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Over the last two decades, there has been a notable surge 
i n  f u n g a l  i n f e c t i o n s  ( F I ) ,  e s p e c i a l l y  a m o n g 
immunocompromised patients, such as those with 
hematological malignancies, organ transplants, or 
undergoing prolonged immunosuppressive therapy. These 
infections signi�cantly contribute to increased morbidity 
and mortality, with rates reported as high as 60% to 90% in 
these vulnerable populations [1, 2]. The growing burden of 
FI in healthcare settings highlights the critical need for 
improved prevention, early detection, and effective 
treatment strategies. In particular, the prevalence of FI 
among patients with hematological malignancies has been 
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found to range from 24% to 31%, emphasizing the 
importance of prompt diagnosis and intervention in this 
high-risk group [3]. One of the primary challenges in 
managing FI is the timely identi�cation of the causative 
fungal species, as delayed or inadequate treatment can 
lead to fatal outcomes. This challenge is compounded by 
the often non-speci�c clinical presentation of fungal 
infections, which can resemble bacterial or viral infections. 
As a result, many cases are diagnosed late, leading to poor 
outcomes. Hence, there is an increasing demand for the 
development of more reliable and rapid diagnostic 
methods that can detect fungal pathogens at an earlier 
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stage, potentially improving patient outcomes [4]. This is 
particularly crucial in immunocompromised patients, who 
are more susceptible to invasive fungal infections (IFIs), 
where early detection can signi�cantly impact the course 
of the disease. In recent years, the detection of fungal 
biomarkers in clinical samples has emerged as a promising 
diagnostic approach for IFIs. The identi�cation of fungal 
cell walls components, such as fungal DNA, galactomannan 
(GM), and 1,3-β-D-glucan (BG), has shown potential in 
improving diagnostic accuracy. GM, a polysaccharide 
component of the fungal cell wall, is shed into the 
bloodstream during fungal growth, making it a valuable 
marker for invasive aspergillosis. Similarly, BG is a major 
component of the fungal cell wall that is released during 
active fungal infection, particularly in deeper fungal layers 
[5, 6]. These biomarkers can be detected in serum or 
Broncho alveolar lavage �uid, providing a non-invasive 
means of diagnosing fungal infections. However, the 
sensitivity and speci�city of these assays can vary widely, 
depending on the fungal species and the clinical context. 
The GM assay, for instance, has shown a sensitivity range of 
30% to 100% and a speci�city of 38% to 98%, depending on 
the type of patient population and the timing of the test [7]. 
In contrast, the BG assay has a reported sensitivity and 
speci�city of 70% to 90%, making it a useful tool for the 
detection of a broader range of fungal infections, including 
candidiasis and aspergillosis [8]. However, both assays 
have their limitations, including false positives due to 
factors such as concurrent use of antibiotics or the 
presence of other non-fungal conditions that may interfere 
with the results. Over the past several decades, fungal 
infection (FI) has been increasing following the growing 
number of immunosuppressed or immunocompromised 
patients with its high associated morbidity and mortality up 
60–90%. The major obstacle is to recognize which fungus 
causes the infection and prescribe appropriate therapy. 
Thus, there is a need for newer diagnostic modalities for FI. 
Early detection of FI markers as cell wall components and 
fungal DNA is important for prompt diagnosis. The most 
extensively evaluated diagnostic marker is the cell wall 
surface antigen galactomannan (GM), followed by β-d-
glucan, present in deeper layers of the cell wall [9, 10]. The 
i n c re a s i n g  i n c i d e n c e  of  F I ,  p a r t i c u l a r l y  a m o n g 
immunocompromised individuals, underscores the need 
for novel diagnostic approaches that can improve early 
detection and guide timely therapeutic interventions. 
This study aimed to determine the diagnostic accuracy of 
Beta-D-Glucan and Galactomannan as fungal markers in 
the detection of positive fungal cultures among 
immunocompromised patients. By enhancing the 
detection of fungal biomarkers, this research hoped to 
contribute to the growing body of evidence supporting the 
u s e  of  n o n - i nva s i ve  d i a g n o st i c  m et h o d s  i n  t h e 
management of fungal infections, ultimately aiming to 
reduce the high morbidity and mortality associated with 
these infections.
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M E T H O D S

