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ABSTRACT
Introduction Increasing numbers of patients with 
non- haematological diseases are infected with invasive 
pulmonary aspergillosis (IPA), with a high mortality 
reported which is mainly due to delayed diagnosis. 
The diagnostic capability of mycological tests for IPA 
including galactomannan test, (1,3)-β-D- glucan test, 
lateral flow assay, lateral flow device and PCR for the non- 
haematological patients remains unknown. This protocol 
aims to conduct a systematic review and meta- analysis 
of the diagnostic performance of mycological tests to 
facilitate the early diagnosis and treatments of IPA in non- 
haematological diseases.
Methods and analysis Database including PubMed, 
CENTRAL and EMBASE will be searched from 2002 until 
the publication of results. Cohort or cross- sectional studies 
that assessing the diagnostic capability of mycological 
tests for IPA in patients with non- haematological diseases 
will be included. The true- positive, false- positive, true- 
negative and false- negative of each test will be extracted 
and pooled in bivariate random- effects model, by which 
the sensitivity and specificity will be calculated with 
95% CI. The second outcomes will include positive 
(negative) likelihood ratio, area under the receiver 
operating characteristic curve and diagnostic OR will also 
be computed in the bivariate model. When applicable, 
subgroup analysis will be performed with several 
prespecified covariates to explore potential sources of 
heterogeneity. Factors that may impact the diagnostic 
effects of mycological tests will be examined by sensitivity 
analysis. The risk of bias will be appraised by the 
Quality Assessment tool for Diagnostic Accuracy Studies 
(QUADAS- 2).
Ethics and dissemination This protocol is not involved 
with ethics approval, and the results will be peer- reviewed 
and disseminated on a recognised journal.
PROSPERO registration number CRD42021241820.

INTRODUCTION
Invasive pulmonary aspergillosis (IPA), char-
acterised by the attack of aspergillus hyphae 
on lung tissue, is the most frequent invasive 
fungal infection in immunocompromised 
patients with haematological malignancies or 
allogenic stem cell transplantation with high 

mortality rates.1 Recently, patients with non- 
haematological diseases such as solid malig-
nancy, chronic obstructive pulmonary disease 
(COPD) and live cirrhosis, etc, have been 
increasingly found to be infected with IPA, 
with reported incidence ranging from 3.6% 
to 16.5%.2–4 The prognosis of IPA patients 
from non- haematology units is as poor as that 
of the haematology;5–7 therefore, the early 
diagnosis and timely treatment are essential 
to improve prognosis and reduce mortality 
for this patient population.8

Compared with the haematological 
patients, the diagnosis of IPA in non- 
haematological patients is often overlooked.9 
For non- haematological patients, the clin-
ical symptoms and images of IPA, such as 
persistent febrile neutropenia, halo sign 
and air- crescent sign, are not typical as in 
haematological patients.10 The version 2019 
of European Organization for Research and 
Treatment of Cancer/Mycoses Study Group 
(EORTC/MSG), which is the newest update 
of diagnostic criteria of IPA, has recognised 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This meta- analysis will incorporate all studies on 
the diagnostic sensitivity and specificity of current 
mycological tests (eg, galactomannan, (1,3)-β-D- 
glucan, lateral flow assay, lateral flow device and 
PCR) in non- haematological patients.

 ⇒ The evidence of results of this study will be as-
sessed by the Quality Assessment tool for Diagnostic 
Accuracy Studies (QUADAS- 2).

 ⇒ Different subgroup analysis and sensitivity analysis 
will be conducted.

 ⇒ Outcomes from studies using different reference 
standards will unable to be compared with each 
other.

 ⇒ For aspergillus PCR assay, only commercialised PCR 
will be addressed due to the low quality and stan-
dards of manufacture for home- brew PCR.
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the increasing occurrence of IPA in non- haematological 
and has included some non- haematological diseases as 
host factors such as chronic granulomatous disease.11 
Importantly, the non- haematological patients infected 
with IPA are often featured with non- neutropenia, and 
the pathogenesis of aspergillus tends to be airway invasion 
rather than angioinvasion, which causes a different clin-
ical picture and performance of laboratory tests from that 
in haematological patients.12–14 For example, the serum 
galactomannan (GM) test has a lower diagnostic yield in 
non- haematological patients than those in haematolog-
ical patients (66.7% vs 23.1%).15 16

Mycological tests of aspergillosis, including GM test, 
(1,3)-β-D- glucan (BDG) test, lateral flow assay (LFA), 
lateral flow device (LFD) and PCR,11 17 have been 
emerged and widely used in diagnosing suspected IPA in 
clinical practice. Due to the non- specific clinical signs of 
IPA, mycological tests are the key evidence to establish 
the diagnosis of IPA to prompt early initiation of anti-
fungal therapy.1 However, the diagnostic capability of 
these mycological tests for non- haematological patients 
remains unclear. Current available studies generally had 
small sample sizes, and the diagnostic yields of tests varied. 
For example, the sensitivities of the serum tests of GM, 
BDG and PCR range from 11% to 80% which increase 
to 44%–90% when tested in bronchoalveolar lavage 
(BAL) fluid for the non- haematological patients.18–23 
Recent novel tests such as LFD and LFA appear to have 
better results, with sensitivities of 77%–94% and specific-
ities of 81%–92% in patients with non- haematological 
diseases.24 25 Moreover, the EORTC/MSG definitions have 
been recognised as diagnostic standards for IPA; however, 
other reference criteria including AspICU algorithm and 
Bulpa definition have been used,26 27 which may impact 
the diagnostic yields for mycological tests. Therefore, 
we will perform a systematic review and meta- analysis of 

mycological tests in non- haematology patients based on 
rigorous methodology, aiming to summarise diagnostic 
recommendations to facilitate the diagnosis of IPA in this 
population.

