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Abstract: The optimal cut-off value of the optical density index of the galactomannan antigen assays
(GM) for diagnosing invasive pulmonary aspergillosis in hematological patients is a disputed topic.
This article conducts a systematic review with a meta-analysis to establish which optical density index
(ODI) cut-off value should be implemented into clinical practice. Pubmed, Embase and Cochrane
databases were searched (N = 27). The pooled data, using a generalized linear mixed model with
binomial distribution, resulted in an overall serum sensitivity of 0.76 and a specificity of 0.92. For
serum ODI 0.5 there was a pooled sensitivity of 0.92 and a specificity of 0.84. The pooled data of all
broncho-alveolar lavage (BAL) studies resulted in an overall sensitivity of 0.80 and a specificity of
0.95. For BAL ODI 0.5, there was a pooled sensitivity of 0.75 and a specificity of 0.88. For the BAL
ODI 1.0 pooling, the studies resulted in a sensitivity of 0.75 and a specificity of 0.96. Serum ODI of 0.5
and BAL ODI of 1.0 are the most suitable cut-offs for clinical practice. However, our study affirms
that the evidence for the use of GM in clinical practice for the hematological malignancy patient is
currently insufficient and more research is needed to determine the diagnostic value of GM.

Keywords: invasive pulmonary aspergillosis; galactomannan; serum; broncho-alveolar lavage;
hematology; malignancy; systematic review; meta-analysis

1. Introduction

Patients with hematological malignancies are often treated with chemotherapy; this,
or the disease itself, makes them immunocompromised, which greatly increases the risk for
opportunistic infections such as invasive pulmonary aspergillosis (IPA). IPA is a pulmonary
fungal infection caused by the Aspergillus species, most commonly the A. fumigatus, A.
flavus, A. niger and A. terreus [1]. IPA is a major cause of mortality in this patient group [2].
ICU admission and 90-day mortality rates of 58.4% and 75.2%, respectively, have recently
been reported [3]. Establishing an early diagnosis and subsequently starting early treatment
has improved the survival rates in these patients [4]. However, due to the unspecific clinical
and radiological features combined with the often-poor yield of cultures, diagnosing IPA
remains difficult.

To facilitate the diagnosis and treatment of IPA, the European Organization for Re-
search and Treatment of Cancer/Mycosis Study Group (EORCT/MSG) has defined three
categories: proven, probable and possible aspergillosis. These EORTC/MSG criteria have
recently been revised and updated, leading to a change in the diagnostic criteria, especially
for the probable category. One of these changes applies to the detection of the aspergillus-
specific marker, galactomannan (GM), in serum and broncho-alveolar lavage (BAL) [5].
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GM is a polysaccharide on the cell wall of Aspergillus spp., which can be detected with
an enzyme-linked immunosorbent assay (ELISA). This assay provides the optical density
index (ODI), which can be translated into clinical practice [6]. The appropriate cut-off
for this index, however, is a subject of debate. Originally, the serum cut-off for positivity
was set at ≥1.5; however, the 2008 EORCT/MSG guideline advised to lower it to ≥0.5
after a review by the FDA [7]. Similarly, in the most recent Dutch Fungal guideline (2017),
which is based on the EORCT/MSG report of 2008, a serum galactomannan cut-off value
of ≥0.5 and a BAL cut-off value of ≥0.8 were recommended [8]. However, in the updated
EORCT/MSG report of 2020, the cut-off was increased to a cut-off value of ≥1.0 for both or
when combined lower cut-offs, ≥0.7 for serum and ≥0.8 for BAL, are advised [5].

There have been several reviews regarding this topic. However, most reviews are
outdated and have not specified the use in the adult hematological patient population, nor
have the authors combined both serum and BAL GM in this group [9–11]. Since, on the one
hand, IPA has a high mortality, but on the other hand, overtreatment should be averted
due to potential medication toxicity and induction of antifungal resistance and costs, there
is a considerable need for a well-effectuated meta-analysis considering GM to optimize
IPA diagnosis. In this systematic review, we want to evaluate the most recent evidence
regarding the ODI for serum and BAL ELISA GM for the diagnosis of IPA, which is a key
element in the diagnosis of IPA in this patient group.

2. Materials and Methods

This systematic review was written according to the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analysis) checklist [12].

2.1. Eligibility Criteria

Articles were eligible for inclusion if they reported the use of galactomannan Platelia
ELISA, in serum or BAL, for the diagnosis of invasive pulmonary aspergillosis in the adult
(18+) intensive hematological malignancy population. Any study design, except for a
review, was included for analysis. Only articles using the EORTC/MSG criteria to define
the IPA cases and controls in proven/probable/possible and no-IPA, were included.

