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INTRODUCTION
Aspergillus is a ubiquitous genus of lamentous fungi, particularly A. 
fumigatus, A. flavus, A. terreus, and A. niger. Invasive Pulmonary 
Aspergillosis (IPA), characterized by hyphal invasion of the lung 
parenchyma and vasculature and frequently leading to necrosis and 

[1]potential dissemination, is a common worldwide afiction.  Global 
mortality rates usually range between 30–80%, especially in ICU 
settings. Classically, the risk of IPA is also higher in immune-
compromised individuals particularly those with acute leukemia or 
undergoing hematopoietic stem-cell transplantation (HSCT), 

[2]representing the highest risk groups.  Particularly, transplant 
recipients, inclusive of solid transplant recipients, are at very high risk 
of IPA. The risk is compounded by re-transplantation, renal 
dysfunction, corticosteroid use, CMV infection, prolonged ICU stays, 

 [3,4]and lung transplant recipients.  Global estimates have found 

[5]approximately, 3,000,000 cases of chronic pulmonary aspergillosis.  
In recent times however particularly since COVID-19 pandemic, there 
have been increasing reports of concomitant occurrence of IPA with 
COVID-19 as well as inuenza infections. It is also worthwhile to note 
that IPA ourishes in hosts with defects in neutrophil-mediated 
immunity, whether quantitative (e.g., neutropenia) or qualitative (e.g., 
corticosteroid use, diabetes). In addition, structural lung damage from 
COPD, viral pneumonia, prolonged immunosuppression, and ICU 
interventions all make fungal growth conducive, thereby promoting of 
IPA. 

The Enzyme Linked Immunosorbent Assay [ELISA] plays a 
signicant role in the diagnosis of invasive fungal infections, 
particularly through the detection of galactomannan, a polysaccharide 
cell wall component released by actively growing Aspergillus species. 
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ABSTRACT
Introduction: Invasive pulmonary aspergillosis [IPA] is a common mycosis, aficting immunocompromised individuals particularly 
hematological transplant patients. In recent times however particularly since COVID-19 pandemic, there have been increasing reports of 
concomitant occurrence of IPA with COVID-19 as well as inuenza infections. Galactomannan (GM) is a polysaccharide component of the 
Aspergillus cell wall, released during hyphal growth. Currently, ELISA, employing a sandwich format using monoclonal antibodies targeting 
specic galactomannan epitopes and applicable to both serum and bronchoalveolar lavage (BAL) uid, with BAL samples, coupled with the use of 
optical density index cutoffs (commonly ≥0.5 in serum and ≥1.0 in BAL) allows for a semi-quantitative diagnostic strategy for IPA.  We Methods:
conducted a prospective, analytical, comparative study in the Department of Laboratory Medicine of CK-Birla Hospitals, CMRI & BM Birla Heart 
Research Centre, Kolkata, from 1st January 2023 to 31st December 2025, following set inclusion & exclusion criteria. A total of 46 BAL uid 
samples and 30 serum samples were nally selected for galactomannan [GM] assay by Dynamiker GM ELISA. Briey, an OD of < 0.5 was 
considered as negative & ≥ 0.5 considered as positive with regard to serum while an OD of < 1.0 was considered as negative & ≥ 1.0 considered as 
positive for BAL uid. For ease of analysis and representation, we designated a nite score of 20 to all positives [both serum and BAL uid GM] 
and 10 to all the negatives [both serum and BAL uid GM]. Concomitantly, serum and BAL uid were used for assay of biomarkers namely C-
reactive protein [CRP] and Procalcitonin [PCT], while cellular components namely total WBC count and neutrophil and eosinophil differential 
counts were also estimated both in blood as well as in the aspirated BAL uid. The data was analyzed by GraphPad Prism (v.8.4.3) and MS Excel 
2013, considering a p value of ≤ 0.05 to be statistically signicant. The percentages of Sensitivity, Specicity, Positive Predictive Value Results: 
[PPV], Negative Predictive Value [NPV], Accuracy and Error rates were separately calculated for the 30 serum and 46 BAL uid GM ELISA 
results. In brief, sensitivity, specicity of BAL uid ELISA (75%), was found to be far more is more than that of serum; 75% vs 20% and 81.58% vs 
80%, respectively. Similarly, Positive and Negative Predictive Values of BAL uid ELISA (46.15% & 93.94%), were found to exceed the Positive 
and Negative Predictive Values of serum (16.67% & 83.33%).  Moreover, the false positive, false negative and error rates were higher for serum 
(20%, 80% & 30%) as compared to BAL uid GM ELISA (18.42%, 25% & 19.57%). The overall diagnostic accuracy for Bal uid GM ELISA was 
higher as compared to serum GM ELISA [80.43% vis-à-vis 70%]. For assessing the concurrence of our selected biochemical and hematological 
biomarker levels with results of GM ELISA, we applied the Kruskal-Wallis test between the results of serum and BAL-uid GM ELISA and 
selected biochemical biomarkers [serum CRP and serum PCT] and selected hematological parameters [TLC, percentages of neutrophil and 
eosinophil counts]. Kruskal-Wallis analysis showed a signicant concurrence between serum GM ELISA negative as well as positive results and 
biochemical and hematological parameters [P < <0.0001] and also between BAL uid GM ELISA negative as well as positive results and 
biochemical and hematological parameters [P < <0.0001].  Galactomannan antigen detection remains integral to IPA diagnosis. The Conclusions:
BAL uid GM ELISA showed better performance characteristics and hence can be a better diagnostic alternative to serum ELISA. Moreover, GM 
ELISA can strengthen the diagnosis of IPA when used in conjunction with selected biochemical and hematological markers with comparable extent 
of concurrence for both serum and BAL uid results.
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Galactomannan (GM) is a polysaccharide component of the 
Aspergillus cell wall, released during hyphal growth. Detection 
assays—typically enzyme immunoassays (EIAs) or lateral-ow 
assays (LFAs), identify circulating GM in bodily uids such as serum, 
bronchoalveolar lavage (BAL) uid, proximal airway samples, or 
cerebrospinal uid (CSF). Galactomannan ELISA, employing a 
sandwich format using monoclonal antibodies, targets specic 
antigenic epitopes. The test can be applied to both serum and BAL 
uid, with the latter generally offering higher sensitivity due to higher 