METHOD
This systematic review and meta- analysis will be reported 
in adherence to the items of Preferred Reporting Items 
for Systematic review and Meta- Analysis Protocols (PRIS-
MA- P).28 The information about method of this review 
also has been registered on PROSPERO with registration 
number CRD42021241820.

Search methods for identification of studies
We will search PubMed, CENTRAL and EMBASE for 
appropriate literatures. A search strategy with medical and 
subject headings and text words as search fields, using the 
keywords ‘IPA’, ‘invasive fungal disease’ and ‘diagnosis’, 
will be created. We will restrict the language of publica-
tion to English, and the year of publication will be from 
2002 onwards, in which the first version of EORTC/MSG 
definition was published. In addition, we will check for 
suitable literatures from references of other pertinent 
reviews. The search strategy for PubMed is presented in 
online supplemental file 1.

Selection of studies
The retrieved documents will be imported into Endnote 
X9 (Clarivate Analytics US, Philadelphia), and the dupli-
cations will be removed. The remaining literatures will be 
first screened by reviewers (ML and GC) independently 
according to the previous defined Participaants, Interven-
tion, Control, Outtcomes, and Study dessigns (PICOS) 
criteria based on information of the titles and abstracts. 
The full text screening will be carried out to obtain the 
final eligible studies by two reviewers (WX and TM) simul-
taneously. Discussion with senior reviewers (JF and BM) 
will be managed to solve the discrepancy of reviewers. 
The screening process of studies will be shown in figure 1.

Inclusion and exclusion criteria
Generally, we will include studies assessing the diagnostic 
effect of mycological tests for IPA in non- haematology 
patients. Studies that do not report the sensitivity and 
specificity of diagnostic tests will be excluded. We will 
also exclude studies that investigating on other invasive 
fungal diseases (eg, invasive candidiasis disease and inva-
sive cryptococcosis disease).

Type of studies
The eligible designs of studies will be case- control and 
cohort study.29 Case reports and other observational 
studies without non- IPA groups will be ineligible. We will 
also exclude literatures that do not provide details of the 
study designs.

Participants
Patients with non- haematological diseases will be eligible. 
Studies that only include or include more than 49% of 

Figure 1 Flow diagram of literature selection. IPA, invasive 
pulmonary aspergillosis.
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patients with haematological diseases such as haemato-
logical malignancy or haematopoietic stem cell trans-
plantation will be excluded.30 Patients with neutropenia 
and solid organ transplantation (SOT) as typical IPA host 
factors will also be excluded. The eligible underlying 
diseases will be as follows: solid organ malignancy, rheu-
matological disease, diabetes mellitus, respiratory disease, 
liver disease, cardiovascular disease, HIV infection, influ-
enza or COVID- 19.

Index tests
The eligible mycological tests will include:
1. GM test (eg, Platelia Aspergillus Ag, Bio- Rad 

Laboratories, California, USA).
2. BDG test (eg, Fungitell kit, Associates of Cape Cod, 

East Falmouth, Massachusetts, USA; β-Glucan Test, FU-
JIFILM Wako Pure Chemical, Tokyo, Japan; Fungitec 
G- MK, Seikagaku, Tokyo, Japan; β-Glucan Test; Maru-
ha, Tokyo, Japan).

3. LFA (sōna Aspergillus Galactomannan LFA, IMMY, 
Norman, Oklahoma, USA).

4. LFD (eg, Aspergillus- specific LFD, OLM Diagnostics, 
Newcastle upon Tyne, UK; Aspergillus- specific LFD, 
ISCA Diagnostics, Truro, Cornwall, UK).

5. Aspergillus PCR test, as the quality and standards of 
manufacture of home- brew PCR assay are low, only 
commercialised PCR will be included (eg, artus Asper-
gillus diff. RG PCR Kit, QIAGEN, Hilden, Germany; 
Multiplex real- time PCR kit, AsperGenius, Maastricht, 
the Netherlands; Aspergillus spp ELITe MGB Kit, The 
ELITechGroup, Puteaux, France; MycAssay Aspergillus 
Kit, Myconostica, UK).

6. Triacetylfusarinine C or bis(methylthio)gliotoxin (liq-
uid chromatography tandem mass spectrometry (LC- 
MS/MS) method).

7. Aspergillus- specific IgG test (eg, Aspergillus fumigatus 
IgG ELISA kits, Immunolab GmbH, Kassel, Germany).

Other biomarkers aiming to diagnose the IPA will 
also be included. Samples used to detect aspergillosis 
biomarkers such as serum, sputum and BAL fluid are all 
eligible (figure 2). Except a single mycological test, combi-
nation of tests such as BAL PCR plus GM test, serum GM 
test and BDG test, or BAL GM test plus serum GM are all 
in the scope of this review.23 31

Reference standards
Definitions of the EORTC/MSG with its modifications 
will be used as reference standards.11 32 33 The patients will 
be classified as ‘proven’, ‘probable’, ‘possible’ or ‘no IPA’ 
based on the standards. For the possible IPA, evidence 
of fungal infection on the autopsy is usually absent, and 
prophylactic antifungals are not given in the clinical 
management of these patients.34 Patients with proven or 
probable IPA will be classified as IPA case group, while 
those with possible IPA and no IPA will be classified as no 
IPA group. Also, studies that excluding possible IPA group 
will be analysed separately. Additionally, studies using 
other reference standards include AspICU classification 
for patients in ICU, definition of Bulpa et al for COPD, 
The International Society for Heart and Lung Transplan-
tation (ISHLT) definition for cardiothoracic transplant 
recipients, ECMM/ISHAM (The European Confedera-
tion for Medical Mycology and the International Society 
for Human and Animal Mycology) consensus criteria for 
COVID- 19, definition of Schauwvlieghe et al and Verweij et 
al for patients with influenza in ICU will be also included 
in this review.26 27 35–38 The criteria of IPA are all listed 
in online supplemental file 2 with a precise description. 
To avoid the bias introduced by different reference stan-
dards, studies will be included in meta- analysis separately 
based on the criteria of IPA used. For those tests that are 
not qualitative, we do not preset thresholds in order to 
explore the multifaceted diagnostic performance of the 
tests.

