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Abstract

Background: Aspergillosis of Central Nervous System (CNS) is a highly lethal infection in patients with leukemia and
Stem Cell Transplantation (SCT).

Methods: Case reports of CNS aspergillosis in patients with leukemia and SCT published between 1990 and August
2020 were gathered using a structured search through PubMed/Medline.

Results: Sixty-seven cases were identified over the searches of the PubMed bibliographic database and then, 59
cases were included in the final analysis. Europe had the largest share of cases at 57.6% (34 reports), followed by
Americas and Asia. Affected patients were predominantly males (58.6%) and the mean age of the patients was

36.1 years, while 62.7% of the patients were under the age of 50 years. The most common leukemia types include
Acute Lymphobilastic Leukemia (ALL), Chronic Lymphocytic Leukemia (CLL), and Acute Myeloid Leukemia (AML) at
43.4%, 27.4%, and 23.5%, respectively. Furthermore, stem cell transplantation was reported in 11 cases. The overall
mortality was 33%; however, the attributable mortality rate of CNS aspergillosis was 24.5%. Altered mental status,
hemiparesis, cranial nerve palsies, and seizures were the clearest manifestations of infection and lung involvement
reported in 57% of the patients. Histopathologic examination led to the diagnosis of infection in 57% of the patients
followed by culture (23.7%), galactomannan assay (8.5%), and molecular method (3.3%). Amphotericin B and voricon-
azole were the most frequently used drugs for infection treatment. Good results were not obtained in one-third of the
patients treated by voriconazole. Finally, neurosurgical intervention was used for 23 patients (39%).

Conclusion: CNS aspergillosis is a rapidly progressive infection in leukemic patients. Thus, these patients should be
followed up more carefully. Furthermore, management of induction chemotherapy, use of different diagnostic meth-
ods, and use of appropriate antifungal can lead to infection control.
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Introduction

Aspergillus is a branching septate filamentous fungus that

can induce invasive, lethal infections in immune-deficient
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Khoshbayan A and Didehdar M [1]. Specifically, Asper-
gillus species can infect respiratory and gastrointestinal
tracts and skin, and in patients with immunodeficiency,
other forms of the disease can occur. It is quite rare for
the Invasive Central Nervous System (CNS) to become
subjected to aspergillosis and this phenomenon con-
stitutes about 10-20% of all invasive aspergillosis cases
with poor prognosis and significant mortality [2]. Asper-
gillus spp. are common in the environment (soil, dust,
plants, and decaying vegetable matter) that are inhaled
by breathing normal air, and the lungs have the highest
chance of exposure to infection [3]. Thus, the portal of
entry for Aspergillus usually lies in the respiratory tract
and CNS involvement arises as a result of hematogenous
spreading from the lung or through direct invasion of
the adjacent cranial structure, surgery, contamination
of indwelling catheters, and iatrogenic or penetrating
trauma [4]. If aspergillosis already invades the paranasal
sinuses or palate, it might penetrate the ethmoid sinuses
and cribriform plate all the way into the intracranial com-
partment in which meninges, nerves, lymphatic chan-
nels, and blood vessels can become involved [5, 6]. Its
extension to the surrounding neural tissues and the ves-
sel wall erosion by hyphal would promote meningitis,
hemorrhage, necrosis, vasculitis, and infarction. When
Aspergillus wears away the arterial wall and attacks the
infarcted brain, the sterile infarct will convert to septic
infarct and abscess. Thus, meningitis, cerebral blood ves-
sel invasion with secondary infection or hemorrhage, and
single or multiple brain abscesses are the highly prevalent
forms of CNS aspergillosis reported in patients [7, 8].
Persistent and profound neutropenia is the most signif-
icant risk factor in invasive aspergillosis; thus, this infec-
tion predominantly occurs in immune-compromised
hosts. In this regard, patients with leukemia, recipients of
bone marrow transplant, and patients exposed to alloge-
neic hematopoietic Stem Cell Transplantation (SCT) have
a very high chance of developing invasive CNS aspergil-
losis [1, 9]. For patients with leukemia, especially Acute
Lymphoblastic and Myeloid Leukemia (ALL and AML),
by receiving intensive cytotoxic chemotherapy and sev-
eral previous chemotherapy regimens, immunodepres-
sion with hypogammaglobinemia inherent to the primary
disease and neutropenia caused by infiltration of bone
marrow are at increased risk of CNS aspergillosis [10,
11]. Patients with SCT run the high risk of aspergillosis
because they are being treated with immunosuppression
including high-dose steroids due to the possible spread of
the Graft versus Host Disease (GvHD) [12]. Besides, anti-
fungal prophylaxis is recommended for these patients;
however, prophylaxis could turn out to be unsuccessful,
even with the first-line choices, in about 3-14% of all
the patients exposed to invasive fungal infection [4, 13].
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Therefore, patients with hematologic malignancies or
SCT due to underlying disorders and immunosuppres-
sive therapies have a very high chance of developing CNS
aspergillosis and antifungal prophylaxis may not prevent
this infection. In addition, given the poor penetration of
antifungal agents across the brain-blood barrier, their low
concentration in brain tissue and Cerebro-Spinal Fluid
(CSF), and their high toxicity, its mortality rate for these
patients is quite high [14]. Since little is known about
CNS aspergillosis in patients with leukemia or SCT, this
systematic review aims to investigate the reported CNS
aspergillosis cases in these patients.

Methods

Literature search and inclusion criteria

This study carried out a Medline search (via PubMed)
from January 1, 1990 to August 30, 2020 with the search
keywords obtained from the National Library of Medi-
cine’s Medical Subject Heading (MeSH) terms, abstracts,
or titles by using Boolean Operators (and, or): “Asper-
gillus” or “Aspergillosis” and “Leukemia” or “Blood” or
“Hematologic” or “Hematological” or “Haematologic” or
“Haematological” or “Stem cell transplantation (SCT)” or
“Bone marrow transplantation” or “Cytopenia” or “Leu-
kopenia” or “Neutropenia” and “Cerebral” or “Cranial” or
“Central Nervous System (CNS)” or “Brain” or “Meningi-
tis” Article references were reviewed and cross checked
at length for any possible additional cases that might have
been missed out or overlooked throughout the initial
search. It is noteworthy to mention that non-English lan-
guage studies were excluded. The review protocol used in
this study centers on the paper of Hickey et al. and our
recent article [15, 16].

Inclusion criteria

All reports of CNS aspergillosis in patients with leukemia
or SCT, full-text or abstract-only studies in English, and
research works online in Medline (via PubMed) (from
1990 until August, 2020) were eligible for study inclusion
and they were carefully screened by both authors (AS
and AM).

Exclusion criteria

The exclusion criteria comprised CNS infections with
other fungi, review articles (either systematic or meta-
analysis), non-human study, guidelines, CNS aspergillosis
in patients without leukemia or SCT, non-propagation
of infection into the CNS, and inadequate reported data
(Fig. 1).

Study selection and data extraction
As mentioned earlier, the two researchers (AS and AM)
screened the articles and in case of any discrepancy, both
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researchers were obligated to scan the paper or confer-
ence abstract to ensure its eligibility for the review. Indi-
vidual case reports were considered so as to collect data
about the epidemiology, clinical manifestations, treat-
ment, and diagnosis of CNS aspergillosis in patients with
leukemia and SCT. Finally, the following features of each
pertinent article were extracted and recorded by using
Excel software (Microsoft, Redmond, WA, USA): coun-
try, year of publication, age, sex, causative fungal patho-
gen, leukemia, clinical presentation, treatment, surgery,
diagnostic methods, and outcome.