Articles were excluded when the full text was not available, thus excluding all confer-
ence abstracts, when the language was not English or Dutch or when the patient population
had other significant diseases such as COVID-19, an influenza virus infection, HIV/AIDS
and/or all other significant bacterial or viral co-infections. Furthermore, publications where
the entire population was currently using posaconazole prophylaxis and publications in-
cluding the intensive care unit (ICU) population were excluded. All results had to be
presented in a manner by which a 2 × 2 table could be formed to analyze the sensitivity
and specificity of the GM assay. The data also had to be available in a manner by which the
possible IPA patients could be separated from the no-IPA patients. If not, the article was
excluded.

2.2. Search Strategy

An electronic search in Pubmed, Embase and Cochrane was performed on
13 April 2021. The complete search strategy can be viewed in File S1. No limitations
or filters were used.

2.3. Selection Process

Two independent reviewers (L.B. and L.N.) assessed all articles retrieved through the
search. First, all the duplicates were removed with the Wichor method in EndNote [13].
For the article selection, Rayyan was used [14]. After uploading all articles in Rayyan,
they were assessed for eligibility on title and abstract using the in- and exclusion criteria.
Of all remaining articles of which title and abstract information was insufficient to assess
the article, if possible, full text articles were retrieved. Articles that did not have full text
availability were excluded. The in- and exclusion criteria were used to make the final
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selection of articles for inclusion in this review. Any disagreements between the two
reviewers L.B. and L.N. were resolved through discussion or, when necessary, a third
reviewer (L.v.D.) was consulted.

2.4. Data Collection Process

Every included article was thoroughly analyzed and the available data were collected
by one reviewer (L.B.). The following data, when available, were collected and recorded
in Excel: author, year of publication, country, means of data collection, specific patient
population, antifungal prophylaxis, sampling method, galactomannan assay, sample size,
age (mean/range), reference test, ODI cut-off’s for positivity, serum/BAL OD index, median
GM index, number of positive samples, total samples, total incidence/prevalence, mortality,
fungal culture, HRCT, histopathology, number of proven/probable/possible and no-IPA
patients and the data for a 2 × 2 table. All data extracted from the article were discussed
and reviewed by a second reviewer (L.N.). No study investigators were contacted for
additional data.

2.5. Methodological Quality Assessment

The methodological quality of all publications included in the meta-analysis was
graded using the QUADAS-2 tool. Using this tool, the articles were independently assessed
by two reviewers (L.B. and L.N.). After individual assessment, the conflicts were reviewed
and resolved through discussion. The QUADAS-2 tool consists of four domains, and
for each domain the risk of bias was considered to be unclear, low or high. These risks
were estimated based on answering questions about the methodological quality. In three
domains, the applicability of the studies was also examined, resulting in grading any
concerns about the applicability to be unclear, low or high.

Since galactomannan is incorporated in the EORTC/MSG criteria, there is a risk
of incorporation bias in studies which include the galactomannan results to define the
reference standard. Thus, this additional criterium was added to the bias assessment in
domain three, namely the reference test.

2.6. Outcome Measures

The primary outcome is the pooled sensitivity and specificity of serum and BAL
galactomannan, and secondarily to compare the sensitivity and specificity per OD index.
The objective is to compare different cut-off values for the OD index and decide which
cut-off is most adequate to diagnose IPA. Additionally, to confirm which cut-off should be
incorporated in clinical practice while also considering the different IPA classifications, it is
necessary to compare proven, probable and possible IPA with not having IPA.

2.7. Statistical Analysis and Data Synthesis

The EORTC/MSG criteria were used as a reference standard, thus defining four patient
groups: proven, probable, possible and no-IPA [7]. In the primary analysis, we defined
the proven and probable patients as having IPA and compared them to the no-IPA group
as negative controls. For a second analysis, we also presented data including the possible
patient group in the IPA group and thus compared proven, probable and possible IPA to
the no-IPA controls.

With these classifications, 2 × 2 tables could be constructed; IPA and no-IPA versus a
positive or negative galactomannan result. This allowed us to calculate the test accuracy of
GM.

A meta-analysis of the individual study results was performed to obtain the overall
sensitivity and specificity across studies.

Our primary goal was to assess the pooled diagnostic power and secondarily to assess
the diagnostic power of each cut-off. For both analyses, we fitted a generalized linear mixed
model with a binomial distribution for the counts of positive tests, with two (possibly
correlated) random effects for the derived sensitivity and specificity. This model has proven
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to be equivalent to the hierarchical summary ROC model [14–16]. Furthermore, this model
could be adapted to test the significance of the difference in diagnostic accuracy among
specific settings of interest. In particular, for serum GM ODI 0.5, some studies used the
cut-off for a single sample for positivity and others used consecutive samples for positiv-
ity. To analyze whether this has any effect on the diagnostic accuracy, we compared the
two approaches.

