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Introduction

Invasive fungal infections (IFI) have increased in the past two
decades owing to greater numbers of immunosuppressed or
immunocompromised patients. These infections are associ-
ated with high morbidity and mortality in 60–90% of cases1–6

while the prevalence of IFI in haematological malignancy
ranges from 24 to 31%.7–9 The fundamental issue is the
identification of the pathogenic causative fungi and initiation
of timely therapy. Hence, there is a necessity for better
methods for diagnosis of IFI. Detection of markers for fungal
disease in clinical samples, such as fungal DNA or cell wall
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Background: With an increase in the number of patients who are immunosuppressed or

immunocompromised there has been an increase in invasive fungal infection (IFI) in the

past few decades with its associated highmorbidity andmortality, ranging from 60% to 90%.

The critical problem is the identification of the causative fungus and initiation of appropriate

therapy. Hence, there is a requirement for better diagnostic methods for IFI. Detection of

markers for the presence of fungi during early stage of the infection, such as constituents of

the cell wall or fungal DNA, is essential for timely diagnosis of IFI. Galactomannan (GM)

which is a cell wall surface antigen is the most studied diagnostic marker, followed by 1,3 b-

D-Glucan (BG) which is seen in deep layers of cell wall.

Methods: We have assessed the effectiveness of Galactomannan/b-D-Glucan for the early

diagnosis of IFI in immunosuppressed patients in our tertiary care setting.

Results: The sensitivity, specificity, positive predictive value and negative predictive value of

GM assay were 45%, 93%, 86% and 63% respectively, while the BG assay showed a sensitivity

of 78%, specificity of 85%, Positive predictive value (PPV) 84% and Negative predictive value

(NPV) 79%.

Conclusion: BG assay is better for detection of IFI in patients with immunosuppression.

However, a combination of both BG andGMassayswould be the best approach as BG assay is

highly sensitive, while the GM assay is highly specific for diagnosing IFI.
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components, is essential in order to achieve the above.10,11

Galactomannan (GM) an antigen found on the surface of the
fungal cell wall and 1,3 b-D-Glucan (BG) which is seen in the
deeper layers of the cell wall have been used for this
purpose.12–14 These antigens are unique to fungi and the BG
protein comprises 58–60% of the cell wall while the manno-
proteins comprise 38–40% of the cell wall.15 The GM assay, has
shown a sensitivity ranging from 30% to 100% and a specificity
ranging from 38% to 98%.16 Similarly the BG assay has also
shown variable results, however with a slightly increased
sensitivity and specificity, ranging between 70% and 90%.17–19

We have attempted to combine both the GM and BG assays in
the diagnosis of IFI in immunosuppressed patients in our
tertiary care setting.

Materials and methods

The study was carried out in a tertiary care hospital and
Medical College in a time span of one and a half years. The
sample sizewasworked out taking sensitivity as 70–90%with a
confidence interval of 95% and a 7% error of margin: as per the
calculation the minimum sample size required was 71 and 77
respectively for BG and GM.20 Hence 80 patients were studied
in each group with 80 controls. Consequently, a total of 80
patients suspected to be suffering from invasive fungal disease
as per the criteria laid out by the European Organization for
Research and Treatment of Cancer/Invasive Fungal Infections
Cooperative Group and the Mycoses Study Group (EORTC/
MSG) were selected based on a combination of the following:
host factors, clinical criteria (clinical manifestations and
radiologic evidence) and mycologic criteria (direct microbio-
logic or pathologic evidence).21 In addition, patient demo-
graphics along with clinical parameters including age,
underlying disease, type of transplantation, steroid use,
neutropenia, antibiotic use and antifungal therapy use were
obtained. Two blood sampleswere collected from each patient
oneweek apart. Two antigen detection assayswere carried out
simultaneously on these serum samples as follows.

b-D-Glucan assay

Blood samples from the patients were collected in sterile, BG-
free plain vacutainer (BG-free) (BD India). Serum after separa-
tion was stored at �80 8C until testing. Fungitell BG assay kit
(Associates of Cape Cod, USA) was used to determine the BG
levels in the samples. As per themanufacturer's instructions a
standard curvewas plotted using five standard concentrations
namely 500, 250, 125, 62.5, 31.25, and 0 pg/mL and the assays
were carried out in sets of 20 serum samples each. The cutoff
for positivity was taken as 80 pg/ml. Briefly, each sample was
assayed in triplicate with 5 ml of serum in each well and
incubated with a pretreatment solution of 20 ml of 0.125 M
KOH–0.6 M KCl for 10 min at 37 8C in order to inactivate
inhibitors present in the serum. Following this the Fungitell BG
reagent was added to each well. An ELISA reader (VICTOR X3,
Perkin Elmer, USA) was used to carry out the kinetic analysis of
the reaction and read every minute at 405 nm (reference filter
560 nm) for 40 mins at a temperature of 37 8C.

GM assay

GM assay was carried out using the Platelia Aspergillus enzyme
immunoassay test kit (Bio-Rad Laboratories, France). Steps of a
routine ELISA were carried out except for the initial heating of
the 300 ml of the serum at 120 8C after addition of 100 ml of
serum treatment solution. Optical density of the wells was
read at 450 nm (reference filter 620 nm) in an ELISA reader
(BioRad, India). Cutoff values were calculated as per manu-
facturer's instructions and the samples that qualified the
validity criteria and had an optical density index of >0.5 were
labelled positive.

