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Objectives:  The  severe  coronavirus  disease  2019  (COVID-19)  is  characterized  by acute  respiratory  distress
syndrome  (ARDS)  and  risk  of  fungal  co-infection,  pulmonary  aspergillosis  in  particular.  However,  COVID-
19 associated  pulmonary  aspergillosis  (CAPA)  cases  remain  limited  due  to  the difficulty  in  diagnosis.
Methods:  We  describe  presumptive  invasive  aspergillosis  in eight  patients  diagnosed  with  COVID-19  in
a  single  center  in  Shenzhen,  China.  Data  collected  include  underlying  conditions,  mycological  findings,
immunodetection  results,  therapies  and  outcomes.
Results: Four  of  the  eight  patients  had  tested  positive  for Aspergillus  by either  culture  or  Next-generation
sequencing  analysis  of  sputum  or bronchoalveolar  lavage  fluid  (BALF),  while  the  rest  of  patients  had  only
Galactomannan
Anti-Aspergillus IgG

positive  results  in  antigen  or antibody  detection.  Although  all patients  received  antifungal  therapies,  six
of these  eight  patients  (66.7%)  died.
Conclusion:  Due  to  the high  mortality  rate  of CAPA,  clinical  care  in  patients  with  CAPA  deserves  more
attention.

© 2022  The  Authors.  Production  and  hosting  by  Elsevier  B.V.  on  behalf  of  King  Saud  Bin  Abdulaziz
University  for  Health  Sciences.  This  is  an  open  access  article  under  the  CC  BY-NC-ND  license  (http://
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Introduction

The severe coronavirus disease 2019 (COVID-19) caused by
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)

has become a global pandemic and caused a lot of deaths as a
result of viral pneumonitis and its complications [1,2]. The acute
respiratory distress syndrome (ARDS) is one of the clinical char-

Abbreviations: COVID-19, coronavirus disease 2019; CAPA, COVID-19 associated
pulmonary aspergillosis; BALF, bronchoalveolar lavage fluid; SARS-CoV-2, severe
acute respiratory syndrome coronavirus 2; ARDS, acute respiratorydistress syn-
drome; ECMO, extracorporeal membrane oxygenation; IPA, invasive pulmonary
aspergillosis; ICU, intensive care unit; NGS, Next-generation sequencing; ITS, inter-
nal transcribed spacer; GM,  Galactomannan; CLSI, Clinical Laboratory Standards
Institute; EORTC/MSGERC, European Organization for Research and Treatment of
Cancer and the Mycoses Study Group Education and Research Consortium; IFD, inva-
sive fungal diseases; CRRT, continuous renal replacement therapy; WBC, white blood
cell count; N, neutrophils count; L, lymphocyte count; IL-6, interleukin-6; CRP, C-
reactive protein; PCT, procalcitonin; G, 1,3-�-D glucan; CT, computed tomography
detection.

∗ Corresponding author at: Department of Clinical Laboratory, The Third People’s
Hospital of Shenzhen, Southern University of Science and Technology, National Clin-
ical  Research Center for Infectious Diseases, No 29 Bulan Rd, Shenzhen, Guangdong
518112, China.
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cteristics of severe COVID-19, which is usually secondary to viral
neumonitis and invasive treatments, such as mechanical ventila-
ion or extracorporeal membrane oxygenation (ECMO) [3]. Among
ritical COVID-19 patients, invasive pulmonary aspergillosis (IPA)
as emerged as a complication with poor prognosis [4].