Quality assessment

A critical appraisal checklist was employed for the case
reports provided by the Joanna Briggs Institute (JBI) to
carry out a quality assessment of the studies [17].

Results

Epidemiology

Sixty-seven cases were detected using searches through
the PubMed bibliographic database as case reports. Five
additional cases were identified and the above-cited ref-
erences were screened further. Then, thirteen cases were
excluded because the leukemia cases of CNS aspergillo-
sis were not analyzed. Finally, 59 patients with leukemia
or SCT and CNS aspergillosis were included in the final
analysis based on the study criteria (Fig. 1). These cases
of individuals were published from USA (14 reports),
France (eight reports), Turkey (seven reports), Japan (six
cases), Germany and Italy (four each), United Kingdom
(three reports), Australia (two reports), Austria, Belgium,
China, Czech, Greece, India, Iran, Netherlands, Portu-
gal, Spain, and Sweden (one each). Thus, Europe had
the largest share of cases at 57.6% (34 reports), followed
by the continents including Americas, Asia, and Aus-
tralia at 23.7% (14 reports), 15.3% (9 reports), and 3.4%
(2 reports), respectively. No case from Africa was found.
Our analysis also showed that 58.6% of the patients were
male and the rest were female. The mean age of the
patients was 36.1 years (ranged from 1.5-90 years), 62.7%
of whom were under the age of 50 years (Table 1). Nota-
bly, 38.9% of these cases were 18 or younger.

The most common type of leukemia associated with
CNS aspergillosis was ALL at 43.4% followed by Chronic
Lymphocytic Leukemia (CLL) and AML (two case with
Acute promyelocytic leukemia (APML, APL)) at 27.4%
and 23.5%, respectively (Fig. 2). Different transplanta-
tions were reported in 11 patients (18.6%) that include
allogeneic bone marrow and SCT for aplastic anemia in
four patients, allogeneic bone marrow transplantation for
patient with CML, allogeneic SCT for two patients with
multiple myeloma and AML, autologous SCT for breast
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cancer (two patients) and osteosarcoma and finally, cord
blood transplantation for patients with AML (Table 1).

Our analysis showed that the total mortality rate in
this cohort of published leukemia and SCT cases of
CNS aspergillosis was 33% (19 cases) (two studies were
omitted from final analysis due to the patients’ failure to
adhere to proper follow-up). Among the dead patients,
14 cases (24.5%) died of infection, while CNS aspergil-
losis was controlled in the other five patients and they,
instead, died of hematologic disease progression (ALL
and AML (each two cases) and CLL). The highest mortal-
ity rate was observed for patients with ALL (47.3%), fol-
lowed by AML (26.4%) and SCT for Aplastic anemia and
multiple myeloma (15.7%). Notably, two patients with
CLL and CML also died. Among the patients who died,
52.7% were men and the rest were women. The mean age
of the dead was 26.2 years (ranging from 1.5-59 years).

Only 29 studies (49%) performed species-level identi-
fication and found that A. fumigatus was the most com-
mon pathogen isolated from patients with 23 reports. A.
felis, A. flavus, A. niger, A. nidulans, and A. terreus were
the other pathogens isolated from patients. Noteworthy,
A. fumigatus and A. niger were also isolated from the
patients with pulmonary and cerebral aspergillosis and
the mixed breakthrough invasive fungal infections caused
the death of patients (Table 1).

Clinical manifestations

The most common presented manifestations were fever
(59.3%), altered mental status (confusion, lethargy or loss
of consciousness) (45.7%), headache (23.7%), hemipare-
sis (17%), facial palsy (8.4%), generalized seizure (10%),
ataxia (5%), and focal seizure (6.7%). Imaging modali-
ties showed lung involvement in 57% of the patients, but
chest pain was reported only in 8.4% of the cases. In this
section, we have divided the duration of onset of clinical
symptoms in patients after treatment into three catego-
ries: patients undergoing chemotherapy, ibrutinib, and
transplant patients. The duration of onset of symptoms
in patients who had undergone chemotherapy was deter-
mined in 22 cases and the average duration was 27.8 days
(mean+SD=27.8+16.8 days, ranging from 4 to
80 days). The time of onset of symptoms in patients under
ibrutinib therapy was reported in 10 cases with a mean
duration of 5.9 months (mean+SD=5.84+6 month,
ranging from 15 days to 18 month). Finally, in transplant
patients, symptoms developed over 4.9 months on aver-
age (mean=+SD=4.8+6.5 month, ranging from 1 week
to 22 months) after transplantation. As mentioned, in
more than half of the patients, pulmonary infection was
also reported and the duration of the onset of CNS asper-
gillosis symptoms following the detection of lung involve-
ment was reported in 21 cases, which was 18.5 days on



Page 5 of 19

(2021) 20:44

Shariati et al. Ann Clin Microbiol Antimicrob

2Inz|3s pazijesausb

aInynd suosIu ‘e|xe1e pue Jusw [z€]
ANV 45D aAebau ‘Yod ‘IH N -pald ‘9|0ZeUODLIOA -Jledwy [BNSIA 49A24 D smpbiwny 'y N/SL 810¢ '@ouei4
(wusned PasNJuod pue
3Y1 JO UoNIPUOD 9|0Z_UODIIOA UMBIPYIIM 3WEd3q [e€]
oAl Aesse \O peg ey 01end) VN Juibunjodsed gy - jusied syl usyl 1ona4 12Sd pueIAY dN /LS €00¢ duel
uted 1sayd onunajd VA7l
psid 2in3n> dN SUISOMONI ‘gAY PIpIS 1BL pue Jans4 TND snbiwny 'y 4/0¢€ L00¢ '9ouel4
(qlunnigr yum uaul
-1eaJ1 bunels Jaye
9s0p quanIql  SAep 0p) sisalediwiay
34} JO uondNpal pue b pue 1aplosip [2€]
ANV Inynd 4N gV ‘©|0ZeUODLIOA  2dUPeq ‘SSOUPSPRaH D snmpbiwny y IN/S9 810z'aouel
SS3USNOIDSUOD
19y Ul sebueyd aAne)
-lluenb pue aAieyenb
AQ pamoj|o} Iol
-ABYS(Q |e1U0l4 'sS0ID
[eAOWI ‘Ayredoinau |ess [01]
NIy JH  [edlbinsounau uadQ Gy -yduad a1enas |njuted 1v-9 UN 4/91  S00¢ Dlignday Yyoaz)
eaudsAp
pue I3pIoSIp JUSW
uibuny -2A0W AIWDIIXD 81]
AN wninds Jo aunynd YN -odsed ‘Sj0zeuodely]  IIMO| YI| ‘UOISNUOD 1dvY 4N IN/ES S10Z "eulyd
subis jeabutuaw
1NoyUM sisasediway
Ajje> papis-ya] pue
ainynd -164ns paAowal sem ABleyi| ‘eixalAd [
pa1a 45D oAnebau ‘IH Ss92sqe auliUs 9y | gNY ‘aydepesy [e1uol4 v dN /11 6661 ‘Wwnibjeg
9|0z [ov]
paid aIn3jnd ‘I YN -euodenl gy gy  eiseyde pue sydepesH v snobiwn) “y N/6S 6661 ‘elISNY
uolsa)
|esodwiaioiaiied
1J3] 941 JO UOISIOXD 9|0ZeU0OD elseydsAp anls [s7]
ENI\Y 4Dd pue a1nynd ‘JH pue Awololues) -esod ‘9|0zeuUODLIOA  -S21dXe pue UOISNJUOD) D) x3|dwiod s1j9) v W/99 610¢ eljensny
AWO10
-lueld [e3atied 33| Apoq siy jJo apis
e pue ‘AU0123q0| 13| a1 Jo bupyis(
|eIUOU4 B ‘AWIO3OIU 3|0zeuodel)| JIUODOAW 19A3) [y
oAy 2In3nd ‘IH -e1d [eruo4 ybu v ANV NV ‘eayuioulyl ‘ybnod v smpbjwny y /W S661 "ellensny
FERIEIETEY]
pue pue uonediignd
awodInQ sisoubeiq K13bang juswieal] uonejuasaid jeswund elwd N uaboyieq abe/xas Jo aeak ‘A13uno)

|92 wais pue

BIUUSYNS| Yum siuaned Ul siso|jibiadse Wa1sAs SNOAJSU [RJIUSD JO Salnjed) dinadelsyl

