
S YS T E M AT I C  R E V I E W Open Access

© The Author(s) 2025. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​v​e​c​​o​m​m​​o​n​s​.​​o​r​​g​/​l​i​c​e​n​s​e​s​/​b​y​/​4​.​0​/.

Fan et al. BMC Infectious Diseases          (2025) 25:388 
https://doi.org/10.1186/s12879-025-10769-x

Introduction
Invasive aspergillosis (IA) is a life-threatening fungal dis-
ease caused by Aspergillus spp., these Aspergillus species 
are widely found throughout the world. Among them [1], 
Aspergillus fumigatus is the primary etiological agent 
responsible for IA, a severe disseminated fungal disease 
characterized by high morbidity and mortality in severely 
immunocompromised individuals [2]. These include indi-
viduals with hematological malignancies, recipients of 
stem cell and organ transplantation, as well as individuals 
with lung disease or viral/bacterial pulmonary infections 
[3–5]. While traditional risk factors for IA centered on 
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Abstract
Background  Early diagnosis of invasive aspergillosis (IA) can significantly enhance patient survival rates; however, 
accurately diagnosing IA remains a formidable challenge. Lateral flow device (LFD), as a non-invasive detection 
method, have been extensively investigated in numerous clinical studies. The objective of this study was to elucidate 
the diagnostic accuracy of LFD in detecting IA through a meta-analysis.

Methods  The PubMed, Embase, and Web of Science database were searched to obtain clinical studies on the 
diagnosis of IA by LFD. A random-effects meta-analysis with a bivariate hierarchical model was used, the estimates 
and 95% confidence intervals (CI) were used to present pooled sensitivity, specificity, and summary receiver operating 
characteristic curves (SROC).

Results  Twenty-five cohort or case-control studies were included. The pooled sensitivity of LFD in the diagnosis 
of IA was 0.67 (95% CI: 0.57–0.75), specificity was 0.90 (95% CI: 0.85–0.93), diagnostic odds ratio was 15.70 (95% CI: 
9.69–25.44), the area under the SROC curve (AUC) was 0.87 (95% CI: 0.82–0.93). Subgroup analysis showed that the 
sensitivity of bronchoalveolar lavage fluid specimen was higher than serum specimen (0.72, 95% CI: 0.67–0.78 vs. 0.49, 
95% CI: 0.41–0.56), bronchoalveolar lavage fluid specimens also have higher diagnostic accuracy (AUC = 0.89).

Conclusions  LFD is an effective technique for the detection of IA infection, but attention should be paid to the 
influence of specimen source on the accuracy of this technique.
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hematological malignancies, emerging evidence estab-
lishes specific determinants for COVID-19-associated 
pulmonary aspergillosis (CAPA), particularly prolonged 
respiratory support (> 10 days), cumulative corticoste-
roid dose (> 600  mg prednisone-equivalent), and inten-
sive care unit environmental exposures during pandemic 
surges [6]. In a Swedish study investigating IA among 
acute leukemia patients, researchers reported a 19% 
prevalence rate [7]. A French multicenter surveillance 
epidemiological study demonstrated a 15% incidence of 
IA in organ transplantation recipients, accompanied by 
a 45% mortality rate [8]. A 2022 systematic review ana-
lyzing IA epidemiology across African countries revealed 
prevalence rates as high 27%, with case fatality rates 
exceeding 60% [9].

Therefore, in order to reduce IA-related mortal-
ity among the infected population, a comprehensive 
approach comprising multiple steps (e.g., risk identifi-
cation, primary prevention, diagnosis and treatment, 
etc.) is imperative [10]. Among various strategies (e.g., 
identification of susceptible populations, environmental 
control, early diagnosis, effective treatment, immunity 
enhancement, etc.), enhancing the diagnostic accuracy of 
IA plays a pivotal role in facilitating timely implementa-
tion of effective treatment measures and thereby improv-
ing patient survival rates [11]. In contemporary clinical 
practice, culture and microscopy continue to serve as the 
gold standard for diagnosing IA, however, the absence of 
positive cultures in blood or tissue often delays defini-
tive diagnosis [12, 13]. With advancing technology, 
Galactomannan, polymerase chain reaction (PCR), and 
(1–3)-β-D-glucan (BDG) assays show advantages in diag-
nosing IA, though they retain limitations. For instance, 
according to a 2016 U.S. guideline [14], Galactoman-
nan detection in serum and bronchoalveolar lavage 
fluid (BALF) is recommended as a validated biomarker 
assay for IA diagnosis in adults and children, but not in 
patients undergoing active antifungal therapy or prophy-
laxis [15]. PCR’s role in IA diagnosis remains conten-
tious. Although some evidence supports combining PCR 
with antigen detection assays, other experts argue against 
its routine implementation [16]. Ultimately, the utiliza-
tion of PCR is complicated by the necessity to combine it 
with other diagnostic methods and consider the clinical 
context [17].