Association of IPA with high mortality rates is well-recognized.
PA typically occurs in the neutropenic hosts [5]; however, it
as also become increasingly recognized in the non-neutropenic
atients, such as solid organ transplant recipients and critically ill
atients who  receive corticosteroids [4,5]. Recent reports showed
hat 19–35% of those critically ill patients with COVID-19 have
vidence of Aspergillus co-infection [4,6–10]. However, because
f the difficulty in the diagnosis of COVID-19 associated pul-
onary aspergillosis (CAPA), the reported cases of CAPA are limited

ntil now [11]. In the present study, we  reported and described
resumptive invasive pulmonary aspergillosis in eight COVID-19
atients admitted to the intensive care unit (ICU) in a single medical
enter in Shenzhen.

atients and methods
From January to June 2020 (our hospital has been treating
OVID-19 patients since January), fifty-nine critically ill patients
ere admitted to our ICU and nineteen of them admitted
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with COVID-19. Among these patients in ICU, eight COVID-19
cases and three non-COVID-19 cases were suspected to have
pulmonary aspergillosis. Patient data collected include underly-
ing conditions, mycological findings [culture or Next-generation
sequencing (NGS) analysis of respiratory specimen], immunode-
tection results, therapies, and outcomes. The study was approved
by the Institutional Review Board of The Third People’s Hospital of
Shenzhen.

The presence of SARS-CoV-2 was confirmed by two repeated
positive results from our hospital and local Chinese Centers for
Disease Control and Prevention using two different commercial RT-
PCR kits approved by the National Medical Products Administration
[12]. Species identification of Aspergillus isolates were conducted
using sequencing analysis. The fungal nuclear ribosomal internal
transcribed spacer (ITS) sequences were amplified using universal
primers “ITS1” and “ITS4”, and the D1/D2 variable region of the 28S
subunit of ribosomal DNA was amplified using universal primers
“NL-1” and “NL-4” [13]. Galactomannan (GM) from serum (cutoff
Index: 0.5) or bronchoalveolar lavage fluid (BALF) (cutoff Index:
1) (Bio-Rad), and anti-Aspergillus IgG from serum (cutoff Index: 1)
(Beier) were tested using ELISA method [14,15]. The anti-Aspergillus
IgG Index = ODS/(0.1 + ODNC), where ODS is the optical density value
of sample, and ODNC is the optical density value of negative control,
respectively. The level of 1,3-�-D glucan in serum was detected
by chromogenic assay with cutoff value of 60 pg/mL (Xinuo)
[16]. The antifungal susceptibility was confirmed by the broth
micro-dilution test and the result interpretation was performed
according to the Clinical Laboratory Standards Institute (CLSI)
guidelines [17,18].

IPA is difficult to diagnose, especially in non-
immunosuppressed hosts, because they usually lack specific
radiological presentation, such as halo sign or air-crescent sign
[19]. The authoritative European Organization for Research and
Treatment of Cancer and the Mycoses Study Group Education and
Research Consortium (EORTC/MSGERC) criteria categorized inva-
sive fungal diseases (IFD) into ‘proven’, ‘probable’ and ‘possible’ IFD.
Except for ‘proven’ IFD that needs culture or microscopic results
from sterile material, ‘probable’ and ‘possible’ categories were
proposed for immunocompromised patients [20]. Because of these
limitations, a modified AspICU algorithm for classification of IFD
patients without an EORTC host factor in the ICU was  proposed [21].
Modified AspICU criteria essentially rely on mycological evidence
of Aspergillus spp. from BALF culture or GM in serum/BALF.
In the modified AspICU criteria [21], IFDs were classified
into:

1 proven aspergillosis: Same criteria as EORTC/MSG [20].
2 putative aspergillosis:  (i) Clinical criteria: One or more of the fol-

lowing signs or symptoms have to be present: Fever refractory
to at least 3 days of appropriate antibiotic therapy; Recrudes-
cent fever after a period of defervescence of at least 48 h while
still on antibiotics and without other apparent cause; Dyspnoea;
Haemoptysis; Pleural friction rub or chest pain; Worsening res-
piratory insufficiency despite appropriate antibiotic therapy and
ventilatory support. (ii) Radiological criteria: Any infiltrate on
pulmonary imaging by portable chest x-ray or CT scan of the
lungs. (iii) Mycological criteria: One or more of the following:
Histopathology or direct microscopic evidence of dichotomous
septate hyphae with positive culture for Aspergillus from tissue;
A positive Aspergillus culture from a BALF; A GM optical index on
BALF of ≥1; A GM optical index on serum of ≥0.5.
3 Aspergilluscolonisation: The only evidence for IPA was a posi-
tive culture of Aspergillus species from the lower respiratory tract
samples (sputum, tracheal aspirate), but a negative or unavail-
able culture or GM test from BALF or serum.
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esults