(0Z0Z 1sNBNY 1un sased pariodal paNgnd) uoneluedsuen
pue |edibojojwapida ‘sisoubelp ‘suopeisajuewl [edluld | ajqer



Page 6 of 19

(2021) 20:44

Shariati et al. Ann Clin Microbiol Antimicrob

SydYap
AJOSUSS 10U JOJOW
‘9DU3[OUWOS pue
‘19n3) 'anbiey ‘elb|
-ejeydad ‘buljjams
wnb ‘eibeyiioulyl

[LS]

paia 2Inynd ‘IH dN any  Juanbayy 'ssojaybiapm TNV snbiwny 'y W/ce €10 929919
SSOUYRIM DlI0IOW
pue eisayisased ‘wie
1ybU siy Jo sainzias
|20y buisdejai
dDd pue "I9AS) ‘BUILUIOA [0S]
SAlY 21N nd aAiebaU ‘IH N gV ‘©|0ZeuodloA  ‘easneu buolis aindy 1971 N N/ZS /102 ‘Aupwiian
sulelp
1B|NDLIIUSA [BUIDIXD sisasediwiay
aAiesadolsod 9|0ZBUODIIOA papIs Ya| ‘su 24l
IAIY 2In1Nd aAebaU ‘JH yum A1sbinsoinan ‘uibunjodsed ‘g -peydwA| pue Jons- TIV-L smpbjwng 'y \/Juow g /107 ‘Aupwiian
(skep 0g) S1ea1yul
Areuow|nd e pue
9|0ZrUODIOA 9|0z uled 159y |euna|d Jo d
paig  aunynd aAnebau ‘IH 4N -euOdRAl gAY T ‘GINY 195UO USppPNS Uans4 v dN w/glL /661 ‘Aueuiisn
ybuay1 01
eisdouejuwsy snow
-Auowloy pey pue
JIX3|e ‘PAIUBOSIP
sem juaied ayy
uonesidse a|pasau 3|0z ‘lUsN|}-UoU pue Mo|s 6]
ANy JH -3Ul D110P10UAIS -eUODRI}| PUB gAY ] sem U2aads I1ana4 TINY 4N 29/4 /661 ‘Aupwiian
panun
-UODSIp Sem qlul}
-niq| '9|0ZeUOdNARS| 19pJosip aoue [1€]
ANy Tvg 40 2unynD 4N '9|0ZRUODLIOA ‘GNYT  -[eq B PUE SISOIW Y] ) smpbjwny 'y IN/69 0207 ‘@ouel
qlunnigl uolssalbbe pue
Asdoiq '9]0ZBUODNABS] SI9PIOSIP J0IARYS(q [z€]
I uleiq Jo ainynd 4N '3|0ZBUODLIOA ‘GNY ] 'UoISNJUOD 19N T snpbiwing 'y 4/2S 610¢ 'oouel
paddois sem 8]
EWNIIY Vg Jo 2unynd YN QIUINIQl ‘'9]0ZRUODIIOA subis |ea1bojoInaN b smpbiuny 'y W/69 610¢ ‘oouel
2Inynd pue pue uibunjodsed 19A9) pue [o7]
papodailoN  ssjdwies [eaibins Jo 3H A1abins |edipey '9]0ZBUODLIOA ‘GNY ] 'saInZz|9s ‘aydepeaH b} snbjwiny "y 4/6€ 610¢ ‘oouel
FERIIEIETEY]
pue pue uonedignd
awodInQ sisoubeiq £136ing judwieal] uonejuasaid jeswund elwd N uaboyieq abe/xas Jo aeak ‘K1uno)

(panunuod) L ajqey



Page 7 of 19

(2021) 20:44

Shariati et al. Ann Clin Microbiol Antimicrob

1S 49e Aep |
pue | |Ng 1aye skep 0g
auIso1ony pI[VIES [es]
palg  Asdoine ‘a1n3nd ‘Yod UN ‘Y ‘uibunyediy -xodAy pue eaudAyoe] 10Sd UN /81 800¢ ‘ueder
3oaU Jis e
pUE |9A3] SSUSNOIDS
-Uod paseaidsp
'aydepeay aI9AdS [07]
SNV YDd ‘Aesse WO dN 9|0ZRUODLOA ‘GNY 'I9A8) USPPNS i/ TNV dN /€€ £00T "ueder
(uoneiueidsuesy
134 yauowl |) sisal
-ediway pajesAal
uoneuIwexa
o160j0INau B pue
‘63| pue puey Y3
93 Ul SSauUyeam pue [a
oAl 4Dd [ebunjued dN 3|0Zeuodn|4  aydepesy 4ansy ybiH 1955d dN 4/51 ¥00¢ 'veder
9|0Zeu0d
-NABS| pue gAY ] 2INZ135 ‘eI [€]
ANy Aesse D pue | YN N usy1 9|0zeuodllop  -adoifdued pue Jand Tv-9 4N 4/€ 6102 ‘AleY
paddols sem [ov]
SNl IH YN GlUlINIq! '9|0ZRUODLIOA eaUdsAp pue 19A34 T smpbjwny 'y /LS 8102 ‘Aley
AWo10 SWOIPUAS
-luesd [eplowblis 011l 9|bue Je||9ga1930} [e]
SN JH [eudpoogns Ys| v uibunjodse)  -uod ‘aydepeay A4 ) smpbjwny 'y N/S9 1107 ‘Aley|
(1Ll
pald 21N> dN 9|0ZRUODLIOA 'gINY sisasediuiay 1o e SNADY Y 4/€S €007 Aey|
3INZISS pUP ‘ssau
-SNOI2SUOD JO SSO|
‘quui| Jaddn 1ybu
paulelp sbeylloway ulbunjodsed SIY Ul JUSWaAOW [¥]
pailq YDd '2Inynd‘JH  pue abeulelp [eulsixg '9|0ZBUODLIOA 'gNYT  |BD0) [eulloude 1ana- TIV-I9D g Jabiu Y /smpbiwing 'y W/Yiuow 8| 020¢ 'uey|
ozeb
papIs-1ybu paxy e
pue ewaps||ided
'BLIODOSIUR UM 1]
p=id Aesse W5 dN gAY $S9USNOIdSUOdUN 1v-d dN W/ L Z10Z "®elpuyl
FERIIEIETEY]
pue pue uonedignd
awodInQ sisoubeiq £136ing judwieal] uonejuasaid jeswund elwd N uaboyieq abe/xas Jo aeak ‘K1uno)