IA diagnosis remains challenging due to the limited 
sensitivity of mycological culture and the inherent dif-
ficulty in performing histopathology on critically ill 
patients [10]. While resource-limited settings struggle 
with diagnostic access, this reality underscores the criti-
cal demand for accessible diagnostic solutions [11]. The 
Aspergillus-specific lateral flow device (LFD) is an emerg-
ing point-of-care diagnostic method for invasive IA com-
pared with the earlier specimen culture, Galactomannan, 

and PCR [18]. It utilizes the mouse monoclonal anti-
body JF5, which specifically binds to protein epitopes on 
extracellular glycoprotein antigens that are continuously 
secreted during active growth of Aspergillus fumigatus, 
achieving serum antigen detection within 15  min [19]. 
Initial validation demonstrated 73% sensitivity and 90% 
specificity using BALF [18, 20], with recent technical 
optimizations significantly enhancing specificity [21]. In 
recent years, numerous clinical studies have investigated 
the diagnostic accuracy of LFD in IA, however, these 
studies lack integration and evidence-based research is 
still insufficient. Therefore, this study aims to systemati-
cally review and conduct a diagnostic meta-analysis to 
explore the practical value of LFD accuracy in diagnosing 
IA.

Methods
This study employed a methodical review and meta-anal-
ysis approach, following the established guidelines out-
lined in the Preferred Reporting Items for a Systematic 
Review and Meta-analysis of Diagnostic Test Accuracy 
Studies: The PRISMA-DTA Statement [22] (Appendix 
table S1).

Search strategy
The PubMed, Embase, Web of Science, Cochrane Library, 
and Scopus were searched by two independent investiga-
tors from database establishment to October 2024. The 
search terms were as follows: (invasive aspergillosis OR 
IA OR aspergillosis) AND (lateral-flow device OR LFD 
OR non-invasive assay OR point-of-care diagnosis).

Inclusion and exclusion criteria
The inclusion criteria were: (a) study design was obser-
vational, including cohort study and case-control study; 
(b) participants included IA patients, high-risk IA, or 
control patients, all participants had previously been 
diagnosed by gold standard (e.g. European Organization 
for Research and Treatment of Cancer/Mycoses Study 
Group (EORTC/MSG)), including proven/probable/no 
IA; (c) in each study, the LFD method was used to diag-
nose all samples, the sources of these specimens included 
bronchoalveolar lavage fluid, serum, or sputum; (d) each 
study reported the sample size of the case and control 
groups under the gold standard, and the outcome of the 
LFD diagnosis was presented, including direct indica-
tors (true positives, true negatives, false positives and 
false negatives) and indirect indicators (sensitivity and 
specificity).

Studies were excluded based on the following criteria: 
(a) insufficient data, the required values could not be cal-
culated based on the information available in the study, 
(b) meta-analysis and systematic reviews, (c) animal stud-
ies, and (d) studies not in English.
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Literature selection and data extraction
The retrieved literature was imported into literature 
management software (EndNote v.8x), after removing 
duplicate studies, two authors independently screened 
the literature. During the evaluation process, if there was 
a difference between the two authors, a third authors was 
consulted to resolve the disagreement. The first step of 
screening was based on the title and abstract, and after 
excluding irrelevant studies, full texts were obtained for 
potentially eligible studies. Then, inclusion or exclusion 
was decided based on more detailed information.

During the data extraction phase, a pre-designed data 
extraction table was provided, two reviewers indepen-
dently extracted information from eligible articles. The 
information extracted from the included studies was 
the name of first author, study design, year of publica-
tion, country or region of the study, characteristics of the 
study population (age, concomitant disease), sample size, 
specimen source, and gold standard.

Risk of bias and quality of evidence assessment
The quality of studies was assessed using the revised 
quality assessment of diagnostic accuracy studies (QUA-
DAS-2) tool and the standards for reporting diagnos-
tic accuracy (STARD) tool [23]. The tool includes “risk 
of bias” and “applicability concerns” assessment, some 
items could be judged as ‘yes’, ‘no’, or ‘unclear’, while other 
domains could be classified as low risk (concerns), high 
risk (concerns), or unclear risk of bias (concerns) [24].

Certainty of evidence was evaluated based on the 
Grades of Recommendation, Assessment, Development 
and Evaluation (GRADE) [25]. In the evaluation process, 
five factors were taken into account: risk of bias, indirect-
ness, inconsistency, imprecision, and publication bias. 
Each factor can be assessed as not serious (no down-
grade), serious (one grade reduction), or very serious 
(two grades reduction). The overall level of evidence was 
initially high and decreased with increasing downgrades, 
other resulting levels included moderate, low, and very 
low. Finally, a tabular representation is provided to sum-
marize the evidence profile [26].