Collection and management of data
Two reviewers (CX and LD) will extract the data with a 
predesigned form. The information extracted will include 
basic characteristics of the studies (ie, year of publication, 
study design, recruitment of patient, underlying disease 
and department, reference standard with its details of 
modifications, administration of antifungal drugs and 
incorporation of mycological tests to reference standard) 
and the diagnostic accuracy of mycological tests against 
the reference standard (ie, sensitivity and specificity; true- 
positive, false- positive, false- negative, true- negative and 
false- negative). When applicable, the cut- off values of the 
index tests will also be extracted.

Outcomes of the review
The primary outcomes of this review will be the sensitivity 
and specificity of single mycological tests or a combina-
tion of several tests, and the secondary outcomes were 
positive (negative) likelihood ratio (LR), area under the 

Figure 2 Mycological tests using differents sample types 
for the diagnosis of invasive pulmonary aspergillosis. BAL, 
bronchoalveolar lavage fluid; GM, galactomannan; BDG, 
(1,3)-β-D- glucan; LFA, lateral flow assay; LFD, lateral flow 
device; TAFC/bmGT, triacetylfusarinine C or bis(methylthio)
gliotoxin.
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receiver operating characteristic (AUROC) curve and 
diagnostic OR (DOR).

Strategy for data synthesis
Data of diagnostic accuracy of index tests per study will 
be pooled using bivariate random- effects model to calcu-
late the sensitivity and specificity.39 The forest plots and 
summary receiver operating characteristics curves will be 
plotted. Other pooled diagnostic effect including positive 
(negative) LR, AUROC and DOR can also be calculated 
in that model. The magnitude of heterogeneity will be 
evaluated by I- squared and the Cochran Q test. Also, a p 
value <0.05 in Deek’s regression test means the publica-
tion bias of result. The Stata software v16.0 (StataCorp, 
College Station, Texas) will be used to perform all the 
analysis with the midas set of commands.

Subgroup analysis
To examine the heterogeneity of the sensitivity and 
specificity, several covariates will be used in the bivariate 
random- effects model assuming that no interaction exists 
among the covariates. If necessary, posthoc analyses will 
be performed where possible. The current prespecified 
covariates are as follows:
1. Version 2008 versus 2002 of EORTC/MSG categories. 

As the newly published 2020 version of the EORTC/
MSG categories is used by a few studies, we are unable 
to explore its impact on the heterogeneity.

2. Modified versus unmodified EORTC/MSG criteria.
3. Prospective versus retrospective enrolment of patients.
4. Case control versus cohort.
5. The reference incorporating the index test versus 

those not incorporating.
6. The use of antifungal prophylaxis (yes vs no), includ-

ing itraconazole, amphotericin B, posaconazole, etc.
7. Patients admitted in ICU versus general wards.

Sensitivity analysis
Sensitivity analysis will be performed according to the 
characteristics of studies.40 We will exclude studies with 
a high risk of methodological bias to observe changes of 
the combined diagnostic accuracy, and we speculate that 
mycological tests in studies with methodological bias have 
a higher diagnostic effect. As the division of IPA may intro-
duce bias on the results,41 patients classified as possible 
IPA will be left out of the analysis or grouped into IPA 
case group. For the tests that are reported with several 
diagnostic results from different techniques, we will use 
the best results for meta- analysis and the least satisfactory 
results for sensitivity analysis.

Risk of bias assessment
The risk of bias will be assessed with the Quality Assess-
ment tool for Diagnostic Accuracy Studies (QUADAS- 2). 
The tool covers four domains of patient selection, index 
test, reference standard, and flow and timing, each of 
which will be judged as ‘yes’, ‘no’ or ‘unclear’ depending 
on whether the designs of studies meet the requirements 
of the question. If all questions are ‘yes’, then the domain 

is at ‘“low risk of bias’. If at least one question is ‘no’, then 
the domain has a ‘high risk of bias’; otherwise the domain 
has an ‘unclear’ risk of bias. The results of the assessment 
will be presented graphically.

Patient and public involvement
Patients will not be directly involved in this review as the 
data will be extracted from studies.

DISCUSSION
The diagnostic frame for IPA is composed of host factors, 
clinical characteristics and mycological tests.11 With the 
merits of rapidity and well- tolerant procedure, mycolog-
ical tests of aspergillosis are indispensable and crucial 
for the screening and diagnosis of IPA. Mycological 
tests including GM, BDG, LFA, LFD and PCR, showing 
different diagnostic performance, are recommended for 
diagnosing IPA in haematological patients by EORTC/
MSG.11 The occurrence of IPA has been increasingly 
reported in non- haematological diseases; however, the 
diagnostic capability of above mycological examinations 
cannot be generalised to this patient population with 
distinct immune status.42

Most of the haematological patients infected with 
aspergillosis have profound neutropenia, for which the 
clinical manifestations are usually notable, and diagnostic 
yield of the mycological tests are already established.43 In 
non- haematological wards, underlying diseases predis-
posing to IPA infection include respiratory diseases such 
as COPD, idiopathic pulmonary fibrosis, lung cancer, 
influenza, liver cirrhosis, HIV infection and other critical 
ill diseases.15 37 44–46 Patients with these diseases usually 
suffer from excessive environmental exposure of asper-
gillosis, immunodysfunction caused by the use of steroid, 
antibiotics and immunosuppressive therapy, and immune 
derangement condition due to critical ill diseases.5 43 46 47 
The absence of neutropenia and airway invasion of asper-
gillosis are the essential pathogenesis for these patients 
population.48 Different pathogenesis of haematological 
and non- haematological patients contributes to varied 
clinical features and diagnostic performance of myco-
logical tests.8 The absent classical clinical symptoms and 
host factors of IPA as in haematological diseases protract 
the diagnosis of IPA and lead to a high mortality in non- 
haematological patients.46 Thus, the diagnostic capability 
of mycological tests for IPA is urgently needed to be estab-
lished in patients with non- haematological diseases.

