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ABSTRACT There are few reports on the clinical course of proven invasive aspergillosis
(IA) due to rare/cryptic species in allogeneic hematopoietic stem cell transplant (allo-
HSCT) recipients. We retrospectively reviewed the electronic medical records of patients
who underwent allo-HSCT between January 2012 and December 2018. Of 934 allo-HSCT
recipients, 10 were diagnosed with proven IA and 61 were diagnosed with probable IA.
DNA sequencing was performed in cases of proven IA, and Aspergillus could be identified
to the species level in 8 of the 10 cases. Three were due to A. fumigatus, and 5 were
due to rare/cryptic Aspergillus species, namely, A. turcosus, A. felis, A. viridinutans, A. nidu-
lans, and A. calidoustus. In these 8 patients, no patients with IA due to A. fumigatus died,
whereas 3 of the 5 with IA due to rare/cryptic species died within 12 weeks. The 2 sur-
viving cases of 1A due to rare/cryptic species were treated with surgical resection and
antifungal treatment. Susceptibility testing for cryptic species in 4 cases showed an
amphotericin B MIC > 1 mg/L in 3 cases, itraconazole MIC > 1 mg/L in 2 cases, and vor-
iconazole MIC > 1 mg/L in 2 cases. In conclusion, more than half of the causative patho-
gens of proven IA were rare/cryptic species, so it is important to accurately identify the
Aspergillus species. In addition, surgical treatment might be an important option in cases
of proven IA, given the possibility that the causative organisms are azole-resistant A.
fumigatus or rare/cryptic species.

KEYWORDS invasive aspergillosis, proven invasive aspergillosis, rare species, cryptic
species, allogeneic hematopoietic stem cell transplant recipients

spergillus is a mold with hyaline hyphae that is ubiquitous in the environment. It

causes invasive aspergillosis (IA), which is a significant cause of mortality in
patients who have undergone allogeneic hematopoietic stem cell transplantation
(allo-HSCT) (1). Aspergillus includes more than 250 species in 6 subgenera (2). The most
common species causing IA is A. fumigatus, followed by A. flavus, A. niger, and A. terreus
(3). However, reports of cryptic species causing |A are continually increasing as molecu-
lar identification becomes more common (4). Because some cryptic Aspergillus species
tend to exhibit decreased triazole susceptibility (5), they are associated with a poor
clinical outcome (6). Although there have been several reports of susceptibility testing
for Aspergillus cryptic species detected in clinical specimens (4, 7), there are few reports
on the frequency of rare/cryptic species in proven IA and on their clinical course in
patients who have undergone allo-HSCT (8).
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TABLE 1 Outcomes and underlying conditions in patients with proven IA after HSCT¢

Antimicrobial Agents and Chemotherapy

Underlying Neut Diagnostic Initial Surgical 12-wk
Species Age Sex disease Graft GVHD < 500/uL method® Diagnosis therapy debridement mortality
A. turcosus 20 F AML BMT — - Brain biopsy Brain abscess L-AMB - Died
Day 115 5 mg/kg
A. felis 52 F AML CBT — + Pleural fluid  IPA L-AMB - Died
culture 5 mg/kg
Day 7
A. viridinutans 57 M AML CBT — - Autopsy IPA L-AMB - Died
Day 46 3 mg/kg
A. nidulans 67 F AML CBT — + VATS IPA L-AMB + Survived
Day 39 5mg/kg VATS
A. calidoustus 54 M AML CBT  + — Brain biopsy Brain abscess L-AMB + Survived
Day 199 3mg/kg Open
craniotomy
A. fumigatus 60 F AA, LGL CBT - - TBLB IPA VRC + - Survived
Day 111 L-AMB
3 mg/kg
A. fumigatus 74 F MDS CBT  + — Sinus biopsy  Rhinosinusitis L-AMB - Survived
Day 382 5 mg/kg
A. fumigatus 68 M AML CBT — - Brain biopsy Brain abscess VRC + Survived
Day 106 Open
craniotomy
Unknown (pathological 64 M MDS CBT + - TBLB IPA L-AMB — Survived
diagnosis) Day 33 5 mg/kg
Unknown (pathological 55 M AML BT - - TBLB IPA L-AMB - Survived
diagnosis) Day 53 3 mg/kg

9GVHD, graft-versus-host disease; Neut, neutrophils; AML, acute myeloid leukemia; AA, aplastic anemia; LGL, large granular lymphocytic leukemia; MDS, myelodysplastic
syndromes; BMT, bone marrow transplantation; CBT, cord blood transplantation; VATS, video-assisted thoracic surgery; TBLB, transbronchial lung biopsy; IPA, invasive

pulmonary aspergillosis.
bDays since transplantation.