This cross-sectional study was conducted at the Intensive 
Care Units of Shifa International Hospital, Islamabad, from 
April 2024 to July 2024. The sample size calculated was 57 
immunocompromised patients of both gender with age 
range of 12 to 80 years, who had positive fungal cultures, 
chosen via non-probability, consecutive sampling. The 
sample size was calculated via taking expected sensitivity 
of B- galactomannan as 70% [10]. The con�dence level was 
taken as 90% with 10%, desired precision. Patients who (at 
the time of taking samples) were taking any antifungal 
medications were excluded from the study. The IRB 
approval was obtained prior to the study (070-24). Informed 
written consent was taken from every participant. Positive 
fungal cultures were identi�ed by growing fungal 
organisms in culture media under laboratory conditions, 
con�rming the presence of viable fungi in collected 
samples. The β-d-Glucan levels were measured using the 
fungi tell assay, based on the Limulus gametocyte lysate 
(LAL) method, with a positive result de�ned by levels 
exceeding 80 pg/mL. Additionally, the Platelia Aspergillus 
enzyme immunoassay was employed to detect Aspergillus 
Galactomannan, with an optical density index greater than 
0.5 indicating a positive result. Diagnostic accuracy, 
sensitivity and speci�city were calculated by comparing 
these assay results against the gold standard of CSF 
analysis of fungal culture. The Receiver Operating 
Characteristic (ROC) curve was plotted to evaluate and 
compare the diagnostic performance of the Beta-D-Glucan 
(BG) and Galactomannan (GM) assays. The Area Under the 
Curve (AUC) provided a summary measure of diagnostic 
accuracy, with higher AUC values indicating better 
discriminatory ability of the assays. Data were analyzed 
using SPSS version 25.0. The sensitivity, speci�city, 
positive predictive value, negative predictive value, and 
diagnostic accuracy were calculated.

R E S U L T S

The mean age was 45 + 18.5 years, the majority being male 
(61.4%). Most participants belonged to the middle or lower 
socioeconomic classes (82.5%). The primary underlying 
co n d i t i o n s  we re  m a l i g n a n cy  ( 4 3 . 9 % )  a n d  o rg a n 
transplantation (31.6%), with hematologic malignancies 
being more common than solid tumors. Kidney transplants 
were the most frequent among organ transplant 
recipients. A signi�cant portion of patients were on 
steroids (73.7%) and antibiotics (87.7%), with 52.6% 
experiencing neutropenia. The average duration of the 
disease was 12.5 ± 7.8 months, and blood samples were 
collected after an average of 18 days of hospitalization 
(Table 1).



72.73%

94.74%

Speci�city

Diagnostic Accuracy

77.78%

96.49%

Table 1: Demographic and Clinical Characteristics

The study displays the ROC curves for Beta-D-Glucan (BG) 
and Galactomannan (GM) assays, comparing their 
diagnostic performance in detecting fungal infections in 
immunocompromised patients. The Area Under the Curve 
(AUC) for BG was 0.94, indicating high diagnostic accuracy, 
while GM showed a slightly lower AUC of 0.92. Both assays 
demonstrated strong sensitivity and speci�city, but BG 
outperformed GM in terms of positive predictive value 
(96.00% vs. 93.88%) and overall diagnostic accuracy 
(96.49% vs. 94.74%). The ROC analysis con�rms BG as a 
slightly more reliable marker for fungal infections in our 
study (Figure 1).

The Beta-D-Glucan (BG) and Galactomannan (GM) assays 
both demonstrated high sensitivity, indicating their 
effectiveness in detecting positive fungal cultures among 
immunocompromised patients. Both assays also showed 
strong positive predictive values (PPV), with BG at 96.00% 
and GM at 93.88%, suggesting that a positive result is highly 
indicative of a true fungal infection. Speci�city was 
moderate for both assays, slightly higher for BG (77.78%) 
than GM (72.73%). Overall, the diagnostic accuracy was high 
for both assays, with BG at 96.49% and GM at 94.74%, 
reinforcing their utility as reliable markers in this patient 
population (Table 2).

Table 2: Diagnostic Parameters of Beta-D-Glucan (BG) and 

Galactomannan (GM) Assays

Fungal infections (FIs) remain a diagnostic challenge for 
clinicians and microbiologists due to the imperfections of 
current diagnostic tools. While fungal culture is considered 
a superior method, it often takes longer to yield detailed 
information about the various fungi involved in infections 
[11]. This technique is regarded as the gold standard for 
diagnosis through histopathological examination of tissue 
biopsy specimens [12]. However, in immunocompromised 
patients, its invasive nature can lead to increased 
morbidity. As a result, there has been a growing emphasis 
on less invasive serological assays, such as Beta-D-Glucan 
(BG) and Galactomannan (GM), for diagnosing fungal 
infections. In this study, the BG assay returned positive 
results in 48 of the 57 cases, yielding a sensitivity of 90% 
and a speci�city of 65.56%, with a positive predictive value 
(PPV) of 96% and a negative predictive value (NPV) of 3% 
(%p≤0.001). These �ndings align with previous studies by 
Ostrosky et al., [13], which reported a sensitivity of 70% and 
speci�city of 87%, and Pazos et al., [14], which found a 
sensitivity of 87.5% and speci�city of 89.6%. The lower 
speci�city observed in our study (65%) indicates that while 