Since we were also interested in the value of serial serum GM screening in the asymp-
tomatic population, we performed a sub-analysis differentiating a population with a higher
pre-test probability for IPA, i.e., the studies with populations including patients with fever.

Individual study results were plotted in forest plots together with the pooled values, to
give a visual representation of the results of the meta-analysis. All analyses were performed
in SAS 9.4, version 9.4.

3. Results
3.1. Article Selection

The full selection process can be reviewed in Figure S1. A total of 27 articles [2,17–39]
were included in the meta-analysis: 15 for the serum GM and 12 for the BAL GM.

3.2. Study Characteristics
3.2.1. Serum

In Table S1, all study characteristics of the included studies about serum galactoman-
nan are presented. In total, 15 studies were included with a sample size of 2568 patients
including 501 patients with proven or probable IPA and 300 patients with possible IPA. All
study populations comprised adult (18+) patients with a hematological malignancy. The
EORTC/MSG criteria of 2008 were most commonly used and there was only one study
that used the newest update from 2020. The most common ODI cut-off value was 0.5. The
antifungal prophylaxes used in the studies were fluconazole, itraconazole, caspogungin or
l-AmB.

3.2.2. BAL

In Table S2, study characteristics of the included studies about BAL galactomannan
are presented. In total, 12 studies were included with a total sample size of 1090 patients,
including 241 patients with proven or probable IPA and 238 patients with possible IPA.

Additionally, in this case, all study populations included only adult (18+) patients
with a hematological malignancy. The EORTC/MSG criteria of 2008 were most commonly
used and there was no study which used the newest update from 2020. The most common
cut-off value used was 1.0. The antifungal prophylaxes used in the included studies were
fluconazole, itraconazole or l-AmB.

3.3. Methodological Quality of Studies Included in Meta-Analysis

The full assessment is presented in Figures S2–S5.

3.3.1. Serum

In Figures S2 and S3, the methodological quality assessment and applicability per
study included in the meta-analysis are shown. In the first domain, namely patient selection,
five studies were graded to have a high risk of bias, mostly because they did not enroll
patients consecutively/randomly or there was a case–control design.

In the second domain, namely index test, no studies were graded to have a high risk
of bias. In all studies, the cut-off used was pre-specified and all studies used the Platelia
ELISA. It was often unclear whether the galactomannan assay was interpreted without
knowledge of the reference standard. However, since there was a prespecified cut-off value,
the interpretation could not be dependent on the reference standard and therefore this was
not considered as a source of bias.
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In the third domain, namely reference standard, six studies were graded to have a
high risk of bias, mostly due to incorporation bias. Four studies were graded to have an
unclear bias since they did not specify whether there was an incorporation bias.

In the fourth domain, namely flow and timing, three studies were graded to have a
high risk of bias because they did not include all selected patients in the final analysis.

The applicability concerns in domain one were considered to be high in only one study
and to be unclear in two studies. In domains two and three, there were no applicability
concerns in any study.

3.3.2. BAL

In Figures S4 and S5, the methodological quality with the risk of bias assessment
and the applicability per study included in the meta-analysis are shown. In the first
domain, namely patient selection, four studies were graded to have a high risk of bias. This
was mostly because they did not enroll patients consecutively/randomly or there was a
case–control design.

In the second domain, namely index test, two studies were graded to have a high
risk of bias; one because they specified that not all investigators were blinded and one
because the article did not specifically give an ODI cut-off value. All studies used the
Platelia ELISA.

In the third domain, namely reference standard, three studies were graded to have a
high risk of bias, mostly due to incorporation bias. One study was graded to have unclear
bias since they did not specify whether there was incorporation bias.

In the fourth domain, namely flow and timing, five studies were graded to have a
high risk of bias because they did not include all selected patients in the final analysis.

The applicability concerns were very low for the BAL GM studies. Only one study had
unclear concerns in the patient selection domain. All the other studies had no applicability
concerns.

3.4. Heterogeneity

The heterogeneity was first investigated by visual examination of the forest plots of all
the data together. It is apparent that sensitivity and specificity vary largely across studies.
Differences arise when considering different cut-offs, but even among the results from the
same cut-off, there are non-overlapping confidence intervals, especially when looking at
the sensitivity of the serum analysis. On the other hand, the reported specificity seems to
be less variable across studies.