[6]fungal load and reduced interference, unlike serum.  There are studies 
which have reported that BAL galactomannan ELISA can achieve 
sensitivities exceeding 85–90% and specicities above 90% in 
immunocompromised patients, including those with hematologic 

[7]malignancies and stem cell transplants.

The use of optical density index cutoffs (commonly ≥0.5 in serum and 
≥1.0 in BAL) allows for a semi-quantitative diagnostic strategy for 

[8]IPA.  Meta-analysis in hematological malignancy patients, and 
recipients of bone marrow transplantations have been shown to exhibit 
a sensitivity of ~35–78% and a specicity ~70–93% depending on 
cutoff. BAL uid detection generally outperforms serum, with a 
pooled sensitivity ~0.80 and specicity ~0.95; using ODI cutoffs at 0.5 
and 1.0, respectively, yielding a comparatively higher diagnostic 

[9]accuracy.  Furthermore, coupling GM detection with PCR or β-d-
glucan assay has been shown to improve sensitivity for serum samples 

[10]
to the tune of 0.81.

However, concomitant use of β-lactam antibiotics (e.g., 
piperacillin–tazobactam), dietary galactomannan, or cross-reactivity 
with other fungal species, can contribute to false-positive results. 
Hence, serial testing simultaneously integrated with clinical and 
radiological ndings are of paramount importance in enhancing 

[11]diagnostic accuracy.  Presently, the GM assay is recommended for 
use by major guidelines namely the European Organisation for 
Research and Treatment of Cancer [EORTC] and the Mycoses Study 
Group Education and Research Consortium [MSGERC] as part of the 

[12, 13]diagnostic criteria for probable invasive aspergillosis. 