(panunuod) L ajqey



Page 8 of 19

(2021) 20:44

Shariati et al. Ann Clin Microbiol Antimicrob

UOIS3| 241 JO suolez

-1|ed0] (213 8Ly JOo [
SAIY aJnnd puejH  asnedaq 3|qises) 10N 9|0ZBUODHOA ‘gINY ] $2INZ13S [e204 1YDIY 1Iv-9 161Uy 1/v 2107 ‘Aoyunt
Awodalues [eudp
-20QNS Y1IM $53750R
IEIECEIEREWINe) 3dueq (1]
EN\Y JH |eAOWwa [e1bing 9|0zZeuodRI ‘gAY -IN3SIP 1eb pue eixely 10%d smobjwny 'y 4/Sy 2002 ‘Aoxpiny
sisasediway [5]
SN 2InynD uonelidsy 3j0zeuodRA ‘gAY puUB dydepeay 1ans 19 snpbjwny 'y 4/81 /661 ‘Ayn]
(shep 1)
3]0Zeu0d sainzi3s ‘puey 1ybu
Kesse |ND -esod ‘uibunjodsed SIY JO SSDUNRIM [#5]
SNV pue 7yg jo ainino YN gV '9|0ZeuodloA  pue eiseydsAp Jens TIv-9 smobiwuny 'y IN/6S 10T 'Uspams
ssau
-SNOIDSUOD 150] U3y}
‘uled 1sayd dnuna|d [€9]
paia IH dN JAY pue eaudsAp 19A34 v dN /€Y L661 'uleds
uonejuedsuen
Jaje yruow | |
$S9USNOIDSUOD JO 1]
paig IH A13bing 9l0zeuUoONY ‘gAY 93] Buiulpap 19nsd 1DSH 4N /78 500 ‘|ebniiod
ulbuny ejuadoiinau €]
AN aInynD YN -0dsed ‘9|0zeuOdlIOA 3|11g3) pue J1ans TIv-9 smpbjwny y 4/91 800 'spuelayiaN
$S9USNOIDSUOD
paJledu pue ssau
3|ozeuoden| pue jeam papis-ybu 6]
paig Aesse W5 YN GWVYT'9|0Zeuodlop  Uans ybly 'yonod Aig TNV UN W/SL 020 ‘ueder
sniels
|eIUS W palsl|e 61]
NIV Aesse WO dN 9|0ZBUODHOA LM JaA3) ‘SydepesH 10 dN N/06 0¢0g "ueder
1ING 1oye 961
Kep uo eibajdiway
Hr_@: Se |[oM se Ssau
-SNOIDSUOD JO |9A3)
@C_CA_um_u F_\cm Io1je
pawlojad 3|0ZBUODIIOA skep | ¢ As|ed anlau
uonezjjoquws |10 pue C_DCDUEUFC |e1oey Twi
SNV IH J91941ed Ing YN ‘ajozeuodell ‘gAY Yd| pue ‘uled Jes Y 1ng dN N/SL 800¢ ‘ueder
FERITEYEIEY
pue pue uonesiignd
awodInQ sisoubeiq £136ing judwieal] uonejuasaid jeswund elwd N uaboyieq abe/xas Jo aeak ‘K1uno)

(panunuod) L ajqey



Page 9 of 19

(2021) 20:44

Shariati et al. Ann Clin Microbiol Antimicrob

8lie

|9A3] A10SUSS B Yim
Ajjesa1e)iq eibsjdesed
pIooe|} ‘ssauseam B3|
1ybu pue ‘eluadoy

uon -Nau pue JaAdy ‘uted [9]

pald  -eullexs WelloWisod dN Wy Jueipenb samol 1ybry T dN ¥/S1L 8661 'YSN
As|ed |eey el
$955905(P -yduad ya| ‘srenjyul

9qo| |eJodway o Jjuownaud aqo| [s]

SNV [IMND‘JH  -3jul 9yl JO UONISSaY anY 1omo ‘siskidouwssy dv dN /W 1661 ¥SN
eiseyde pue
sisasediway 1ybu
4SD-Dpue  ‘ysel|elysalad e pue

uibunjodsed uayy ‘Buisiniq snosuey [9€]

AN 45D wouj ¥dd ‘IH 4N gV ‘2|0zeuodlop  -uods ‘uied 63| Uans IIV-9 sup|npiu 'y IN/E 5102 N
Asjed
SAI3U [B[DB) UOIN3U

9|0z Joj0W Jaddn 19 [85]

p=1d 21NN YN -BUODLIOA ‘WY1 'GINY ‘uted diuna|d 1ana4 TNV smobiwny 'y N/¥E 9002 N

[£8]

pald 2Innd ‘34 YN 2uIs0IAon|4 pue giNy 2INZ|9S T1v-4 smpbiwn) 4/¢ 000Z YN
[SEINIVIEY (uon

Ajjea1bins sem -ejue|dsuely Jaye [95]

NI IH ssadsqe Jej[2gaIe) AV SYIUOW OMY) eIxXely 1544 UN 4/5¥ 810z ‘AsunL.
ssauldasls
pJemol Aouspual

SENBIC] PUE $53USNOIDS [95]

NI JH  Aea1bins sem uoise] any -U0> Jo Buipnopd v uN /81 810z ‘AopunL.
[SEINIVIEY (uonejueidsuen
A||B101 1M S3qO| 13148 %2am auo) A3nd

1endiDd0 pue wais -LJIp Buimojjems pue [99]

p=1a JH  UIBIq 9y3 Ul $955935qY gV sisAjesed pi10d [eDOA 108 N W/1¢ 810 Aot
wie
19| 943 Ul $2INZI9s

o)duwies anssi |BD0) PUR BYdEPEIY [s€]

I 4O YDd ‘@Inynd ‘IH YN 9|OZRUODLIOA pUB gAY PUB 1ROJIY) D10S 19AdS v snbjwiny "y /v €10z ‘AoyinL

EERITEIETEY

pue pue uonediignd

awodInQ sisoubeiq £136ing judwieal] uonejuasaid jeswund elwd N uaboyieq abe/xas Jo aeak ‘K1uno)