Results

Of the 80 patients, 39were cases of haematologicalmalignancy
followed by solid organ tumours (10), immunesurveillance
(10), febrile neutropenia (7), organ transplant recipients (2), and
the rest were cases of suspected mycosis with varied clinical
backgrounds. The haematological cases were as follows: acute
leukaemia (22), Hodgkin's lymphoma (1), non-Hodgkin's
lymphoma (1), multiple myeloma (6), chronic leukaemia (3)
and autologous bone marrow transplant (6). When classified
using the EORTC criteria, of the 80 cases, 13 were categorized
as proven cases, 34 as probable and the remaining 33 samples
were categorized as possible cases. Sixty two and 36 patients
tested positive for BG and GM antigen respectively on both
occasions. Of the healthy controls 12 and 6 tested positive for
BG and GM antigen respectively (Table 1). 29 out of these 80
patients were on b lactam antibiotics.

Discussion

Diagnosis of IFI is a challenging task for the clinicians and the
microbiologist. Culture has a long turnaround time and is not
sensitive in the identification of invasive infection by
filamentous fungi and lacks specificity for invasive candidia-
sis.1,22 Thus, histopathological examination of tissue biopsy
specimen is considered the reference standard for establishing
the diagnosis.11 As the IFI's are deep seated the methods for
obtaining specimens for histopathological examination are
invasive in nature and are a cause for increased morbidity
especially in the setting of immunosuppression. Thus sero-
logical assays as a less invasive method have greater utility in
the diagnosis of IFI.

In our study, the BG assay was positive in 62 out of 80 cases
and in 12 out of 80 healthy controls with a sensitivity of 78%,
specificity of 85%, PPV of 84% and an NPV of 79% along with a

Table 1 – Results of BG (b-D-Glucan assay) and GM
(Galactomannan assay) in cases and controls.

Assay Cases Control

Positive Negative Positive Negative

BG 62 18 12 68
GM 36 44 6 74
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positive likelihood ratio of 5.17 (CI 3.03–8.82) (Table 2). Other
researchers have demonstrated a similar trend. Ostrosky-
Zeichner et al.17 showed sensitivity and specificity of 70% and
87% while Pazos et al.23 showed a sensitivity of 87.5% and
Specificity of 89.6% and Persat et al.24 reported 77.8%
sensitivity and 92.5% specificity. Moreover, the specificity of
the assay was about 85% thus making BG a good diagnostic
marker for detecting most fungi. The other studies did not
report – PPV and NPV of this assay. Use of cotton gauze during
specimen collectionmay lead to false positive results.25,26 This
may account for the false positive results in the healthy
controls seen in our study. The BG assay requires an
incubating ELISA reader as the assay is to be carried out at a
temperature of 37 8C, In addition other requirements are strict
assay conditions like a laminar air flow cabinet and BG free
glassware/plasticware and a well-trained technician in order
to avoid error free and false positive results. Fungi such as
Aspergillus spp., Candida spp., Fusarium spp., Blastomyces
dermatitidis, Coccidioides spp., Histoplasma capsulatum, Pneumo-
cystis jirovecii and Trichosporon spp., liberate BG into the plasma
during infection and this circulating antigen can be detected
by the BG assay whereas fungi such as Fusarium, Zygomy-
cetes, and Cryptococcus cannot be detected as they lack BG in
their cell wall.27–29 A baseline level of 10–40 pg/mL of BG is seen
normally in human serum. Thus, a value more than 80 pg/mL
is considered significant. This test therefore acts as a surrogate
marker for invasive fungal infection but cannot discriminate
among fungal species. It is a rapid presumptive screen for
invasive fungal infection. As with any serologic test, sera that
are haemolysed or lipaemic can interfere with the testing
procedure thereby reducing the sensitivity of the test.
Bacteremic patient sera can give false-positive reactions.

Aspergillus GM assay was positive in 36 out of 80 cases and
6 out of 80 healthy controls. Sensitivity, specificity, PPV and
NPV obtained in our study were 45%, 93%, 86% and 63%
respectively while the positive likelihood ration was 6.0 (CI
2.68–13.44), which is similar to studies done by Hachem et al.30

Boutboul et al.31 and Foy et al.32 (Table 3). In our study 29 out of
the 80 cases were on b-Lactam antibiotics which could have
given false positives in the assay. Positivity in patients

receiving b lactam antibiotics should be interpreted cautiously
and confirmed by other diagnostic methods.33 Several studies
have reported that the impact of antifungal agents in reducing
the antigenemia by decreasing the fungal load make the test
less sensitive in patients receiving antifungal agents.16,34 This
may explain the lowered sensitivity of the GM assay in this
study and emphasizes the importance of collection of serum
sample prior to the administration of antifungals. Humanized
milk frequently contain high concentrations of Galactoman-
nan, therefore the interpretation of a positive test must take
into account this dietary factor in young children. Galacto-
mannan (Aspergillus) antigens are rapidly cleared from the
circulation and thus require frequent monitoring during the
period of high risk. This is an important factormore so because
of the fact that the ELISA formats operate at the lower limit of
detection. Antigendetection in blood or other samples like BAL
is minimally invasive and can serve as an useful adjunct n the
diagnosis of IFI.

All the patientswho tested positive by theGM testwere also
positive by the BG test, thus the sensitivity remained
unchanged when these assays were combined for diagnosis.
Therefore, though the BG assay is more sensitive as compared
to the Galactomannan assay a combination of both tests
would possibly be the best way to diagnose IFI in high risk
patients on antifungal therapy as BG testing is highly sensitive,
while GM antigen testing is highly specific for diagnosing IFI.
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