0.11, 0.46) 2 67
India 2015 128 ,‘ — 0.92*0.86. 0.96)275
Spain 2015 98 ' - 1.00(0.96, 1.00)2.76
Argentma 2015 40 -— ; 0.05(0.01,0.17)274
USA 2015 1 . 0.00 20.00. 0.98;221
South korea 2015 15 | e (.67 (0.38, 0.88) 259
France 2015 79 —— 0.14(0.07,0.24)274
South Korea 2017 31 —— 0.19 so 07, 0.37;2 70
Austria 2017 370 - 0.52(0.47,0.58)275
Iran 2017 81 - ; 0.01(0.00,0.07)2.76
USA 2017 12 — 0.002000.0.26 271
USA 2017 247 | 0.52(0.45,0.58) 275
UK 2017 115 —— 0.48(0.38,0.57)273
USA 2017 247 ’ | 0.00&000.0.01;276
Austria 2018 334 | —-— 0.48 (0.42,0.53)275
China 2018 44 —_— 0.23(0.11,0.38)2.71
Portugal 2018 4 | —d .00 2040.1.00;252
Brazil 2018 11 ' —t 1.00(0.72, 1.00)2.70
Portugal 2018 4 | m—t {00 (0.40, 1.00) 2.52
Talwan 2018 13 e 0.08%0.00.0.36;2.67
Spain 2018 23 —— 0.09(0.01,0.28)2 71
France 2018 79 —_——r— 0.32(022,0.43)273
Argenuna 2019 6 — 0.00 20.00. 0.46;2.61
USA 2019 10 — 0.00(0.00,0.31)269
Quture 2019 17 ————d 0.12(0.01, 0.36) 267
Japan 2019 20 e ' 0.00 50,00. 0.17;2_74
Saudi Arabla2019 5 — 0.00(0.00, 0.52) 258
Iran 020 2 : 0.00 (0.00, 0.84)2.33
Overal(l-squared=88.1%,p=0.000) - 0.36 (0.20, 0.53) 100.00

e R A G TR R
01234567891

Fig. 3. Forest plot of the proportion of AmB resistant Aspergillus terreus.
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Prevalence %
Country Year N % (95% CI) Weight
India 2010 53 ' —_— 0.68 (0.54,0.80) 1.35
Japan 2010 1 " 0.00 (0.00,098) 0,13
India 2010 53 ” — 0.68 (0.54, 0.80) 1.35
Denmark 2011 2 0.00 (0.00,0.84) 0.17
England 2011 24 e 0.00 (0.00,0.14) 298
Belgium 2011 29 | —— 0.13(0.04, 0.27) 1.84
Ital 2011 1  HEm—— 0.00 (0.00,0.31) 1.06
USA 2011 1 . 0.00 (0.00, 0.25) 1.49
Greece 2011 6 ) + 0.50 (0.12,0.88) 0.20
Austria 2011 53 -— 0.00 (0.00, 0.07) 4.84
Spain/ UK 2011 @73 . 0.00 (0.00, 0.01) 5.89
Italy 2012 8 0.00 (0.00, 0.37) 0.78
India 2013 2 * 0.00 (0.00, 0.84) 0.17
Spain 2013 43 ~— 0.00 (0.00, 0.08) 4.44
Tunisia 2014 27 —r— 0.00 (0.00,0.13) 3.30
Iran 2018 124 -~ 0.04 (0.01, 0.09) 4.54
USA 2018 1 &7 0.00 (0.00, 0.98) 0.13
South korea 2015 32 -~— 0.00 (0.00,0.11) 3.75
Turkey 2018 ¢ ﬁ_ 0.00 (0.00, 0.40) 0.53
USA 2016 23 — 0.00 (0.00, 0.15) 2.86
Turkey 2016 7 omm— 0.00 (0.00, 0.41) 0.65
South Korea 2017 %8 ~— 0.00 (0.00, 0.00) 493
USA 2017 18 — 0.00 (0.00,0.22) 1.79
USA 2017 321 [ 3 0.01(0.00,0.02) 5.76
UK 2017 301 . 0.00 (0.00,0.01) 585
Kores 2017 56 - 0.00 (0.00,0.06) 493
USA 2017 321 | & 0.05(0.03,0.08) 5.21
Japan 2017 80 >~ 0.03(0.00,0.09) 439
Austris 2018 75 - 0.00 (0.00, 0.05) 5.30
China 2018 2 - 0.00 (0.00, 0.84) 0.17
Portugal 2018 8 ~—— 0.00 (0.00,0.37) 0.78
Brazil 2018 10 —_— 0.20 (0.03, 0.56) 0.40
Portugal 2018 8 -— 0.00(0.00,0.37) 0.78
Tsiwan 2018 10 —— 0.00 (0.00,0.31) 1.05
Spain 2018 26 -— 0.00 (0.00,0.13) 3.19
Argentina 2019 23 -~— 0.04(0.00,0.22) 1.78
USA 2019 23 — 0.00 (0.00,0.15) 2.86
Quture 2019 10 -— 0.00 (0.00,0.31) 1.05
Iran 2019 37 A —— 0.86(0.71,095) 154
Japan 2019 20 -—— 0.00 (0.00,0.17) 2.49
Saudi Arabia 2019 3 " 0.00 (0.00,0.71) 0.23
Denmark 2019 26 - 0.00 (0.00,0.13) 3.19
Iran 2020 1 - 0.00 (0.00,098) 0.13
Overall {l-squared = 43.0%,p=0,00010 0.04(0.02,0.06) 100.00
'

Fig. 4. Forest plot of the proportion of AmB resistant Aspergillus niger.

Table 1

The pooled prevalence of AmB-resistant Aspergillus isolates determined by in vitro susceptibility testing methods over time.