3.5. Primary Outcome
3.5.1. Serum

In Tables S3–S6, all the data per article are shown. The same data are plotted in
forest plots (Figures S6–S13). The analysis of all serum studies together, regardless of
cut-off or study design, resulted in an overall sensitivity of 0.76 [95%CI, 0.60–0.87] and
specificity of 0.92 [95%CI, 0.87–0.96] for proven/probable vs. no IPA (Figures S6 and S7).
For proven/probable/possible vs. no IPA, an overall sensitivity of 0.45 [95%CI, 0.22–0.70]
and specificity of 0.91 [95%CI, 0.86–0.95] was found (Figures S8 and S9). For the subanalysis
for proven/probable vs. no-IPA excluding the serum studies with a population with a
higher pre-test probability (i.e., studies that only included patients with fever), three studies
were excluded [17,24,29]. This did not significantly alter the results (p-value = 0.21 for
sensitivity and p-value = 0.42 for specificity). A similar subanalysis for the classification
proven/probable/possible vs. no-IPA excluded three studies [17,28,39] and led to a similar
conclusion (p-value = 0.53 for sensitivity and p-value = 0.31 for specificity). However, it
must be noted that only three studies remained in the subanalysis.

In Tables S7 and S8, the pooled sensitivity and specificity per cut-off value are pre-
sented. For the ODIs 1.0 and 1.5, only one study was available per cut-off, which is
insufficient for pooling and drawing any conclusions. For the group proven/probable
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IPA vs. no-IPA and the ODI 0.5, nine studies were available, which resulted in a pooled
sensitivity of 0.92 [95%CI, 0.69–0.98] and a specificity of 0.84 [95%CI, 0.76–0.90]. Nine
studies reported results regarding consecutive sampling with the ODI 0.5, which resulted
in a pooled sensitivity of 0.66 [95%CI, 0.45–0.83] and a specificity of 0.95 [95%CI, 0.91–0.98].
For the analysis of proven, probable and possible IPA vs. no-IPA (Tables S9 and S10),
five studies were available for the ODI 0.5, which resulted in a pooled sensitivity of 0.40
[95%CI, 0.05–0.89] and a specificity of 0.87 [95%CI, 0.71–0.95]. Additionally, five studies
reported results regarding consecutive sampling with the ODI 0.5, which resulted in a
pooled sensitivity of 0.55 [95%CI, 0.29–0.78] and a specificity of 0.94 [95%CI, 0.87–0.97].

3.5.2. BAL

In Tables S11–S14, we report all data found in the literature about BAL analysis.
All data are plotted in forest plots (Figures S14–S21). The analysis of all BAL stud-
ies together, regardless of cut-off or study design, resulted in an overall sensitivity of
0.80 [95%CI, 0.67–0.89] and a specificity of 0.95 [95%CI, 0.90–0.98] for proven/probable vs.
no IPA. For proven/probable/possible vs. no IPA, it resulted in an overall sensitivity of
0.49 [95%CI, 0.25–0.73] and a specificity of 0.95 [95%CI, 0.87–0.98].

In Tables S15 and S16, the pooled sensitivity and specificity per cut-off value are
presented. For the ODIs 0.8, 0.85 and 1.5, only one study was available, rendering these
data unusable for pooling and drawing any conclusions. For the group proven and prob-
able IPA vs. no-IPA and the ODI 0.5, six studies were available, which resulted in a
pooled sensitivity of 0.75 [95%CI, 0.58–0.87] and a specificity of 0.88 [95%CI, 0.76–0.95].
For the ODI 1.0, eight studies were available, which resulted in a pooled sensitivity of
0.75 [95%CI, 0.56–0.88] and a specificity of 0.96 [95%CI, 0.91–0.98]. For the group proven,
probable and possible IPA vs. no-IPA, three studies were available for the ODI 0.5,
which resulted in a pooled sensitivity of 0.42 [95%CI, 0.73–0.99] and a specificity of
0.92 [95%CI, 0.19–0.99]. Additionally, three studies reported results regarding the ODI
1.0, which resulted in a pooled sensitivity of 0.62 [95%CI, 0.03–1.0] and a specificity of
0.99 [95%CI, 0.00–1.0].

4. Discussion and Conclusions
4.1. Summary of Main Results

In this study, we reviewed all the recent evidence regarding the use of both serum
and BAL galactomannan in diagnosing invasive pulmonary aspergillosis. Defining the
clinically relevant cut-offs is essential for clinical practice due to the high mortality rates in
patients with a hematological malignancy. This is the first review addressing both serum
and BAL GM in comparing all different hematological patient groups, including all IPA
categories and performing clinically relevant subanalyses. All different cut-off values for
the ODI for different IPA categories were analyzed, which resulted in an extensive overview
of the current evidence. The results show that, for serum the ODI 0.5 and for BAL the ODI
1.0 portray the best diagnostic accuracy.

Pooling the data for serum GM resulted in an overall sensitivity of 76% and a speci-
ficity of 92% for proven/probable vs. no IPA. The sensitivity dropped massively when
considering the alternative categorization of proven/probable/possible, resulting in a
sensitivity of 45% and a specificity of 91%. This result is reasonable because the likelihood
of infection is fairly low for the possible IPA group. It is therefore relatively difficult to
detect a true IPA in this patient group.