Four previous reviews summarised the accuracy of 
mycological tests in diagnosing IPA in non- haematology 
patients.30 49–51 In these reviews, it is well accepted that the 
clinical signs of IPA in non- haematological patients are 
less typical than that in haematological patients, and the 
commonly used mycological tests for diagnosing IPA in 
haematological patients show different diagnostic accu-
racy in non- haematological patients (eg, BAL GM, with a 
sensitivity of 71% for haematological patients while drop-
ping to 22% for non- haematological patients). Two of 
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these reviews consistently agreed that GM in BAL exhibits 
better sensitivity comparing with in serum and other 
mycological tests.30 49 The other two reviews concluded 
that single test yields unsatisfactory diagnostic capability, 
while a combination of several tests may improve the diag-
nostic performance.50 51 However, critical information 
such as sensitivity and specificity of tests was not system-
atically evaluated. Further, most of reviews did not take 
comprehensive literature retrievals, and the risk of bias 
of included studies was not assessed.49–51 There is one 
study by Bassetti et al that conducted a systematic review 
on current evidence of diagnostic performance of GM, 
BDG, PCR and radiology for IPA in non- haematological 
and non- SOT patients, while the patients included were 
from ICU only, and there was a moderate risk of bias.30

Therefore, it is necessary to conduct a meta- analysis 
and systematic review of the studies that test the diag-
nostic yield of IPA for non- haematological patients to 
facilitate the awareness of these mycological tests in this 
population. The study results will elucidate the diagnostic 
performance of each test to direct their different use in 
clinical practice in this broad patient population.

Author affiliations
1Department of Integrated Traditional Chinese and Western Medicine, Sichuan 
University West China Hospital, Chengdu, Sichuan, China
2Department of Integrated Traditional Chinese and Western Medicine, Sichuan 
University West China Hospital/ West China School of Nursing, Chengdu, Sichuan, 
China
3Respiratory Department, No. 3 Affiliated Hospital of Chengdu University of 
Traditional Chinese Medicine (West District) / Chengdu Pidu District Hospital of 
Traditional Chinese Medicine, Chengdu, Sichuan, China
4Department of Integrated Traditional Chinese and Western Medicine; Divison of 
Pulmonary diseases, State Key Laboratory of Biotherapy, Sichuan University West 
China Hospital, Chengdu, Sichuan, China

Contributors JF and BM conceived the study topic and design. WX, CX, LD and 
TM developed the search strategy. ML and GC written the registry protocol and 
submitted it on the PROSPERO. ML and GC drafted the manuscript. JF and YL 
refined the protocol, and all the authors (JF, ML, GC, CX, WX, LD, BM, YL and TM) 
approved the final protocol and manuscript.

Funding JF receives fund from the National Natural Science Foundation of 
China (No.81870014, No.82174139), the Science and Technology Program 
(2019YFS0231) and 1.3.5 project for disciplines of excellence of West China 
Hospital (2018- 119). No other grants such as industrial and public funding support 
in this review.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.

Provenance and peer review Not commissioned; externally peer reviewed.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 

and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Chan Xiong http://orcid.org/0000-0002-9372-4467
Yu Li http://orcid.org/0000-0001-7610-9027
Juan- Juan Fu http://orcid.org/0000-0002-7957-1409

REFERENCES
 1 Kanj A, Abdallah N, Soubani AO. The spectrum of pulmonary 

aspergillosis. Respir Med 2018;141:121–31.
 2 Meersseman W, Vandecasteele SJ, Wilmer A, et al. Invasive 

aspergillosis in critically ill patients without malignancy. Am J Respir 
Crit Care Med 2004;170:621–5.

 3 Özger S, Hızel K, Kalkancı A, et al. [Evaluation of risk factors for 
invasive pulmonary aspergillosis and detection of diagnostic 
values of galactomannan and PCR methods in bronchoalveolar 
lavage samples from non- neutropenic intensive care unit patients]. 
Mikrobiyol Bul 2015;49:565–75.

 4 Fortún J, Martín- Dávila P, Gomez Garcia de la Pedrosa E, et al. 
Galactomannan in bronchoalveolar lavage fluid for diagnosis 
of invasive aspergillosis in non- hematological patients. J Infect 
2016;72:738–44.

 5 Chen J, Yang Q, Huang J, et al. Risk factors for invasive pulmonary 
aspergillosis and hospital mortality in acute- on- chronic liver 
failure patients: a retrospective- cohort study. Int J Med Sci 
2013;10:1625–31.

 6 Levesque E, Ait- Ammar N, Dudau D, et al. Invasive pulmonary 
aspergillosis in cirrhotic patients: analysis of a 10- year clinical 
experience. Ann Intensive Care 2019;9:31.

 7 Lahmer T, Brandl A, Rasch S, et al. Prevalence and outcome of 
invasive pulmonary aspergillosis in critically ill patients with liver 
cirrhosis: an observational study. Sci Rep 2019;9:11919.

 8 Russo A, Tiseo G, Falcone M, et al. Pulmonary aspergillosis: an 
evolving challenge for diagnosis and treatment. Infect Dis Ther 
2020;9:511–24.

 9 Budin S, Salmanton- García J, Koehler P, et al. Validation of the equal 
aspergillosis score by analysing guideline- adherent management 
of invasive pulmonary aspergillosis. J Antimicrob Chemother 
2021;76:1070–7.

 10 Dandachi D, Wilson Dib R, Fernández- Cruz A, et al. Invasive 
pulmonary aspergillosis in patients with solid tumours: risk factors 
and predictors of clinical outcomes. Ann Med 2018;50:713–20.