Year Aspergillus flavus Aspergillus fumigatus Aspergillus niger Aspergillus terreus

N of Studies  Pooled Prevalence Nof Studies ~ Pooled Prevalence Nof Studies ~ Pooled Prevalence Nof Studies  Pooled Prevalence
2010 4 0.039(0.017-0.061) 4 0.004 (0.007-0.016) 3 0.655 (0.564—-0.747)  1* 0(0-0.354)
2011 6 0.007 (0.002-0.012) 7 0.003 (0.001-0.005) 8 0(0-0.003) 7 0.454 (0.441-0.467)
2012 3 0.493 (0.412-0.573)  2* 0(0-0) 1* 0(0-0.185) 1* 0.385(0.112-0.657)
2013 4 0.197(0.143-0.251) 3 0.01 (0.009-0.029) 2* 0(0-0.041) 2+ 0.269 (0.105-0.433)
2014 1* 0.667 (0.438-0.895) 3 0(0-0) 1* 0(0-0.064) o* -
2015 3 0.279(0.144-0.415) 3 0.005(0.014-0.024) 4 0.026 (0—0.057) 6 0.915(0.898-0.931)
2016 3 0.04 (0.009-0.072) 2* 0(0-0) 2* 0(0-0.07) 0* -
2017 6 0.009 (0.002—0.016) 6 0.002 (0.001-0.003) 7 0.004 (0—0.009) 7 0.02 (0.013-0.027)
2018 7 0.018 (0.004-0.033) 10 0.003 (0.001-0.004) 7 0.001 (0-0.023) 8 0.439 (0.399-0.478)
2019 5 0.038 (0.008—-0.084) 6 0.002 (0—0.007) 7 0.083 (0.047-0.119) 5 0.015 (0-0.079)
2020 3 0.175(0.141-0.21) 2% 0.002 (0-0.11) 1* 0(0-0.488) 1* 0(0-0.421)

*The number of included studies is less than the minimum expected for analysis.

relationship between AmB-resistant Aspergillus isolates and specific
geographic occurrences of this resistance.

4. Discussion

The challenges of the invasive infections caused by the azole-
resistant Aspergillus species include the limited access to antifungals

for treatment and high mortality [91, 92]. This study is the first
review to investigate the trends in the global prevalence of AmBR
from 2010 to 2020. The major study finding was that A. flavus
accounted for over 24.9% of the resistant Aspergillus isolates in the
reviewed studies, while the majority of the AmB-resistant Aspergillus
species were A. terreus (52.2%). The ongoing spread of antifungal
resistance can threaten the successful treatment of invasive
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aspergillosis. Although AmB has been generally used as an option for
the chemotherapy of azole-resistant invasive Aspergillus infection, an
increase was observed in the treatment failure rate for AmB [93—95].
Another concern that raises questions about currently employed
treatments is the association between the large particle sizes of vari-
ous AmB formulations and high nephrotoxicity [96—99]. Florl, et al.
showed that the mortality related to resistant flavus aspergillosis
(AmB MIC>2 ug/mL) was significantly higher, compared to that in
patients infected with low (<2 pg/mL) AmB MIC isolates [93]. In the
same vein, Hadrich et al. investigated AmBR in A. flavus infection and
defined to correlate the treatment failure with increased mortality
[13]. However, Mosquera et al. found no correlation between in vitro
AmB susceptibility and clinical outcome for A. fumigatus and A. flavus
infections [100]. Although clinical A. flavus isolates with MIC>2 ug/
mL can be an AmB-resistant isolate in vivo [20], the variation
observed in breakpoints for AmB susceptibility testing should be con-
sidered a critical issue. Remarkably, different breakpoints cause vari-
ous reports of AmB susceptibility profiles for Aspergillus isolates,
leading to an unreliable comparison of resistance rates in surveillance
studies in different countries [26, 45, 48]. However, these differences
may be influenced by the antifungal susceptibility testing method
(E-test or broth microdilution) [101—103]. Although broth microdilu-
tion remains the common method for measuring MIC, many labora-
tories utilize the E-test method as an alternative [104]|. However,
Barchiesi et al. suggest that the E-test may be the most appropriate
method to measure MIC since its results have the best correlation the
outcome [20]. In the evaluation of 26,909 Aspergillus isolates, AmBR
was observed in 36.8% of A. terreus, 14.9% of A. flavus, 5.2% of A. niger,
and 2.01% of A. fumigatus isolates. The study duration was divided
into two periods 2010—2015 and 2016—-2020 to analyze the trends in
the prevalence of AmBR in recent years. A gradually increasing trend
in AmB-resistant A. fumigatus isolates and a decreasing trend in AmB-
resistant A. terreus and A. flavus isolates were found in the studies
published between 2016 and 2020. The trend of AmB-resistant A.
fumigatus isolates has been increasing, which may be explained by
the frequent use of AmB for A. fumigatus infections. The improper
management of drug-resistant isolates can enhance the spread of
resistance [105]. The changing epidemiology of Aspergillus infections
in immunocompromised patients may increase the prevalence rate
over time. This study also enabled the evaluation of the prevalence of
AmB-resistant Aspergillus isolates by geographical region. In this
review, the prevalence of AmB-resistant A. niger in Asian isolates
(20.9%) was found to be higher than that in American (2.7%) and
European (0.62%). This may be related to the existence of different
species within the niger complex in Asia, America, and Europe. AmB-
resistant against A. terreus dominates, but the frequency varied based
on the region. We found a low prevalence of AmB-resistant A. terreus
in American isolates (25.1%) compared to Asian (40.4%) and European
(40.1%). Although we cannot exclude other causative factors, our data
support the notion that some differences in the prevalence of AmB
resistance in specific geographic regions could contribute to ecologi-
cal and environmental factors for AmBR development. To enable pre-
ventative measures, it is therefore critical to investigate under what
conditions and to what extent environmental selection for the resis-
tance occur. However, the prevalence of the AmB-resistant Aspergillus
species showed variation in the studies conducted in different Euro-
pean countries, such as France (84%) [13], Spain (49.4%) [15], Italy
(25.2%) [43], Greece (17.5%) [60], Belgium (12.8%) [40], Portugal
(6.6%) [35], and Denmark (3.5%) [28]. Although the reasons for these
gaps are still unknown, the possible causes include the difficulties in
determining the accurate AmBR in clinical Aspergillus isolates given
several external factors, such as the MIC testing method employed,
discrepancies in definitions, changes in AmB susceptibility break-
points, Aspergillus species isolated, and/or storage period of isolates.
Variations in patient populations and drug usage patterns may also
explain the differences in the prevalence of AmBR in these isolates.
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Amphotericin B remains the gold standard for the treatment of azole-
resistant invasive Aspergillus infections. However, renal toxicity of all
AmB formulations and the emergence of isolates with reduced sus-
ceptibility to AmB [106], and the substitution of AmB with alternative
agents in the treatment of high AmB MICs should lead to better
patient outcomes. Isavuconazole, a new triazole agent approved by
the United State Food and Drug Administration, has been developed
recently to treat invasive aspergillosis [107]. However, this agent has
not been yet evaluated to be used as a prophylaxis for the treatment
of invasive aspergillosis in solid organ transplant recipients, patients
in intensive care units, and high-risk patients without hematological
malignancy [108]. Combination therapy can be regarded as another
effective approach for treating patients with Aspergillus infection
[109]. The present study had some limitations. There were significant
heterogeneities among the studies which can be explained by the dif-
ferences in variables, including the testing methodologies used,
patient populations, and study duration. The results of different stud-
ies may have been affected by the application of the random-effects
model (REM) to accommodate the existing heterogeneity and obtain
a normal distribution [110]. However, the final results may have
been affected by the heterogeneity of the sample.