The current study was undertaken to assess the diagnostic efcacy of 
galactomannan ELISA in both serum as well as BAL uid in patients of 
clinically suspected IPA admitted into the intensive care unit [ICU] of 
our institute and whose BAL uid and serum samples had been 
routinely sent for biochemical and hematological analyses, to 
determine which body uid could yield a more accurate and reliable 
result, for clinching the diagnosis of IPA, keeping in mind the 
comparatively much more non-invasive nature of acquisition of serum 
vis-a-vis the more invasive method for acquisition of BAL uid. Also 
the galactomannan ELISA results were compared with the results of 
selected biochemical and hematological biomarker levels to assess the 
ability of these biomarkers to supplement and support the diagnosis of 
IPA.

Materials and Methods:
Study variables: A retrospective, analytical, comparative study was 
conducted in the Department of Laboratory Medicine of CK-Birla 

stHospitals, CMRI & BM Birla Heart Research Centre, Kolkata, from 1  
stJanuary 2023 to 31  December 2025, following set inclusion & 

exclusion criteria, using patients of clinically suspected invasive 
pulmonary aspergillosis [IPA], admitted into the ICU of our institute. 

Case selection and sampling details: Briey, of 100 patients 
clinically suspected invasive pulmonary aspergillosis [IPA], admitted 
into the ICU of our institute were initially screened for the the study 
from . Out of these 100, BAL st st1  January 2023 to 31  December 2025
uid was obtained from 60 patients and serum was obtained from 37, 
while both BAL uid and serum samples were available from the 
remaining three. Excluding those who were unwilling to participate 
and those less than 18 years of age, a total of 46 BAL uid samples and 
30 serum samples were nally selected for galactomannan [GM] assay 
by ELISA [Fig 1].

Ethical considerations: Since the entire study was conducted on 
samples of patients, coming to lab for routine investigations, hence 
ethical clearance was not required separately for the same.

Study parameter estimations: Around 2 mL serum obtained from 5 
mL of blood drawn by venepuncture and 10 mL aspirated BAL uid in 
sterile saline obtained by bronchoscopy, were collected using 
complete aseptic precautions. Serum was used for Galactomannan 

[GM] assay as well as for assay of biomarkers namely C-reactive 
protein [CRP] and Procalcitonin [PCT]. The same biomarkers were 
independently assayed in BAL uid. Moreover, cellular components 
namely total WBC count and differential neutrophil and eosinophil 
counts were also estimated both in blood as well as in the aspirated 
BAL uid.

Serum and BAL fluid Galactomannan [GM] Assay: Serum and 
BAL uid GM were assayed using the Dynamiker GM ELISA is a 
sandwich enzyme immunoassay used for the qualitative or semi-
quantitative detection of Aspergillus Galactomannan (GM) antigen in 
human serum or BAL uid, with the help of monoclonal antibodies 
specic to Galactomannan. Determination of positivity for GM was 
based on optical density (OD) measured at 450 nm (with 620–650 nm 
as reference). Briey, an OD of < 0.5 was considered as negative & ≥ 
0.5 considered as positive with regard to serum GM. Likewise, an OD 
of < 1.0 was considered as negative & ≥ 1.0 considered as positive for 
BAL uid GM. For ease of analysis and representation, we designated 
a nite score of 20 to all positives [both serum and BAL uid GM] and 
10 to all the negatives [both serum and BAL uid GM].

Serum and BAL biochemical and hematological analyses:  Among 
the biochemical markers analyzed were serum and BAL uid CRP, 
analyzed by immunoturbidimetry and the serum and BAL uid PCT 
analyzed by electro-chemiluminescence [ECLIA], on automated 
platforms, viz; the Roche COBAS c501 and Roche COBAS e601. The 
cellular components ie the total leucocyte count [TLC] and the 
differential percentages of neutrophils and eosinophils were quantied 
by Coulter principle & ow cytometric analysis using an automated 
platform viz; HORIBA ABX Pentra XL 80. 

Statistical analyses: The data generated was analysed by Graph-Pad 
Prism v.8.4.3, using appropriate statistical tools. Normality of the 
sample distribution was tested by D'Agostino & Pearson omnibus 
normality test. For assessing the diagnostic accuracy of serum vis-à-
vis BAL uid GM ELISA, sensitivity, specicity, positive predictivity, 
negative predictivity, homogeneity and error rates were calculated and 
Receiver-Operating-Characteristic [ROC] curve was generated [Fig 
2]. Additionally, to assess the extent of concurrence of selected 
biochemical and hematological biomarker levels with results of GM 
ELISA, Kruskal-Wallis Test was applied [since data was found to be 
non-parametric in distribution]. In all statistical analysis P value ≤0.05, 
was considered as statistically signicant. 