In this study of allo-HSCT recipients, we aimed to determine the clinical characteristics of
proven IA, particularly those of IA caused by rare/cryptic species.

RESULTS

Overview of invasive aspergillosis cases. During the study period, there were 934
cases of allo-HSCT (729 cases of umbilical cord blood transplantation, 122 of bone mar-
row transplantation, and 82 of peripheral blood stem cell transplantation); 10 (1.1%)
were diagnosed with proven |IA and 61 (6.5%) were diagnosed with probable IA. Of the
10 cases of proven IA, we could identify the causative Aspergillus species in 8 cases. In
addition, 5 of the 8 cases were diagnosed with proven IA due to rare/cryptic Aspergillus
species, namely, A. turcosus, A. felis, A. viridinutans, A. nidulans, and A. calidoustus. The
remaining 3 cases were caused by A. fumigatus. In 2 proven cases with a pathological
diagnosis based on transbronchial lung biopsy, DNA was extracted from paraffin sec-
tions, and the amplified products were sequenced and compared against the database.
Both were negative for any fungi.

Characteristics of the cases. Table 1 summarizes the clinical characteristics of the
10 patients with proven IA. No patients died of proven IA caused by A. fumigatus, but 3
of the 5 patients with proven IA due to rare/cryptic species died. The 2 surviving
patients underwent surgical resection and antifungal treatment. Surgical treatment
was performed in 3 of the 10 cases: open craniotomy for brain abscess in 2 cases and
video-assisted thoracic surgery for invasive pulmonary aspergillosis in 1 case. Five of
the 10 patients developed |IA without GVHD or neutropenia, and 2 of these 5 patients
were on corticosteroids for post-transplant pulmonary complications. Five patients
with GVHD and/or neutropenia developed IA in the protective environment; 5 of these
patients developed IA outside the protective environment.

Table 2 shows the results of antifungal susceptibility testing of the rare/cryptic
Aspergillus species. Susceptibility testing for cryptic species in 4 cases and major species in
2 cases revealed an AMB MIC > 1 mg/L, an ITC MIC > 1 mg/L, and a VRC MIC > 1 mg/L in
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TABLE 2 Antifungal susceptibility testing of Aspergillus species isolated from cultures®

MIC IC50 1C50 MEC
Case no. Species Prophylaxis® AMB ITC VRC POS FLC 5FC MFG
Case 1 A. turcosus MFG 0.5 025 05 025 16 >64 <0.015
Case 2 A. felis MFG 2 8 4 NA >64 >64 0.03
Case 3 A.viridinutans  ITC 4 2 2 1 >64 >64 0.015
Case 4 A. nidulans FLC 2 0.12 0.12 NA 64 >64 <0.015
Case 5 A. calidoustus  ITC NA NA NA NA NA NA NA
Case 6 A. fumigatus VRC NA NA  NA NA NA NA NA
Case 7 A. fumigatus VRC 2 8 2 NA >64 >32 0.015

Case 8 A. fumigatus L-AMB3mg/kg 025 025 1 NA >64 >64 <0.015

aMIC, MIC; IC50, half-maximal inhibitory concentration; MEC, minimum effective concentration; AMB,
amphotericin B; ITC, itraconazole; VRC, voriconazole; POS, posaconazole; FLC, fluconazole; 5FC, 5-fluorocytosine;
MFG, micafungin; L-AMB, liposomal amphotericin B; NA, not available.

bAntifungal agents administered on the day of IA onset.

3, 2, and 2 of the 4 cryptic cases, respectively, versus 1 of the 2 major cases for each these
antifungal agents.