D I S C U S S I O N
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Variables

Age 45 ± 18.5 years

Results

Gender

Male 35 (61.4%)

Female 22 (38.6%)

Socioeconomic Status

Upper 10 (17.5%)

Middle 25 (43.9%)

Lower 22 (38.6%)

Underlying Disease

Malignancy 25 (43.9%)

Organ Transplantation 18 (31.6%)

Other 14 (24.5%)

Type of Malignancy 

Hematologic 15 (60%)

Solid Tumor 10 (40%)

Type of Organ Transplantation 

Kidney 12 (66.7%)

Liver 4 (22.2%)

Heart 2 (11.1%)

Use of Steroids

Yes 42 (73.7%)

No 15 (26.3%)

Use of Antibiotics

Yes 50 (87.7%)

No 7 (12.3%)

Neutropenia Present

Yes 30 (52.6%)

No 27 (47.4%)

Duration of Disease/Condition 12.5 ± 7.8 months

Duration of Hospitalization till Collection 
of Blood Sample

18 ± 10 days

Diagnostic Parameter

46 (80.7%)

11 (19.3%)

93.88%

61.54%

90.20%

Positive

Negative

Positive Predictive Value

Negative Predictive Value

Sensitivity

BG GM

48 (84.2%)

9 (15.8%)

96.00%

63.64%

92.31%

ROC Curves for BG and GM Assays
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Figure 1: ROC Curve for Beta-D-Glucan (BG) And Galactomannan 

(GM) Assays



BG is a valuable tool, it may not be suitable for all fungal 
species. The typical concentration of Beta-D-Glucan in 
human serum ranges from 10 to 40 pg/mL, with levels 
exceeding 80 pg/mL considered clinically relevant and 
indicative of fungal infections. However, this assay does 
not identify fungi at the genus or species level and serves 
primarily as a rapid presumptive screening technique. 
Additionally, false positives can occur due to external 
factors, such as contamination during specimen 
collection, particularly when cotton gauze is used. 
Furthermore, the BG assay's accuracy is highly dependent 
on procedural conditions that may not be achievable by 
non-laboratory personnel, impacting the reliability of 
results—an aspect that highlights signi�cant limitations in 
this study. Although the assay can speci�cally identify 
fungi like Aspergillus, Candida, and Fusarium, it cannot 
accurately differentiate species lacking BG in their cell 
walls, such as Zygomycetes and Cryptococcus [15]. In our 
study, the GM assay demonstrated a sensitivity of 90.2% 
and a speci�city of 72.73%, with 46 positive tests out of 57 
cases. In comparison, PCR testing is more sensitive (100%) 
for diagnosing both fungemia and non-fungemia infections 
without the interference of masking agents l ike 
Voriconazole, serving as a speci�c backup to culture 
methods. This aligns with �ndings from Sims et al., [16] and 
Cornillet et al., [17], particularly regarding the diagnosis of 
Aspergillus infections. However, caution is necessary when 
interpreting GM assay results in patients receiving beta-
lactam antibiotics, as these can cross-react with GM and 
produce false positives [17]. Additionally, the sensitivity of 
the GM assay may decline in patients who have undergone 
prior antifungal treatment, particularly with azole 
medications, as noted by Foy et al., [18]. This underscores 
the importance of collecting serum samples before 
initiating antifungal therapy. Dietary factors should also be 
considered, particularly in young children, as humanized 
milk can serve as a minor source of Galactomannan and 
lead to misleading test results. Notably, all patients who 
tested positive for GM in our study were also positive for BG, 
indicating that while BG demonstrates greater sensitivity, 
this speci�city necessitates dual assessment. Combining 
these assays could enhance diagnostic accuracy among 
high-risk patients, including those receiving antifungal 
therapy [19, 20].

C O N C L U S I O N S

It was concluded that our study demonstrates that both 
Beta-D-Glucan (BG) and Galactomannan (GM) assays are 
e f f e c t i v e  f o r  d e t e c t i n g  f u n g a l  i n f e c t i o n s  i n 
immunocompromised patients. BG exhibited superior 
diagnostic accuracy at 96.49% and a positive predictive 
value (PPV) of 96.00%, while GM achieved an accuracy of 
94.74% and a PPV of 93.88%. These �ndings highlight BG as 
a more reliable biomarker, suggesting its potential to 
enhance timely treatment and improve patient outcomes. 
Future studies should focus on optimizing these assays 

All authors have read and agreed to the published version of 

the manuscript.

