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Abstract

The frequency of fungal infections, especially of Invasive Fungal Infections (IFIs), has risen dramatically in recent
years, and has high morbidity and mortality. Early and accurate diagnosis is important for timely implementation of
antifungal therapy and decreasing the unnecessary use of toxic antifungal agents. Conventional microbiological,
histological and radiological techniques remain the cornerstone of diagnosis but are insensitive and have a limited
impact on clinical decision-making. There is always a need to characterize fungi quickly and accurately which can be
done by rapid diagnostic techniques like antigen detection and molecular techniques. This is a brief review of all the
microbiological techniques- conventional and recent alternative techniques especially elaborating antigen detection
and molecular techniques which are available for diagnosis of fungal infections.
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Introduction
The fungi are saprophytic and parasitic eukaryotic organisms.

Historically, the fungi were regarded as relatively insignificant causes
of infection. However, the frequency of fungal infections, especially of
Invasive Fungal Infections (IFIs), has risen dramatically in recent years
due to

Prolonged antibiotic therapy esp Candida spp and Aspergillus

AIDS esp Candida, Cryptococcus, Aspergillus, Histoplasma

Corticosteroid and cytotoxic chemotherapy esp Candida and
Aspergillus

I/V catheters and surgery Candida, Aspergillus and Zygomycetes

Opportunistic IFIs remain an important cause of morbidity and
mortality. Early and accurate diagnosis is important for timely
implementation of antifungal therapy and decreasing the unnecessary
use of toxic antifungal agents. In addition the availability of accurate
and timely diagnosis could reduce the use of empirical anti-fungal
therapy, thereby decreasing antifungal selection pressure and the
emergence of antifungal resistance. Standard approaches to the
laboratory diagnosis of IFIs include direct microscopic examination in
freshly obtained samples, histopathological demonstration of fungi
within tissue sections, culture of the causative fungus and its further
identification. However, these approaches are often not sufficiently
sensitive and/or specific to diagnose IFIs, and they sometimes require
invasive procedures to obtain the necessary specimens and culture
takes 2-4 wks to become positive. So there is need for rapid methods
which are sensitive and specific for diagnosis of fungal infections [1,2].
This is a brief review of all the microbiological techniques-
conventional and recent alternative techniques especially elaborating

antigen detection and molecular techniques which are available for
diagnosis of fungal infections.

Diagnostic Methods for Fungal Infections
Direct examination – wet mount, HPE, flourescent staining

Fungal culture

Radiology

Non culture methods:

a) Serological methods- antigen detection, antibody detection

b) Tests for detection of metabolites

c) Tests for detection of CMI (cell mediated immunity)

d) Molecular methods

e) Others- MALDI-TOF MS

Direct Microscopic Examination of Clinical Specimen
Microscopy techniques include fresh and stained examination of

microbiological samples like KOH, India ink, and calcoflour white
stain; and other staining techniques such as Giemsa and periodic acid-
Schiff, as well as histopathological studies. It is a valuable tool for
diagnosis of fungal infections due to following reasons:

A tentative diagnosis can be made before the growth of fungal cells
in culture and therefore appropriate antifungal drugs can be initiated.

Observing fungal cells in a clinical specimen may be more valuable
as a criterion for diagnosis than isolating in a culture.

These diagnostic methods have important limitations, one being
their low sensitivity, so the fungal element is seen only when they are
very abundant in the sample to be analysed i.e. when the infection is at
an advanced stage. Also it is not possible to identify the species causing
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the infection by means of microscopy examination. Therefore,
microscopy cannot be considered to be an early diagnostic technique,
however, in many cases, it is the only technique that makes it possible
to detect infection [3,4].