 11 Donnelly JP, Chen SC, Kauffman CA, et al. Revision and update 
of the consensus definitions of invasive fungal disease from the 
European organization for research and treatment of cancer and 
the mycoses Study Group education and research Consortium. Clin 
Infect Dis 2020;71:1367–76.

 12 Stergiopoulou T, Meletiadis J, Roilides E, et al. Host- dependent 
patterns of tissue injury in invasive pulmonary aspergillosis. Am J 
Clin Pathol 2007;127:349–55.

 13 Cornillet A, Camus C, Nimubona S, et al. Comparison of 
epidemiological, clinical, and biological features of invasive 
aspergillosis in neutropenic and nonneutropenic patients: a 6- year 
survey. Clin Infect Dis 2006;43:577–84.

 14 Bergeron A, Porcher R, Sulahian A, et al. The strategy for the 
diagnosis of invasive pulmonary aspergillosis should depend on both 
the underlying condition and the leukocyte count of patients with 
hematologic malignancies. Blood 2012;119:quiz 956:1831–7.

 15 Ku NS, Han SH, Choi JY, et al. Diagnostic value of the serum 
galactomannan assay for invasive aspergillosis: it is less useful in 
non- haematological patients. Scand J Infect Dis 2012;44:600–4.

 16 Kimura S- I, Odawara J, Aoki T, et al. Detection of sputum Aspergillus 
galactomannan for diagnosis of invasive pulmonary aspergillosis in 
haematological patients. Int J Hematol 2009;90:463–70.

 17 Teering S, Verreth A, Peeters A, et al. Prognostic value of serum 
galactomannan in mixed ICU patients: a retrospective observational 
study. Anaesthesiol Intensive Ther 2014;46:145–54.

 18 Zhang S, Wang S, Wan Z, et al. Quantitative real- time PCR 
and Platelia galactomannan assay for the diagnosis of invasive 
pulmonary aspergillosis: bronchoalveolar lavage fluid performs 
better than serum in Non- neutropaenic patients. Mycopathologia 
2016;181:625–9.

 19 Husain S, Paterson DL, Studer SM, et al. Aspergillus galactomannan 
antigen in the bronchoalveolar lavage fluid for the diagnosis of 
invasive aspergillosis in lung transplant recipients. Transplantation 
2007;83:1330–6.

 on O
ctober 20, 2022 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-057746 on 29 A

ugust 2022. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-9372-4467
http://orcid.org/0000-0001-7610-9027
http://orcid.org/0000-0002-7957-1409
http://dx.doi.org/10.1016/j.rmed.2018.06.029
http://dx.doi.org/10.1164/rccm.200401-093OC
http://dx.doi.org/10.1164/rccm.200401-093OC
http://dx.doi.org/10.5578/mb.9906
http://dx.doi.org/10.1016/j.jinf.2016.02.019
http://dx.doi.org/10.7150/ijms.6824
http://dx.doi.org/10.1186/s13613-019-0502-2
http://dx.doi.org/10.1038/s41598-019-48183-4
http://dx.doi.org/10.1007/s40121-020-00315-4
http://dx.doi.org/10.1093/jac/dkaa518
http://dx.doi.org/10.1080/07853890.2018.1518581
http://dx.doi.org/10.1093/cid/ciz1008
http://dx.doi.org/10.1093/cid/ciz1008
http://dx.doi.org/10.1309/UJRV9DLC11RM3G8R
http://dx.doi.org/10.1309/UJRV9DLC11RM3G8R
http://dx.doi.org/10.1086/505870
http://dx.doi.org/10.1182/blood-2011-04-351601
http://dx.doi.org/10.3109/00365548.2012.657672
http://dx.doi.org/10.1007/s12185-009-0429-8
http://dx.doi.org/10.5603/AIT.2014.0027
http://dx.doi.org/10.1007/s11046-016-0024-5
http://dx.doi.org/10.1097/01.tp.0000263992.41003.33
http://bmjopen.bmj.com/


6 Liu M, et al. BMJ Open 2022;12:e057746. doi:10.1136/bmjopen-2021-057746

Open access 

 20 Unterman A, Izhakian S, Geffen Y, et al. Routine comprehensive 
Aspergillus screening of bronchoalveolar lavage samples in lung 
transplant recipients. Clin Transplant 2020;34:e13811.

 21 Linder KA, Kauffman CA, Zhou S, et al. Performance of the 
(1,3)- Beta- D- Glucan assay on bronchoalveolar Lavage fluid for 
the diagnosis of invasive pulmonary Aspergillosis. Mycopathologia 
2020;185:925–9.

 22 Cai X, Ni W, Wei C, et al. Diagnostic value of the serum 
galactomannan and (1, 3)-β-D- glucan assays for invasive 
pulmonary aspergillosis in non- neutropenic patients. Intern Med 
2014;53:2433–7.

 23 Boch T, Reinwald M, Spiess B, et al. Detection of invasive pulmonary 
aspergillosis in critically ill patients by combined use of conventional 
culture, galactomannan, 1- 3- beta- D- glucan and Aspergillus specific 
nested polymerase chain reaction in a prospective pilot study. J Crit 
Care 2018;47:198–203.

 24 Prattes J, Flick H, Prüller F, et al. Novel tests for diagnosis of invasive 
aspergillosis in patients with underlying respiratory diseases. Am J 
Respir Crit Care Med 2014;190:922–9.

 25 Mercier T, Dunbar A, Veldhuizen V, et al. Point of care Aspergillus 
testing in intensive care patients. Crit Care 2020;24:642.

 26 Blot SI, Taccone FS, Van den Abeele A- M, et al. A clinical algorithm 
to diagnose invasive pulmonary aspergillosis in critically ill patients. 
Am J Respir Crit Care Med 2012;186:56–64.

 27 Bulpa P, Dive A, Sibille Y. Invasive pulmonary aspergillosis in 
patients with chronic obstructive pulmonary disease. Eur Respir J 
2007;30:782–800.