5. Conclusion

The current study reviewed a total of 72 published studies in the
literature, which provides more insight into the shift in AmBR in clin-
ical Aspergillus isolates within 10 years. Amphotericin B resistance
was found to be more prevalent in A. terreus and A. flavus isolates.
However, some differences found in the prevalence of AmBR among
Aspergillus species in various geographic regions highlighted the role
of the environment as an essential component in this regard. In addi-
tion, the trend of AmB-resistance among Aspergillus species was dif-
ferent in the studies published within the two periods. We
recommend that future studies should focus on analyzing the trend
of AmBR resistance on a regional basis using the same methodolo-
gies.

6. Author contributions

AV and HF conceptualized the study, gathered resources, and
wrote the manuscript. AV, HF, FJ, KA and NV curated the data. AV, HF,
and MN performed the formal analysis of the study. AV contributed
to funding acquisition, project administration, and data validation.
HF and AV investigated the data. AV and MN provided the methodol-
ogy for this study. HB and AV supervised the study. AV, HF, and HB
wrote the original draft of the manuscript and ED reviewed the man-
uscript.

Declaration of Competing Interest

All authors report no potential conflicts of interest. The authors
alone are responsible for the content and writing of the paper

Funding

This study was supported by grants from Iran University of Medi-
cal Sciences, Tehran, Iran project (No. 1400—1-99-21049).

Ethics statement

This study was approved by the Research and Ethics Committee
(IRIUMS.REC.1400.526) of Iran University of Medical Sciences,
Tehran, Iran.



H. Fakhim, H. Badali, E. Dannaoui et al.

References

[1] Kosmidis C, Denning DW. The clinical spectrum of pulmonary aspergillosis. Tho-
rax 2015;70:270-7.

[2] Kwon-Chung K], Sugui JA. Aspergillus fumigatus—What makes the species a
ubiquitous human fungal pathogen? PLoS Pathog 2013;9:e1003743.

[3] Heitman ]. Microbial pathogens in the fungal kingdom. Fungal Biol Rev
2011;25:48-60.

[4] Patterson TF, Thompson Il GR, Denning DW, Fishman JA, Hadley S, Herbrecht R,
et al. Practice guidelines for the diagnosis and management of aspergillosis:
2016 update by the Infectious Diseases Society of America. Clin Infect Dis
2016;63:e1-e60.

[5] Lass-Florl C, Cuenca-Estrella M. Changes in the epidemiological landscape of
invasive mould infections and disease. ] Antimicrob Chemother 2017;72(1):i5-
i11 suppl.

[6] Verweij PE, Chowdhary A, Melchers WJ, Meis JF. Azole resistance in Aspergillus
fumigatus: can we retain the clinical use of mold-active antifungal azoles? Clin
Infect Dis 2016;62:362-8.

[7] Vallabhaneni S., Benedict K., Derado G., Mody R.K,, editors. Trends in hospitaliza-
tions related to invasive aspergillosis and mucormycosis in the United States,
2000-2013. Open Forum Infect Dis 2017: Oxford University Press.

[8] Ostrosky-Zeichner L, Marr KA, Rex JH, Cohen SH. Amphotericin B: time for a
new" gold standard". Clin Infect Dis 2003:415-25.

[9] Pound MW, Townsend ML, Dimondi V, Wilson D, Drew RH. Overview of treat-
ment options for invasive fungal infections. Med Mycol 2011;49:561-80.

[10] Patterson TF, Kirkpatrick WR, White M, Hiemenz JW, Wingard JR, Dupont B,
et al. Invasive aspergillosis. Disease spectrum, treatment practices, and out-
comes. I3 Aspergillus Study Group. Medicine (Baltimore) 2000;79:250-60.

[11] White MH, Anaissie EJ, Kusne S, Wingard JR, Hiemenz JW, Cantor A, et al.
Amphotericin B colloidal dispersion vs. amphotericin B as therapy for invasive
aspergillosis. Clin Infect Dis 1997:635-42.

[12] Reichert-Lima F, Lyra L, Pontes L, Moretti ML, Pham CD, Lockhart SR, et al. Sur-
veillance for azoles resistance in Aspergillus spp. highlights a high number of
amphotericin B-resistant isolates. Mycoses 2018;61:360-5.

[13] Hadrich I, Makni F, Neji S, Cheikhrouhou F, Bellaaj H, Elloumi M, et al. Amphoter-
icin B in vitro resistance is associated with fatal Aspergillus flavus infection. Med
Mycol 2012;50:829-34.

[14] Rudramurthy SM, Chakrabarti A, Geertsen E, Mouton JW, In Meis JF. vitro activ-
ity of isavuconazole against 208 Aspergillus flavus isolates in comparison with 7
other antifungal agents: assessment according to the methodology of the Euro-
pean Committee on Antimicrobial Susceptibility Testing. Diagn Microbiol Infect
Dis 2011;71:370-7.

[15] Gongalves SS, Stchigel AM, Cano J, Guarro J, Colombo AL. In vitro antifungal sus-
ceptibility of clinically relevant species belonging to Aspergillus section Flavi.
Antimicrob Agents Chemother 2013;57:1944-7.

[16] Balajee SA, Gribskov JL, Hanley E, Nickle D, Marr KA. Aspergillus lentulus sp.
nov., a new sibling species of A. fumigatus. Eukaryotic Cell 2005;4:625-32.

[17] Azzola A, Passweg ], Habicht ], Bubendorf L, Tamm M, Gratwohl A, et al. Use of
lung resection and voriconazole for successful treatment of invasive pulmonary
Aspergillus ustus infection. ] Clin Microbiol 2004;42:4805-8.