For the BAL GM pooling, the data resulted in an overall sensitivity of 80% and a
specificity of 95% for proven/probable vs. no IPA. Additionally, with BAL GM, adding
the possible group resulted in a significant drop in sensitivity (49%); specificity remained
similar (95%).

It has become clear that there is a lack of available research on this topic, especially for
the rarer ODI cut-offs that are less commonly used. Our study affirms that the evidence
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for the use of GM in clinical practice for the hematological malignancy patient is currently
insufficient and more research is needed to conduct the diagnostic value of GM.

4.2. Comparison to Other Reports
4.2.1. Serum Galactomannan

There have been other reviews regarding the clinical use of serum galactomannan
[9,11,40,41]. In our review, however, we included several recent studies which have not
been used in a meta-analysis before and performed a more extensive subanalysis, making
our review very relevant for clinical practice. In 2015, a study from the Cochrane Library
by Leeflang reported a sensitivity and specificity for the cut-off ODI 0.5 of 0.79 and 0.80,
respectively, for a single sample, and of 0.77 and 0.88 for, respectively, for subsequent
samples [11]. For the cut-off ODI 1.0, they reported a sensitivity and specificity of 0.72 and
0.87, respectively, for a single sample, and of 0.70 and 0.92 for subsequent samples. Their
patient group, however, is not fully comparable to our patient group: they also included
children and other immunocompromised patients such as solid organ transplant recipients,
patients with solid cancer and patients with HIV/AIDS. Additionally, they merged possible
IPA together with the no-IPA group as negative controls. We decided not to include the
possible IPA in the negative control group in our first analysis since these patients, in our
opinion, cannot be regarded as truly not having IPA. This is in line with clinical practice
wherein we often treat patients with possible IPA. This underlines the importance of our
second analysis in which we include the possible IPA patient group. They also conclude
that their numbers should be interpreted with caution because their results were very
heterogeneous, which is in line with our own conclusion.

Another publication describes a drop in the serum GM performance for
non-neutropenic and non-hematological patients with a sensitivity range of 23.1–57.9
and a specificity range of 76.1–94.1 [42]. The reason for this is the availability of circulating
neutrophils to clear the antigen. This affirms the clinical necessity of a systematic review
with only neutropenic hematology patients.

A 2006, review by Pfeiffer reported a pooled sensitivity of 0.61 and a specificity of 0.93
for all serum cut-off values [40]. Specifying it to different cut-off ODIs, they reported for
cut-offs of 0.5 and 1.0 a sensitivity and specificity of 0.79 and 0.86 as well as 0.65 and 0.94,
respectively. This review includes a variety of immunocompromised patients and they
included the possible IPA’s as true negatives, but they did perform a subgroup analysis on
only the hematological malignancy patient group which shows a sensitivity of 0.58 and
specificity of 0.95 for all serum cut-off values. In this study they also conclude that the
performance of the GM test drops sharply for solid-organ transplant recipients, reporting a
sensitivity of 0.41 and specificity of 0.85.

When comparing our serum results with the previous reviews, our diagnostic accuracy
appears to be higher than previously found. This could be explained by differences in
patient selection, e.g., using only neutropenic hematology patients as well as excluding the
possible IPA patients from analysis.

4.2.2. BAL Galactomannan

Regarding BAL GM, a more recent review from Cochrane Library by De Heer was
published in 2020 [9]. This review reports a sensitivity and a specificity of 0.84 and 0.83,
respectively, at a cut-off ODI of 0.5 and a sensitivity and specificity of 0.80 and 0.92 for a
cut-off ODI of 1.0. This review also included a variety of immunocompromised patients
and no subgroup analysis was performed including only hematological patients. They also
included 16+ patients, instead of 18+, and merged the possible label in the negative control
(i.e., in the no-IPA group).

Another review by Heng from 2015 also analyzed the use of BAL GM, specifically
focusing on an adult hematological patient population [41]. However, they also included
the possible IPA patients with the no-IPA patients as negative controls. For the ODI 0.5,
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the sensitivity and specificity were 0.82 and 0.92, respectively, and for the ODI 1.0, the
sensitivity and specificity were 0.75 and 0.95, respectively.

Comparing our results to the aforementioned studies for both ODI 0.5 and 1.0, our
results do not differ significantly. The slight differences may be explained by the differences
in the patient groups.

4.3. Strengths and Weaknesses of This Review

Due to our strict in- and exclusion criteria, we ensured that the included articles were
highly reliable and applicable on our study population of interest. The strength of our
analysis lies in the multiple subgroup analysis we performed. By including only the no-IPA
group as negative controls, we ensured that patients in this group most likely did not have
IPA. Since we also conducted a separate analysis combining the possible IPA group with
the proven and probable patient groups, we created an analysis which reflects diagnostic
accuracy in clinical practice. This is also the first review to combine both serum and BAL
galactomannan, which provides an extensive and highly reliable overview of the current
evidence.