Statistical analysis
Patients were classified into the following three groups 
according to the EORTC/MSG criteria [27]: proven 
IA, probable IA, and no IA. If studies provided explicit 
reporting of true positives, true negatives, false posi-
tives, and false negatives in relation to LFD diagnoses, 
these values were directly utilized. In cases where direct 
reporting was absent, the four metrics were derived 
based on sample size along with reported sensitivity and 
specificity, finally two-by-two tables for each study were 
constructed. A random-effects meta-analysis with a 
bivariate hierarchical model was used, and the generated 

indicators were presented using estimates and 95% con-
fidence intervals (CI). The indicators included pooled 
sensitivity, specificity, positive likelihood ratios (PLR, 
describes how many times more likely positive index 
test results are with the target condition than without), 
negative likelihood ratios (NLR, describes how many 
times less likely negative index test results were with the 
target condition than without) [28], and diagnostic odds 
ratio (DOR, describes how many times higher the odds 
of obtaining a positive test result in someone with the 
target condition are than in someone without the target 
condition) [29]. In addition, a layered summary receiver 
operating characteristic (SROC, giving a visual indication 
of variability and heterogeneity) curve and diagnostic 
accuracy (area under the curve, AUC) was provided [30]. 
Furthermore, pooled PLR values of > 10 and pooled NLR 
values of < 0.1 means a convincing diagnostic evidence, 
whereas strong diagnostic evidence was based on pooled 
PLR values of > 5 and NLR values of < 0.2.

The statistically significant heterogeneity was assessed 
using I2 statistics and explored the potential heterogene-
ity between studies. To better investigate the impact of 
different factors on the diagnosis, subgroup analysis was 
performed for different variables, such as study design 
(cohort vs. case-control) and sample type (BALF vs. 
serum). In addition, the generated funnel plot was used 
to test for publication bias (P value < 0.05 means the pres-
ence of bias). Stata 15.1 and Meta-Disc software were 
used for all statistical calculations.

Results
Results of the systematic literature search
854 studies were identified during the initial search, when 
duplicates were removed, 432 titles remained for screen-
ing (Fig. 1). Overall, 45 studies were selected for full text 
screening, finally 25 studies [31–55] were included in the 
systematic review and meta-analysis.

Basic characteristics of included studies
All included studies were published between 2013 
and 2024 and covered 10 countries. The study designs 
included cohort and case-control studies, and the con-
ventional mean age of the population was >40 years. 
The majority of the enrolled population consisted of 
individuals with hematologic malignancies, while oth-
ers included patients who had undergone hematopoietic 
stem-cell transplantation, were immunocompromised, or 
had respiratory conditions. Most studies reported BALF 
as the source of the samples, others included serum sam-
ples. The gold standard used in all studies was EORTC/
MSG of different years (Table 1). The quality assessment 
results are represented in a bar chart (Fig.  2), including 
risk of bias (four domains) and applicability concerns 
(three domains), most studies (more than 75%) had a low 
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risk of bias in terms of Flow and Timing and, while more 
studies had a high risk of bias in terms of Patient Selec-
tion (Appendix figure S1).

Results of diagnostic meta-analysis
Results of LFD diagnosis
All 25 included studies provided complete diagnostic 
performance data from LFD testing for both proven/
probable IA cases and non-IA controls. The pooled sen-
sitivity and pooled specificity were 0.67 (95% CI: 0.57–
0.75) and 0.90 (95% CI: 0.85–0.93), respectively (Fig. 3). 

The pooled PLR and NLR were 6.64 (95% CI: 4.57–9.64) 
and 0.37 (95% CI: 0.28–0.48), respectively (Fig.  4), and 
DOR was 15.70 (95% CI: 9.69–25.44) (Fig. 5). The SROC 
curve is displayed in Fig.  6 and represents the relation-
ship between sensitivity and specificity throughout the 
study, and the area under the SROC curve (AUC) was 
0.87, thereby indicating that the LFD had a credible diag-
nostic capability.

Fig. 1  Flow chart of literature screening
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Table 1  Basic characteristics of the included studies
Study Country Design Population Sample 

size 
(tested)

Age Definition Speci-
men 
Source

Diagnostic 
standard

Wan 2024 [31] China Retrospective 
case-control

Cancer patients 191 Median (IQR): 60 
(52–72)

Proven/probable 
vs. non-IA

Overall EORTC/
MSG-2020

Estella 2023 [32] Spain Prospective 
cohort

Severe SARS-CoV-2 
pneumonia

160 Median (IQR): 65 
(57–71)

Proven vs. non-IA BALF ECMM/
ISHAM-2020

Xiao 2022 [33] China Prospective 
cohort

Respiratory diseases 127 Median (IQR): 66 
(54–75)

Proven/probable 
vs. non-IA

Sputum EORTC/
MSG-2008

Hsiao 2022 [34] China Prospective 
cohort

Hematologic 
malignancies

104 Mean (Range): 
54.5 (4–93)

Proven vs. non-IA Serum EORTC/
MSG-2008

Chaturvedi 2022 
[35]