[18] Steinbach WJ, Benjamin Jr DK, Kontoyiannis DP, Perfect JR, Lutsar I, Marr KA,
et al. Infections due to Aspergillus terreus: a multicenter retrospective analysis
of 83 cases. Clin Infect Dis 2004;39:192-8.

[19] Guinea ], Peldez T, Alcala L, Ruiz-Serrano M, Bouza E. Antifungal susceptibility of
596 Aspergillus fumigatus strains isolated from outdoor air, hospital air, and
clinical samples: analysis by site of isolation. Antimicrob Agents Chemother
2005;49:3495-7.

[20] Barchiesi F, Spreghini E, Sanguinetti M, Giannini D, Manso E, Castelli P, et al.
Effects of amphotericin B on Aspergillus flavus clinical isolates with variable sus-
ceptibilities to the polyene in an experimental model of systemic aspergillosis. ]
Antimicrob Chemother 2013;68:2587-91.

[21] Lass-Florl C. In vitro susceptibility testing in Aspergillus species: an update.
Future Microbiol 2010;5:789-99.

[22] Nayak N, Satpathy G, Prasad S, Vajpayee R, Pandey R. Correlation of proteinase
production with amphotericin B resistance in fungi from mycotic keratitis. Oph-
thalmic Res 2010;44:113-8.

[23] Castanheira M, Messer SA, Rhomberg PR, Pfaller MA. Antifungal susceptibility
patterns of a global collection of fungal isolates: results of the SENTRY Antifun-
gal Surveillance Program. Diagn Microbiol Infect Dis 2016 2013;85:200-4.

[24] Alastruey-Izquierdo A, Mellado E, Peldez T, Peman ], Zapico S, Alvarez M, et al.
Population-based survey of filamentous fungi and antifungal resistance in Spain
(FILPOP Study). Antimicrob Agents Chemother 2013;57:3380-7.

[25] Heo MS, Shin JH, Choi MJ, Park Y-J, Lee HS, Koo SH, et al. Molecular identification
and amphotericin B susceptibility testing of clinical isolates of Aspergillus from
11 hospitals in Korea. Ann Lab Med 2015;35:602-10.

[26] Kathuria S, Sharma C, Singh PK, Agarwal P, Agarwal K, Hagen F, et al. Molecular
epidemiology and in-vitro antifungal susceptibility of Aspergillus terreus species
complex isolates in Delhi, India: evidence of genetic diversity by amplified frag-
ment length polymorphism and microsatellite typing. PLoS One 2015;10:
e0118997.

[27] Lass-Florl C, Mayr A, Aigner M, Lackner M, Orth-Holler D. A nationwide passive
surveillance on fungal infections shows a low burden of azole resistance in
molds and yeasts in Tyrol. Austria. Infection 2018;46:701-4.

[28] Mortensen K, Johansen H, Fuursted K, Knudsen J, Gahrn-Hansen B, Jensen R,
et al. A prospective survey of Aspergillus spp. in respiratory tract samples:

Journal of Medical Mycology 32 (2022) 101310

prevalence, clinical impact and antifungal susceptibility. Eur ] Clin Microbiol
Infect Dis 2011;30:1355-63.

[29] Tashiro M, Izumikawa K, Minematsu A, Hirano K, Iwanaga N, Ide S, et al. Antifun-
gal susceptibilities of Aspergillus fumigatus clinical isolates obtained in Naga-
saki, Japan. Antimicrob Agents Chemother 2012;56:584-7.

[30] Won EJ, Shin JH, Kim SH, Choi M], Byun SA, Kim M-N, et al. Antifungal suscepti-
bilities to amphotericin B, triazoles and echinocandins of 77 clinical isolates of
cryptic Aspergillus species in multicenter surveillance in Korea. Med Mycol
2018;56:501-5.

[31] Kikuchi K, Watanabe A, Ito ], Oku Y, Wuren T, Taguchi H, et al. Antifungal suscep-
tibility of Aspergillus fumigatus clinical isolates collected from various areas in
Japan. ] Infect Chemother 2014;20:336-8.

[32] LiY, Wang H, Zhao YP, Xu YC, Hsueh PR. Antifungal susceptibility of clinical iso-
lates of 25 genetically confirmed Aspergillus species collected from Taiwan and
Mainland China. ] Microbiol Immunol Infect 2020;53:125-32.

[33] Lyskova P, Hubka V, Svobodova L, Barrs V, Dhand NK, Yaguchi T, et al. Antifungal
susceptibility of the Aspergillus viridinutans complex: comparison of two in
vitro methods. Antimicrob Agents Chemother 2018;62(4):e01927. -17.

[34] Guinea ], Sandoval-Denis M, Escribano P, Peldez T, Guarro ], Bouza E. Aspergillus
citrinoterreus, a new species of section Terrei isolated from samples of patients
with nonhematological predisposing conditions. J Clin Microbiol 2015;53
(2):611-7.

[35] Pinto E, Monteiro C, Maia M, Faria MA, Lopes V, Lameiras C, et al. Aspergillus spe-
cies and antifungals susceptibility in clinical setting in the north of Portugal:
cryptic species and emerging azoles resistance in A. fumigatus. Front Microbiol
2018;9:1656.

[36] van Ingen ], van der Lee HA, Rijs TA, Zoll ], Leenstra T, Melchers WJ, et al. Azole,
polyene and echinocandin MIC distributions for wild-type, TR34/L98H and
TR46/Y121F/T289A Aspergillus fumigatus isolates in the Netherlands. ] Antimi-
crob Chemother 2015;70:178-81.

[37] Howard SJ, Harrison E, Bowyer P, Varga ], Denning DW. Cryptic species and azole
resistance in the Aspergillus niger complex. Antimicrob Agents Chemother
2011;55:4802-9.

[38] Won EJ, Choi MJ, Shin JH, Park Y], Byun SA, Jung ]S, et al. Diversity of clinical iso-
lates of Aspergillus terreus in antifungal susceptibilities, genotypes and viru-
lence in Galleria mellonella model: comparison between respiratory and ear
isolates. PLoS One 2017;12:e0186086.

[39] Garczewska B, Jarzynka S, Ku$ ], Skorupa W, Augustynowicz-Kope¢ E. Fungal
infection of cystic fibrosis patients single center experience. Adv Respir Med
2016;84:151-9.

[40] Hendrickx M, Beguin H, Detandt M. Genetic re-identification and antifungal sus-
ceptibility testing of Aspergillus section Nigri strains of the BCCM/IHEM collec-
tion. Mycoses 2012;55:148-55.