DISCUSSION

Here, we determined the clinical and microbiological features of proven IA in allo-
HSCT recipients. We obtained 3 major findings. First, rare/cryptic species accounted for
more than half of the causative organisms of proven IA. Second, in proven IA, A. fumi-
gatus and rare/cryptic species showed similarly poor susceptibility to antifungal drugs
(particularly azoles). Third, although 3 of 5 patients with proven IA due to rare/cryptic
species died within 12 weeks, the 2 surviving patients were treated with surgical resec-
tion and antifungal agents.

In our study, we were able to identify the species in 8 of the 10 cases, and 5 of these
8 cases were IA due to rare/cryptic species. Few studies have described the proportion
of causative Aspergillus species for proven IA, although a study in Spain described 9 cases
of proven IA but did not mention the species (12). In another study, cryptic species con-
sidered to be the causative organism of probable or proven IA accounted for 30.5% of
cases (13). In addition, epidemiological surveys in Spain (12), Korea (6), and the United
States (14) reported that cryptic species accounted for 7.5%-23.1% of Aspergillus species
detected in clinical specimens, including colonizing Aspergillus species. Because these
studies examined large numbers of cases and included the clinical pathogens of proba-
ble IA or colonization, it is difficult to compare them with our study. The difference in
proportion of cryptic species in our study may be due to the very small number of cases,
making it difficult to give an accurate percentage. It is also possible that the indication
for PCR testing may be differed, given that our study included only cases with proven IA,
many of which were cases of surgical biopsy. Probable IA is comprehensively diagnosed
based on clinical features, mycological evidence, and patient background (9). Although
this diagnosis is an important indicator for determining patients’ treatment plan, its ac-
curacy is not exactly clear. Therefore, it is clinically important to describe the proportion
of causative species in cases of proven IA.

Interestingly, Aspergillus species responsible for proven IA, even A. fumigatus, tended
to have higher MIC values than the rare/cryptic species (particularly azole). Recently, azole
resistance of A. fumigatus has been reported in many regions (15-17). In Japan, the per-
centages of non-wild-type isolates with MICs of ITC, POS, and VRC above the epidemio-
logical cutoff value have been reported as 7.1%, 2.6%, and 4.1%, respectively (18). One
study reported that cryptic species tended to be more resistant to multiple antifungal
agents than the usual isolated species (A. fumigatus, A. flavus, A. terreus, A. tubingensis,
and A. niger) (13). Because probable IA cases can often be treated without biopsy, the
causative organism is likely to be sensitive to antifungal agents. In contrast, proven IA is
more likely to be associated with a species that is less susceptible to antifungal drugs
because the treatment course is worse, requiring biopsy or surgery. Such a selection bias
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may have influenced the high proportion of rare/cryptic species and the poor susceptibil-
ity in the present study.

In previous work, the mortality rate of IA after HSCT was high, with a reported 12-
week mortality rate of 42.2% (19). Factors that contribute to mortality include the neu-
trophil count and control of the underlying malignancy (19). In our study, 3 of the 10
patients with proven IA died within 12 weeks. Three patients underwent surgical re-
moval of the infection site and were still alive at 12 weeks. Surgical resection to debr-
ide necrotic tissue has been shown to be effective in some cases of IA (20). However,
the patients that benefit most from a surgical approach are still uncertain (21). Azole
resistance has been associated with overall mortality in patients with IA, even if A. fumi-
gatus is the causative fungal species (22). In recent years, strategies to prevent infec-
tion with antifungal prophylaxis have been implemented (23). In such situations, with
IA patients who respond poorly to antifungal treatment, early surgical intervention
might be an important treatment option, given the possibility that azole-resistant A.
fumigatus or rare/cryptic species are the causative organisms.

Several limitations of our study need to be considered. First, our study is a retro-
spective single-center study and statistical analysis could not be used to compare cryp-
tic species and major species owing to the small number of cases. However, there have
been few reports on the clinical course and epidemiology of the causative Aspergillus
species of proven IA following allo-HSCT in hospitals with a large number of allo-HSCT
cases (934 cases during the study period) (8), and we believe that this report is thus
clinically important. Second, we could identify causative Aspergillus species in 8 of the
10 cases by PCR analysis. In addition, Aspergillus species were detected in the culture in
6 of the 8 cases. Therefore, antifungal susceptibility testing was performed in these 6
cases. Third, susceptibility testing of posaconazole was not available for all patients.
However, a previous study showed correlations among triazole MICs for common
Aspergillus species (A. fumigatus and A. flavus) (24). Therefore, the MICs for posaconazole of
causative Aspergillus strains were expected to be high in the causative Aspergillus strains
that showed higher MICs for the other azoles. Lastly, MIC values were collected throughout
the study in accordance with CLSI M38-A2. Although a new version, M38-A3, has recently
been published and we need to be careful in interpreting the MIC values, items such as deter-
mination time did not change from the previous version, so the MIC values themselves should
not be greatly affected.

