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laboratory. Microscopic staining in sputum and bronchoalveolar 
lavage (BAL) samples has been the gold standard for diagnosis 
for decades [5,6]. However, the limited sensitivity of the test, 
range from 50% to 90% [7,8], which depending on technique 
proficiency and the experience of the laboratory,and that may 
result in delayed diagnosis of PJP. Previous studies have shown 
that PJ-PCR have a high success rate PJP diagnosis in HIV-
positive and negative individuals [9]. Nevertheless, this technique 
is defective because of its high false positive rate, which may lead 
to asymptomatic colonization or subclinical infection in patients 
with positive results [10-12]. While most of those studies examined 
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INTRODUCTION

Pneumocystis jirovecii (PJ) is a life-threatening opportunistic 
pathogen that causes Pneumocystis jirovecii pneumonia (PJP) 
in the respiratory system. PJP mainly occurs in patients with 
Acquired Immunodeficiency Syndrome (AIDS), malignant 
tumor, autoimmune disease and other immunocompromised. 
The main clinical symptoms and signs usually include exertional 
dyspnea, dry cough, and subfebrile temperature or fever, which 
are atypical, rapid progress, high mortality [1-4].

At present, PJ cannot be grown in culture in the clinical 

ABSTRACT
Purpose: We conducted a meta-analysis to evaluate the diagnostic performance of various levels of serum (1-3)-Beta-
D-glucan (BDG) for Pneumocystis jirovecii (PJ) infection using Fungitell assay.

Methods: EMBASE, MEDLINE, and the reference lists of relevant studies were identified up to March 12, 2021, 
with no language restrictions. Meta-analysis was performed using random-effects models for bivariate analysis. 
Subgroup analyses were implemented in HIV-positive Pneumocystis jirovecii pneumonia (PJP), HIV-negative PJP, and 
PJP versus colonized patients.

Results: Nineteen individual studies that included a total of 2,310 participants met our inclusion criteria. The 
overall sensitivity, specificity, positive likelihood ratio(LR+) and negative likelihood ratio (LR-),and 95% confidence 
interval CI of serum-BDG were 0.94(95% CI: 0.89-0.96),0.76 (95% CI: 0.65-0.85), 3.99 (95% CI: 2.59-6.13),0.08 
(95% CI: 0.05-0.15), respectively. Further stratified analysis of diagnostic values showed that various levels of serum 
BDG differed in sensitivity, specificity, LR+ and LR- in the diagnosis of PJP. Subgroup analyses also indicated that 
the cutoff value of 200 pg/mL had sufficient diagnostic accuracy in HIV-positive PJP patients versus controls. 
Moreover, the 80 pg/mL cutoff value had satisfactory diagnostic accuracy in PJP versus colonized patients, an overall 
sensitivity of 0.86 (95% CI, 0.73-0.93), an overall specificity of 0.82(95% CI, 0.73-0.88), an overall LR+ 4.70(95% 
CI: 3.11-7.08) and an overall LR- 0.17(95% CI: 0.09-0.34), individually.

Conclusion: This meta-analysis suggests that the optimal positive threshold for serum BDG, tested by the Fungitell 
assay, requires better definition and clinical validation rather than the recommended cutoff of 80 pg/mL by the 
manufacturer in the diagnosis of PJP. These cutoff values could be further refined in additional studies that focus 
on populations that are as homogeneous as possible.
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BAL fluid specimens, and since BAL is an invasive method that 
cannot be used to PJP seriously ill patients and infants, which are 
associated with increased risk of respiratory failure, an accurate, 
non-invasive method is needed.

PJP classically presents with interstitial opacities on chest X-ray 
and computed tomography (CT) [13]. Previous study has found 
that the chest radiographic findings may be normal in patients 
with early mild disease, although under exertion heart rate and 
oxygenation levels may become abnormal [14]. While CT has 
high sensitivity for PJP in patients with HIV infection [15], only 
negative (normal or unchanged) CT scan findings do not rule 
out PJP.

(1-3)-β-D-Glucan (BDG) is a common cell wall constituent 
of most pathogenic fungi, including PJ. The use of assays to 
detect BDG is now widely accepted and allows the detection of 
readily available serum specimens. To our knowledge, there are 
at least three BDG assays available commercially: The Fungitell 
assay (Associates of Cape Cod), the Wako BDG assay (Fujifilm 
Wako Pure Chemical Corporation, Ltd., Osaka, Japan), and 
the Fungitec-G tests (Seikagaku, Kogyo, Tokyo, Japan). Among 
them, only Fungitell trials were FDA approved (in 2004) and CE 
marked (in 2008). The other two tests have been used in routine 
diagnostics in Japan for 20 years, without FDA approval and CE 
marks, thus limiting their application in routine diagnostics in 
other countries [16]. However, the effectiveness of the Fungitell 
assay or, if used, which is better cutoff level for PJP screening 
has not been established. To date, there is a lack of clinical trials 
for serum BDG performance of diagnostic PJP [17,18]. In fact, 
different levels of serum BDG have been associated with a high 
sensitivity or specificity for the diagnosis of PJP individuals [19]. 
In addition, there was partial heterogeneity due to the threshold 
effect in a former meta-analysis study. Because of those, the aim 
of the present study was to evaluate the diagnostic accuracy of PJP 
at different cut-off levels of serum BDG tested by Fungitell assay, 
and translation of these studies to clinical applications. 