India Retrospective 
case-control

Hematological 
diseases

41 Median (range): 
40 (21–65)

Proven vs. possible/
probable IA

Serum EORTC/
MSG-2020

Aerts 2022 [36] Belgium Prospective 
cohort

Hematological 
diseases

41 Median: 56.2 Proven/probable 
vs. non-IA

Serum EORTC/
MSG-2020

Mercier 2021 
[37]

Belgium Prospective 
cohort

Hematological 
diseases

229 Median (IQR): 60 
(51.5–66)

Proven/probable 
vs. non-IA

Serum EORTC/
MSG-2019

Scharmann 
2020 [38]

Germany Retrospective 
case-control

Cancer and lung 
diseases

200 Median: 61 Proven/probable 
vs. non-IA

BALF EORTC/
MSG-2019

Mercier 2020 
[39]

Belgium Retrospective 
case-control

Hematological 
diseases

192 Median (IQR): 64 
(52–71)

Proven vs. non-IA BALF EORTC/
MSG-2008

Takazono 2019 
[40]

Japan Retrospective 
case-control

Cancer and respira-
tory diseases

52 Mean ± SD: 
66.5 ± 11.3

Proven vs. non-IA Serum NA

Mercier 2019 
[41]

Belgium Retrospective 
case-control

Hematological 
diseases

135 Median (IQR): 63 
(52–71)

Proven vs. non-IA BALF EORTC/
MSG-2008

Linder 2019 [42] USA Prospective 
cohort

Transplant patients 42 Mean ± SD: 
52.7 ± 17.5

Proven/probable 
vs. non-IA

BALF EORTC/
MSG-2008

Jenks 2019 [43] USA Retrospective 
case-control

Hematological 
diseases

17 Median (IQR): 70 
(24–78)

Proven/probable 
vs. non-IA

BALF EORTC/
MSG-2008

Heldt 2018 [44] Austria Prospective 
cohort

Hematological 
diseases

74 Median (Range): 
55 (49–74)

Probable vs. non-IA Serum EORTC/
MSG-2008

Castillo 2018 
[45]

USA Retrospective 
case-control

Transplant patients 114 Mean ± SD: 
55.3 ± 16.8

Proven/probable 
vs. non-IA

BALF EORTC/
MSG-2008

Metan 2017 [46] Turkey Retrospective 
case-control

Hematological 
diseases

143 Median (Range): 
41 (18–69)

Proven/probable 
vs. non-IA

Serum EORTC/
MSG-2008

Prattes 2015 [47] Austria Prospective 
cohort

Hematological 
diseases

76 Median (IQR): 61 
(52–69)

Probable vs. non-IA BALF EORTC/
MSG-2008

Miceli 2015 [48] USA Prospective 
cohort

Hematological 
diseases

314 Mean (Range): 61 
(35–81)

Proven/probable 
vs. non-IA

BALF EORTC/
MSG-2008

Johnson 2015 
[49]

UK Retrospective 
case-control

Immunocompro-
mised patients

23 ≥ 18 Proven vs. non-IA BALF EORTC/
MSG-2008

Eigl 2015 [50] Austria Prospective 
cohort

Hematologic 
malignancies

128 Median (Range): 
60 (19–85)

Proven/probable 
vs. non-IA

BALF EORTC/
MSG-2008

Willinger 2014 
[51]

Austria Prospective 
cohort

Transplant patients 36 Median (Range): 
51 (18–71)

Proven/probable 
vs. non-IA

BALF EORTC/
MSG-2008

Prattes 2014 [52] Austria Retrospective 
case-control

Respiratory diseases 196 Median (Range): 
64 (18–92)

Proven/probable 
vs. non-IA

BALF EORTC/
MSG-2008

Hoenigl 2014 
[53]

Austria Retrospective 
case-control

Immunocompro-
mised patients

51 Median (Range): 
58 (24–77)

Proven/probable 
vs. non-IA

BALF EORTC/
MSG-2008

White 2013 [54] UK Retrospective 
case-control

Hematological 
diseases

81 Mean: 48.3 Proven/probable 
vs. non-IA

Serum EORTC/
MSG-2008

Held 2013 [55] Germany Prospective 
cohort

Transplant patients 101 NR Proven/probable 
vs. non-IA

Serum EORTC/
MSG-2008

Note: IA: Invasive aspergillosis; IQR: Interquartile Range; BALF: Bronchoalveolar lavage fluid; EORTC/MSG: European Organization of Research and Treatment of 
Cancer/Mycoses Study Group; ECMM/ISHAM: European Confederation of Medical Mycology/International Society for Human and Animal Mycology