Further prospective studies with larger numbers of patients and PCR analysis of all
cases are needed to elucidate the definitive causative Aspergillus species and their clini-
cal course.

More than half of the causative pathogens of proven IA were found to be rare/cryptic
species, so it is important to accurately identify the Aspergillus species. In addition, surgical
treatment might be an important option in cases of proven IA, given the possibility that
the causative organisms are azole-resistant A. fumigatus or rare/cryptic species.

MATERIALS AND METHODS

We retrospectively reviewed the electronic medical records, including microbiology records, of patients
who underwent allo-HSCT in Toranomon Hospital (Tokyo, Japan) between January 2012 and December 2018.
We then identified patients who experienced IA within 12 months after the day of allo-HSCT and reviewed
cases with proven IA. The diagnosis of proven or probable IA was based on the criteria of the European
Organization for Research and Treatment of Cancer and the Mycoses Study Group Education and Research
Consortium (EORTC-MSG) (9). At Toranomon Hospital, the collected specimens were cultured on Sabouraud
dextrose agar (Nippon Becton, Dickinson Co., Ltd., Japan), Sabouraud Gentamicin Chloramphenicol 2 agar
(bioMérieux Japan, Ltd., Japan) at 26°C, or on Potato Dextrose Agar (Eiken Chemical Co., Ltd., Japan) at 35°C.

Identification was performed through sequencing of the internal transcribed spacer region, the D1/
D2 region of the rRNA gene, and the B-tubulin genes of the isolated Aspergillus species. The primers
used in this study are shown in the supplemental table (10). The sequenced bases of the isolated
Aspergillus species were identified by comparison with data in MycoBank (https://www.mycobank.org/)
or GenBank (https://www.ncbi.nlm.nih.gov/genbank/). When the sequence bases of the isolated strain
had >99% similarity to the reference sequence, this strain was considered to have been identified. The
sequence analysis and antifungal susceptibility testing were performed in the National Institute of
Infectious Diseases. The in vitro susceptibility tests with fluconazole (FLC), voriconazole (VRC), posacona-
zole (POS), itraconazole (ITC), amphotericin B (AMB), micafungin (MFG), and 5-fluorocytosine (5FC) were
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performed according to the Clinical and Laboratory Standards (CLSI) M38-A2 document standard (11).
Candida parapsilosis ATCC 22019 and Candida krusei ATCC 6258 were used as the quality control strains
in every susceptibility testing run in this study.
Requests for DNA sequencing were made to the National Institute of Infectious Diseases for all
patients diagnosed with proven IA who attended the Department of Infectious Diseases. In cases where
PCR could not be performed prospectively because the only pathological diagnosis was for transbron-
chial lung biopsy, DNA was extracted from paraffin sections and PCR was performed at a later date.

This study was approved by the Human Ethics Review Committee of Toranomon Hospital (approval
number 2049).

SUPPLEMENTAL MATERIAL

Supplemental material is available online only.
SUPPLEMENTAL FILE 1, XLSX file, 0.01 MB.

ACKNOWLEDGMENTS
The identification and drug susceptibility tests were performed by staff of the
microbiology laboratory of Toranomon Hospital and the staff of the Department of
Fungal Infection, National Institute of Infectious Diseases. We thank Yurika Dantsuji,
Nobuko Nakayama, and Yuki Hashimoto for their technical assistance. We also thank
Yutaka Takazawa, Department of Pathology, Toranomon Hospital, for the pathological
assistance. This research is supported by AMED under grant number JP21fk0108094.

We declare that we have no conflicts of interest. The authors alone are responsible
for the content and writing of the paper.

REFERENCES

1.