MATERIALS AND METHODS

Literature search

Electronic literature retrieval was carried out using MEDLINE 

(from 1950 to March 12,2021) and EMBASE(from 1974 to March 
12,2021). There are no language restrictions. Study keywords were 
1) text or subheading words registered in MEDLINE or EMBASE 
related to PJP, BDG, and PJ-PCR; and 2) text words related to 
diagnostic values that evaluated the use of serum BDG for PJP 
diagnosis. Details of the search strategy was: 1) MEDLINE search: ( 
“pneumocystis pneumonia” or “pneumocystis carinii pneumonia” 
or “pneumonia, pneumocystis carinii” or “pneumocystis jirovecii 
pneumonia” or “pneumonia, pneumocystis jirovecii” or “PCP” 
or “PJP” or “Pneumocystosis”) AND (“(1-3)-β-D-Glucan” or 
“β-D-Glucan” or “β-Glucan” or “BG” or “BDG” ); and 2) 
EMBASE search: 1#'pneumocystis pneumonia' or 'pneumocystis 
pneumonia' or 'pneumocystis jirovecii pneumonia' or 'pneumocystis 
jirovecii pneumonia' or 'pneumonia, pneumocystis jirovecii' or 'pcp' 
or 'pjp' or 'pneumocystosis' or 'pneumocystosis';2#'1-3-β-d-glucan' 
or 'β-d-glucan' or 'β-glucan' or 'bg' or 'bdg';3#1# AND 2#.We did 
not include abstracts or meeting’s proceedings. Results were 
arbitrated by a third investigator (Y. Yuan). We additionally 
searched in the reference lists of relevant articles to identify 
eligible for inclusion studies.

Study selection

Inclusion criteria were: 1) cross-sectional study for assessing the 
diagnostic value or cohort study for assessing the predictive value; 
2) PJ infections were defined as either definite, probable, possible, 
or not PJP, as described for other invasive fungal diseases,with 
some modifications (Table 1) [20,21], and the definite and 
probable patients were our target population, namely PJP patients; 
3) serum BDG measured by the Fungitell assay in all subjects and 
used recommended or different cutoff values than in current PJP 
criteria as an index test; 4) used the same reference standard for 
all participants to avoid differential verification; and 5) allowed 
reproduction of the diagnostic or predictive 2 × 2 contingency 
table (i.e., number of true-positive, false-negative, true-negative, 
and false-positive cases) for BDG tests. Disagreements were 
discussed among the group until a consensus was reached.

Table 1: Definitions of pneumocystis jirovecii infection [20-21].

Infection Definite Probable Possible/colonized Not PJP

Pneumocystis jirovecii 
pneumonia

1. Suggestive respiratory 
symptomsa ; 2. PJ-PCR, 
detected in BAL and/or 
BW; and 3. Documented 
PJ in histopathology, GMS 
cytology, and/or DFA.

1. Compatible risk factors 
with clinical presentationa; 
and 2. PJ-PCR, detected in 
BAL and/or BW.

1. Nonspecific clinical 
presentation without 
predisposing risk factors; 
and 2. PJ-PCR, detected in 
BAL and/or BW.

1. Negative histopathology/
cytology/PJ-PCR with or 
without an established 
alternate diagnosis.

Note: The abbreviations used are BAL: Bronchoalveolar Lavage; BDG: Beta-D glucan; BW:  Bronchial Washing; DFA: Direct Fluorescent Antibody; 
GMS: Gomori Methenamine Silver Stain; PJ: Pneumocystis jirovecii; PJP: Pneumocystis jirovecii Pneumonia; PCR: Polymerase Chain Reaction.  A 
shortness of breath, dyspnea on exertion, increased O

2
 requirements, dry or productive cough, and hemoptysis.
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Data extraction

From each study two investigators (W. Long and K. Xiao) 
independently extracted the following information: First author, 
publication year, BDG cutoff level, geographical region, language, 
mean or median age of subjects, population characteristics, 
study design, prophylactic antifungal therapy, HIV status of 
patient population and diagnostic data for two-by-two tables 
using a standardized protocol and reporting document to ensure 
consistency. If the criteria for the diagnosis of PJP were not directly 
provided, the article would be excluded in the present study. 
When analyzing the same population in several publications, the 
results were calculated only once. When evaluating HIV-related 
and unrelated PJP patients in the same report, we emailed authors 
for further information and extracted data separately if available. 