Page 6 of 14Fan et al. BMC Infectious Diseases          (2025) 25:388 

Results of subgroup analysis
The subgroup analysis was performed based on four fac-
tors (Table 2). The results revealed that among the speci-
men sources, BALF was reported in 16 studies while 
serum was reported in 10 studies. Notably, there was a 
substantial disparity in sensitivity between these two 
sources (BALF: 0.72 vs. serum: 0.49), although no sig-
nificant difference was observed in their final diagnos-
tic accuracy (AUROC: BALF − 0.89 vs. serum − 0.80). In 
the case definition, three forms were included, proven/
probable vs. non-IA, proven vs. non-IA, and probable 

vs. non-IA, which were reported in 18, 6, and 3 studies, 
respectively. The results of the meta-analysis demon-
strated that among the three forms, LFD exhibited the 
highest sensitivity (0.75, 95% CI: 0.66–0.82) and specific-
ity (0.90, 95% CI: 0.87–0.93) for diagnosing “proven vs. 
non-IA”, with an AUROC value of 0.86 obtained; mean-
while, a higher AUROC value of 0.88 was observed in 
“proven/probable vs. non-IA”. In the “probable vs. non-
IA” classification, the test demonstrated a sensitivity of 
0.66 (95% CI: 0.56–0.75) and specificity of 0.85 (95% CI: 
0.80–0.89), with the AUROC value reaching 0.52. Among 

Fig. 3  Forest plot of pooled sensitivity and specificity of lateral flow device (LFD)

 

Fig. 2  Overall quality assessment of the all included studies
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study designs, the case-control study was superior to the 
cohort study in sensitivity (0.70 vs. 0.61), while display-
ing lower specificity (0.85 vs. 0.89); however, there was no 
significant disparity in diagnostic accuracy between these 
two study designs (both AUROC, 0.86). Finally, among 
the population characteristics, the results of the meta-
analysis showed that the highest sensitivity (0.94) was 
generated in population immunocompromised patients, 
followed by population with respiratory diseases (0.71). 
In transplant patients, LFD yielded the lowest sensitiv-
ity (0.49) but high specificity (0.91). The population with 
hematological diseases included the largest number of 
studies (k = 14), and the results showed that the sensi-
tivity of LFD was 0.64, the specificity was 0.89, and the 
AUROC value was 0.88. Further details are provided in 
appendix figure S2.1-S12.5.

Certainty of evidence
Certainty of evidence summary can be seen in Table 3. In 
the initial setting, the sensitivity was 0.64 (95% CI: 0.53–
0.73), and the specificity was 0.89 (95% CI: 0.86–0.92). 
In addition, the pre-test probability was set at 20% based 
on the results of the SROC. Regarding the sensitivity 

outcome, all 25 studies provided results pertaining to 
the diagnosis of LFD. When evaluating the overall qual-
ity of evidence, key factors contributing to downgrading 
included studies with a high risk of bias, substantial sta-
tistical heterogeneity, and imprecision (indicated by wide 
confidence intervals), ultimately resulting in a very low 
quality of evidence. As for specificity, again 25 studies 
were included and, unlike sensitivity, this measure was 
not downgraded due to imprecision. Neither index was 
downgraded due to publication bias, as the funnel plot 
and quantitative test did not detect the presence of pub-
lication bias (P = 0.68, supplementary figure S13). Finally, 
the level of evidence for sensitivity tests was very low, 
whereas specificity was low.

Discussion
The findings from this meta-analysis revealed that the 
pooled sensitivity of LFD for diagnosing IA was 0.67 
(95% CI: 0.57–0.75), while the pooled specificity was 
0.90 (95% CI: 0.85–0.93). These results indicate that LFD 
exhibit a diagnostic accuracy of approximately 67% in 
identifying patients with proven/probable IA, compared 
to an accuracy rate of 90% in non-IA patients, the results 

Fig. 4  Forest plot of pooled positive likelihood ratio (PLR) and negative likelihood ratio (NLR) of lateral flow device (LFD)
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of sensitivity and specificity showed that LFD was more 
accurate in diagnosing non-IA patients than proven/
probable IA patients. The true positive rate of LFD in the 
IA population was 15 times higher than that in the con-
trol population, as determined by DOR. Additionally, the 
NLR values indicated that the LFD technique had a 6.6-
fold greater likelihood of detecting IA in patients com-
pared to controls, providing strong diagnostic evidence 
but not reaching convincing levels (PLR > 10). Overall, 
considering all indicators, the AUC accuracy for LFD 
reached 86%, demonstrating its value for diagnosing IA.