(panunuod) L ajqey



Page 10 of 19

(2021) 20:44

Shariati et al. Ann Clin Microbiol Antimicrob

UoIBNUIUODSIP giu

943 3| Ul UOISIA
Ul sabueyd pue ayoe
-peay [eauoly ‘wie

-nniqt ‘uibunyediw 3] SIY Ul SSaUeam [6€]
SNV 2in3n> dN pue 9j0zeuodloA  pue Ayiedojeydadug TS/ snipbjwn) 'y /9L 810 VSN
sniels
[PIUSW BuIUIPap
UaYy3 Ssaupal pue
'Bu1lea) ‘SO UOISIA [8€]
aNIY 2In3nd ‘IH YN gAY PUe 9]0ZBUODIIOA anIssalboid aka 1o TIv-120 9 snipbjwny 'y N/8Y 8107 VSN
SI9A3) pue 8l
paig Aesse D ‘21NN Awoidaulwe| |1 1] 9|0ZBUODIIOA ssauyeam AllW11X3 v 4N 4/61 102 'VsSN
sisaled Ajwa1Ixa
1amo) 1ybu pue
Jaddn 1ybu yum ‘eis
-eyde 219195 ‘dooip
[e1oe) 1B e ‘ainjie}
Kiojesidsal o1xodAy
21noe ‘ejuadoiinau [6S]
SNV Aesse WO dN 9|0ZeUODHOA 3|l4ga} P0ys 21das TIv-L dN d/¢e 7102 VSN
(s9ss905¢R $9559050jP
ulelq ulelIq JO UONeNDRAS uibunjodsed 9sIejew pue (22
3|dnINIA) anllY IH [eJ16INSOINaN  '9[0ZeUODLIOA ‘GAY T ‘BIULIBIP 'S||IYD 49ASS AV dN /7 10T 'vSN
pasnjuo) pue
o16.1eY33] 19A3) puR
abeulelp pue QY [ed ybnod sandnpold el
paig 2INNd ‘SUlR1S SIND - uonesidse D11De108I91S  -aYleilul '9|0ZRUODLOA  -UOU ‘Sydepesy pliA TNY snaiialy 4/55 710Z'vSN
uoISa| 3yl
JO UOI1D3531 D1128) [L¥]
SAIIY JH  -0au3ls papinb-abeuw) 9|0ZEUODLOA ainziss v dN 4/91 S00T VSN
uoISa| dy3 Jo
U0129531 10RO
-315 papinb-abew| SUDY3P [eD160) (L]
ANy IH pue Aw0129GoT] 9|0ZBUODLIOA ‘g  -OIN3U ‘S310S YINOW| INY 4N IN/9 5002 'YSN
uoISa| ay3 Jo
U0I1D3534 D110P103) elwadndas
-915 papinb-abew| 4O sublis pamoys pue L]
pa1a IH pue Aui0323qoT] 9|0ZeUODLOA ‘GINY ] 3|lgay uaned ay L TNV <IN 4/9 S00C VSN
EERIIEIETET]
pue pue uonedjjqnd
awodInQ sisoubeiq £136ing judwieal] uonejuasaid jeswund elwd N uaboyieq abe/xas Jo aeak ‘K1uno)

(panunuod) L ajqey



Page 11 of 19

(2021) 20:44

Shariati et al. Ann Clin Microbiol Antimicrob

ewoydwA| onk>oydwA| jews 775 ‘eiwana| 213830ydwA| sejnuelb abie| ||93-1 797-1 ‘elwayna| d13sejqoydwA|-] 91nde T7y-L ‘elwuayna)
s13400j9Awoid 33NdY T4y ‘UeuuRWO}dR[RD YD I9A|IS SUIWBUIYIDA S,1HOWO0D-1100010) SO ‘uoniejue|dsueiy |[92 widls esaydiiad )54 ‘uolrejuedsuel] moliepy duog | g ‘eiwuayna| snousbojakw d1uoiyd JAD ‘elwayna|
plojaAw a1nde Ty ‘elwayna| disejqoydwA| 91ndy 77y ‘elwayna| ank>oydwA| ouoayd 770 ‘g unusloydwy [ewosodi] gwy7 ‘g upualoydwy gpy ‘uoneuiwex3 dibojoyredolsiH 34 ‘@|qedijdde jou v\ ‘pariodal jou YN

UOISNJUOD U3
11Ul pue ayde
-peay [e1dind0 13|

‘1eb Apeaisun ‘adue
-lequil aAIssalboid

[19]

AN aINynd ‘34  Awolojuesd uabiawg 3|0ZBUODIOA Aimoys ‘burienioniq ™ 4N W/PL 0202 'V¥SN
uibuny 3ALIY3 01 2INn|e) puUe SIWENIE]] [og]
4N 21NN ‘IH YN -0dsed ‘5|0ZPUODLOA  ‘BIXIOUR ‘UOISNJUOD) /ewoyduA| |92-g smpbiwny 'y N/6/ 6107 'YSN
PaNUIIUODSIP Sem
gluinig| 8|ozeuod eiseyde aAIssaldxa
-nAes ‘uibunyesiw punojoid pue uols [09]
SAIY 2In3|Nd ‘IH YN '9]0ZeUODLIOA  -NJUOD ‘elseyde ‘Sians M smpbiuny 'y w/z9 6102 'VSN
EERITEYEIEY]
pue pue uonediignd
awodnQ sisoubeiq K19bing judswieal] uonejuasaud jediuld MENTIES| uaboyieq abe/xas Jo 1eak ‘Aiunod

(panunuod) | sjqel



Shariati et al. Ann Clin Microbiol Antimicrob (2021) 20:44

Page 12 of 19

50—

Percentage

Leukemia

T-lymphoblastic leukemia. T-LGL: T-cell large granular lymphocytic leukemia.

Fig. 2 Different leukemia in patient with CNS aspergillosis (PubMed reported cases until August 2020). CLL Chronic lymphocytic leukemia. ALL
Acute lymphoblastic leukemia. AML acute myeloid leukemia. CML Chronic myelogenous leukemia. APL Acute promyelocytic leukemia. T-ALL: acute
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average (mean+SD=185+14.6 days, ranging from
2 days to 2 months). Noteworthy, based on various clini-
cal and laboratory findings, brain lesions (abscess or
multiple abscesses), cerebral blood vessel invasion with
secondary infection or hemorrhage, and meningitis were
the most common CNS disorders caused by Aspergillus
species in patients at 86.4%, 18.6%, and 3.3%, respectively.

Diagnoses

The diagnosis was performed by histopathologic exami-
nation of different specimens in 23 of 59 (39%) instances.
Furthermore, results obtained from culture and his-
topathologic examination led to the diagnosis of the
infection in 11 (18.7%) patients. In three other cases,
CNS aspergillosis was diagnosed post-mortem (5%) and
culture results confirmed infection in three (5%) other
patients. The samples used for diagnosis were obtained
by craniotomy, stereotactic and burr hole biopsy, and
laminectomy. In light of the formation of abscess capsule,
transcranial puncture was not performed on one of the
patients [18].

The results of culturing the CNS tissue samples
were reported in 19 patients, of whom only three
patients (15.7%) were tested negative. On the other
hand, the results of CSF culturing were stated in 15
cases and all of them were negative and only one posi-
tive case was reported in one patient with thoracic
spinal cord intramedullary Aspergillus invasion. Our
analysis also showed positive cultures from initial

vitrectomy, subcutaneous nodules, and surgical joint
biopsy. Finally, it should be noted that all blood cultures
were negative.

With respect to laboratory tests, Aspergillus galac-
tomannan (GM) antigen assay was another diagnostic
method that detected CNS aspergillosis in five (8.5%)
other patients (lower limit for a positive result 0.5 ng/
mL). In one of these patients, negative CSF culture and
polymerase chain reaction (PCR) disrupted the diagnosis
process; however, serum and CSF samples tested positive
for Aspergillus GM (more than 5.0), which led to correct
identification of the cause of the infection and choice of
an appropriate treatment [19]. Aspergillus GM results
were stated in 28 cases. In this regard, the most positive
results of this test were reported for serum (18 (72%) pos-
itive, 7 negative), bronchoalveolar lavage (BAL) (2 (50%)
positive, 2 negative), and CSF (7 (43%) positive, 9 nega-
tive) samples, respectively. Aspergillus GM index was
reported in 12 cases with an average of 3 ng/mL (Addi-
tional file 1: Table S3).