RESULTS: 
1. Segregation of GM ELISA results into true positives, true negatives, 
false positives and false negatives: The GM ELISA done in serum and 
BAL uid yielded positive and negative results both. A true positive 
[TP] result was that result where GM ELISA and radiological nding 
were both positive for IPA. A false positive [FP], on the other hand, was 
such a result where though GM ELISA was positive, radiological 
nding was negative for IPA. Conversely, a false negative [FN] result 
was one where GM ELISA was negative but radiological evidence was 
positive for IPA.  A true negative [TN] result was one where GM 
ELISA and radiological nding were both negative for IPA. 

Going by these denitions we segregated the 30 serum GM ELISA 
results as 6 positives and 24 negatives along with TP [n=1], FP [n=5], 
FN [n=4] and TN [n=20]. Likewise for the 46 BAL uid GM ELISA 
results, we obtained 13 positives and 33 negatives which were further 
segregated into TP [n=6], FP [n=7], FN [n=2] and TN [n=31].

2. Determination of percentages of Sensitivity, Specicity, Positive 
Predictive Value [PPV], Negative Predictive Value [NPV], Accuracy 
and Error and construction of ROC curve: The percentages of 
Sensitivity, Specicity, Positive Predictive Value [PPV], Negative 
Predictive Value [NPV], Accuracy and Error rates were separately 
calculated for the 30 serum and 46 BAL uid GM ELISA results. 
Tables 1a & 1b summarises the same. In brief, sensitivity of BAL uid 
ELISA (75%), was found to be far more is more than that of serum 
(20%). Likewise, specicity of BAL uid ELISA (81.58%) was higher 
than that of serum (80%), although marginally. Similarly, Positive and 
Negative Predictive Values of BAL uid ELISA (46.15% & 93.94%), 
were found to exceed the Positive and Negative Predictive Values of 
serum (16.67% & 83.33%).  Moreover, the false positive, false 
negative and error rates were higher for serum (20%, 80% & 30%) as 
compared to BAL uid GM ELISA (18.42%, 25% & 19.57%). The 
overall diagnostic accuracy for Bal uid GM ELISA was higher as 
compared to serum GM ELISA [80.43% vis-à-vis 70%]. 
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3. Concurrence of selected biochemical and hematological biomarker 
levels with results of GM ELISA: For assessing the concurrence of our 
selected biochemical and hematological biomarker levels with results 
of GM ELISA, we applied the Kruskal-Wallis test between the results 
of serum and BAL-uid GM ELISA and selected biochemical 
biomarkers [serum CRP and serum PCT] and selected hematological 
parameters [TLC, percentages of neutrophil and eosinophil counts]. 
For statistical analysis purposes, we designated a score of 20 to all the 
positive results of serum and BAL uid GM ELISA and a score of 10 to 
all the negatives. Kruskal-Wallis analysis showed a signicant 
concurrence between serum GM ELISA negative as well as positive 
results and biochemical and hematological parameters [P < <0.0001; 
Fig 3a & Fig 3b] as well as between BAL uid GM ELISA negative as 
well as positive results and biochemical and hematological parameters 
[P <0.0001; Fig 4a & 4b]. 

DISCUSSION:
Aspergillus is a saprophytic and ubiquitous mold, known to arise from 
varied sources namely soil, decomposing plant matter, plant and 

[14.15]owers, food, household dust or building materials.  Invasive 
pulmonary aspergillosis [IPA] is not an uncommon occurrence among 
immunocompromised individuals particularly, in hematopoietic 
transplant recipients as well as those with co-existing pulmonary 

[16, 17]pathologies namely cystic brosis 

Currently the galactomannan [GM] ELISA diagnostic strategy is 
gaining increasing popularity. This polysaccharide component of the 
fungal cell wall of Aspergillus, has been validated for detection in 
serum as well as in BAL uid and CSF, and offers a higher vantage 

[7] point over culture in terms of sensitivity. Our current study performed 
in both serum and BAL uid, yielded a starkly higher sensitivity of 
BAL uid ELISA over its serum counterpart [ 75% vs 20%] as well as 
markedly lower false negative rate compared to serum [25% vs 80%]. 
The overall accuracy rate for BAL uid GM ELISA was higher than 
that of serum [80.43% vs 70%] as was a markedly lower overall error 
rate [30% vs 19.57%]. 