 28 Shamseer L, Moher D, Clarke M, et al. Preferred reporting items for 
systematic review and meta- analysis protocols (PRISMA- P) 2015: 
elaboration and explanation. BMJ 2015;350:g7647.

 29 Chassé M, Fergusson DA. Diagnostic accuracy studies. Semin Nucl 
Med 2019;49:87–93.

 30 Bassetti M, Giacobbe DR, Grecchi C, et al. Performance of existing 
definitions and tests for the diagnosis of invasive aspergillosis in 
critically ill, adult patients: a systematic review with qualitative 
evidence synthesis. J Infect 2020;81:131–46.

 31 Wu Z, Wang L, Tan L, et al. Diagnostic value of galactomannan 
in serum and bronchoalveolar lavage fluid for invasive pulmonary 
aspergillosis in non- neutropenic patients. Diagn Microbiol Infect Dis 
2021;99:115274.

 32 Ascioglu S, Rex JH, de Pauw B, et al. Defining opportunistic invasive 
fungal infections in immunocompromised patients with cancer and 
hematopoietic stem cell transplants: an international consensus. Clin 
Infect Dis 2002;34:7–14.

 33 De Pauw B, Walsh TJ, Donnelly JP, et al. Revised definitions of 
invasive fungal disease from the European organization for research 
and treatment of Cancer/Invasive fungal infections cooperative 
group and the National Institute of allergy and infectious diseases 
Mycoses Study Group (EORTC/MSG) consensus group. Clin Infect 
Dis 2008;46:1813–21.

 34 Leeflang MM, Debets- Ossenkopp YJ, Wang J. Galactomannan 
detection for invasive aspergillosis in immunocompromised patients. 
Cochrane Database Syst Rev 2015;2015:Cd007394.

 35 Husain S, Mooney ML, Danziger- Isakov L, et al. A 2010 working 
formulation for the standardization of definitions of infections 

in cardiothoracic transplant recipients. J Heart Lung Transplant 
2011;30:361–74.

 36 Koehler P, Bassetti M, Chakrabarti A, et al. Defining and managing 
COVID- 19- associated pulmonary aspergillosis: the 2020 ECMM/
ISHAM consensus criteria for research and clinical guidance. Lancet 
Infect Dis 2021;21:e149–62.

 37 Schauwvlieghe AFAD, Rijnders BJA, Philips N, et al. Invasive 
aspergillosis in patients admitted to the intensive care unit with 
severe influenza: a retrospective cohort study. Lancet Respir Med 
2018;6:782–92.

 38 Verweij PE, Rijnders BJA, Brüggemann RJM, et al. Review of 
influenza- associated pulmonary aspergillosis in ICU patients and 
proposal for a case definition: an expert opinion. Intensive Care Med 
2020;46:1524–35.

 39 Reitsma JB, Glas AS, Rutjes AWS, et al. Bivariate analysis of 
sensitivity and specificity produces informative summary measures in 
diagnostic reviews. J Clin Epidemiol 2005;58:982–90.

 40 de Heer K, Gerritsen MG, Visser CE, et al. Galactomannan 
detection in broncho- alveolar lavage fluid for invasive aspergillosis 
in immunocompromised patients. Cochrane Database Syst Rev 
2019;5:Cd012399.

 41 Arvanitis M, Anagnostou T, Mylonakis E. Galactomannan and 
polymerase chain reaction- based screening for invasive aspergillosis 
among high- risk hematology patients: a diagnostic meta- analysis. 
Clin Infect Dis 2015;61:1263–72.

 42 Bassetti M, Bouza E. Invasive mould infections in the ICU setting: 
complexities and solutions. J Antimicrob Chemother 2017;72:i39–47.

 43 Nucci M, Anaissie E. Fungal infections in hematopoietic stem 
cell transplantation and solid- organ transplantation--focus on 
aspergillosis. Clin Chest Med 2009;30:vii:295–306.

 44 Lee S- I, Sung H, Hong S- B, et al. Usefulness of ICU criteria for 
diagnosis of invasive pulmonary aspergillosis in nonhematologic 
critically ill patients. Med Mycol 2020;58:275–81.

 45 Miller WT, Sais GJ, Frank I, et al. Pulmonary aspergillosis in 
patients with AIDS. Clinical and radiographic correlations. Chest 
1994;105:37–44.

 46 Russo A, Falcone M, Vena A, et al. Invasive pulmonary aspergillosis 
in non- neutropenic patients: analysis of a 14- month prospective 
clinical experience. J Chemother 2011;23:290–4.

 47 Rodriguez- Goncer I, Thomas S, Foden P, et al. Invasive pulmonary 
aspergillosis is associated with adverse clinical outcomes 
in critically ill patients receiving veno- venous extracorporeal 
membrane oxygenation. Eur J Clin Microbiol Infect Dis 
2018;37:1251–7.

 48 Kosmidis C, Denning DW. The clinical spectrum of pulmonary 
aspergillosis. Thorax 2015;70:270–7.

 49 Tudesq J- J, Peyrony O, Lemiale V, et al. Invasive pulmonary 
aspergillosis in nonimmunocompromised hosts. Semin Respir Crit 
Care Med 2019;40:540–7.

 50 Bassetti M, Peghin M, Vena A. Challenges and solution of invasive 
aspergillosis in Non- neutropenic patients: a review. Infect Dis Ther 
2018;7:17–27.