Positive results of CSF Aspergillus GM assay and PCR
led to the diagnosis of infection in a patient, while Asper-
gillus was not isolated in the CSF [20]. On the other
hand, in another case of a 15-year-old girl undergoing
autologous SCT, parents were reluctant to agree to pro-
ceeding with brain biopsy and serologic markers of fun-
gal infection were negative. In this situation, fungal DNA
was detected in the CSF by panfungal PCR assay using
the primers derived from fungal 18S ribosomal RNA
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(rRNA) genes [21]. Of note, only 11 (18.6%) patients were
diagnosed with PCR, and CSF (four (57%) positive, three
negative), tissue (two positive), BAL (one positive), and
serum (two negative) samples were used for diagnosis
(Fig. 3). It is noteworthy to mention that CSF examina-
tion (cell count, glucose level, and protein content) was
carried out in 19 cases, the result of which was normal in
ten patients (52.6%).

Medical imaging modalities including Computed
Tomography (CT) and Magnetic Resonance Imag-
ing (MRI) did not yield a definitive diagnosis for any of
the patients. However, among the patients with imaging
modalities, abscesses appearing as ring-enhancing lesions
(post-infarct abscess formation) (57.6%), perifocal edema
on MRI scan (marked T2-hyperintense peripheral edema
and marked T1-hypointense peripheral edema) (56%),
brain hemorrhages (3.3%), and nonspecific hyper intense
foci (1.7%) were the most common signs reported. In
the case of a Japanese patient with AML and Aspergillus
meningitis, CT of the brain was unremarkable; however,
MRI scans showed abnormal meningeal enhancement
[20].

In 12 other patients (20.4%), pulmonary aspergillosis
was diagnosed using BAL, bronchial washing and spu-
tum culture, and lung biopsy. In this regard, CNS asper-
gillosis was diagnosed only after pulmonary aspergillosis
and observations of lesions in the CNS, and no specific
diagnostic method was used to confirm CNS aspergil-
losis. Finally, thirty-six cases (61%) of CNS aspergillosis
were presented with additional non-CNS sites of invasive
aspergillosis. The affected sites among these cases were
the lungs (34 cases), bone, kidneys, heart and thyroid
gland (two each), eyes, sinus, liver, and intramuscular
and subcutaneous abscesses (one each) (Additional file 1:
Table S1).
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Treatment
Various antifungal drugs have been used to treat CNS
aspergillosis. The prevalent use of drug for treating this
infection is amphotericin B (AMB) (76%), either deoxy-
cholate (DAMB) or liposomal AMB. In five patients,
the use of DAMB showed a good therapeutic function.
DAMB was combined with itraconazole and voriconazole
(two cases) and was administered locally in the surgical
cavity for two other patients. The combined use of lipo-
somal AMB with voriconazole and isavuconazole (every
two cases) controlled infection in patients (Table 1).
Notably, the AMB-resistant infection was reported in
two patients. One of these patients had a DAMB-resist-
ant pulmonary and cerebral aspergillosis (during treat-
ment with humanized monoclonal antibody anti CD52),
which was treated with voriconazole. Another patient
in a case suffered a fatal CNS aspergillosis caused by A.
terreus, an amphotericin-resistant mold, and he was mis-
takenly treated by empirical antifungal therapy including
intrathecal AMB and then, died as a result [11, 22].
Voriconazole was another drug administered to a
large number of patients (64%). According to our analy-
sis results, voriconazole has been used to treat CNS
aspergillosis since 2003, whereas before this year, it was
used only for a patient in a phase-II clinical trial. In this
patient, DAMB was changed to LAMB due to renal
toxicity; then, antifungal therapy was continued with
itraconazole; however, due to the development of the
paraventricular lesion and an additional lesion in the
cerebellum, the patients were subsequently enrolled in
a phase-II trial and then, received voriconazole [23].
On the other hand, voriconazole has not been adminis-
tered to 11 patients after 2003. In one of these patients,
voriconazole could not be administered because of the
hyperbilirubinemia; instead, DAMB was used, which did
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Fig. 3 Positive results obtained from various samples for the diagnosis of CNS aspergillosis in patients with leukemia and stem cell transplantation
(PubMed reported cases until August 2020). CNS Central nervous system, CSF Cerebrospinal fluid, BAL Bronchoalveolar lavage, PCR Polymerase chain
reaction
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not affect the treatment process and the patient died as a
result [14] (the antifungal drugs used for these patients
are listed in Table 1). Side effects of voriconazole were
reported in nine patients (23%) such as severe cytolytic
hepatitis, transient visual disturbances, reversible eleva-
tion of the alkaline phosphatase, respiratory insufficiency,
gastrointestinal disturbances, significant photosensitivity,
and nail changes. It should be noted that, voriconazole
monitoring was performed in 14 (36.8%) patients and the
duration of using this drug by patients was reported in 16
cases with an average of 10.7 months.

Among the patients that were treated by voriconazole,
the antifungal agent did not exhibit proper therapeutic
function effects in 12 patients (31.5%) [3, 4, 10, 22, 24—
31]. In four of these patients, the antifungal agent was
replaced with other drugs due to its possible side effects
[10, 24-26]. Besides, in another patient, voriconazole
was replaced by isavuconazole due to coinfection with
Mucorales [32]. Voriconazole in 58.3% of these patients
was not monitored. Finally, the combined use of vori-
conazole and liposomal AMB (three cases), caspofungin
(there cases), DAMB (two cases), and micafungin led to
controlling CNS aspergillosis [2, 33—40]. In addition, in
a patient with CLL, signs of intracranial hyper-tension
with generalized seizure were developed despite tak-
ing voriconazole. Prednisone (40 mg/day) was added to
this antifungal agent which led to the gradual improve-
ment of the patient’s condition [37]. In addition to AMB
and voriconazole, other antifungals such as caspofungin
(11 cases), itraconazole (nine cases), isavuconazole (five
cases), flucytosine and micafungin (four each), flucona-
zole, and posaconazole (three each) were used (Table 2).
Notably, prophylactic and empirical antifungal agents
were used for treatment to control fungal infections in
patients with leukemia or SCT. However, in almost all
of the cases, no improvement was achieved (Additional
file 1: Table S2).

Besides antifungal therapy, surgical intervention
appears to have a key role in the treatment of CNS asper-
gillosis. Surgery was used in 23 (39%) patients. These
surgeries included Craniotomy with aspiration and resec-
tion of brain abscesses, stereotactic resection, aspira-
tion, and drainage. Besides, one female patient with ALL
underwent T11-L1 laminectomy and ultrasound-guided
aspiration for her intramedullary and extra medullary
abscesses [28]. The main surgical finding was a vascular-
ized thick capsule (soft capsule) containing a necrotic
purulent component, pinkish white pus or viscous fluid
[25, 41, 42]. In one patient, after five weeks of DAMB use,
the patient’s symptoms worsened; therefore, resection
of the inferior temporal lobe abscesses and debridement
of the external canal, petrous apex, and mastoid air cells
were performed, which led to control of the infection
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Table 2 Confirmation methods and treatment of CNS
aspergillosis in  patients with leukemia or stem cell
transplantations
Confirmation methods
Histopathological examination (HE) 39%
HE and culture 18.70%
Culture 5%
Post-mortem 5%
Aspergillus galactomannan (GM) 8.50%
GM assay and PCR 1.70%
PCR 1.70%
Non-CNS samples 20.40%
Medical imaging modalities
Ring enhancing lesions 57%
Perifocal edema on MRI 56%
Brain hemorrhages 3.30%
Nonspecific hyper intense foci 1.70%
Treatment
Amphotericin B 76%
Voriconazole 64%
Caspofungin 18.60%
[traconazole 15.20%
Isavuconazole 8.50%
Flucytosine 6.70%
Micafungin 6.70%
Fluconazole 5%
Posaconazole 5%
Surgery 39%

and recovery of the patient [5]. On the other hand, a
patient with SCT underwent total surgical removal of
the cerebellar abscess with suboccipital craniectomy;
however, after 5 weeks, the scan again revealed an intra-
cerebellar abscess. In this condition, the patient under-
went reoperation and was treated with locally DAMB
and itraconazole [43]. Stereotactic or open surgery were
recommended in five patients, which was not possible
due to severe thrombocytopenia and underlying hema-
tological conditions, critical localization of the lesion, in
light of the formation of abscess capsule and the patient’s
general condition [2, 3, 18, 31, 33]. In another patient, the
neurosurgical procedure was not considered due to the
risk that the organism would penetrate the brain; how-
ever, the patient successfully recovered with catheter coil
embolization and long-term antifungal agents [44].