January 2022 Volume 66

Kontoyiannis DP, Marr KA, Park BJ, Alexander BD, Anaissie EJ, Walsh TJ, Ito
J, Andes DR, Baddley JW, Brown JM, Brumble LM, Freifeld AG, Hadley S,
Herwaldt LA, Kauffman CA, Knapp K, Lyon GM, Morrison VA, Papanicolaou
G, Patterson TF, Perl TM, Schuster MG, Walker R, Wannemuehler KA,
Wingard JR, Chiller TM, Pappas PG. 2010. Prospective surveillance for inva-
sive fungal infections in hematopoietic stem cell transplant recipients,
2001-2006: overview of the Transplant-Associated Infection Surveillance
Network (TRANSNET) database. Clin Infect Dis 50:1091-1100. https://doi
.org/10.1086/651263.

. Houbraken J, Kocsube S, Visagie CM, Yilmaz N, Wang XC, Meijer M, Kraak

B, Hubka V, Bensch K, Samson RA, Frisvad JC. 2020. Classification of Asper-
gillus, Penicillium, Talaromyces and related genera (Eurotiales): an over-
view of families, genera, subgenera, sections, series and species. Stud
Mycol 95:5-169. https://doi.org/10.1016/j.simyc0.2020.05.002.

. 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. 2009. Molecular identification of Aspergillus species collected for the
Transplant-Associated Infection Surveillance Network. J Clin Microbiol 47:
3138-3141. https://doi.org/10.1128/JCM.01070-09.

. Tsang CC, Tang JYM, Ye H, Xing F, Lo SKF, Xiao C, Han L, Wu AKL, Ngan

AHY, Law KC, To YN, Sze DTT, Chim OHY, Hui TWS, Leung CWH, Zhu T,
Yao C, Tse BPH, Lau SKP, Woo PCY. 2020. Rare/cryptic Aspergillus species
infections and importance of antifungal susceptibility testing. Mycoses
63:1283-1298. https://doi.org/10.1111/myc.13158.

. Negri CE, Goncalves SS, Xafranski H, Bergamasco MD, Aquino VR, Castro

PT, Colombo AL. 2014. Cryptic and rare Aspergillus species in Brazil: preva-
lence in clinical samples and in vitro susceptibility to triazoles. J Clin
Microbiol 52:3633-3640. https://doi.org/10.1128/JCM.01582-14.

. Won EJ, Shin JH, Kim SH, Choi MJ, Byun SA, Kim MN, Lee WG, Lee K, Uh Y,

Shin MG, Suh SP. 2018. Antifungal susceptibilities to amphotericin B, tria-
zoles and echinocandins of 77 clinical isolates of cryptic Aspergillus spe-
cies in multicenter surveillance in Korea. Med Mycol 56:501-505. https://
doi.org/10.1093/mmy/myx067.

. Alastruey-lzquierdo A, Alcazar-Fuoli L, Cuenca-Estrella M. 2014. Antifungal

susceptibility profile of cryptic species of Aspergillus. Mycopathologia 178:
427-433. https://doi.org/10.1007/s11046-014-9775-z.

. Yamairi K, Ido K, Nakamura S, Niki M, Imoto W, Shibata W, Namikawa H,

Fujimoto H, Yamada K, Nakamae H, Hino M, Kaneko Y, Miyazaki Y, Kakeya H.
2019. Successful treatment of invasive pulmonary aspergillosis caused by Asper-
gillus felis, a cryptic species within the Aspergillus section Fumigati: A case report.
J Infect Chemother 25:307-310. https://doi.org/10.1016/jjiac.2018.10.016.

Issue 1 e01630-21

9.

Donnelly JP, Chen SC, Kauffman CA, Steinbach WJ, Baddley JW, Verweij
PE, Clancy CJ, Wingard JR, Lockhart SR, Groll AH, Sorrell TC, Bassetti M,
Akan H, Alexander BD, Andes D, Azoulay E, Bialek R, Bradsher RW,
Bretagne S, Calandra T, Caliendo AM, Castagnola E, Cruciani M, Cuenca-
Estrella M, Decker CF, Desai SR, Fisher B, Harrison T, Heussel CP, Jensen
HE, Kibbler CC, Kontoyiannis DP, Kullberg BJ, Lagrou K, Lamoth F,
Lehrnbecher T, Loeffler J, Lortholary O, Maertens J, Marchetti O, Marr KA,
Masur H, Meis JF, Morrisey CO, Nucci M, Ostrosky-Zeichner L, Pagano L,
Patterson TF, Perfect JR, Racil Z, et al. 2020. Revision and update of the
consensus definitions of invasive fungal disease from the European Orga-
nization for Research and Treatment of Cancer and the Mycoses Study
Group Education and Research Consortium. Clin Infect Dis 71:1367-1376.
https://doi.org/10.1093/cid/ciz1008.