Histopathological demonstration of tissue invasion 
by Aspergillus hyphae remains the gold standard for 
proven IA, as per the 2020 EORTC/MSG consensus cri-
teria [27, 56]. However, the applicability of this diagnostic 
method is limited in certain scenarios, such as critically 
ill patients or those with thrombocytopenia, thereby 
necessitating the advancement of alternative diagnostic 
approaches. While our analysis confirmed the value of 
LFDs in IA diagnosis, their clinical significance requires 
a comparative assessment of their accuracy against other 
established diagnostic methods. A 2023 meta-analy-
sis [57] directly compared serum Galactomannan and 
β-D-glucan assays, reporting a sensitivity/specificity of 
0.54/0.94 for Galactomannan versus 0.72/0.82 for β-D-
glucan. Our findings demonstrated that the sensitivity of 
LFD (BALF or serum) falls between that of Galactoman-
nan and β-D-glucan, whereas there was no significant 

difference in terms of specificity among these three tech-
niques. However, the apparent specificity advantage of 
β-D-glucan (0.82) requires cautious interpretation, as 
this assay may yield false-positive results in patients with 
Candida/Pneumocystis infections, thereby overestimat-
ing its specificity for IA [58]. In contrast, LFD demon-
strates stable specificity across clinical scenarios due to 
its Aspergillus-specific epitope recognition, making it 
a preferable rule-out tool in populations with high fun-
gal co-infection prevalence [59]. In another systematic 
review [60], the authors reported on the diagnostic accu-
racy of PCR for probable IA in immunocompromised 
patients. The results demonstrated that serum PCR 
exhibited a sensitivity of 0.81 and a specificity of 0.79 for 
diagnosing IA. These findings suggest that while PCR has 
a high true positive rate for IA diagnosis, its diagnostic 
accuracy is significantly reduced in non-IA populations. 
Conversely, our study revealed that LFD had a higher 
specificity than PCR (BALF/serum: 0.90; serum alone: 
0.91), suggesting its superior diagnostic accuracy in non-
infected populations. A 2022 overview [61] indicated that 
serum PCR demonstrated sensitivity and specificity of 
0.84–0.88 and 0.75–0.76, respectively, while BALF PCR 
showed relatively reduced sensitivity (0.77–0.80) but 
higher specificity (0.94–0.95) compared to serum PCR. 
Notably, pediatric populations exhibited lower PCR accu-
racy (sensitivity: 0.82; specificity: 0.73). Our subgroup 
analysis revealed comparable diagnostic performance of 

Fig. 5  Forest plot of diagnostic odds ratio (DOR) of lateral flow device (LFD)
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LFD in BALF (sensitivity: 0.72; specificity: 0.85) without 
showing significant advantages over BALF PCR. These 
findings offer valuable insights for future investigations 
of LFD. Subsequent studies should not only explore how 
different sample sources affect the diagnostic accuracy of 
LFD, but also examine the impact of age variations (par-
ticularly between adults and children) on its diagnostic 
performance. A critical methodological concern arises 
from the common practice of defining IA cases by Galac-
tomannan positivity via enzyme-linked immunosorbent 
assay (ELISA) in studies lacking histopathological con-
firmation. This approach may introduce incorporation 
bias, as the polyclonal antibodies utilized in certain LFD 
- such as the JF5 monoclonal antibody targeting extra-
cellular glycoproteins-exhibit epitope homology with 
β-1,5-galactofuranoside residues detected by Galacto-
mannan assays [34]. Empirical evidence suggests that this 
antigenic cross-reactivity (attributable to shared glycan 
epitopes or polysaccharide moieties) could artificially 
inflate LFD sensitivity and specificity estimates when 

Galactomannan-positive criteria are used for case defi-
nition [46]. To mitigate this bias, future research should 
prioritize the inclusion of histologically confirmed IA 
cases or establish clear distinctions between Galacto-
mannan-dependent and Galactomannan-independent 
subgroups. Additionally, the complementary diagnos-
tic value of LFD in combination with other diagnostic 
modalities warrants further investigation to enhance the 
accuracy and reliability of IA diagnosis.

The clinical applicability of LFD for IA diagnosis war-
rants cautious interpretation due to heterogeneous fac-
tors, including specimen source variability (e.g., BALF 
vs. serum), study design inconsistencies, and divergent 
patient population characteristics, which collectively 
resulted in an overall evidence certainty downgrade-with 
very low certainty for sensitivity estimates and low cer-
tainty for specificity estimates as per GEADE criteria. 
To elucidate the influence of various factors on diagnos-
tic accuracy, we performed a subgroup analysis based 
on study design (case-control vs. cohort), sample source 