However, the false positivity rate was comparable for both BAL uid 
as well as serum GM ELISAs [18.42% and 20% respectively]. Such 
false positivity can arise due to cross-reactivity with other fungal 
species such as Penicillium or Fusarium, contamination of BAL 
samples with uids like Plasmalyte, or even the use of certain 
antibiotics, particularly older formulations of piperacillin–tazobactam 
or amoxicillin–clavulanate, which may contain trace fungal 

[18, 19]polysaccharides.  

A  certain percentage of false negative result implies the absence of 
galactomannan detection despite the presence of active IPA. This may 
occur in early stages of infection, in patients already on antifungal 
therapy (which reduces fungal burden), or in localized infections 
where galactomannan has not yet entered the bloodstream. In 
neutropenuc patients in particular, the propensity towards false 
negative results in GM ELISA has been observed in quite a few 

[20]  instances, but the cause remains as yet unknwn. Another probable 
reason is encapsulation of the antigen making it difcult to detect the 
same in serum, in which cases genetic detection by polymerase chain 

[21,22] reaction [PCR] remains the primary alternative viable option.  In 
our study, we segregated the false negatives and false positives using 
radiological detection as the segregator, with radiology positive but 
ELISA negatives being designated as false negatives and radiology 
negative but ELISA positives being grouped as false positives.

We also assessed the extent of concurrence of the GM ELISA results 
with CRP which is a common biomarker of acute inammation and 
PCT which is a common biomarker elevated in sepsis. Since our 
samples belonged to patients undergoing treatment in the hospital 
ICU, it was deemed t to gauge how reliably routine biochemical 
markers of inammation and sepsis were in agreement with GM 
ELISA results. High level of both these biochemical markers are 
known to signify a more progressive form of IPA and a consequently 

[23] poorer prognosis. However, a contrasting picture of high CRP with 
low PCT may be well observed in IPA particularly with neutropenia; a 
common feature among immunocompromised individuals. Infact 
discerning such a biochemical picture is of prime importance in 

[24]initiating anti-fungal therapy at the earliest.  We did observe such a 
trend in our serum as well as  BAL uid samples analysed for CRP and 
PCT. However overt neutropenia was not observed in our patients, a 
possible reason possibly being some overlaying bacterial infection 
having taken root simultaneously. 

Overall, the GM ELISA results in both serum and BAL uid showed 
signicant concurrence with CRP and PCT results (assayed in both 
body uids), as well as with total leucocyte count and also percentages 
of neutrophils and eosinophils [P<0.0001]. Infact the TLC and 
particularly neutrophil percentages have been shown to exhibit 
promise as surrogate end-points for outcome prediction and mortality. 
[25] In particular eosinophilia and associated elevated TLCs have been 
found to have a higher preponderance of  cavity, consolidation, 

[26] ground-glass opacity, and halo sign in IPA patients. Since a 
proportionately higher number of our samples showed high TLC 
values and positivity for GM ELISA, particularly wrt BAL uid, hence 
concomitant assay of these biomarkers in conjunction with GM ELISA 
was carried out keeping in mind their potential to act as denitive aids 
in designing as well as successfully executing therapeutic strategies in 
IPA. 

CONCLUSIONS:
Currently, Galactomannan antigen detection remains integral to IPA 
diagnosis. In our present study, the BAL uid GM ELISA showed 
better performance characteristics, overall and hence can be a better 
diagnostic alternative to serum ELISA. Moreover, GM ELISA can 
strengthen the diagnosis of IPA when used in conjunction with selected 
biochemical and hematological markers with comparable extent of 
concurrence for both serum and Bal uid results. However, 
standardization of cutoffs, strategies to reduce false results, and 
integration with molecular assays are areas for further research. 
Notably, longitudinal studies examining GM kinetics in therapy 
response are underway. Future guidelines will likely integrate 
multistep diagnostics coupled with imaging strategies to improve early 
detection and clinical outcomes.