[41] Risslegger B, Zoran T, Lackner M, Aigner M, Sanchez-Reus F, Rezusta A, et al. A
prospective international Aspergillus terreus survey: an EFISG, ISHAM and
ECMM joint study. Clin Microbiol Infect 2017;23(10):776. e1-e5.

[42] Vaezi A, Fakhim H, Arastehfar A, Shokohi T, Hedayati MT, Khodavaisy S, et al. In
vitro antifungal activity of amphotericin B and 11 comparators against Aspergil-
lus terreus species complex. Mycoses 2018;61:134-42.

[43] Colozza C, Posteraro B, Santilli S, De Carolis E, Sanguinetti M, Girmenia C. In vitro
activities of amphotericin B and AmBisome against Aspergillus isolates recov-
ered from Italian patients treated for haematological malignancies. Int ] Antimi-
crob Agents 2012;39:440-3. )

[44] Fernandez MS, Rojas FD, Cattana ME, MdIA Sosa, lovannitti CA, Lass-Florl C, et al.
In vitro activities of amphotericin B, terbinafine, and azole drugs against clinical
and environmental isolates of Aspergillus terreus sensu stricto. Antimicrob
Agents Chemother 2015;59:3619-22.

[45] Fiori B, Posteraro B, Torelli R, Tumbarello M, Perlin DS, Fadda G, et al. In vitro
activities of anidulafungin and other antifungal agents against biofilms formed
by clinical isolates of different Candida and Aspergillus species. Antimicrob
Agents Chemother 2011;55:3031-5.

[46] Khodavaisy S, Badali H, Hashemi S, Aala F, Nazeri M, Nouripour-Sisakht S, et al.
In vitro activities of five antifungal agents against 199 clinical and environmen-
tal isolates of Aspergillus flavus, an opportunistic fungal pathogen. ] Mycol Med
2016;26:116-21.

[47] Badali H, Fakhim H, Zarei F, Nabili M, Vaezi A, Poorzad N, et al. In vitro activities
of five antifungal drugs against opportunistic agents of Aspergillus Nigri com-
plex. Mycopathologia 2016;181:235-40.

[48] Pfaller MA, Duncanson F, Messer SA, Moet GJ, Jones RN, Castanheira M. In vitro
activity of a novel broad-spectrum antifungal, E1210, tested against Aspergillus
spp. determined by CLSI and EUCAST broth microdilution methods. Antimicrob
Agents Chemother 2011;55:5155-8.

[49] Yamazaki T, Inagaki Y, Fujii T, Ohwada ], Tsukazaki M, Umeda I, et al. In vitro
activity of isavuconazole against 140 reference fungal strains and 165 clinically
isolated yeasts from Japan. Int J Antimicrob Agents 2010;36:324-31.

[50] Alastruey-Izquierdo A, Cuesta I, Houbraken ], Cuenca-Estrella M, Monzén A,
Rodriguez-Tudela JL. In vitro activity of nine antifungal agents against clinical
isolates of Aspergillus calidoustus. Med Mycol 2010;48:97-102.

[51] Pfaller MA, Castanheira M, Messer SA, Jones RN. In vitro antifungal susceptibili-
ties of isolates of Candida spp. and Aspergillus spp. from China to nine systemi-
cally active antifungal agents: data from the SENTRY antifungal surveillance
program, 2010 through 2012. Mycoses 2015;58:209-14.

[52] Denardi LB, Hoch Dalla-Lana B, Pantella Kunz de Jesus F, Bittencourt Severo C,
Santurio JM, Zanette RA, et al. In vitro antifungal susceptibility of clinical and
environmental isolates of Aspergillus fumigatus and Aspergillus flavus in Brazil.
Braz ] Infect Dis 2018;22:30-6.


http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0001
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0001
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0002
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0002
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0003
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0003
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0004
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0004
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0004
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0004
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0005
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0005
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0005
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0005
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0006
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0006
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0006
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0008
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0008
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0009
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0009
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0010
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0010
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0010
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0011
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0011
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0011
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0012
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0012
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0012
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0013
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0013
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0013
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0014
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0014
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0014
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0014
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0014
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0015
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0015
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0015
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0015
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0016
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0016
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0017
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0017
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0017
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0018
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0018
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0018
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0019
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0019
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0019
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0019
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0019
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0019
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0020
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0020
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0020
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0020
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0021
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0021
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0021
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0022
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0022
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0022
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0023
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0023
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0023
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0024
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0024
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0024
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0024
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0024
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0025
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0025
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0025
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0026
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0026
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0026
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0026
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0026
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0027
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0027
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0027
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0027
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0027
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0028
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0028
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0028
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0028
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0029
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0029
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0029
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0030
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0030
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0030
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0030
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0031
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0031
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0031
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0032
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0032
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0032
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0033
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0033
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0033
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0034
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0034
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0034
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0034
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0034
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0035
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0035
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0035
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0035
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0036
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0036
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0036
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0036
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0037
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0037
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0037
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0038
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0038
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0038
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0038
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0039
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0039
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0039
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0039
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0039
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0040
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0040
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0040
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0041
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0041
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0041
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0041
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0042
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0042
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0042
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0043
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0043
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0043
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0043
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0044
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0044
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0044
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0044
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0044
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0044
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0044
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0045
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0045
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0045
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0045
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0046
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0046
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0046
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0046
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0047
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0047
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0047
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0048
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0048
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0048
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0048
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0049
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0049
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0049
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0050
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0050
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0050
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0050
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0051
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0051
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0051
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0051
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0052
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0052
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0052
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0052

H. Fakhim, H. Badali, E. Dannaoui et al.

[53] Shivaprakash M, Geertsen E, Chakrabarti A, Mouton JW, Meis JF. In vitro suscep-
tibility of 188 clinical and environmental isolates of Aspergillus flavus for the
new triazole isavuconazole and seven other antifungal drugs. Mycoses 2011;54:
e583-9.

[54] Gregson L, Goodwin J, Johnson A, McEntee L, Moore CB, Richardson M, et al. In
vitro susceptibility of Aspergillus fumigatus to isavuconazole: correlation with
itraconazole, voriconazole, and posaconazole. Antimicrob Agents Chemother
2013;57:5778-80.