Fig. 6  Summary receiver operating characteristic curves (SROC) plots of sensitivity and specificity
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(BALF vs. serum), case definition (proven/probable IA 
vs. non-IA), and population characteristics (diseases). 
However, due to limited number of available studies, we 
were unable to quantitatively explore the impact of sam-
ple size and gold standard on evidence quality. The meta-
analysis revealed high statistical heterogeneity in the 
pooled sensitivity and specificity estimates, leading to a 
downgrade in evidence quality due to this heterogeneity. 
The cause of such statistical heterogeneity may be attrib-
uted to inconsistencies between studies. Furthermore, 
imprecision (evidenced by wide 95% confidence inter-
vals for specificity estimates) was observed, resulting in a 
degradation of evidence quality. Insufficient sample sizes 
in certain studies, particularly those involving proven/

probable IA cases with limited samples - likely contrib-
uted to this imprecision. To address these issues, future 
studies should adopt standardized diagnostic criteria and 
implement LFDs using unified protocols (e.g., standard-
ized sample collection timing, interpretation criteria, and 
quality control) to enhance consistency. Comparability 
across study groups should be ensured through stratifica-
tion or matching of participants by age, immune status, 
and comorbidities, while exploring the impact of patient 
characteristics on LFD performance. Large-scale studies 
featuring adequate sample sizes, prospective designs, and 
diverse populations, supported by comprehensive data 
collection, remain essential to verify the robustness and 
accuracy of the findings.

Table 2  Results of subgroup analysis of the four factors
Subgroup No. of 

studies
Pooled 
Sensitivity

Pooled 
Specificity

Pooled PLR Pooled NLR Diagnostic OR AUROC 
(SE)

Specimen Source
BALF 16 0.72 (0.67, 0.76) 0.85 (0.83, 0.87) 6.04 (3.85, 9.49) 0.35 (0.26, 0.46) 22.36 (12.25, 

40.81)
0.89 (0.028)

Serum 10 0.49 (0.41, 0.56) 0.91 (0.89, 0.93) 4.37 (2.56, 7.47) 0.61 (0.46, 0.81) 8.76 (4.00, 19.15) 0.80 (0.077)
Definition
Proven/probable vs. non-IA 18 0.65 (0.60, 0.56) 0.87 (0.86, 0.89) 5.90 (3.77, 9.24) 0.42 (0.31, 0.58) 16.07 (9.30, 27.77) 0.88 (0.029)
Proven vs. non-IA 6 0.75 (0.66, 0.82) 0.90 (0.87, 0.93) 6.54 (2.98, 14.39) 0.29 (0.16, 0.51) 31.66 (7.20, 

139.22)
0.86 (0.065)

Probable vs. non-IA 3 0.66 (0.56, 0.75) 0.85 (0.80, 0.89) 4.18 (2.50, 6.98) 0.42 (0.32, 0.55) 10.15 (4.63, 22.26) 0.52 (0.515)
Study design
Retrospective case-control 13 0.70 (0.65, 0.75) 0.85 (0.83, 0.87) 6.12 (3.40, 10.99) 0.37 (0.25, 0.58) 18.59 (9.37, 36.89) 0.86 (0.034)
Prospective cohort 12 0.61 (0.56, 0.66) 0.89 (0.87, 0.91) 4.90 (3.24, 7.40) 0.45 (0.31, 0.64) 13.51 (6.55, 27.88) 0.86 (0.054)
Population
Hematological diseases 14 0.64 (0.59, 0.68) 0.89 (0.88, 0.91) 5.32 (3.81, 7.44) 0.41 (0.29, 0.59) 14.35 (8.37, 24.85) 0.88 (0.029)
Respiratory diseases 5 0.71 (0.64, 0.78) 0.80 (0.76, 0.83) 5.91 (1.75, 20.03) 0.37 (0.24, 0.57) 17.09 (3.86, 75.63) 0.76 (0.063)
Transplant patients 4 0.49 (0.33, 0.65) 0.91 (0.87, 0.94) 4.88 (2.79, 8.53) 0.64 (0.44, 0.94) 10.87 (3.70, 31.93) 0.89 (0.077)
Immunocompromised 
patients

2 0.94 (0.73, 1.00) 0.91 (0.80, 0.97) 8.19 (1.96, 34.26) 0.09 (0.02, 0.43) 115.12 (16.43, 
806.49)

—

Note: Data format: Effect (95% confidence interval); OR: Odds Ratio; IA: Invasive aspergillosis; BALF: Bronchoalveolar lavage fluid; PLR: Positive Likelihood Ratio; NLR: 
Negative Likelihood Ratio; AUROC: Area under the Receiver-Operating Characteristic curve

Table 3  Summary of evidence quality for the diagnosis of IA by LFD
Outcome № of stud-

ies (№ of 
patients)

Study 
design

Factors that may decrease certainty of evidence Effect per 1,000 
patients tested

Test accu-
racy CoE

Risk of 
bias

Indirectness Inconsistency Imprecision Publica-
tion bias

pre-test prob-
ability of 20%

True positives 25 studies
682 
patients

cohort & 
case-con-
trol type 
studies

seriousa not serious seriousb seriousc not 
serious

128 (106 to 146) ⨁◯◯◯
Very 
lowa, b,c

False 
negatives

72 (54 to 94)