Discussion

Aspergillus species are common contaminants of the
upper respiratory tract with initial colonization occur-
ring in the nasopharynx or lower respiratory tree. How-
ever, in patients with leukemia or prolonged neutropenia,
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hematogenous dissemination from the lung and second-
ary cerebral aspergillosis cause a significant mortality
rate [6, 7]. Recent study reported acute leukemia as the
most common underlying disease in patients with fungal
infections of the CNS and paranasal sinuses [62] and our
results also showed ALL as the most common leukemia
in patients. In the present study, the overall mortality was
349%; however, the mortality attributed to CNS aspergillo-
sis was 24.5%. On the other hand, in a systematic review
of reported cases (ninety cases recorded up to June 2005)
on CNS aspergillosis in children, as published by Dotis
et al., the overall mortality rate was 65.4% [63]. Such a
high mortality rate can be related to the screening of the
disease in infants and children, the unavailability of anti-
fungal such as voriconazole, and the screening of patients
with all the underlying disorders. In this regard, two
recent studies have reported 33% and 48% mortality rates
for invasive fungal infections of the CNS. They suggested
that the mortality remained high; however, compared to
previous historical data, it seemed to have been reduced,
probably due to the availability of newer antifungal drugs,
immune response in histopathology, absence of co-
infections, corticosteroid tapering, and possibly surgical
drainage [62, 64].

From the data available in the literature, altered men-
tal status, hemiparesis, cranial nerve palsies, and seizures
were the clearest manifestations of CNS aspergillosis.
Besides, our results showed lung involvement in more
than half of the patients and 61% of the cases presented
with additional non-CNS sites of invasive aspergillosis.
These results should motivate clinicians to rule out CNS
aspergillosis quickly and efficiently in patients suffering
pulmonary aspergillosis [41]. In this regard, in a patient
with AML, before the initiation of induction chemo-
therapy, MRI of the brain was conducted and it did not
detect any intraparenchymal brain abnormalities. How-
ever, 16 days after induction chemotherapy, the patient
developed pulmonary symptoms and three days later,
brain involvement occurred [22]. Therefore, the onset of
CSN aspergillosis in patients with leukemia and immu-
nodeficiency is very rapid, which requires greater control
and following up of patients. Ibrutinib has been used in
recent years to treat CLL patients. Our results showed
that, CNS aspergillosis in patients occurs 6 months, on
average, after ibrutinib use, suggesting that CNS is a
safe haven for invasive aspergillosis in all CLL-induced
patients treated with ibrutinib. In this respect, meticu-
lous and repeated neurological examinations and fast
diagnosis are needed for patients with invasive aspergil-
losis after ibrutinib treatment, with a very low threshold
for prescribing MRI of the brain [37].

Given that the clinical signs of CNS aspergillosis
are usually nonspecific and similar to other diseases,
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differential diagnosis such as lung cancer, cerebral infec-
tion or abscesses such as listeriosis, cryptococcal and
tuberculous meningitis, metastatic disease and cerebral
malignancy should be considered when imaging modali-
ties are used for diagnosis in patients [39]. Noteworthy,
the MRI appearance of CNS aspergillosis depends on
different factors such as the timing of neuroradiologic
assessment, immunologic status of the patient, and the
characteristics of the fungus [42]. However, our results
showed that on conventional MRI sequences in patients
with leukemia, CNS aspergillosis appears as ring-enhanc-
ing lesions, with perifocal edema on MRI. Brain CT has
not proven useful in the case of Aspergillus meningitis,
which has no parenchymal lesions, while Gadolinium-
enhanced MRI of the brain ensures a more efficient diag-
nosis of the infection [20, 65]. As mentioned earlier, CSF
analysis was normal in most of the patients because neu-
tropenic patients with fungal meningitis do not always
show elevation of the CSF cell count [20]. Therefore,
imaging modalities are subject to many limitations for
accurate diagnosis of CNS aspergillosis; but, if CT and
MRI are indicative of cerebral lesions and infarction and
vascular inflammation in an immune-compromised host,
a fungal etiology must be considered, even if CSF exami-
nation does not reveal any abnormalities [7].

Histopathological examination and the use of brain
biopsy have been the most commonly used diagnostic
methods for patients; however, given that a large num-
ber of patients are children, parents are often reluctant to
proceed with brain biopsy [21]. In addition, due to coagu-
lation issues and underlying hematological conditions,
applying an invasive diagnostic procedure is not always
feasible for patients with leukemia [3]. In this regard, a
study reported that performing MR-guided biopsy of
the suspected brain lesion can yield a more precise tis-
sue diagnosis and its feasibility is proven for sick leuke-
mia patients during remission induction and it allows for
intra-lesional local instillation of drugs required [10]. On
the other hand, even with a proper biopsy, histopatholog-
ical examinations may not show the diagnostic features
of fungal infections [45]. Besides, it is quite challenging
to make a diagnosis of CNS aspergillosis on a histomor-
phological basis and the most prevalent cause for incor-
rect morphological diagnosis is the misidentification
of Mucorales as Aspergillus spp [66, 67]. Due to mixed
mold infection and antifungal resistance, identification
of Aspergillus at the species level should be considered
in multiple site involvement [4]. Therefore, histopatho-
logical examination of different samples has limitations
for diagnosis and for some patients, other ways such as
culture and molecular methods should be used for the
species-level identification and definitive diagnosis of
infection.
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Culture was used to diagnose CNS aspergillosis in
23% of the patients. It should be mentioned that in some
patients, prolonging the culture time of the microor-
ganism reduces the diagnostic value of this method. For
example, in a patient with APL, the histologic evalua-
tion proved diagnostic for aspergillosis, while the cul-
tures became positive only 3 weeks later [5]. In addition,
even after identifying a mold on the culture media, it still
requires several more days to detect the fungus at the
species level [22]. Our results showed that when sam-
ples obtained from biopsy or surgery were used for cul-
ture, there was a higher chance of isolating Aspergillus,
while the use of CSF was not very desirable for culture.
In this context, as mentioned, obtaining tissue samples
in patients with leukemia is highly restricted. Therefore,
because early identification of opportunistic invasive fun-
gal pathogens has been shown to guide interventions and
affect prognosis, culture may be limited in patients with
challenging conditions.

In this regard, the use of molecular methods for diag-
nosing the cause of infection and drug resistance can be
helpful. The use of PCR should be considered in two situ-
ations: (A) when the levels of fungi in both blood and CSF
are below the lower limit of detection by conventional
diagnostic assays; (B) when an uncommon fungal patho-
gen, which remains undetected by conventional diagnos-
tic assays, infects the CNS [21]. In a patient with AML, A.
terreus was detected using PCR and Electrospray Ioniza-
tion with Mass Spectrometry. This pathogen is inherently
resistant to AMB and rapid diagnosis can prevent thera-
peutic fractures in patients [22]. Therefore, timely identi-
fication of CNS aspergillosis by molecular methods can
lead to the institution of pathogen-specific and directed
therapy and should be used more in patients.