 51 Samarakoon P, Soubani AO. Invasive pulmonary aspergillosis in 
patients with COPD: a report of five cases and systematic review of 
the literature. Chron Respir Dis 2008;5:19–27.

 on O
ctober 20, 2022 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-057746 on 29 A

ugust 2022. D
ow

nloaded from
 

http://dx.doi.org/10.1111/ctr.13811
http://dx.doi.org/10.1007/s11046-020-00479-0
http://dx.doi.org/10.2169/internalmedicine.53.2381
http://dx.doi.org/10.1016/j.jcrc.2018.07.001
http://dx.doi.org/10.1016/j.jcrc.2018.07.001
http://dx.doi.org/10.1164/rccm.201407-1275OC
http://dx.doi.org/10.1164/rccm.201407-1275OC
http://dx.doi.org/10.1186/s13054-020-03367-7
http://dx.doi.org/10.1164/rccm.201111-1978OC
http://dx.doi.org/10.1183/09031936.00062206
http://dx.doi.org/10.1136/bmj.g7647
http://dx.doi.org/10.1053/j.semnuclmed.2018.11.005
http://dx.doi.org/10.1053/j.semnuclmed.2018.11.005
http://dx.doi.org/10.1016/j.jinf.2020.03.065
http://dx.doi.org/10.1016/j.diagmicrobio.2020.115274
http://dx.doi.org/10.1086/323335
http://dx.doi.org/10.1086/323335
http://dx.doi.org/10.1086/588660
http://dx.doi.org/10.1086/588660
http://dx.doi.org/10.1002/14651858.CD007394.pub2
http://dx.doi.org/10.1016/j.healun.2011.01.701
http://dx.doi.org/10.1016/S1473-3099(20)30847-1
http://dx.doi.org/10.1016/S1473-3099(20)30847-1
http://dx.doi.org/10.1016/S2213-2600(18)30274-1
http://dx.doi.org/10.1007/s00134-020-06091-6
http://dx.doi.org/10.1016/j.jclinepi.2005.02.022
http://dx.doi.org/10.1002/14651858.CD012399.pub2
http://dx.doi.org/10.1093/cid/civ555
http://dx.doi.org/10.1093/jac/dkx032
http://dx.doi.org/10.1016/j.ccm.2009.03.001
http://dx.doi.org/10.1093/mmy/myz062
http://dx.doi.org/10.1378/chest.105.1.37
http://dx.doi.org/10.1179/joc.2011.23.5.290
http://dx.doi.org/10.1007/s10096-018-3241-7
http://dx.doi.org/10.1136/thoraxjnl-2014-206291
http://dx.doi.org/10.1055/s-0039-1696968
http://dx.doi.org/10.1055/s-0039-1696968
http://dx.doi.org/10.1007/s40121-017-0183-9
http://dx.doi.org/10.1177/1479972307085637
http://bmjopen.bmj.com/


Supplement 1. Search strategy 
On Pubmed 
1 “Aspergillus” [MeSH] OR “Aspergillosis” [MeSH] OR “Invasive Pulmonary 

Aspergillosis”[MeSH] OR aspergill*[ tw] OR “Pulmonary Aspergillosis”[tw] OR 

“Invasive Pulmonary Aspergillosis”[tw] 

2 “diagnosis”[MeSH] OR “diagnostic”[tw] OR “diagnosis”[tw] 
3 "case-control studies” [mh] OR "Cohort Studies"[mh] OR "Longitudinal 

Studies"[mh] OR "retrospective studies” [mh] OR “prospective studies”[mh] OR  

OR "Registries"[mh] OR trial[tw] OR trials[tw] OR cohort*[tw] OR case 

control*[tw] longitudinal*[tw] OR prospective*[tw] OR retrospective*[tw] 

4 English[la] 

5 #1 AND #2 AND #3 AND #4 

6 humans[MeSH]  

7 #5 AND #6 

8 "2002/01/01"[Date - Publication] : "3000"[Date - Publication] 

9 #7 AND #8 

 
On Embase and Central via Ovid platform  
1 exp Aspergillus/ or exp Aspergillosis/ or exp Invasive Pulmonary Aspergillosis/ 

(Invasive Pulmonary Aspergillosis or Invasive Aspergillosis).ti,ab,tw.  

2 exp diagnosis/ 

3 (diagnosis or diagnostic).ti,ab,tw.  

4 exp case-control studies/ OR exp Cohort Studies/ OR exp Longitudinal Studies/ 

OR exp retrospective studies/ OR exp prospective studies/ OR exp Registries/ 

5 (trial or trials or cohort* or longitudinal* or prospective* or retrospective*).tw. 

6 english.lg. 

7 #2 OR #3 

8 #4 OR #5 

9 #1 AND #6 AND #7 AND #8 

10 exp humans/  

11 #9 and #10 

12 limit 11 to yr="2002 -Current" 

 
 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2021-057746:e057746. 12 2022;BMJ Open, et al. Liu M



1 

 

Supplement 2. Definition of invasive pulmonary aspergillosis for different population 

Author/ 

Abbreviation 

Population Definition 

Donnelly et al1 

EORTC/MSG definition 

in 2020 

The category of proven IFD 

can apply to any patient, and 

the probable and possible 

categories are proposed for 

immunocompromised patients 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Proven 

Meeting one of the following: 

1. Detection of aspergillus by microscopic analysis or culture of sterile material 

2. Positive tissue nucleic acid test of Aspergillus species 

Probable 

Meeting all three criteria as following: 

1. Host factors: meeting one of the following 

a: Neutropenia(<0.5 × 109 for >10 days)  

b: Hematologic malignancy 

c: Receipt of an allogeneic stem cell transplant 

d: Receipt of a solid organ transplant 

e: Corticosteroids(≥0.3 mg/kg for 3≥ weeks) 
f: T-cell immunosuppressants 

g: B-cell immunosuppressants 

h: Inherited severe immunodeficiency  

i: Acute graft-versus-host disease grade III or IV 

2. Clinical features: 

At least one pattern on pulmonary CT (e.g., dense, air crescent sign, cavity) 

3. Mycological evidence: meeting one of the following 

a: GM antigen positive on blood, BAL, or CSF 

b: Two or more PCR tests positive on blood or BAL 

c: Positive culture of Aspergillus species from sputum, BAL, aspirate, or 

bronchial brush 
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Possible 

Meet the criteria of the probable but not for mycological evidence 

Blot et al2 

AspICU classification 

 