. Balajee SA, Gribskov JL, Hanley E, Nickle D, Marr KA. 2005. Aspergillus len-

tulus sp. nov., a new sibling species of A. fumigatus. Eukaryot Cell 4:
625-632. https://doi.org/10.1128/EC.4.3.625-632.2005.

. Anonymous. 2008. CLSI. reference method for broth dilution antifungal

susceptibility testing of filamentous fungi; approved standard (2nd ed). CLSI
document M38-A2. Clinical and Laboratory Standards Institute, Wayne, PA.

. Cho SY, Lee DG, Kim WB, Chun HS, Park C, Myong JP, Park YJ, Choi JK, Lee

HJ, Kim SH, Park SH, Choi SM, Choi JH, Yoo JH. 2019. Epidemiology and
antifungal susceptibility profile of Aspergillus species: comparison
between environmental and clinical isolates from patients with hemato-
logic malignancies. J Clin Microbiol 57:¢02023-18. https://doi.org/10
.1128/JCM.02023-18.

. Alastruey-lzquierdo A, Mellado E, Pelaez T, Peman J, Zapico S, Alvarez M,

Rodriguez-Tudela JL, Cuenca-Estrella M, Group FS, FILPOP Study Group.
2013. Population-based survey of filamentous fungi and antifungal resist-
ance in Spain (FILPOP Study). Antimicrob Agents Chemother 57:
3380-3387. https://doi.org/10.1128/AAC.00383-13.

. Pinto E, Monteiro C, Maia M, Faria MA, Lopes V, Lameiras C, Pinheiro D.

2018. Aspergillus species and antifungals susceptibility in clinical setting in the
north of Portugal: cryptic species and emerging azoles resistance in A. fumi-
gatus. Front Microbiol 9:1656. https://doi.org/10.3389/fmicb.2018.01656.

. Bueid A, Howard SJ, Moore CB, Richardson MD, Harrison E, Bowyer P,

Denning DW. 2010. Azole antifungal resistance in Aspergillus fumigatus:
2008 and 2009. J Antimicrob Chemother 65:2116-2118. https://doi.org/
10.1093/jac/dkq279.

. Mortensen KL, Mellado E, Lass-Florl C, Rodriguez-Tudela JL, Johansen HK,

Arendrup MC. 2010. Environmental study of azole-resistant Aspergillus
fumigatus and other aspergilli in Austria, Denmark, and Spain. Antimicrob
Agents Chemother 54:4545-4549. https://doi.org/10.1128/AAC.00692-10.

aacasm.org 5


https://doi.org/10.1086/651263
https://doi.org/10.1086/651263
https://doi.org/10.1016/j.simyco.2020.05.002
https://doi.org/10.1128/JCM.01070-09
https://doi.org/10.1111/myc.13158
https://doi.org/10.1128/JCM.01582-14
https://doi.org/10.1093/mmy/myx067
https://doi.org/10.1093/mmy/myx067
https://doi.org/10.1007/s11046-014-9775-z
https://doi.org/10.1016/j.jiac.2018.10.016
https://doi.org/10.1093/cid/ciz1008
https://doi.org/10.1128/EC.4.3.625-632.2005
https://doi.org/10.1128/JCM.02023-18
https://doi.org/10.1128/JCM.02023-18
https://doi.org/10.1128/AAC.00383-13
https://doi.org/10.3389/fmicb.2018.01656
https://doi.org/10.1093/jac/dkq279
https://doi.org/10.1093/jac/dkq279
https://doi.org/10.1128/AAC.00692-10
https://aac.asm.org

Yamamuro et al.

20.

January 2022 Volume 66

. Pham CD, Reiss E, Hagen F, Meis JF, Lockhart SR. 2014. Passive surveil-

lance for azole-resistant Aspergillus fumigatus, United States, 2011-2013.
Emerg Infect Dis 20:1498-1503. https://doi.org/10.3201/eid2009.140142.