Study quality was performed using the Quality Assessment of 
Diagnostic Accuracy Studies 2 score (QUADAS-2) tool [22,23], 
which is a quality assessment tool comprised of 4 domains: 
patient selection, index test, reference standard, and flow and 
timing. The risk of bias is assessed in each of the domains by 
indicating a ‘low’, ‘high’ or‘unclear’ rating. Of the 4 domains, the 
following 10 items were focused on as being most relevant for our 
purpose [23]. Domain 1 (Patient Selection): 1) Was a consecutive 
or random sample of patients enrolled? 2) Was a case-control 
design avoided? 3) Did the study avoid inappropriate exclusions?; 
Domain 2 (Index Test): 4) Were the index test results interpreted 
without knowledge of the results of the reference standard? 5) If 
a threshold was used, as it presignified? ; Domain 3 (Reference 
Standard): 6) Is the reference standard likely to correctly classify 
the target condition?; 7) were the reference standard results 
interpreted without knowledge of the results of the index test?; 
Domain 4 (Flow and Timing):8) Was there an appropriate 
interval between the index test and reference standard?; 9) Did 
all patients receive the same reference standard?; 10) Were all 
patients included in the analysis?

Data synthesis

We carried out a meta-analysis of the point estimate of sensitivity, 
specificity, LR+ calculated as sensitivity/(1-specificity), LR-
calculated as (1-sensitivity)/specificity, and diagnostic odds 
ratios (DOR) calculated as sensitivity/(1-specificity) × specificity/
(1-sensitivity) and their corresponding 95% CI by using a 
bivariate random-effects. On the other hand, we constructed a 
hierarchical summary receiver operating characteristics (HSROC) 
curve by using the two independent parameters that have normal 
distribution (accuracy, cutoff point) and scale parameters that 
allow asymmetry of the ROC curve [24]. Both models show 
different aspects of ROC data, but both are very closely related 
and are usually the same [25]. 

LR+ and LR-values would be used to assess diagnostic or predictive 
ability in PJP screening. We judged results with LR+>10, 5 to 
≤ 10, 2 to ≤ 5, and <2 as providing conclusive, strong, weak, 
and negligible evidence, respectively, for confirming PJP (i.e., 
diagnosing or predicting PJP with a high level of confidence) 
and results with LR ≤ 0.1, 0.1 to ≤ 0.2, 0.2 to <0.5, and ≥ 0.5 
were judged as giving conclusive, strong, weak, and negligible 
evidence, respectively, for excluding PJP (i.e., confirming that a 
person does not or will not develop PJP). 

The results for heterogeneity were assessed by calculating a 

Q-statistic, which we compared with a χ² distribution, and the 
I-squared index [26]. The Q test shows the statistical significance 
of homogeneity hypothesis and the I2 index measures the degree 
of heterogeneity. The results of heterogeneity would be considered 
to be significant at P<0.10 (both sided). Publication bias was 
ascertained by visually examining for funnel plot asymmetry and 
quantified by using the Egger’s test to calculate two tailed P-values 
[27-32].

RESULTS

Literature search

In total, 439 citations were identified by the electronic search, 
after excluding studies for relevant reasons, a total of 19 studies 
[32-50] were included in this meta-analysis. Details of the literature 
search for obtaining these articles are shown in Figure 1. Of the 19 
studies, 16 studies [32-34,37-39,41-50] were case-control studies, 1 
study [40] was retrospective studies, and 2 studies [35-36] were 
cohort studies. Two studies [44,47] investigated various cutoff 
values of serum BDG in definite, probable, possible/colonized 
patients and controls, respectively. Three studies [40,42,50] 
investigated the various cutoff values of serum BDG in definite/
probable, possible/colonized patients and controls, individually. 
There were eleven studies [34-38,41-43,46,48,49],which only 
analyzed definite/probable patients and controls. Another four 
studies’ [32,33, 39,49] participants consisted of 2 populations, 
definite patients and controls. Finally, a total of 2,310 participants, 
of which 170 definite cases, 847 definite/probable cases, 66 
probable cases, 83 possible/colonized cases were available from 
the included studies. Characteristics of the included studies are 
shown in Table S1. Details of cutoff levels and their corresponding 
2 × 2 contingency data in each included study are shown in Table 
S2.