Patient#1: A 63-year-old man  with fever, cough, shortness
f breath, chest tightness, and hypertension was  admitted to
he emergency department in the local hospital. However, his
ymptoms were getting worse gradually, even with symptomatic
reatment. Six days later, this patient was tested positive for SARS-
oV-2 infection by nasal swab PCR and was  transferred to our ICU.
racheostomy and continuous renal replacement therapy (CRRT)
ere performed immediately due to the severeness of his illness.

rom the 16th day after the onset of COVID-19, ECMO was  used due
o severe respiratory failure. On days 14 and 20, Aspergillus fumiga-
us was detected from his sputum sample cultures. Two consecutive
ALF samples (day 17 and day 30) were tested positive for A. fumi-
atus using NGS analysis. GM was detected in BALF sample (day 21)
nd serum sample (day 35). Aspergillus-specific antibody IgG tests
howed positive results on day 6 and day 13 (Fig. 1A patient#1).
ntivirals, antibiotics, and corticosteroids were used from the time
f admission. The antifungal therapy (caspofungin and voricona-
ole) was  started from the 14th day of illness. This patient died on
he 38th day after the onset.

Patient#2: A 65-year-old man  was  admitted to the department
f infectious diseases in our hospital with positive PCR tests for
ARS-CoV-2. Eight days later, this patient was transferred to the
CU and tracheal intubation was performed due to his irreversible
ypoxemia. Starting from day 27, CRRT and ECMO were used for
emopurification and respiration assistant, respectively. A. fumi-
atus were detected from three consecutive sputum samples (day
9, 43, and 59) and two consecutive BALF cultures (day 38 and day
5). A. fumigatus was identified from BALF sample on day 42 using
GS analysis. GM was  absent in serum or BALF sample, but anti-
spergillus IgG was  detected in serum samples (day 13, day 20, and
ay 34) (Fig. 1B patient#2). Antivirals (Day 16−26), antibiotics (Day
5−66), and corticosteroids (Day 7–19) were used. Antifungal ther-
py (caspofungin and voriconazole) was used for short periods due
o the negative results of GM in serum/BALF. Unfortunately, the
atient developed multiple organ failure and died 2 months after
dmission.

Patient#3: A 66-year-old man  was transferred to our ICU with
ositive results of PCR tests for SARS-CoV-2. Noninvasive venti-

ation (day 11−16) and oral endotracheal intubation (day 17−25)
ere performed. On day 26, a tracheostomy was  performed on this

atient and ECMO was also used on the following day. Penicillium
ere detected in BALF (day 18) and three consecutive sputum cul-

ures (day 17, 18, and 19). On day 19, GM tests were positive in
ALF and two consecutive sputum cultures (day 27 and day 31).
he anti-Aspergillus IgG tests of serum samples also showed pos-

tive results (day 14, day 35, and day 42) (Fig. 1C patient#3). For
herapy, antivirals, antibiotics, and corticosteroids were used since
he time of admission. Antifungal drugs were used from day 20 to
ay 42. The patient died on the 44th day after the onset of COVID-19

or the multiple organ failure.
Patient#4: A 68-year-old man  was transferred to the ICU with

ositive PCR tests for SARS-CoV-2. Six days later, oral endotra-
heal intubation was performed and on the 31st day of his illness,
racheostomy was performed for facilitating the late airway nurs-
ng. On day 19, CRRT was  applied to provide renal support for the
atient. Two serum samples (day 18 and day 25) were tested posi-
ive for GM.  The anti-Aspergillus IgG test of serum showed positive
esult on day 19 (Fig. 1D patient#4). Antivirals, antibiotics, and
orticosteroid treatments started from the 9th day of illness and
ntifungal drugs were initiated on day 18. About two months later,

his patient’s infection was gradually brought under control and
as  discharged.