. Tashiro M, Izumikawa K, Minematsu A, Hirano K, lwanaga N, Ide S, Mihara T,

Hosogaya N, Takazono T, Morinaga Y, Nakamura S, Kurihara S, Imamura Y,
Miyazaki T, Nishino T, Tsukamoto M, Kakeya H, Yamamoto Y, Yanagihara K,
Yasuoka A, Tashiro T, Kohno S. 2012. Antifungal susceptibilities of Aspergillus
fumigatus clinical isolates obtained in Nagasaki, Japan. Antimicrob Agents
Chemother 56:584-587. https://doi.org/10.1128/AAC.05394-11.

. Racil Z, Weinbergerova B, Kocmanova |, Muzik J, Kouba M, Drgona L, Masarova

L, Guman T, Tothova E, Forsterova K, Haber J, Ziakova B, Bojtarova E, Vydra J,
Mudry P, Foralova R, Sejnova D, Mallatova N, Kandrnal V, Cetkovsky P, Mayer J.
2013. Invasive aspergillosis in patients with hematological malignancies in the
Czech and Slovak republics: Fungal InfectioN Database (FIND) analysis, 2005—
2009. Int J Infect Dis 17:2101-109. https://doi.org/10.1016/}.ijid.2012.09.004.
Schwartz S, Ruhnke M, Ribaud P, Corey L, Driscoll T, Cornely OA, Schuler
U, Lutsar |, Troke P, Thiel E. 2005. Improved outcome in central nervous
system aspergillosis, using voriconazole treatment. Blood 106:2641-2645.
https://doi.org/10.1182/blood-2005-02-0733.

Issue 1 e01630-21

21.

22.

23.

24.

Antimicrobial Agents and Chemotherapy

Matt P, Bernet F, Habicht J, Gambazzi F, Gratwohl A, Zerkowski HR, Tamm
M. 2004. Predicting outcome after lung resection for invasive pulmonary
aspergillosis in patients with neutropenia. Chest 126:1783-1788. https://
doi.org/10.1378/chest.126.6.1783.

Lestrade PP, Bentvelsen RG, Schauwvlieghe A, Schalekamp S, van der
Velden W, Kuiper EJ, van Paassen J, van der Hoven B, van der Lee HA,
Melchers WJG, de Haan AF, van der Hoeven HL, Rijnders BJA, van der
Beek MT, Verweij PE. 2019. Voriconazole resistance and mortality in inva-
sive aspergillosis: a multicenter retrospective cohort study. Clin Infect Dis
68:1463-1471. https://doi.org/10.1093/cid/ciy859.

Taplitz RA, Kennedy EB, Bow EJ, Crews J, Gleason C, Hawley DK, Langston
AA, Nastoupil LJ, Rajotte M, Rolston KV, Strasfeld L, Flowers CR. 2018. Antimicro-
bial prophylaxis for adult patients with cancer-related immunosuppression:
ASCO and IDSA Clinical Practice Guideline update. J Clin Oncol 36:3043-3054.
https://doi.org/10.1200/JCO.18.00374.

Pfaller MA, Messer SA, Boyken L, Rice C, Tendolkar S, Hollis RJ, Diekema
DJ. 2008. In vitro survey of triazole cross-resistance among more than 700 clini-
cal isolates of Aspergillus species. J Clin Microbiol 46:2568-2572. https://doi.org/
10.1128/JCM.00535-08.

aac.asm.org 6


https://doi.org/10.3201/eid2009.140142
https://doi.org/10.1128/AAC.05394-11
https://doi.org/10.1016/j.ijid.2012.09.004
https://doi.org/10.1182/blood-2005-02-0733
https://doi.org/10.1378/chest.126.6.1783
https://doi.org/10.1378/chest.126.6.1783
https://doi.org/10.1093/cid/ciy859
https://doi.org/10.1200/JCO.18.00374
https://doi.org/10.1128/JCM.00535-08
https://doi.org/10.1128/JCM.00535-08
https://aac.asm.org

	RESULTS
	Overview of invasive aspergillosis cases.
	Characteristics of the cases.

	DISCUSSION
	MATERIALS AND METHODS
	SUPPLEMENTAL MATERIAL
	ACKNOWLEDGMENTS
	REFERENCES