Risk of bias/quality assessment

Table 2 provides results of assessing the risk of bias, with most 
studies demonstrating high risk of bias. Only 2 studies [35-36] 
had an unclear risk of bias. In Boer’ studies [35], it was unclear 
whether the reference standard correctly classified the target 

Figure 1: Flow chart of procedures in literature search for eligible 
studies.
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condition. And there was no available data about the interval 
between the index test and reference standard in Passos’ study 
[36].

The results of meta-analysis

Diagnostic accuracy of serum BDG for PJP patients versus 
controls: Forest plots of sensitivity and specificity with 95% CI 
are shown in Figures 2a-2e for the diagnosis of Pneumocystis jirovecii 
pneumonia in PJP patients versus controls at various cutoff values 
of serum BDG 80,200,300,400 and 500 pg/mL, individually. 
Table 3 shows pooled point estimates of sensitivity, specificity,  
LR-, LR+, DOR, Study heterogeneity Q2, study inconsistency I2, 
and P value of publication bias for the study-specific different 
BDG cutoff values for diagnosing PJP based on a bivariate 
random-effects model. There were 19, 9, 8, 9 and 12 studies 

included in our study at different cutoff values of serum BDG 
80 pg/mL [32-50], 200 pg/mL [32-33,40,42,44-47,50], 300 pg/
mL[32-34,40,42,44,45,50], 400 pg/mL[32,33,39,40,42,44-46,50] 
and BDG 500 pg/mL [32-34, 40-47, 50], respectively. Evidence 
of significant publication bias was identified by Egger’s test when 
the thresholds of serum BDG were 80,400,500 pg/mL (P=0.007, 
0.037 and 0.037, respectively), but there were no evidence of 
significant publication bias when the thresholds of serum BDG 
were 200,300 pg/mL (P=0.114 and 0.086, individually). Forest 
plots of sensitivity and specificity for the diagnosis of Pneumocystis 
jirovecii pneumonia (PJP patients vs controls) at various cutoff 
values are shown in Figures 2a-2e. Pooled point estimates 
with 95% confidence regions of sensitivity/specificity and the 
hierarchical summary receiver-operating characteristic(HSROC) 
curve for the different cutoff values of serum BDG are shown in 
Figure 3.

Figure 2a: Forest plot of sensitivity and specificity for the diagnosis of Pneumocystis jirovecii pneumonia (PJP patients’ vs controls) at the cutoff values 
of serum BDG 80pg/mL. Circles in the squares represent the point estimate of each study, while the horizontal line represents the 95% CI. The 
dashed vertical line represents the average point estimate and the diamond shape represents the 95% CI of the average estimate.

Figure 2b: Forest plot of sensitivity and specificity for the diagnosis of Pneumocystis jirovecii pneumonia (PJP patients’ vs controls) at the cutoff values 
of serum BDG 200pg/mL. Circles in the squares represent the point estimate of each study, while the horizontal line represents the 95% CI. The 
dashed vertical line represents the average point estimate and the diamond shape represents the 95% CI of the average estimate.
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Figure 2c: Forest plot of sensitivity and specificity for the diagnosis of Pneumocystis jirovecii pneumonia (PJP patients’ vs controls) at the cutoff values 
of serum BDG 300pg/mL. Circles in the squares represent the point estimate of each study, while the horizontal line represents the 95% CI. The 
dashed vertical line represents the average point estimate and the diamond shape represents the 95% CI of the average estimate.

Figure 2d: Forest plot of sensitivity and specificity for the diagnosis of Pneumocystis jirovecii pneumonia (PJP patients’ vs controls) at the cutoff values 
of serum BDG 400pg/mL. Circles in the squares represent the point estimate of each study, while the horizontal line represents the 95% CI. The 
dashed vertical line represents the average point estimate and the diamond shape represents the 95% CI of the average estimate.

Figure 2e: Forest plot of sensitivity and specificity for the diagnosis of Pneumocystis jirovecii pneumonia (PJP patients’ vs controls) at the cutoff values 
of serum BDG 500 pg/mL. Circles in the squares represent the point estimate of each study, while the horizontal line represents the 95% CI. The 
dashed vertical line represents the average point estimate and the diamond shape represents the 95% CI of the average estimate.
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Figure 3: Pooled point estimates with 95% confidence regions of sensitivity/specificity and the hierarchical summary receiver-operating 
characteristic(HSROC) curve for the different cutoff values of BDG in PJP patients vs controls group. A) cutoff value of serum BDG 80 pg/mL. B) 
cutoff value of serum BDG 200 pg/mL. C) cutoff value of serum BDG 300 pg/mL. D) cutoff value of serum BDG 400 pg/mL. E) cutoff value of 
serum BDG 500 pg/mL. Note: ( ) Study estimate, ( ) HSROC curve, ( ) 95% prediction region, ( ) Summary point, ( ) 95% confidence 
region.