Due to our strict criteria, we had to exclude some high-quality publications due to
the fact that they included patients with other pre-specified significant diseases or when
the age was 16+. This was also of influence on our final (smaller) sample size for the
meta-analysis. Especially for the less reported ODI GM values (serum 1.0 and 1.5 and
BAL 0.8 and 1.5), there were not enough data to pool and draw definitive conclusions. It
is therefore not possible to endorse (nor wave aside) the use of a cut-off value of 1.0 for
single serum galactomannan as advised by the EORTC/MSG 2020 guideline, based on our
analysis.

A potential source of bias that is worthwhile to discuss is the incorporation bias. As
stated in the methodological quality assessment, the EORTC/MSG criteria implement the
value of GM for the probable category, thus risking incorporation bias.

Another potential source of bias is the time between the index test and the reference
standard. Most studies are unclear about this and therefore we do not know its impact.
It is however important to acknowledge this, since the positivity of the index test could
be weeks before or after the time of diagnosis with the reference standard. Therefore, the
true disease status of the patient could have been different at the time the index test turned
positive. This could also explain the wide variety between the different study results.
However, since the studies are not clear about this, the exact effect could not be estimated.

4.4. Conclusions

In conclusion, based on our data analysis, a serum ODI of 0.5 and a BAL ODI of 1.0
seem to be the most suitable cut-offs for clinical practice. Nonetheless, both have a mediocre
sensitivity and specificity, which raises the question of whether GM is the right tool for
detecting IPA early in its course and thus preventing the disease. Therefore, more research,
preferably multiple randomized controlled trials, should be conducted.
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ological quality assessment of BAL studies included in meta-analysis using the QUADAS-2 tool;
Figure S5—Overall methodological quality assessment of BAL studies included in meta-analysis using
the QUADAS-2 tool; Figure S6—Forest plot of diagnostic power of sensitivity serum galactomannan
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21. Bölük, G.; Kazak, E.; Özkalemkaş, F.; Ener, B.; Akalin, H.; Ağca, H.; Okuturlar, Y.; Keskin, K.; Burgazlioğlu, B.; Ali, R. Comparison
of galactomannan, beta-D-glucan, and aspergillus DNA in sera of high-risk adult patients with hematological malignancies for
the diagnosis of invasive aspergillosis. Turk. J. Med. Sci. 2016, 46, 335–342. [CrossRef]

22. Fréalle, E.; Decrucq, K.; Botterel, F.; Bouchindhomme, B.; Camus, D.; Dei-Cas, E.; Costa, J.M.; Yakoub-Agha, I.; Bretagne, S.;
Delhaes, L. Diagnosis of invasive aspergillosis using bronchoalveolar lavage in haematology patients: Influence of bronchoalveolar
lavage human DNA content on real-time PCR performance. Eur. J. Clin. Microbiol. Infect. Dis. 2008, 28, 223–232. [CrossRef]
[PubMed]

23. Furfaro, E.; Giacobbe, D.R.; Del Bono, V.; Signori, A.; Guolo, F.; Minetto, P.; Clavio, M.; Ballerini, F.; Gobbi, M.; Viscoli, C.;
et al. Performance of serum (1,3)-ß-d-glucan screening for the diagnosis of invasive aspergillosis in neutropenic patients with
haematological malignancies. Mycoses 2018, 61, 650–655. [CrossRef] [PubMed]

24. Heldt, S.; Prattes, J.; Eigl, S.; Spiess, B.; Flick, H.; Rabensteiner, J.; Johnson, G.; Prüller, F.; Wölfler, A.; Niedrist, T.; et al. Diagnosis
of invasive aspergillosis in hematological malignancy patients: Performance of cytokines, Asp LFD, and Aspergillus PCR in same
day blood and bronchoalveolar lavage samples. J. Infect. 2018, 77, 235–241. [CrossRef] [PubMed]

https://doi.org/10.1086/510592
https://www.ncbi.nlm.nih.gov/pubmed/17243056
https://doi.org/10.1093/cid/ciz1008
https://doi.org/10.1128/iai.62.12.5424-5433.1994
swab.nl
https://doi.org/10.1002/14651858.CD012399.pub2
https://doi.org/10.1016/j.micpath.2018.03.059
https://doi.org/10.1002/14651858.CD007394.pub2
https://doi.org/10.1136/bmj.n71
https://doi.org/10.3163/1536-5050.104.3.014
https://doi.org/10.1186/s13643-016-0384-4
https://doi.org/10.1016/j.jclinepi.2003.12.019
https://doi.org/10.1002/sim.942
https://doi.org/10.1111/myc.12322
https://doi.org/10.1046/j.1365-2141.2003.04308.x
https://doi.org/10.1378/chest.09-0701
https://doi.org/10.3906/sag-1408-100
https://doi.org/10.1007/s10096-008-0616-1
https://www.ncbi.nlm.nih.gov/pubmed/18763000
https://doi.org/10.1111/myc.12787
https://www.ncbi.nlm.nih.gov/pubmed/29693758
https://doi.org/10.1016/j.jinf.2018.05.001
https://www.ncbi.nlm.nih.gov/pubmed/29972764