Patient#5: A 69-year-old man  was  transferred to our ICU
ecause he was diagnosed as COVID-19 in another hospital. After
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Fig. 1. Serial measurements of galactomannan and anti-Aspergillus IgG in serum an
Index  value of anti-Aspergillus IgG and galactomannan in serum /BALF, respectively. X
findings (red arrow represents BALF, the black arrow represents sputum) are marke

four days of noninvasive ventilation, oral endotracheal intubation
was performed. CRRT was  started from the 29th day of his illness.
GM tests were positive for two serum samples (day 32 and day 35).
Tests for anti-Aspergillus IgG in serum showed positive results on
days 19 and 33 (Fig. 1E patient#5). Antivirals, antibiotics, and cor-
ticosteroids were used since the day of admission and antifungal
drugs were initiated on day 23 due to the presence of Candida albi-
cans in two consecutive BALF sample cultures (day 19 and day 23).
This patient died on the 37th day from septic shock and multiple

organ failure.

Patient#6: A 69-year-old man  was transferred to the depart-
ment of infectious diseases in our hospital with COVID-19. Ten days
later, this patient was transferred into the ICU and tracheal intuba-

a

o
h

224
ALF in eight CAPA patients during hospitalization. Left Y-axis and right Y-axis are
represents the days after onset of symptom. Positive threshold line and mycological

ion was performed. On the following day, CRRT and ECMO were
sed for hemopurification and respiration assistant, respectively.
erum samples (day 12, 26, and 33) and BALF sample (day 17) were
M positive. Tests for the anti-Aspergillus IgG in serum showed pos-

tive results (day14, 21, and 49) (Fig. 1F patient#6). Antivirals drugs
nd corticosteroids were used since the day of admission. Antibi-
tics were used since the 11th day and the antifungal drugs were
tarted on day 13 due to the presence of C.albicans in a sputum
ample. About two months later, this patient’s condition improved

nd was  discharged.

Patient#7: A 73-year-old man  was admitted to the department
f infectious diseases for his fever and sore throat. Four days later,
e was  diagnosed with COVID-19. Eight days after admission, this
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Table  1
Case characteristics of eight patients with COVID-19 associated invasive pulmonary aspergillosis.

Patient #1 Patient #2 Patient #3 Patient #4 Patient #5 Patient #6 Patient #7 Patient #8

Gender Male Male Male Male Male Male Male Male
Age  (y) 63 65 66 68 69 69 73 69
Underlying conditions Hypertension Hypertension,

diabetes
Hypertension Hypertension,

hypothy-
roidism

None Hypertension,
valvulopathy

None Diabetes

APACHE-II at ICU admission
[36]

24 17 19 17 19 21 15 13

Inflammation classification
[12]

Critical Critical Critical Critical Critical Critical Critical Critical

Body  temperature 35.9−37.4 36.5−37.1 36.5−38.6 37.2−38.0 35.8−38.5 36.5−37.7 36.5−37.5 35.1−39.1
WBC  (3.5−9.5 × 109/L) 6.26−14.14 6.75−16.55 5.19−12.40 2.33−14.12 7.58−10.57 4.11−24.93 3.81−22.21 2.89−27.84
N  (1.8−6.3 × 109/L) 5.53−11.09 5.77−14.61 4.23−8.88 1.1−11.86 6.79−9.13 3.05−22.96 2.78−18.41 2.10−22.42
L  (1.1−3.2 × 109/L) 0.32−0.91 0.41−1.02 0.58−1.10 0.23−2.71 0.29−0.74 0.06−2.47 0.11−2.26 0.29−3.61
IL-6  (<7 pg/mL) 14.77−272.40 72.26−899.80 33.59−299.30 4.64−375.9 51.91−146.4 2.67−1343 6.08−2601 5.28−3554
CRP (<5 mg/mL) 38.3−202.3 31.18−130.50 60.40−155.70 9.34−292.8 5.745−126.8 0.07−330.9 3.77−229.84 15.41−354.78
PCT  (<0.5 ug/L) 1.57−9.68 0.30−3.07 0.076−0.58 0.113−6.73 0.078−5.660 0.061−35.64 0.079−5.11 0.084−6.87
Days  in ICU 33 days 59days 44 days 70 days 37 days 65 days 113 days 96 days
Microbiological findings
Aspergillus cultures +(A. fumigatus;