[55] Gheith S, Saghrouni F, Bannour W, Youssef YB, Khelif A, Normand A-C, et al. In
vitro susceptibility to amphotericin B, itraconazole, voriconazole, posaconazole
and caspofungin of Aspergillus spp. isolated from patients with haematological
malignancies in Tunisia. Springerplus 2014;3:1-8.

[56] Gajjar DU, Pal AK, Ghodadra BK, Vasavada AR. Microscopic evaluation, molecular
identification, antifungal susceptibility, and clinical outcomes in Fusarium,
Aspergillus and, Dematiaceous keratitis. BioMed Res Int 2013 2013.

[57] Nayak N, Satpathy G, Prasad S, Titiyal JS, Pandey R, Vajpayee RB. Molecular char-
acterization of drug-resistant and drug-sensitive Aspergillus isolates causing
infectious keratitis. Indian ] Ophthalmol 2011;59:373.

[58] Al-Wathiqi F, Ahmad S, Khan Z. Molecular identification and antifungal suscepti-
bility profile of Aspergillus flavus isolates recovered from clinical specimens in
Kuwait. BMC Infect Dis 2013;13:1-9.

[59] Espinel-Ingroff A, Arendrup M, Canton E, Cordoba S, Dannaoui E, Garcia-Rodri-
guez ], et al. Multicenter study of method-dependent epidemiological cutoff val-
ues for detection of resistance in Candida spp. and Aspergillus spp. to
amphotericin B and echinocandins for the Etest agar diffusion method. Antimi-
crob Agents Chemother 2017;61:e01792. -16.

[60] Arabatzis M, Kambouris M, Kyprianou M, Chrysaki A, Foustoukou M, Kanello-
poulou M, et al. Polyphasic identification and susceptibility to seven antifungals
of 102 Aspergillus isolates recovered from immunocompromised hosts in
Greece. Antimicrob Agents Chemother 2011;55:3025-30.

[61] Tamiya H, Ochiai E, Kikuchi K, Yahiro M, Toyotome T, Watanabe A, et al. Second-
ary metabolite profiles and antifungal drug susceptibility of Aspergillus fumiga-
tus and closely related species, Aspergillus lentulus, Aspergillus udagawae, and
Aspergillus viridinutans. J Infect Chemother 2015;21:385-91.

[62] Imbert S, Normand A-C, Ranque S, Costa ], Guitard ], Accoceberry I, et al. Species
identification and in vitro antifungal susceptibility of Aspergillus terreus species
complex clinical isolates from a french multicenter study. Antimicrob Agents
Chemother 2018;62:e02315-7.

[63] Rambach G, Oberhauser H, Speth C. Lass-Florl C. Susceptibility of Candida spe-
cies and various moulds to antimycotic drugs: use of epidemiological cutoff val-
ues according to EUCAST and CLSI in an 8-year survey. Med Mycol
2011;49:856-63.

[64] Amorim A, Guedes-Vaz L, Araujo R. Susceptibility to five antifungals of Aspergil-
lus fumigatus strains isolated from chronically colonised cystic fibrosis patients
receiving azole therapy. Int J Antimicrob Agents 2010;35:396-9.

[65] Oz Y, Ozdemir HG, Gokbolat E, Kiraz N, IIkit M, Seyedmousavi S. Time-kill kinet-
ics and in vitro antifungal susceptibility of non-fumigatus Aspergillus species
isolated from patients with ocular mycoses. Mycopathologia 2016;181:225-33.

[66] Sav H, Ozdemir HG, Altinbas R, Kiraz N, Ilkit M, Seyedmousavi S. Virulence
attributes and antifungal susceptibility profile of opportunistic fungi isolated
from ophthalmic infections. Mycopathologia 2016;181:653-61.

[67] Escribano P, Peldez T, Recio S, Bouza E, Guinea J. Characterization of clinical
strains of Aspergillus terreus complex: molecular identification and antifungal
susceptibility to azoles and amphotericin B. Clin Microbiol Infect 2012;18:E24-
6.

[68] Borman AM, Fraser M, Palmer MD, Szekely A, Houldsworth M, Patterson Z, et al.
MIC distributions and evaluation of fungicidal activity for amphotericin B, itra-
conazole, voriconazole, posaconazole and caspofungin and 20 species of patho-
genic filamentous fungi determined using the CLSI broth microdilution method.
] Fungi 2017;3:27.

[69] Hashimoto A, Hagiwara D, Watanabe A, Yahiro M, Yikelamu A, Yaguchi T, et al.
Drug sensitivity and resistance mechanism in Aspergillus section Nigri strains
from Japan. Antimicrob Agents Chemother 2017;61:e02583. -16.

[70] Wang HC, Hsieh M, Choi PC, Wu (J. Comparison of the Sensititre YeastOne and
CLSI M38-A2 microdilution methods in determining the activity of amphotericin
B, itraconazole, voriconazole, and posaconazole against Aspergillus species. ]
Clin Microbiol 2018;56:e00780. -18.

[71] Espinel-Ingroff A, Cuenca-Estrella M, Fothergill A, Fuller J, Ghannoum M, John-
son E, et al. Wild-type MIC distributions and epidemiological cutoff values for
amphotericin B and Aspergillus spp. for the CLSI broth microdilution method
(M38-A2 document). Antimicrob Agents Chemother 2011;55:5150-4.

[72] Dabas Y, Xess I, Bakshi S, Mahapatra M, Seth R. Emergence of azole-resistant
Aspergillus fumigatus from immunocompromised hosts in India. Antimicrob
Agents Chemother 2018;62:e02264. -17.

[73] Alastruey-Izquierdo A, Alcazar-Fuoli L, Rivero-Menéndez O, Ayats ], Castro C,
Garcia-Rodriguez ], et al. Molecular identification and susceptibility testing of
molds isolated in a prospective surveillance of triazole resistance in Spain (FIL-
POP2 Study). Antimicrob Agents Chemother 2018;62:e00358. -18.

[74] Abdolrasouli A, Petrou MA, Park H, Rhodes JL, Rawson TM, Moore LS, et al. Sur-
veillance for azole-resistant Aspergillus fumigatus in a centralized diagnostic
mycology service, London, United Kingdom, 1998-2017. Front Microbiol
2018;9:2234.

[75] Ashu EE, Korfanty GA, Samarasinghe H, Pum N, You M, Yamamura D, et al. Wide-
spread amphotericin B-resistant strains of Aspergillus fumigatus in Hamilton.
Canada. Infect Drug Resist 2018;11:1549.