A B

DC
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Diagnostic accuracy of serum BDG for HIV-negative PJP 
patients versus controls subgroup: Five studies [32,33,42,44-
45] reported the diagnostic accuracy of serum BDG at various 
cutoffs of 80,200,300,400,and 500 pg/mL in HIV-negative PJP 
patients versus controls subgroup, individually. The detailed 
results of stratified analysis of the point estimates of sensitivity, 
specificity, LR+, LR- and DOR are shown in Table 3. Except 
for 80 mg/mL stratum (P=0.397), the heterogeneity studies in 
the other strata were consistently significant (P<0.001, for any 
other strata). Except for the threshold of serum BDG 80 mg/mL 
stratum (P=0.087), no significant publication bias was performed 
by Egger’s test (P>0.10, for any other strata).

Diagnostic accuracy of serum BDG for HIV-positive PJP 
patients versus controls subgroup: A total of seven studies 
[32,33,39,41,44-46]  allowed reproduction of the 2 × 2 contingency 
tables for HIV-positive PJP patients versus controls. From these 
studies, 7 BDG cutoff value of 80 mg/mL [32-33, 39, 41, 44-46], 
5 BDG cutoff value of 200 mg/mL [32,33, 44-46], 4 BDG cutoff 
value of 300 mg/mL [32,33, 44,45], 6 BDG cutoff value of 400 
mg/mL [32,33,39,44-46] and 6 BDG cutoff value of 500 mg/
mL[32,33, 41, 44-46] datasets were obtained, individually. As to 
various thresholds of serum BDG in HIV-positive PJP individuals, 
overall point estimates of sensitivity, specificity, LR-, LR+, DOR, 
Study heterogeneity Q2, study inconsistency I2 and P value of 

publication bias based on a bivariate random-effects model are 
also shown in Table 3. Compared with HIV-negative patients in 
subgroup, LR was lower for detecting HIV-positive persons who 
would develop PJP. Except for the cutoff value of serum BDG was 
80 mg/mL stratum (P=0.202), evidence of significant publication 
bias was identified by Egger’s test (P<0.10, for any other strata).

Diagnostic accuracy of serum BDG for PJP versus colonized 
patients subgroup: Six studies allowed the analysis of the 
diagnostic ability between PJP and colonized patients at various 
serum BDG cutoff values [40,42,44,45,47-50]. From these 
studies, 6 BDG cutoff value of 80 mg/mL[40,42,44-45,47,50], 
6 BDG cutoff value of 200 mg/mL [40,42,44-45,47,50], 5 BDG 
cutoff value of 300 mg/mL[40,42,44-45,50], 6 BDG cutoff value 
of 400 mg/mL [40,42,44-45,47,50], and 6 BDG cutoff value of 
500 mg/mL [40,42,44-45,47,50] datasets were available. The 
results of stratified analyses of point estimates of sensitivity, 
specificity, LR+, LR-, and the DOR for serum BDG based on a 
bivariate random-effects model are also shown in Table 3. Despite 
evidence of significant publication bias was performed (Table 3), 
the pooled overall LR was low to 0.17 at a cutoff value of serum 
BDG 80 mg/mL, resulting in the strong ability to exclude PJP 
when the result of PJ-qPCR is positive in BAL. No evidence of 
significant publication bias was performed by Egger tests (P>0.10, 
for any other strata).

Table 2: Results of assessing risk of bias based on QUADAS-2 in the studies.

Study source Patient selection Index test Reference standard Flow and timing Risk of bias

Sejal Morjaria [47]2018 High Low Low High High

Costa[43] 2012 High Low High High High

Desoubeaux [48]2019 High Low Low Low High

Damiani[45] 2013 High Low Low High High

Rogina[51] 2020 High Low Low Low High

Engsbro[44] 2018 High Low Low Low High

Szvalb[42] 2020 High Low Low High High

Hammarström[46] 2019 High Low Low Low High

MENG Xiangchen[46] 2018 High Low Low Unclear High

Desmet[33] 2009 High Low Low Low High

Persat[32] 2007 High Low Low Unclear High

Sax[41] 2011 High Low Low Unclear High

Damiani[40] 2011 High Low Low High High

Esteves [39] 2014 High Low Low Unclear High

Held[38] 2011 High Low Low Low High

Mercier[37] 2019 High Low Low Low High

Passos[36] 2017 Low Low Low Unclear Unclear

Boer[35] 2011 Low Low Unclear Low Unclear

Salerno[34] 2014 High Low Low Unclear High

Toine Mercier[50] 2020 High Low Low Unclear High

Carolis[49] 2020 High Low Low Low High

Note: Low=low risk; High=high risk; Unclear=unclear risk.
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Table 3: Overall predictive values and stratified analyses of diagnostic values.