C o n  i c t s o f I n t e r e s t

The authors declare no con�ict of interest.

S o u r c e o f F u n d i n g

The authors received no �nancial support for the research, 

authorship and/or publication of this article.

Burghi G, Lemiale V, Azoulay E. Invasive Aspergillosis 
in Critically ill Hematology Patients: Outcomes and 
Prognostic Factors Associated with Mortality. 
Critical Care.  2011 Jan; 15(Suppl 1): P242. doi: 10.1186/ 
cc9662.
Pagano L, Stamouli M, Tumbarello M, Verga L, 
Candoni A, Cattaneo C et al. Risk of Invasive Fungal 
I n fe c t i o n  i n  P a t i e n t s  A f fe c t e d  b y  A c u t e 
Promyelocytic Leukaemia. A Report by The 

SEIFEM‐D Registry. British Journal of Haematology.  
2015 Aug; 170(3): 434-9. doi: 10.1111/bjh.13308. 
Hammond SP, Marty FM, Bryar JM, DeAngelo DJ, 
Baden LR. Invasive Fungal Disease in Patients 
Treated for Newly Diagnosed Acute Leukemia. 
American Journal of Hematology.  2010 Sep; 85(9): 
695-9. doi: 10.1002/ajh.21776.
Falagas ME and Tassios PT. Enhanced and Earlier 
Detection of Bacteremia and Fungemia by Multiplex 
Polymerase Chain Reaction: How Much Enhanced, 
How Much Earlier, and at What Cost? Critical Care 
Medicine.  2008 May; 36(5): 1660-1. doi: 10.1097/CCM.0 
b013e31817045e5.
Herbrecht R, Bories P, Moulin JC, Ledoux MP, 

Letscher‐Bru V. Risk Strati�cation for Invasive 
Aspergillosis in Immunocompromised Patients. 
Annals of the New York Academy of sciences.  2012 
Dec; 1272(1): 23-30. doi: 10.1111/j.1749-6632.2012.068 
29.x. 
Bhaskaran A, Kabbani D, Singer LG, Prochnow T, 
Bhimji A, Rotstein C et al. (1, 3) β-D-Glucan in 
Bronchoalveolar Lavage of Lung Transplant 
Recipients for the Diagnosis of Invasive Pulmonary 
Aspergillosis. Medical Mycology.  2017 Feb; 55(2): 173-
9. doi: 10.1093/mmy/myw052.

[1]

[2]

[3]

[4]

[5]

[6]

R E F E R E N C E S

A u t h o r s C o n t r i b u t i o n

Conceptualization: SA, 

Methodology: SA, ZS, MMS, MAA, SR, AA

Formal analysis: SR

Writing review and editing: ZS, MMS, MAA

PJHS VOL. 5 Issue. 9 Sep 2024 Copyright © 2024. PJHS, Published by Crosslinks International Publishers
148

Ali S et al.,
DOI: https://doi.org/10.54393/pjhs.v5i09.2224

Beta-D-Glucan and Galactomannan as Fungal Markers for Positive Fungal Cultures

across diverse immunocompromised populations and 
exploring their combined use to increase diagnostic 
accuracy. 



Mitchell TG. Fundamental Medical Mycology. 
Emerging Infectious Diseases.  2012 Aug; 18(8): 1393. 
doi: 10.3201/eid1808.120521. 
Pfeiffer CD, Fine JP, Safdar N. Diagnosis of Invasive 
Aspergillosis Using a Galactomannan Assay: A Meta-
Analysis. Clinical Infectious Diseases.  2006 May; 
42(10): 1417-727. doi: 10.1086/503427.
Acosta J, Catalan M, del Palacio-Peréz-Medel A, Lora 
D, Montejo JC, Cuetara MS et al. A Prospective 
Comparison of Galactomannan in Bronchoalveolar 
Lavage Fluid for the Diagnosis of Pulmonary Invasive 
Aspergillosis in Medical Patients Under Intensive 
Care: Comparison with the Diagnostic Performance 
of Galactomannan and of (1,  3)–Β–D-Glucan 
Chromogenic Assay in Serum Samples. Clinical 
Microbiology and Infection.  2011 Jul; 17(7): 1053-60. 
doi: 10.1111/j.1469-0691.2010.03357.x.
Mohr JF, Sims C, Paetznick V, Rodriguez J, Finkelman 
MA, Rex JH et al. Prospective Survey of (1, 3)-Β-D-
Glucan and Its Relationship to Invasive Candidiasis in 
the Surgical Intensive Care Unit Setting. Journal of 
Clinical Microbiology.  2011 Jan; 49(1): 58-61. doi: 10.11 
28/JCM.01240-10.
Patterson TF and Donnelly JP. New Concepts in 
Diagnostics for Invasive Mycoses: Non-Culture-
Based Methodologies. Journal of Fungi.  2019 Jan; 
5(1): 9. doi: 10.3390/jof5010009.