Patients in ICU Proven 

Same as the proven definition of EORTC/MSG criteria 

Putative 

Meeting all four criteria as following: 

1. Positive culture of Aspergillus species from LRT specimen 

2. Signs or symptoms (e.g., refractory or recrudescent fever, pleuritic chest pain, 

pleuritic rub, or dyspnea) 

3. Abnormal pulmonary imaging by CT or chest X-ray  

4. a or b 

a. Host factors: neutropenia, hematological, oncological malignancy, 

glucocorticoid treatment (20 mg/d) or immunodeficiency 

b. Positive culture of Aspergillus species from BAL with positive 

cytological smear 

Colonization 

≥ 1 criteria in the putative definition is lacked 

Bulpa et al3 Patients with chronic 

obstructive pulmonary disease 

Proven 

Detection of Aspergillus species by microscopic analysis accompanied with one 

of the following: 

1. Positive culture of Aspergillus species from LRT specimen 

2. Positive antibody/antigen of A. fumigatus in serum 

3. Conformation of hyphae Aspergillus species  

Probable  

Meeting one of the following: 

1. Without the evidence of 1, 2 or 3 in the proven definition 
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2. Treated with steroids and on stage III or IV of GOLD, with advanced dyspnea 

and abnormal chest imaging, accompanied with one of the following: 

a: positive culture or microscopic analysis from LRT 

b: Serum antibody test of Aspergillus species 

c: Positive two serum GM tests 

Possible 

Without the evidence of a, b or c in probable definition 

Colonisation 

Positive culture of Aspergillus species without clinical features 

Husain et al4 

ISHLT definition 

Cardiothoracic transplant 

recipients 

Proven 

Detection of aspergillus by microscopic analysis, or positive culture of 

Aspergillus species from sterile material of pulmonary site 

Probable 

Meeting all four criteria as following: 

1. Sign/symptoms (e.g., Fever or hypothermia without recognized cause; 

leukopenia or leukocytosis; purulent sputum; pleural effusion; or worsening 

gas exchange) 

2. Radiology (e.g., New or progressive and persistent infiltrate, consolidation, 

cavitation, or nodules) 

3. Laboratory (e.g., positive culture/PCR from BAL/blood; positive GM test of 

BAL; or no less than two positive culture/PCR from sputum) 

4. Negative histology 

Koehler et al5 

ECMM/ISHAM 

consensus criteria 

Patients with COVID-19 Proven 

Meeting three criteria as following 

1. Host factors: diagnosed with COVID-19 needing intensive care 

2. Mycological evidence: detection of aspergillus by microscopic analysis, or 
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positive culture/PCR from sterile material of pulmonary site 

Probable 

Meeting three criteria as following 

1. Host factors: diagnosed with COVID-19 needing intensive care 

2. Clinical factors: pulmonary infiltrate or cavitating infiltrate on CT without 

other reason 

3. Mycological evidence: meeting one of criteria as following 

a: Detection of aspergillus by microscopic analysis, or positive culture 

from BAL 

b: Serum GM/LFA index >0.5, or BAL GM/LFA index >1, or more than 

two positive PCR of blood, or single positive PCR of BAL with/without 

single positive PCR of blood  

Possible 

meeting three criteria as following 

1. Host factors: diagnosed with COVID-19 needing intensive care 

2. Clinical factors: pulmonary infiltrate or cavitating infiltrate on CT without 

other reason 

3. Mycological evidence: meeting one of the following 

a: Positive microscopic analysis/positive culture from non-BAL material 

b: Single GM index of non-BAL material >4.5 

c: More than one GM index of non-BAL material >1.2 

d: Single GM index >1.2 plus positive LFA/PCR of non-BAL material 

Schauwvlieghe et al6 

modified AspICU 

classification 

Patients with influenza in ICU Meeting three criteria as following: 

1. Clinical criteria (e.g., refractory/recrudescent fever despite antibiotic therapy 

for at least three days without recognized reason, dyspnea, or haemoptysis) 

2. Radiological criteria: infiltrate on pulmonary imaging 
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3. Mycological criteria: meeting one of the following 

a: Detection of hyphae by microscopic analysis with positive culture from 

tissue 

b: Positive culture from BAL 

c: BAL GM index>1 or serum GM index>0.5 

Verweij et al7 

IAPA definition 

Patients with influenza in ICU Proven 

Meeting two criteria as following: 

1. Host factors: diagnosed with influenza  

2. Detection of Aspergillus species by microscopic analysis or positive 

culture/PCR from tissue 

Probable 

Meeting one of the following: 

1. Pulmonary infiltrate companied with serum GM index>0.5/BAL GM 

index>1/positive BAL culture 

2. Cavitating infiltrate Cavitating infiltrate companied with positive 

sputum/tracheal aspirate culture 

Abbreviations: EORTC/MSG = European Organization for Research and Treatment of Cancer and the Mycoses 

Study Group; GOLD = Global Initiative for Chronic Obstructive Lung Disease; IFD = invasive fungal disease; GM = galactomannan; CT = 

computerized tomograph; BAL = bronchoalveolar lavage; CSF = cerebrospinal fluid; ICU = intensive care unit; LRT = lower respiratory tract; 

ISHLT = International Society for Heart and Lung Transplantation; ECMM/ISHAM = European Confederation for Medical Mycology and the 

International Society for Human and Animal Mycology institution; COVID-19 = coronavirus disease 2019; LFA = lateral-flow assay; IAPA = 

infuenza‑associated pulmonary aspergillosis. 
1. Donnelly JP, Chen SC, Kauffman CA, et al. Revision and Update of the Consensus Definitions of Invasive Fungal Disease From the 

European Organization for Research and Treatment of Cancer and the Mycoses Study Group Education and Research Consortium. Clin Infect 

Dis 2020;71(6):1367-76. 
2. Ascioglu S, Rex JH, de Pauw B, et al. Defining opportunistic invasive fungal infections in immunocompromised patients with cancer and 
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