No. data 
units

Cutoff value 
of BDG, pg/
mL

Sensitivity 
(95% CI)

Specificity 
(95% CI)

LR+(95% CI) Level LR- (95% CI) Level DOR (95% CI)

Study 
heterogeneity 
(Chi-square): 
LRT_Q

P- value

Study 
inconsistency 
(I-square): 
LRT_I2

*P value for 
publication 
bias

PJP patients versus controls

19 80
0.94 
(0.89,0.96)

0.76 (0.65-
0.85)

3.99 (2.59,6.13) W
0.08 
(0.05,0.15)

C
48.56 
(20.46,115.25)

36.74 <0.001 95 0.007

9 200
0.78 (0.66-
0.87)

0.96 (0.78-
0.99)

18.16 
(3.03,109.06)

C
0.23 
(0.14,0.37)

W
79.38 
(10.20,617.92)

29.51 <0.001 93 0.114

8 300
0.77 
(0.64,0.87)

0.97 
(0.81,1.00)

26.4 
(3.42,203.67)

C
0.24 
(0.14,0.40)

W
112.02 
(11.57,1084.22)

23.15 <0.001 91 0.086

9 400
0.66 
(0.52,0.78)

0.98 
(0.86,1.00)

31.8 
(4.42,228.74)

C
0.35 
(0.24,0.51)

W
91.42 
(12.22,683.71)

33.64 <0.001 94 0.037

12 500
0.59 
(0.49,0.68)

0.96 
(0.89,0.99)

14.87 
(5.16,42.86)

C
0.43 
(0.34,0.56)

W
34.63 
(11.12,107.89)

25.94 <0.001 92 0.037

HIV-negative PJP patients VS controls subgroup

5 80
0.87 
(0.64,0.96)

0.68 
(0.35,0.89)

2.74 (0.94,8.02) W
0.19 
(0.04,0.86)

S
14.05 
(1.15,171.50)

0.46 0.397 0 0.087

5 200
0.66 
(0.47,0.80)

0.97 
(0.48,1.00)

20.01 
(0.56,693.98)

C
0.36 
(0.20,0.64)

W
56.22 
(0.97,3256.48)

12.01 0.001 83 0.412

5 300
0.66 
(0.40,0.85)

0.97 
(0.52,1.00)

21.66 
(0.75,624.22)

C
0.35 
(0.17,0.72)

W
61.97 
(1.47,2607.20)

9.5 0.004 79 0.221

5 400
0.59 
(0.38,0.77)

0.96 
(0.68,1.00)

15.96 
(1.44,176.64)

C
0.43 
(0.26,0.70)

W
37.38 
(2.88,484.83)

13.61 0.001 85 0.512

5 500
0.57 
(0.37,0.75)

0.99 
(0.60,1.00)

54.15 
(1.03,2840.30)

C
0.44 
(0.28,0.68)

W
123.6 
(2.60,5881.55)

22.69 <0.001 91 0.258
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HIV-positive PJP patients VS controls subgroup

7 80
0.94 
(0.90,0.96)

0.71 
(0.49,0.86)

3.2 (1.65,6.21) W
0.09 
(0.05,0.15)

C
37.35 
(12.66,110.15)

5.57 0.031 64 0.202

5 200
0.93 
(0.72,0.99)

0.96 
(0.47,1.00)

22.79 
(0.92,562.20)

C
0.07 
(0.01,0.36)

C
324.43 
(3.52,29910.97)

3.54 0.085 44 0.044

4 300
0.87 
(0.62,0.97)

0.98 
(0.38,1.00)

38.44 
(0.55,2701.76)

C
0.13 
(0.04,0.48)

S
292.1 
(1.74,48957.10)

4.95 0.042 60 0.009

6 400
0.74 
(0.51,0.88)

0.98 
(0.74,1.00)

30.39 
(2.31,399.53)

C
0.27 
(0.13,0.55)

W
112.36 
(7.31,1726.67)

22.06 <0.001 91 0.018

6 500
0.7 
(0.51,0.84)

0.94 
(0.75,0.99)

12.63 
(2.13,74.97)

C
0.32 
(0.17,0.60)

W
40.01 
(4.01,390.49)

0.146 0.023 67 0.05

PJP VS Colonized patients subgroup

6 80
0.86 
(0.73,0.93)

0.82 
(0.73,0.88)

4.7 (3.11,7.08) W
0.17 
(0.09,0.34)

S 26.9 (11.17,64.81) 3.367 0.093 41 0.027

6 200
0.69 
(0.60,0.76)

1 (0.72,1.00)
168.11 
(1.73,16099.44)

C
0.32 
(0.24,0.41)

W
532.87 
(4.96,57244.18)

2.139 0.172 6 0.144

5 300
0.64 
(0.52,0.75)