Day 14 and 20
in Sputum)a

+(A. fumigatus;
Day 39, 43, and
59 in Sputum;
Day 38 and 55
in BALF)

– – – – +(A. fumigatus;
Day 15 in BALF;
A. flavus; Day
46 from BALF
and Day 51 in
Sputum)

–

Susceptibility testing Itraconazole
and
Voriconazole
susceptible

Amphotericin
B, Itraconazole,
and
Voriconazole
susceptible

N/A N/A N/A N/A Amphotericin
B, Itraconazole,
and
Voriconazole
susceptible

N/A

NGS  results +(A. fumigatus;
Day 17 and Day
30 in BALF)

+(A. fumigatus;
Day 42 in BALF)

N/A N/A N/A N/A N/A +(A. fumigatus;
Day 21 in BALF)

Immunodetections results
G-test (>60 pg/mL) – + – – – + + +
Serum GM-test (>0.5) + – + + + + + +
BALF  GM-test (>1) + – + – – + + +
Anti-Aspergillus IgG (>1) + + + + + + + +
CT  scan of the lungs Severe Viral

pneumonia
changes,
extensive
lesions,
emphysema.

Multiple lung
infections or
alveolar
proteinosis

Multiple
exudative
lesions in both
lungs

Thickened lung
texture,
multiple
scattered
high-density
shadows in
both lungs

Multiple
inflammation
in both lungs

Enhanced lung
texture,
scattered
speckled
shadows in
both lungs

Enhanced lung
texture,
scattered
speckled
shadows with
blurred
boundary in
both lungs

Disordered
lung texture,
patchy
high-density
shadow,
multiple round
transparent
shadow in both
lungs

Therapy
Antifungal treatment Caspofungin

(Day 14−22),
Voriconazole
(Day 17−38)

Voriconazole
(Day 26),
Caspofungin
(Day 30−31)

Voriconazole
(Day 20−42)

Fluconazole
(Day 38−50),
Caspofungin
(Day 18−38),
Amphotericin B
(Day 45−59)

Caspofungin
(Day 23−34),
Amphotericin B
(Day36−37)

Voriconazole
(Day 14−35,
Day 66−71),
Caspofungin
(Day 13−14),
Amphotericin B
(Day 33−44),

Voriconazole
(Day 14−26,
Day 62−120),
Amphotericin B
(Day 32−57)

Voriconazole
(Day 18−27,
Day 62−100),
Caspofungin
(Day 28−40)

Antiviral therapy +(Day 6−25) +(Day 16−26) +(Day 8−34) +(Day 9−26) +(Day 11−33) +(Day 5−17) +(Day 2−20) +(Day 4−18,
Day 41−47)