J. Fungi 2023, 9, 674 11 of 11

25. Heng, S.-C.; Chen, S.C.-A.; Morrissey, C.O.; Thursky, K.; Manser, R.L.; De Silva, H.D.; Halliday, C.L.; Seymour, J.F.; Nation, R.L.;
Kong, D.C.; et al. Clinical utility of Aspergillus galactomannan and PCR in bronchoalveolar lavage fluid for the diagnosis of
invasive pulmonary aspergillosis in patients with haematological malignancies. Diagn. Microbiol. Infect. Dis. 2014, 79, 322–327.
[CrossRef]

26. Hoenigl, M.; Eigl, S.; Heldt, S.; Duettmann, W.; Thornton, C.; Prattes, J. Clinical evaluation of the newly formatted lateral-flow
device for invasive pulmonary aspergillosis. Mycoses 2017, 61, 40–43. [CrossRef]

27. Hsu, L.-Y.; Ding, Y.; Phua, J.; Koh, L.-P.; Chan, D.S.; Khoo, K.-L.; Tambyah, P.A. Galactomannan testing of bronchoalveolar lavage
fluid is useful for diagnosis of invasive pulmonary aspergillosis in hematology patients. BMC Infect. Dis. 2010, 10, 44. [CrossRef]

28. Jin, X.; Chen, Y.; Yu, N.; Zuo, X.; Song, S.; Yin, X.; Huang, Y.; Zhang, W.; Che, J.n. Detection of galactomannan and (l-3)-β-D-glucan
for early diagnosis of invasive Aspergillosis in hematological cancer patients. Int. J. Pharmacol. 2013, 9, 86–91. [CrossRef]

29. Mercier, T.; Guldentops, E.; Lagrou, K.; Maertens, J. Prospective evaluation of the turbidimetric β-D-glucan assay and two lateral
flow assays on serum in invasive aspergillosis. Clin. Infect. Dis. 2021, 72, 1577–1584. [CrossRef]

30. Mercier, T.; Schauwvlieghe, A.; de Kort, E.; Dunbar, A.; Reynders, M.; Guldentops, E.; Rijnders, B.; Verweij, P.E.; Lagrou, K.;
Maertens, J. Diagnosing Invasive Pulmonary Aspergillosis in Hematology Patients: A Retrospective Multicenter Evaluation of a
Novel Lateral Flow Device. J. Clin. Microbiol. 2019, 57, e01913-18. [CrossRef]

31. Nguyen, M.H.; Leather, H.; Clancy, C.J.; Cline, C.; Jantz, M.A.; Kulkarni, V.; Wheat, L.J.; Wingard, J.R. Galactomannan testing
in bronchoalveolar lavage fluid facilitates the diagnosis of invasive pulmonary aspergillosis in patients with hematologic
malignancies and stem cell transplant recipients. Biol. Blood Marrow Transplant. 2011, 17, 1043–1050. [CrossRef]

32. Pazos, C.; Pontón, J.; Del Palacio, A. Contribution of (1→3)-β-D-glucan chromogenic assay to diagnosis and therapeutic monitor-
ing of invasive aspergillosis in neutropenic adult patients: A comparison with serial screening for circulating galactomannan. J.
Clin. Microbiol. 2005, 43, 299–305. [CrossRef]

33. Persat, F.; Ranque, S.; Derouin, F.; Michel-Nguyen, A.; Picot, S.; Sulahian, A. Contribution of the (1-->3)-beta-D-glucan assay for
diagnosis of invasive fungal infections. J. Clin. Microbiol. 2008, 46, 1009–1013. [CrossRef]

34. Rogers, T.R.; Morton, C.O.; Springer, J.; Conneally, E.; Heinz, W.; Kenny, C.; Frost, S.; Einsele, H.; Loeffler, J. Combined real-time
PCR and galactomannan surveillance improves diagnosis of invasive aspergillosis in high risk patients with haematological
malignancies. Br. J. Haematol. 2013, 161, 517–524. [CrossRef]

35. Sanguinetti, M.; Posteraro, B.; Pagano, L.; Pagliari, G.; Fianchi, L.; Mele, L.; La Sorda, M.; Franco, A.; Fadda, G. Comparison
of real-time PCR, conventional PCR, and galactomannan antigen detection by enzyme-linked immunosorbent assay using
bronchoalveolar lavage fluid samples from hematology patients for diagnosis of invasive pulmonary aspergillosis. J. Clin.
Microbiol. 2003, 41, 3922–3925. [CrossRef]