1 (0.64,1.00)
130.58 
(1.08,15838.72)

C
0.36 
(0.26,0.51)

W
361.28 
(2.54,51376.9)

0.687 0.355 0 0.198

5 400
0.54 
(0.48,0.60)

1 (1.00,1.00) NC
0.46 
(0.40,0.53)

W NC NC NC NC 0.634

6 500
0.47 
(0.41,0.54)

1 (1.00,1.00) NC
0.54 
(0.48,0.61)

N NC NC NC NC 0.921

Note: NC, it could not calculate numerical derivatives because of missing values (fp=0) encountered; C, S, W, and N ,evidence level for diagnostic ability, indicates "conclusive", "strong", "weak", and " negligible", 
respectively; LR+, positive likelihood ratio; LR-,negative likelihood ratio. 

9
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DISCUSSION 

The current meta-analysis indicated that the usefulness of serum 
BDG at a recommended cutoff value of 80 pg/mL, measured by the 
Fungitell assay, had high pooled overall sensitivity (0.94,95%CI 
0.89-0.96) for the diagnostic ability of PJP individuals, similar to 
the previous three meta-analysis studies [51-54]. However, our 
stratified analysis showed that the ability to detect PJP patients 
was further lowered, as shown in Table 3 with a serum BDG 
cut-off value of 200 pg/mL (0.78,95%CI 0.66-0.87),300 pg/mL 
(0.77,95%CI 0.64-0.87),400 pg/mL(0.66,95%CI 0.52-0.78),500 
pg/mL(0.59,95%CI 0.49-0.68), respectively. There are obviously 
differences in comparison with the previous studies, Salerno et 
al. [34] reported that the sensitivity was 0.91(95%CI, 0.83-0.99) 
at a threshold of 300 pg/mL and Esteves et al. [39] reported that 
the sensitivity was 0.928 at a threshold of 400 pg/mL. Secondly, 
our meta-analysis also analyzed the diagnostic sensitivity of serum 
BDG to PJP at various cutoff values in different HIV states, and 
the results showed that more sensitive in patients with HIV 
than in those without, cutoff value of 80 pg/mL (0.94 vs. 0.87), 
200 pg/mL (0.93 vs. 0.66), 300 pg/mL (0.87 vs. 0.64), 400 pg/
mL (0.74 vs. 0.54), 500 pg/mL (0.70 vs. 0.47), individually. To 
our knowledge, it was the first meta-analysis study to stratify 
the diagnostic sensitivity of plasma BDG to PJP, and there was 
high diagnostic sensitivity at various thresholds in HIV-positive 
populations, but the diagnostic sensitivity of other subgroups 
was not ideal. It may be interpreted that the superior diagnostic 
sensitivity of BDG in HIV patients was related to the higher 
burden of PJ. Finally, we particularly analyzed a subgroup of 
the PJP patients versus possible/colonized patients, which also 
had good pooled overall diagnostic sensitivity (0.86, 95% 0.73-
0.93) at a threshold of 80 pg/mL, indicating that serum BDG 
detection could effectively distinguish PJP from colonization. 
When PJ-PCR was introduced, it significantly increased the 
sensitivity to the diagnostic sensitivity of PJP, resulting in an 
increase in the number of false positive cases of PJP [28]. Given 
the high sensitivity of BDG detection in serum, negative serum 
B-D-glucan assay can rule out PJP in patients at risk for disease, 
particularly those who’s a BAL test is not feasible [54].

Although our meta-analysis also indicated that the specificity of 
BDG for the diagnosis of PJP was moderate at the recommended 
threshold of 80 mg/mL, with a pooled overall specificity of 
0.76 (95%CI, 0.65-0.85), 0.68 (95%CI, 0.35-0.89) for HIV-
negative PJP patients subgroup, and 0.71 (95%CI, 0.49-0.86) for 
HIV-postive patients subgroup, similar to what was previously 
described [52-54]. Nevertheless, our meta-analysis estimated that 
the combination of the BALF analyses PJ-PCR and serum BDG 
yielded a pooled overall specificity of 0.82(95% CI, 0.73-0.88) at 
the lowest cut-off level of 80 mg/mL. The present meta-analysis 
described that serum BDG with cut-off level ≥ 200 pg/ml yielded 
specificity above 94% as well, suggesting a very high diagnostic 
performance for PJP patients. As a result, we suggest that PJP 
could be excluded by raising BDG threshold or combining 
with BALF PJ-PCR results. In particular, a higher cutoff value is 
appropriate for screening in populations whose BALF samples 
are not readily available. However, further studies are needed to 
confirm the validity of this recommendation.