Tables
Table 1a: Performance characteristics of serum Galactomannan [GM] 
ELISA; performance parameters analyzed; sensitivity, specicity, 
false positive rate [FPR], false negative rate [FNR], positive predictive 
value [PPV], negative predictive value [NPR], accuracy rate and error 
rate

TP= True positive; FP= False positive; TN=True negative; FN= False 
negative

Table 1b: Performance characteristics of broncho-alveolar lavage 
[BAL] Galactomannan [GM] ELISA; performance parameters 
analyzed; sensitivity, specicity, false positive rate [FPR], false 
negative rate [FNR], positive predictive value [PPV], negative 
predictive value [NPR], accuracy rate and error rate
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Performance parameters Calculation formula applied Rates [%]

Sensitivity [True 
positive]

 TP/TP+FN 20

Specicity [True 
negative]

TN/TN+FP 80

False positive rate [FPR] FP/FP+TN 20

False negative rate 
[FNR]

FN/FN+TP 80

Positive predictive value 
[PPV]

TP/TP+FP 16.67

Negative predictive 
value [NPV]

TN/TN+FN 83.33

Accuracy TP+TN/ TP+TN+FP+FN 70

Error 1- Accuracy 30

Performance parameters Calculation formula applied Rates [%]

Sensitivity [True 
positive]

 TP/TP+FN 75

Specicity [True 
negative]

TN/TN+FP 81.58

False positive rate [FPR] FP/FP+TN 18.42

False negative rate 
[FNR]

FN/FN+TP 25

Positive predictive value 
[PPV]

TP/TP+FP 46.15

Negative predictive 
value [NPV]

TN/TN+FN 93.94

Accuracy TP+TN/ TP+TN+FP+FN 80.43

Error 1- Accuracy 19.57
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TP= True positive; FP= False positive; TN=True negative; FN= False 
negative

Table 1b: Performance characteristics of broncho-alveolar lavage 
[BAL] Galactomannan [GM] ELISA; performance parameters 
analyzed; sensitivity, specicity, false positive rate [FPR], false 
negative rate [FNR], positive predictive value [PPV], negative 
predictive value [NPR], accuracy rate and error rate

TP= True positive; FP= False positive; TN=True negative; FN= False 
negative

Figures:
Fig 1: Segregation of recruited cases into sampling sub-groups; BAL 
uid samples [n=46] and serum samples [n=30]

Fig 2: Receiver operating characteristic [ROC] curve, for ascertaining 
sensitivity and specicity of serum and broncho-alveolar lavage 
[BAL] uid galactomannan [GM] ELISA results; True positive 
[sensitivity] of serum GM ELISA 0.2 [20%] and of BAL uid GM 
ELISA 0.75 [75%]; False positive rate [FPR] of serum GM ELISA 
0.20 [20%] and of BAL uid GM ELISA 0.18 [18%]

Fig 3A:  Comparison between negative results of serum 
galactomannan [GM] ELISA and assorted serum biochemical & 
hematological parameters; Kruskal-Wallis test applied; concurrence 
between tested parameters highly signicant [P <0.0001]

Fig 3B: Comparison between positive results of serum galactomannan 
[GM] ELISA and assorted serum biochemical & hematological 
parameters; Kruskal-Wallis test applied; concurrence between tested 
parameters highly signicant [P <0.0001]

Fig 4A: Comparison between negative results of BAL uid 
galactomannan [GM] ELISA and assorted serum biochemical & 
hematological parameters; Kruskal-Wallis test applied; concurrence 
between tested parameters highly signicant [P <0.0001]

Fig 4B: Comparison between positive results of BAL uid 
galactomannan [GM] ELISA and assorted serum biochemical & 
hematological parameters; Kruskal-Wallis test applied; concurrence 
between tested parameters highly signicant [P <0.0001]
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