36. Suarez, F.; Lortholary, O.; Buland, S.; Rubio, M.T.; Ghez, D.; Mahé, V.; Quesne, G.; Poirée, S.; Buzyn, A.; Varet, B.; et al. Detection
of circulating Aspergillus fumigatus DNA by real-time PCR assay of large serum volumes improves early diagnosis of invasive
aspergillosis in high-risk adult patients under hematologic surveillance. J. Clin. Microbiol. 2008, 46, 3772–3777. [CrossRef]

37. Wehrle-Wieland, E.; Affolter, K.; Goldenberger, D.; Tschudin Sutter, S.; Halter, J.; Passweg, J.; Tamm, M.; Khanna, N.; Stolz, D.
Diagnosis of invasive mold diseases in patients with hematological malignancies using Aspergillus, Mucorales, and panfungal
PCR in BAL. Transpl. Infect. Dis. 2018, 20, e12953. [CrossRef]

38. White, P.L.; Parr, C.; Thornton, C.; Barnes, R.A. Evaluation of real-time PCR, galactomannan enzyme-linked immunosorbent assay
(ELISA), and a novel lateral-flow device for diagnosis of invasive aspergillosis. J. Clin. Microbiol. 2013, 51, 1510–1516. [CrossRef]

39. Yoo, J.-H.; Choi, S.-M.; Lee, D.-G.; Park, S.-H.; Choi, J.-H.; Kwon, E.-Y.; Shin, W.-S. Comparison of the real-time nucleic acid
sequence-based amplification (RTi-NASBA) with conventional NASBA, and galactomannan assay for the diagnosis of invasive
aspergillosis. J. Korean Med. Sci. 2007, 22, 672–676. [CrossRef]

40. Pfeiffer, C.D.; Fine, J.P.; Safdar, N. Diagnosis of Invasive Aspergillosis Using a Galactomannan Assay: A Meta-Analysis. Clin.
Infect. Dis. 2006, 42, 1417–1727. [CrossRef]

41. Heng, S.C.; Morrissey, O.; Chen, S.C.-A.; Thursky, K.; Manser, R.L.; Nation, R.L.; Kong, D.; Slavin, M. Utility of bronchoalveolar
lavage fluid galactomannan alone or in combination with PCR for the diagnosis of invasive aspergillosis in adult hematology
patients: A systematic review and meta-analysis. Crit. Rev. Microbiol. 2015, 41, 124–134. [CrossRef]

42. Dobias, R.; Jaworska, P.; Tomaskova, H.; Kanova, M.; Lyskova, P.; Vrba, Z.; Holub, C.; Svobodová, L.; Hamal, P.; Raska, M.
Diagnostic value of serum galactomannan, 1,3 β-d-glucan, and Aspergillus fumigatus -specific IgA and IgG assays for invasive
pulmonary aspergillosis in non-neutropenic patients. Mycosis 2018, 61, 576. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.diagmicrobio.2014.03.020
https://doi.org/10.1111/myc.12704
https://doi.org/10.1186/1471-2334-10-44
https://doi.org/10.3923/ijp.2013.86.91
https://doi.org/10.1093/cid/ciaa295
https://doi.org/10.1128/JCM.01913-18
https://doi.org/10.1016/j.bbmt.2010.11.013
https://doi.org/10.1128/JCM.43.1.299-305.2005
https://doi.org/10.1128/JCM.02091-07
https://doi.org/10.1111/bjh.12285
https://doi.org/10.1128/JCM.41.8.3922-3925.2003
https://doi.org/10.1128/JCM.01086-08
https://doi.org/10.1111/tid.12953
https://doi.org/10.1128/JCM.03189-12
https://doi.org/10.3346/jkms.2007.22.4.672
https://doi.org/10.1086/503427
https://doi.org/10.3109/1040841X.2013.804033
https://doi.org/10.1111/myc.12765
https://www.ncbi.nlm.nih.gov/pubmed/29575150

	Introduction 
	Materials and Methods 
	Eligibility Criteria 
	Search Strategy 
	Selection Process 
	Data Collection Process 
	Methodological Quality Assessment 
	Outcome Measures 
	Statistical Analysis and Data Synthesis 

	Results 
	Article Selection 
	Study Characteristics 
	Serum 
	BAL 

	Methodological Quality of Studies Included in Meta-Analysis 
	Serum 
	BAL 

	Heterogeneity 
	Primary Outcome 
	Serum 
	BAL 


	Discussion and Conclusions 
	Summary of Main Results 
	Comparison to Other Reports 
	Serum Galactomannan 
	BAL Galactomannan 

	Strengths and Weaknesses of This Review 
	Conclusions 

	References