Antibiotic therapy +(Day 6−38) +(Day 15−66) +(Day 8−44) +(Day 9−75) +(Day 11−37) +(Day 11−75) +(Day 7−120) +(Day 9−100)
Corticosteroid + + + + + + + +
Non-invasive ventiliation – +(Day 8−14) +(Day 11−16) +(Day 9−11) +(Day 11−14) +(Day 14) +(Day 8−12) +(Day 9−18)
Tracheal intubation +(Day 6−38) +(Day 15−66) +(day 17−25) +(Day 12−70) +(Day 15−37) +(Day 15−57) +(Day 13−30) +(Day 19−100)
Tracheotomy +(Day 6−38) – +(day 26−44) +(Day 31−70) – +(Day 58−70) +(Day 31−120) –
ECMO +(Day 16−38) +(Day 27−66) +(day 27−44) – – +(Day 16−20) +(Day 63−120) +(Day 31−100)
CRRT  +(Day 6−38) +(Day 27−64) +(Day 30−44) +(Day 19−69) +(Day 29−37) +(Day 16−70) +(Day 54−14) +(Day 21−100)
Definition of CAPA
Modified AspICU criteria [21] Putative Putative Putative Putative Putative Putative Putative Putative
EORTC/MSGERC [20] No host factorb No host factor No host factor No host factor No host factor No host factor No host factor No host factor
Outcome Died (38 days) Died (66 days) Died (44 days) Alive Died (37 days) Alive Died (120 days) Died (100 days)

WBC: white blood cell count; N: neutrophils count; L: lymphocyte count; IL-6: interleukin- 6; CRP: C-reactive protein; PCT: procalcitonin; ICU: intensive care unit; CAPA:
COVID-19 associated pulmonary aspergillosis; BALF: bronchoalveolar lavage; G: 1,3-�-D glucan; GM:  galactomannan; EORTC/MSGERC: European Organization for Research
and  Treatment of Cancer and the Mycoses Study Group Education and Research Consortium; AspICU: clinical criteria to diagnose IPA; CT: computed tomography detection;
NGS:  Next-generation sequencing; ECMO: extracorporeal membrane oxygenation; CRRT: continuous renal replacement therapy; ND: not applicable; (+): positive result;
(−):  negative result.

a Day after onset of symntoms.
b Without histological evidence of “proven” IPA a patient host factor (e.g. recent neutropenia, haematological malignancy) is required to meet the probable/possible

definition.
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patient was transferred into the ICU and noninvasive ventilation
was performed. Oral endotracheal intubation (day 13) and tra-
cheostomy (day 31) were also performed. CRRT and ECMO were
started on day 54 and day 63, respectively. A. fumigatus (day 15 in
BALF) and Aspergillus flavus (day 46 in BALF and day 51 in sputum)
were detected. Serum samples (day 15, 17, 19, and 21) and BALF
samples (day 14, 24, 45, and 52) were GM positive. Tests for the anti-
Aspergillus IgG showed positive results in eight consecutive serum
samples (Fig. 1G patient#7). Voriconazole and amphotericin B lipo-
some treatments were initiated on day 14. However, this patient
died on the 120th day of the onset of COVID-19.

Patient#8: A 69-year-old man  was transferred to the depart-
ment of infectious diseases with COVID-19. Five days later, he was
transferred into the ICU and noninvasive ventilation was used. On
day 19, Oral endotracheal intubation was also performed. CRRT and
ECMO were started on day 21 and day 31, respectively. On day 21,
BALF was tested positive for A. fumigatus using NGS analysis. GM
tests were positive for a BALF sample (day 26) and a serum sample
(day 33). Tests of the anti-Aspergillus IgG showed positive results
in eight consecutive serum samples (Fig. 1H patient#8). Voricona-
zole and caspofungin treatments were initiated on day 18 and day
28, respectively. This patient died on the 100th day of onset of
COVID-19 due to multiple organ failure.

No histopathological examination or autopsies were performed
for these CAPA cases in this study. All the eight patients should
be classified into ‘putative’ according to modified AspICU crite-
ria. While, in EORTC/MSGERC criteria, these cases don’t belong
to ‘proven’, ‘probable’, or ‘possible’ category without histological
evidence or host factor (e.g. recent history of neutropenia, hemato-
logical malignancy, or receipt of an allogeneic stem cell transplant).
Details in patients’ characteristics were provided in Table 1.