Aspergillus GM assay was another diagnostic method
for diagnosing infection in 8.4% of the patients. The GM
test is an enzyme-based immunological method used to
determine the GM exo-antigen of Aspergillus species in
the cell wall [35]. Recent studies have reported low sen-
sitivity to PCR, considering that only a small number of
fungal cells are observed in the CSE. Alternatively, GM
assay in the CSF was considered to be the most useful
[19, 65, 68]. However, our results showed the superior-
ity of PCR in detecting CNS aspergillosis from CSF sam-
ples. Moreover, present study demonstrated that serum
and BAL samples were more suitable for performing GM
assay than CSF. Notably, GM assay showed cross-reac-
tivity with other hyalohyphomycetes such as Fusarium
[69, 70]. However, when culture and PCR of CSF were
negative in one patient, GM assay alone led to a correct
diagnosis of the infection. Furthermore, decline of the
GM antigen titer during treatment corresponded to the
clinical response to treatment [19, 65]. More importantly,
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accurate diagnosis using GM assay demands multiple
sampling and serial Aspergillus GM monitoring is useful
in the early detection of relapse and reinitiation of anti-
fungal therapy [27]. Thus, as mentioned before, each of
the diagnostic methods of CNS aspergillosis in patients
with blood malignancies has advantages and limitations.
Therefore, if possible, using the most appropriate sam-
ple for each test can increase the chances of detecting a
fungal infection. Clinicians should use diagnostic meth-
ods according to the patients’ condition to ensure correct
diagnosis of the infection.

After proper and timely diagnosis, the use of appro-
priate antifungal drugs is also very important. AMB
and voriconazole are the most commonly used antifun-
gals in patients with CNS aspergillosis. AMB, the echi-
nocandins, itraconazole, and posaconazole are large
molecules and the penetration of these drugs across the
blood-brain barrier is mainly limited. Fluconazole and
5-fluorocytosine penetrate well into the CNS; however,
Aspergillus frequently exhibits resistance to these anti-
fungal agents [71]. Voriconazole displays a broad range
of antifungal activities and facilitates CNS penetration.
The 2017 ESCMID guidelines recommend voriconazole
as the first-line agent for “proven” or “probable” aspergil-
losis treatment in all children [72]. However, our analysis
showed that good results were not obtained in one-third
of patients treated with voriconazole.

Therapeutic Drug Monitoring (TDM) is highly rec-
ommended when voriconazole is used, because achiev-
ing therapeutic concentrations in a timely manner can
be challenging due to nonlinear pharmacokinetics and
observed inter-patient variability. In this regard, it is still
difficult to find the most effective, yet tolerated, dose,
primarily due to the poor correlation between dose and
serum concentration. Our results showed that TDM
of voriconazole has not been performed for a range of
patients which could be due to limited access to the
serum voriconazole level testing and slow turnaround
time. Most significantly, individuals with sub-therapeutic
concentrations are at increased risk of mortality. On the
other hand, high voriconazole concentrations may cause
adverse effects like neurotoxicity and hepatotoxicity [3,
61, 73]. Furthermore, clinicians should be cognizant of
the drug-drug interaction between voriconazole and cor-
ticosteroids for cytochrome P450 isoenzymes, CY3A4,
CYP2C9, and CYP2C19, which can lead to decreased
plasma voriconazole concentrations and, thus, limited
efficacy against the Aspergillus [10, 31]. Therefore, to
prevent voriconazole therapy failure, it is imperative to
attain therapeutic voriconazole plasma concentrations
promptly in order to achieve a favorable response and
also, is necessary to perform a CYP2C19 genotype test
to determine the genetically predicted metabolizer status
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can prevent therapeutic failures when voriconazole is
used.

In some patients, the use of combination therapy
showed good performance. However, characterization
of patients benefiting from a combination antifungal
therapy is required and confirmatory results of further
prospective studies are needed before the combination
therapy of antifungal agents can be fully accepted as
standard strategies for CNS aspergillosis. Lastly, there
are no clear recommendations as to the exact duration
of antifungal treatment of mold infections of the CNS.
However, antifungal chemotherapy is usually recom-
mended until the resolution of all clinical, laboratory, and
radiographic findings of active infection [52]. Besides,
following the treatment of CNS aspergillosis in leukemia
patients, prolonged and, in some cases, lifelong second-
ary prophylaxis may be necessary after the initial treat-
ment [27].

Neurosurgical intervention was used in 39% of the
patients. One study reported that the use of image-
guided stereotactic neurosurgery provided a safe and
vital component in the successful treatment of patients’
devastating conditions [41]. In another patient with
bone marrow transplantation, despite the administration
of AMB, flucytosine, and micafungin, the patient died
2 months after transplantation. The authors suggested
that if the infected lesion remains after antifungal agent’s
therapy, surgical drainage or resection of infected tissue
along with systemic therapy may be important. In this
regard, Infectious Diseases Society of America (IDSA)
guidelines recommend surgical drainage and infected
tissue removal along with systemic antifungal therapy
for patients suffering from CNS aspergillosis [52]. There-
fore, using a combination of antifungals along with sur-
gery can help control the infection. In some cases, due
to the critical localizations of the lesion and underlying
hematological conditions, surgery is not possible. In this
situation, the use of antifungal agents continues for a very
long time [2].

Finally, in addition to surgical intervention and antifun-
gal treatment, patient induction chemotherapy manage-
ment, parallel resolution of neutropenia, and complete
remission of leukemia undoubtedly play an important
role in treating patients. A female patient with CLL was
treated with voriconazole after being diagnosed with
CNS aspergillosis. Then, she received bendamustin for
CLL progression, leading to more profound neutrope-
nia and clinical deterioration [26]. Therefore, along with
the mentioned treatments, it is important to control the
patient’s underlying conditions, which can facilitate the
treatment process. For instance, discontinuing immu-
nosuppressive drugs, if possible, can help control CNS
aspergillosis.
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Conclusion

CNS aspergillosis is a highly lethal disease in patients
with blood malignancies and is subject to a very poor
prognosis. Patients with leukemia are very sensitive to
fungal infections due to underlying disorders and sev-
eral previous chemotherapy regimens. In this regard,
pulmonary involvement in these patients usually occurs
shortly after the start of chemotherapy and after that,
CNS infections may occur as an occult asymptomatic
extra-pulmonary involvement during the diagnostic
evaluation of febrile neutropenic patients or sympto-
matic form, which usually develop after a few weeks
of pulmonary manifestation. Therefore, systematic full
screening including CT scan and enhanced MRI for
CNS lesions should be performed for every diagnosis
of invasive fungal infection; in addition, when infection
is suspected in these patients, a definitive and differen-
tial diagnosis should be made using various diagnostic
methods. If possible, species identification of the fun-
gus is suggested because the occurrence of antibiotic
resistance in some species can completely change the
treatment regimen. In addition, the use of combination
therapies should be considered in future studies so that
if the first line of the treatment fails, the most appro-
priate treatment strategy can be adopted for patients.
Furthermore, in addition to using appropriate antifun-
gal therapy and TDM, control of patients’ chemother-
apy should also be considered because the outcome of
invasive aspergillosis is poor unless immunologic status
improves.
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