Journal of Medical Mycology 32 (2022) 101310

[76] Ghannoum M, Long L, Larkin E, Isham N, Sherif R, Borroto-Esoda K, et al. Evalua-
tion of the antifungal activity of the novel oral glucan synthase inhibitor SCY-
078, singly and in combination, for the treatment of invasive aspergillosis. Anti-
microb Agents Chemother 2018;62:e00244. -18.

[77] Romero M, Messina F, Marin E, Arechavala A, Depardo R, Walker L, et al. Antifun-
gal resistance in clinical isolates of Aspergillus spp.: when local epidemiology
breaks the norm. J Fungi 2019;5:41.

[78] Cho SY, Lee DG, Kim WB, Chun HS, Park C, Myong JP, et al. Epidemiology and
antifungal susceptibility profile of Aspergillus species: comparison between
environmental and clinical isolates from patients with hematologic malignan-
cies. ] Clin Microbiol 2019;57:e02023. -18.

[79] Pfaller M, Huband M, Flamm R, Bien P, Castanheira M. In vitro activity of
APX001A (manogepix) and comparator agents against 1,706 fungal isolates col-
lected during an international surveillance program in 2017. Antimicrob Agents
Chemother 2019;63:e00840. -19.

[80] Salah H, Lackner M, Houbraken ], Theelen B, Lass-Florl C, Boekhout T, et al. The
emergence of rare clinical Aspergillus species in Qatar: molecular characteriza-
tion and antifungal susceptibility profiles. Front Microbiol 2019;10:1677.

[81] Hivary S, Fatahinia M, Halvaeezadeh M, Mahmoudabadi AZ. The potency of luli-
conazole against clinical and environmental Aspergillus nigri complex. Iran ]
Microbiol 2019;11:510.

[82] Rivero-Menendez O, Soto-Debran JC, Medina N, Lucio ], Mellado E. Alastruey-
Izquierdo A. Molecular identification, antifungal susceptibility testing, and
mechanisms of azole resistance in Aspergillus species received within a surveil-
lance program on antifungal resistance in Spain. Antimicrob Agents Chemother
2019;63:e00865. -19.

[83] Nakamura I, Ohsumi K, Takeda S, Katsumata K, Matsumoto S, Akamatsu S, et al.
ASP2397 is a novel natural compound that exhibits rapid and potent fungicidal
activity against Aspergillus species through a specific transporter. Antimicrob
Agents Chemother 2019;63:e02689. -18.

[84] Manikandan P, Abdel-Hadi A, Randhir Babu Singh Y, Revathi R, Anita R, Banawas
S, et al. Fungal keratitis: epidemiology, rapid detection, and antifungal suscepti-
bilities of Fusarium and Aspergillus isolates from corneal scrapings. BioMed Res
Int 2019;2019.

[85] Jergensen KM, Astvad KMT, Hare RK, Arendrup MC. EUCAST susceptibility test-
ing of isavuconazole: MIC data for contemporary clinical mold and yeast isolates.
Antimicrob Agents Chemother 2019;63:e00073. -19.

[86] Peng Y, Zhang Q, Xu C, Shi W. MALDI-TOF MS for the rapid identification and
drug susceptibility testing of filamentous fungi. Exp Ther Med 2019;18:4865-
73.

[87] Chadeganipour M, Mohammadi R. A 9-Year Experience of Aspergillus Infections
from Isfahan. Iran. Infect. Drug Resist 2020;13:2301.

[88] Pfaller MA, Carvalhaes C, Messer SA, Rhomberg PR, Castanheira M. Activity of a
long-acting echinocandin, rezafungin, and comparator antifungal agents tested
against contemporary invasive fungal isolates (SENTRY Program, 2016 to 2018).
Antimicrob Agents Chemother 2020;64:e00099. -20.

[89] Won EJ, Joo MY, Lee D, Kim M-N, Park Y-J, Kim SH, et al. Antifungal susceptibility
tests and the cyp51 mutant strains among clinical Aspergillus fumigatus isolates
from Korean multicenters. Mycobiology 2020;48:148-52.

[90] Moslem M, Mahmoudabadi AZ. The high efficacy of luliconazole against envi-
ronmental and otomycosis Aspergillus flavus strains. Iran ] Microbiol
2020;12:170.

[91] Falahatinejad M, Vaezi A, Fakhim H, Abastabar M, Shokohi T, Zahedi N, et al. Use
of cell surface protein typing for genotyping of azole-resistant and-susceptible
Aspergillus fumigatus isolates in Iran. Mycoses 2018;61:143-7.

[92] Wiederhold NP. Antifungal resistance: current trends and future strategies to
combat. Infect Drug Resist 2017;10:249.

[93] Lass-Florl C, Kofler G, Kropshofer G, Hermans J, Kreczy A, Dierich M, et al. In-
vitro testing of susceptibility to amphotericin B is a reliable predictor of clinical
outcome in invasive aspergillosis. ] Antimicrob Chemother 1998;42:497-502.

[94] Gomez-Lopez A, Garcia-Effron G, Mellado E, Monzon A, Rodriguez-Tudela JL,
Cuenca-Estrella M. In vitro activities of three licensed antifungal agents against
Spanish clinical isolates of Aspergillus spp. Antimicrob Agents Chemother
2003;47:3085-8.

[95] Koss T, Bagheri B, Zeana C, Romagnoli MF, Grossman ME. Amphotericin B-resis-
tant Aspergillus flavus infection successfully treated with caspofungin, a novel
antifungal agent. ] Am Acad Dermatol 2002;46:945-7.

[96] Clemons KV, Schwartz JA, Stevens DA. Experimental central nervous system
aspergillosis therapy: efficacy, drug levels and localization, immunohistopathol-
ogy, and toxicity. Antimicrob Agents Chemother 2012;56:4439-49.

[97] Wang Y, Ke X, Voo ZX, Yap SSL, Yang C, Gao S, et al. Biodegradable functional
polycarbonate micelles for controlled release of amphotericin B. Acta Biomater
2016;46:211-20.

[98] Moreno-Rodriguez AC, Torrado-Duran S, Molero G, Garcia-Rodriguez JJ, Torrado-
Santiago S. Efficacy and toxicity evaluation of new amphotericin B micelle sys-
tems for brain fungal infections. Int ] Pharm 2015;494:17-22.