Discussion

Patients with SARS-CoV-2 infection develop ARDS due to viral
replication or the exacerbated inflammatory responses [22]. These
ARDS patients are reported to be co-infected with Aspergillus even
in the absence of prior immunodeficiency [23]. In Spain [24], from a
total of 215 COVID-19 patients, seven patients (3.3%) had an infec-
tion caused by Aspergillus spp. In Netherlands [4], an incidence
(19.4%) of presumed aspergillosis in a cohort of 31 ICU COVID-19
patients was observed. In Pakistan [25], Aspergillus species were
isolated from tracheal aspirates of five (21.7%) patients among
a total of 23 patients admitted to ICU. In Germany [6], among
nineteen COVID-19 patients with moderate to severe ARDS, five
“putative” IPA cases (26.3%) were reported. In Italy [26], 30 out of
108 COVID-19 patients (27.7%) were identified as probable CAPA
cases. In Alanio’s report [27], eight patients from 27 continuous
mechanically ventilated patients with COVID-19 (30%) were diag-
nosed with ‘putative’ IPA. In Belgium [7], 34 COVID-19 patients
were admitted to ICU, of whom 20 patients (59%) required invasive
mechanical ventilation. Seven of these ventilated patients (35%)
were suspected of IPA. In our study, from January to June of 2020,
fifty-nine critically ill patients were admitted to our ICU and nine-
teen patients were confirmed with COVID-19. Among them, eight
COVID-19 cases (8/19) and three non-COVID-19 cases (3/40) were
suspected to have pulmonary aspergillosis and met  the ‘putative’
aspergillosis criteria as defined by modified AspICU algorithm. The
incidence of presumed aspergillosis in COVID-19 patients (42.1%)
was higher than other published reports. Part of the reason was that
all eight patients received tracheal intubation or tracheostomy, cor-

ticosteroid therapies, and long ICU durations, which are considered
as high-risk factors for IPA [28–30].

Definitive diagnosis of CAPA is challenging. Based on
EORTC/MSGERC consensus criteria [20], ‘proven’ IPA needs
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utopsies or histopathological results, which were difficult to
erform due to the infectivity of the virus. While ‘probable’ and

possible’ IPA categories are proposed for patients with specific
ost factors (inappropriate for flu or SARS-CoV-2 infections), which

imits the clinical application of these criteria. For the modified
spICU algorithm [21], ‘putative’ IPA doesn’t need an EORTC host

actor and mainly depends on shreds of evidence from mycological
ndings of BALF and GM presence in serum/BALF. This criterion
ight have led to some chronic pulmonary aspergillosis (CAP)

atients or Aspergillus colonization to be misdiagnosed as putative
PA [22]. It’s indicated that a standardized diagnostic procedure
nd more applicable definition criteria are needed to serve as a
asis for optimizing the clinical management of IPA. In the present
tudy, all eight patients were classified into ‘putative’ cohort
ccording to modified AspICU criteria upon positive results of
ycological findings and (or) GM tests in serum/BALF. In addition,

ositive results were obtained from anti-Aspergillus IgG detections
f the eight CAPA patients. The published study confirmed that
ewly raised Aspergillus-specific IgG antibodies could provide
vidence for acute Aspergillus infection [31]. Serial measurement
f Aspergillus-specific IgG antibodies after commencing treatment
ay  be used for evaluating presumed invasive aspergillosis [32]. In

his situation, a fall in Aspergillus-specific IgG levels is a unfavorable
rognostic marker [33,34]. This most likely relates to failure of the

mmune system to mount a response to the infection [32]. A rise
n anti-Aspergillus IgG can retrospectively confirm the diagnosis
n those who  recover following empirical treatment for suspected
nvasive aspergillosis [35]. In this article, all these eight CAPA
atients received single antifungal therapy upon the appearance
f the first positive evidence (not including anti-Aspergillus IgG).

n the later period, some patients received antifungal combination
reatment due to the poor antifungal effect of single drug. By the
nd of the study, six of these eight patients (66.7%) died. Thus, the
rave prognosis of CAPA patients is indicated and more attention
hould be paid to CAPA in clinical care.
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