Nevertheless, false positive tests for serum BDG may occur up to 
35% of cases [41]. In fact, β-glucan is not specific to PCP, it is also 
included in the criteria for deep-seated fungal diseases, such as 

invasive candidiasis and invasive aspergillosis [29]. False-positive 
results from serum BDG assays are mostly due to several conditions, 
presenting in patients undergoing hemodialysis through cellulose 
membranes, receipt of albumin and immunoglobulin products, 
concurrent gram-negative endotoxemia, use of cotton swabs 
during surgery, and with certain medications such as amoxicillin/
clavulanic acid [22,30-31]. Therefore, if only serum BDG positive 
results are obtained, the diagnosis of PJP should be interpreted 
with care to avoid misdiagnosis and delay the patient's condition, 
and additional clinical and laboratory information such as PCR, 
BAL, Computed Tomography (CT) scan or autopsy will be 
required to validate the diagnosis of PJP.

In the clinical setting, a rapid laboratory BDG assay is critical to 
diagnose or rule out PJP, which may allow physicians to postpone 
or even skip the BAL. Although most of the articles included 
in our meta-analysis were retrospective studies, diagnostic ability 
of serum BDG LR+ to diagnose PJP in HIV-positive, HIV-
negative, or PJ-PCR-positive people was judged to be ‘weak’ at 
the recommended threshold of 80 pg/mL. A positive serum 
BDG in these populations should prompt a comprehensive 
microbiological study to allow the diagnosis of bacterial and 
fungal diagnosis other than PJP. And it appears more and more 
clearly that serum BDG detection of PJ appears to be a more 
appropriate strategy for the diagnosis of PJP in HIV patients. 
Our findings, if confirmed, may indicate that the optimal cut-off 
level for diagnosing PCP may be different from serum BDG for 
invasive fungal infections. However, the above findings should 
be explained in terms of the high statistical heterogeneity noted 
in all the studies we analyzed. The presentation of the patient 
and the presence or absence of specimens as described above will 
influence the approach to the interpretation of the test. In such 
cases, choosing a higher threshold value can help identify those 
patients with clinically significant disease. Raw patient data were 
unavailable, so the optimum cut-offs were unable to determine. 
Future studies are needed to clarify this topic.

Some limitations should be addressed. Firstly, we could not 
access unpublished reports, which may allow publication bias. 
Secondly, most of the studies included in our meta-analysis were 
retrospective case-control studies, and there were significant 
issues of selection bias when evaluating the quality of the 
included studies. We found significant heterogeneity in the 
pooled sensitivity and specificity estimates. This may owe to the 
differences in the target population and the biases associated 
with patient selection in these case-control studies. Thirdly, 
several studies do not evaluate serum BDG as the sole purpose of 
diagnosing PJP, which may lead to an overestimate of sensitivity 
and specificity. Forthly, some studies did not perform hierarchical 
assessment of the diagnostic ability of serum BDG for PJP or the 
stratification strategies were different among studies, resulting in 
data loss or inaccuracy. Fifthly, the time of specimen collection is 
critical. The time interval between the serum BDG test and the 
patient's diagnosis of PJP is different between studies, or some 
specimens have been collected before the use of prophylactic 
therapies, which may affect the results of serum BDG test. 
Finally, the included trials were not large enough for us to obtain 
sufficient data to explore the potential interference between the 
various factors contributing to significant heterogeneity. These 
factors may have potential effects on the findings in the current 
study. As a result, the findings of this meta-analysis need to be 
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confirmed by more well-designed and large-scale investigations.

CONCLUSION

In conclusion, the main strength of this study is that the stratified 
systematic review and meta-analysis of existing studies, although 
most of the studies included were retrospective controlled studies, 
were sufficient to assure us that serum BDG tested by the fungitell 
assay at various thresholds differed significantly in the ability to 
diagnose PJP patients with and without HIV. The current meta-
analysis suggests that a negative serum-BG result can be used 
as a laboratory indicator to "exclude" PJP, especially in patients 
without HIV. When positive BDG is applied to patients, the 
results should be interpreted cautiously and in conjunction with 
clinical and radiological findings. BAL is the preferred specimen 
for the diagnosis of PJP, in which the PJ-PCR result is highly 
sensitive and specificity. However, there are some limitations in 
differentiating patients with infection or colonization. Our meta-
analysis showed that the positive results of serum BDG combined 
with PJ-PCR have high sensitivity and specificity in differentiating 
infection from colonization. This meta-analysis suggests that 
the optimal positive threshold for serum BDG requires better 
definition and clinical validation rather than the recommended 
cutoff of 80 pg/mL in the diagnosis of PJP as well. And these 
cutoff values could be further refined in additional studies that 
focus on populations that are as homogeneous as possible. More 
studies are also needed, particularly large prospective cohort 
studies, to confirm the diagnosis value of serum BDG detection.
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