[99] Olson JA, Adler-Moore JP, Jensen GM, Schwartz ], Dignani MC, Proffitt RT. Com-
parison of the physicochemical, antifungal, and toxic properties of two lipo-
somal amphotericin B products. Antimicrob Agents Chemother 2008;52:259-
68.

[100] Mosquera J, Warn P, Morrissey J, Moore C, Gil-Lamaignere C, Denning D. Suscep-
tibility testing of Aspergillus flavus: inoculum dependence with itraconazole
and lack of correlation between susceptibility to amphotericin B in vitro and
outcome in vivo. Antimicrob Agents Chemother 2001;45:1456-62.

[101] Barchiesi F, Mazzocato S, Mazzanti S, Gesuita R, Skrami E, Fiorentini A, et al.
Invasive aspergillosis in liver transplant recipients: epidemiology, clinical


http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0053
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0053
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0053
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0053
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0054
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0054
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0054
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0054
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0055
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0055
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0055
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0055
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0056
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0056
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0056
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0057
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0057
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0057
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0058
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0058
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0058
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0059
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0059
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0059
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0059
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0059
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0059
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0060
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0060
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0060
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0060
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0061
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0061
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0061
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0061
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0062
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0062
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0062
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0062
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0063
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0063
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0063
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0063
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0063
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0064
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0064
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0064
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0065
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0065
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0065
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0065
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0065
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0066
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0066
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0066
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0067
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0067
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0067
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0067
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0067
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0068
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0068
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0068
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0068
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0068
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0069
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0069
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0069
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0070
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0070
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0070
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0070
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0071
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0071
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0071
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0071
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0072
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0072
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0072
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0073
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0073
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0073
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0073
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0073
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0074
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0074
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0074
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0074
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0075
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0075
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0075
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0076
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0076
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0076
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0076
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0077
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0077
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0077
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0078
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0078
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0078
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0078
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0079
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0079
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0079
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0079
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0080
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0080
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0080
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0080
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0081
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0081
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0081
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0082
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0082
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0082
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0082
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0082
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0083
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0083
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0083
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0083
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0084
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0084
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0084
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0084
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0085
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0085
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0085
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0086
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0086
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0086
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0087
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0087
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0088
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0088
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0088
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0088
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0089
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0089
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0089
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0090
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0090
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0090
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0091
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0091
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0091
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0092
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0092
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0093
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0093
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0093
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0093
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0094
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0094
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0094
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0094
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0095
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0095
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0095
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0096
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0096
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0096
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0097
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0097
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0097
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0098
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0098
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0098
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0098
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0099
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0099
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0099
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0099
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0100
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0100
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0100
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0100
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0101
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0101

H. Fakhim, H. Badali, E. Dannaoui et al.

characteristics, treatment, and outcomes in 116 cases. Liver Transplant
2015;21:204-12.

[102] Al-Saigh R, Siopi M, Siafakas N, Velegraki A, Zerva L, Meletiadis J. Single-dose
pharmacodynamics of amphotericin B against Aspergillus species in an in vitro
pharmacokinetic/pharmacodynamic model. Antimicrob Agents Chemother
2013;57:3713-8.

[103] Vermeulen E, Maertens J, De Bel A, Nulens E, Boelens ], Surmont I, et al. Nation-
wide surveillance of azole resistance in Aspergillus diseases. Antimicrob Agents
Chemother 2015;59:4569-76.

[104] Lamoth F, Alexander BD. Comparing Etest and broth microdilution for antifungal
susceptibility testing of the most-relevant pathogenic molds. ] Clin Microbiol
2015;53:3176-81.

[105] Mortensen KL, Mellado E, Lass-Florl C, Rodriguez-Tudela JL, Johansen HK, Are-
ndrup MC. Environmental study of azole-resistant Aspergillus fumigatus and
other aspergilli in Austria, Denmark, and Spain. Antimicrob Agents Chemother
2010;54:4545-9.

Journal of Medical Mycology 32 (2022) 101310

[106] Lopez-Sanchez A, Pérez-Cantero A, Torrado-Salmerén C, Martin-Vicente A, Gar-
cia-Herrero V, Gonzélez-Nicolas MA, et al. Efficacy, biodistribution, and nephro-
toxicity of experimental amphotericin B-deoxycholate formulations for
pulmonary aspergillosis. Antimicrob Agents Chemother 2018;62:e00489. -18.

[107] Natesan SK, Chandrasekar PH. Isavuconazole for the treatment of invasive asper-
gillosis and mucormycosis: current evidence, safety, efficacy, and clinical recom-
mendations. Infect Drug Resist 2016;9:291.

[108] Jenks JD, Salzer H]J, Prattes ], Krause R, Buchheidt D, Hoenigl M. Spotlight on isa-
vuconazole in the treatment of invasive aspergillosis and mucormycosis: design,
development, and place in therapy. Drug Des Devel Ther 2018;12:1033.

[109] Fakhim H, Vaezi A, Dannaoui E, Sharma C, Mousavi B, Chowdhary A, et al. In vitro
combination of voriconazole with micafungin against azole-resistant clinical
isolates of Aspergillus fumigatus from different geographical regions. Diagn
Microbiol Infect Dis 2018;91:266-8.

[110] Higgins JP, Thompson SG, Spiegelhalter DJ. A re-evaluation of random-effects
meta-analysis. | R Stat Soc: Series A (Stat Soc) 2009;172:137-59.


http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0101
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0101
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0102
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0102
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0102
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0102
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0103
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0103
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0103
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0104
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0104
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0104
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0105
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0105
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0105
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0105
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0105
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0106
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0106
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0106
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0106
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0106
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0106
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0106
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0106
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0106
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0106
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0106
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0107
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0107
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0107
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0108
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0108
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0108
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0109
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0109
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0109
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0109
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0110
http://refhub.elsevier.com/S1156-5233(22)00067-1/sbref0110

	Trends in the Prevalence of Amphotericin B-Resistance (AmBR) among Clinical Isolates of Aspergillus Species
	1. Introduction
	2. Methods
	3. Results
	3.1. Characteristics of the included studies
	3.2. The pooled prevalence of AmBR among clinical Aspergillus isolates
	3.3. Trends in the prevalence of AmBR among Aspergillus isolates
	3.4. Prevalence of AmBR in different geographic regions

	4. Discussion
	5. Conclusion
	6. Author contributions
	Declaration of Competing Interest
	Funding
	Ethics statement

	References