True negatives 25 studies
2251 
patients

cohort & 
case-con-
trol type 
studies

seriousa not serious seriousb not serious not 
serious

712 (688 to 736) ⨁⨁◯◯
Lowa, bFalse positives 88 (64 to 112)

Annotation: True positives - patients with [target condition]; False negatives - patients incorrectly classified as not having [target condition]; True negatives - 
patients without [target condition]; False positives - patients incorrectly classified as having [target condition].

a. High risk of bias.

b. High statistical heterogeneity.

c. Too wide a confidence interval.
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It should be acknowledged that in the practical applica-
tion of utilizing LFD for diagnosing IA, the amalgamation 
of patients’ clinical characteristics may contribute more 
effectively to the accurate identification of infection. For 
instance, a study [62] demonstrated a potential associa-
tion between patient age and IA infection, highlighting 
its role as an independent risk factor. Additionally, neu-
tropenia, HIV/AIDS, kidney transplant recipients, and 
renal failure have been identified as key predisposing 
conditions for IA [9]. Considering the disease character-
istics of the population included in this meta-analysis, it 
is suggested that immunocompromised patients exhibit 
an elevated risk of IA. To optimize LFD performance, 
clinicians should systematically account for these risk 
factors during diagnostic workflows. Subgroup analyses 
revealed significant heterogeneity in the diagnostic per-
formance of LFD across sample types. Specifically, the 
sensitivity the sensitivity of LFD in BALF samples (0.72) 
was markedly higher than in serum samples (0.49), sug-
gesting that BALF is a superior specimen for IA diagno-
sis in patients with high clinical suspicion of infection. 
These results are consistent with a systematic review, 
which also reported better diagnostic accuracy for BALF-
derived galactomannan compared to serum-based assays 
[63]. Notably, the observed sensitivity advantage of BALF 
testing (0.72 vs. 0.49) with comparable overall accuracy 
(AUROC 0.89 vs. 0.80; Δ = 0.09, P = 0.072) likely reflects 
precision trade-offs, BALF’s slightly lower specificity 
(0.85 vs. 0.91) counterbalanced its sensitivity gains. The 
borderline significance (P = 0.072) may indicate limited 
statistical power (68%) due to serum subgroup’s smaller 
sample size (n = 1,057 vs. BALF n = 2,014), suggesting 
potential Type II error. While BALF-based LFD testing 
demonstrates enhanced diagnostic sensitivity relative 
to serum-based methods, its clinical application (BALF 
specimen collection) is constrained by two principal 
limitations. First, the invasive bronchoscopy procedure 
carries inherent risks of respiratory complications and 
hemorrhagic events, particularly in immunocompro-
mised patient populations [64]. Second, the methodology 
necessitates specialized infrastructure for standardized 
specimen processing and temperature-controlled trans-
portation protocols to ensure diagnostic reliability [14]. 
A 2019 systematic review evaluating the combined use 
of Galactomannan and LFD for IA diagnosis [65], The 
authors reported a sensitivity of 0.93 and a specificity of 
0.82, demonstrating that LFD with GM assays signifi-
cantly enhances the accuracy of IA diagnosis. Overall, the 
findings of LFD alone or in combination with other tech-
niques for diagnosing IA provide implications for future 
research. First, it is recommended to conduct more 
high-quality studies focusing on LFD-based diagnos-
tics. Second, active exploration should be undertaken to 
investigate the diagnostic efficacy of combining LFD with 

other diagnostic technologies for IA, aiming to identify 
the optimal combined diagnostic approach. In resource-
limited settings, LFDs emerge as a critical diagnostic tool 
for IA due to their rapid, cost-effective, and user-friendly 
characteristics [34]. These devices empower clinicians 
to facilitate early intervention, optimize therapeutic 
decision-making, and enhance healthcare accessibil-
ity, particularly for populations in primary care settings 
and high-risk patient cohorts. Further validation of their 
diagnostic performance and technological refinements 
are warranted to expand their global applicability.

Our study has certain limitations. Firstly, only English 
studies were considered during the literature acquisi-
tion process, and no studies in other languages were 
included. This linguistic bias may disproportionately 
exclude evidence from regions with distinct healthcare 
ecosystems. The exclusion of such regional data could 
artificially inflate diagnostic accuracy estimates, as LFD 
performance characteristics are known to vary with local 
prevalence of antigenic cross-reactants and immunosup-
pression etiologies. Secondly, while subgroup analysis 
was conducted to analyze differences for four variables 
in the heterogeneity analysis of this study, quantitative 
analysis could not be performed for other factors due to 
a limited number of studies available. Consequently, only 
qualitative interpretation was provided regarding the 
sources of heterogeneity.

Conclusions
The findings of this diagnostic meta-analysis indicate that 
LFD is a valuable diagnostic modality for IA. While both 
BALF and serum are viable specimens for LFD testing, 
BALF-based assays achieved significantly higher sensi-
tivity, strongly supporting their prioritization in clinical 
practice.
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