Vazquez R, Vazquez‐Guillamet MC, Suarez J, Mooney 
J, Montoya JG, Dhillon GS. Invasive Mold Infections in 

Lung and Heart‐Lung Transplant Recipients: 
Stanford University Experience. Transplant 
Infectious Disease.  2015 Apr; 17(2): 259-66. doi: 10.111 
1/tid.12362.
Ostrosky-Zeichner L, Alexander BD, Kett DH, Vazquez 
J, Pappas PG, Saeki F et al. Multicenter Clinical 
Evaluation of the (1, 3) Β-D-Glucan Assay as an Aid to 
Diagnosis of Fungal Infections in Humans. Clinical 
Infectious Diseases.  2005 Sep; 41(5): 654-9. doi: 10.10 
86/432470.
Pazos C, Pontón J, Palacio AD. Contribution of (1, 3)-
B-D-glucan Chromogenic Assay to Diagnosis and 
Therapeutic Monitoring of Invasive Aspergillosis in 
Neutropenic Adult Patients: A Comparison with 
Serial Screening for Circulating Galactomannan. 
Journal of Clinical Microbiology.  2005 Jan; 43(1): 
299-305. doi: 10.1128/JCM.43.1.299-305.2005.
Obayashi  T,  Negishi  K,  Suzuki  T,  Funata N. 
Reappraisal of the Serum (1, 3)-Β-D-Glucan Assay for 
the Diagnosis of Invasive Fungal Infections—A Study 
Based on Autopsy Cases from 6 Years. Clinical 
Infectious Diseases.  2008 Jun; 46(12): 1864-70. doi: 
10.1086/588295.

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

Sims CR, Ja�akul S, Mohr J, Rodriguez J, Finkelman 
M, Ostrosky-Zeichner L. Correlation of Clinical 
Outcomes with Β-Glucan Levels in Patients with 
Invasive Candidiasis. Journal of Clinical Microbiology.  
2012 Jun; 50(6): 2104-6. doi: 10.1128/JCM.00773-12.
Cornillet A, Camus C, Nimubona S, Gandemer V, 
Tattevin P, Belleguic C et al.  Comparison of 
Epidemiological, Clinical, and Biological Features of 
I n va s i ve  A s p e rg i l l o s i s  i n  N e u t r o p e n i c  a n d 
Nonneutropenic Patients: A 6-Year Survey. Clinical 
Infectious Diseases.  2006 Sep; 43(5): 577-84. doi: 
10.1086/505870.
Foy PC, Van Burik JA, Weisdorf DJ. Galactomannan 
Antigen Enzyme-Linked Immunosorbent Assay for 
D i a g n o s i s  o f  I n v a s i v e  A s p e r g i l l o s i s  A f t e r 
Hematopoietic Stem Cell Transplantation. Biology of 
Blood and Marrow Transplantation.  2007 Apr; 13(4): 
440-3. doi: 10.1016/j.bbmt.2006.11.014. 
Chang SW, Nam JS, Ha JG, Kim NW, Almarzouq WF, 
Kim CH et al. Detecting Serum Galactomannan to 
Diagnose Acute Invasive Aspergillus Sinusitis: A 
Meta-Analysis. European Archives of Oto-Rhino-
Laryngology.  2022 Feb; 279(2): 793-800. doi: 
10.1007/s00405-021-06857-8.
Fisher CE, Stevens AM, Leisenring W, Pergam SA, 
Boeckh M, Hohl TM. Independent Contribution of 
Bronchoalveolar Lavage and Serum Galactomannan 
in the Diagnosis of Invasive Pulmonary Aspergillosis. 
Transplant Infectious Disease.  2014 Jun; 16(3): 505-
10. doi: 10.1111/tid.12211.

[16]

[17]

[18]

[19]

[20]

PJHS VOL. 5 Issue. 9 Sep 2024 Copyright © 2024. PJHS, Published by Crosslinks International Publishers
149

Ali S et al.,
DOI: https://doi.org/10.54393/pjhs.v5i09.2224

Beta-D-Glucan and Galactomannan as Fungal Markers for Positive Fungal Cultures