KOH clears the tissue and cellular debris from all types of clinical
specimens without damaging the fungal cells. KOH preparation may
help in detecting the presence of yeast forms (budding yeast cells and
pseudohyphae) or mycelial fungi in the clinical sample [3]. The
presence of pseudohyphae shows colonization and tissue invasion and
so their demonstration is significant. Hyphal forms can also be
differentiated as hyalohyphomycosis, phaeohyphomycosis or
zygomycosis on direct microscopic examination. Zygomycetes have
wide, irregular, hyaline hyphae with no septa, and with wide angle
branching. Hyalohyphomycetes have fine, hyaline, septate hyphae with
acute angle branches, while phaeohyphomycetes have thick-walled
filaments with dark pigmentation [4].

Calcoflour White can be added with KOH, which binds specifically
to β 1-3 D-glucan and gives brilliant apple-green fluorescence when
exposed to the shorter wavelengths of ultraviolet light. The
disadvantages of using Calcoflour are the need for a Fluorescence
microscope, the inability of the dye to detect the endospores within a
spherule of Coccidioides immitis, and the difficulty in interpreting
vaginal secretions [3].

India ink is a negative staining technique, useful for indicating the
presence or absence of extra cellular polysaccharide capsule of fungal
cells. The presence of encapsulated yeast cells in CSF in almost always
an indicator of Cryptococcal meningitis. Cryptococcal antigen gives
false-positive results, hence India ink can be used to complement
cryptococcal antigen [3].

Histopathological sections stained with haematoxylin and eosin,
periodic acid– Schiff and silver stains, may help in detecting the
presence of fungal element in many cases of deep mycosis. Histological
sections can also be used to apply immunohistochemical techniques
that make it possible to identify species present in tissue using a
specific fluorescent antibody that binds to fungal elements in infected
tissue. Furthermore, in situ hybridization and nucleic acid
amplification methods can also be used, subsequent to the extraction
of nucleic acid from tissue [4].

Gormori's Methenamine Silver Stain: It is based on the liberation of
aldehyde groups and their subsequent identification by the reduced
silver method. It is used for demonstration of polysaccharide content
on the fungus in tissue sections. The aldehydes reduce the
methenemine silver nitrate complex, resulting in brown black staining
fungal cell wall due to the deposition of reduced silver wherever
aldehydes are located [3].The fungi and bacteria are stained black,
mucopolysaccaride dark grey, cytoplasm old rose and the tissue pale
green. It stains the higher bacteria (Nocardia and Actinomycosis) also
which are not stained by other fungal stains.

Microbiological Culture
Culture media which are commonly used for fungal growth include

blood agar, Sabouraud dextrose agar with or without cycloheximide,
malt extract agar, cornmeal agar, and brain heart infusion agar [5,6].
Cultures are incubated at 25°C and 37°C. In samples in which there
may be a polymicrobial infection or commensal bacterial flora,
selective media are recommended, e.g. Sabouraud dextrose agar
containing antibiotics such as chloramphenicol and gentamicin. Some

rare mould fungi, such as Fusarium spp. and Scedosporium spp., may
be isolated from blood cultures and should not be considered as
contaminants. The presence of filamentous fungi merits careful
assessment. They are habitual laboratory contaminants and are part of
the human saprophytic flora, and they decrease culture specificity.
Hence we must consider whether the patient has risk factors for an
invasive mycosis and whether fungi have been cultured from other
sites in the same patient. Characterization to species level is essential
for all clinical isolates collected from deep tissue sites and can be done
using conventional methods of classification based on morphological
features like chlamydospore formation, germ tube formation, adhesive
tape preparation and slide culture and biochemical features like sugar
fermentation, sugar assimilation and urease test [3,6].

Radiology
High-resolution CT and Magnetic Resonance Imaging (MRI) scans

make it possible to detect both pulmonary and extrapulmonary
invasive aspergillosis and other IFIs. Most patients with IFIs have
macronodules and many also have halo signs. Other imaging findings
are less common, and these include consolidation, wedge-shaped
nodules, cavitary lesions and air-crescent signs [7].

Non-Culture-Based Diagnostic Methods
Because of the limitations of conventional methods, alternatives to

culture techniques have been developed to try to diagnose Invasive
Fungal Infections (IFIs) earlier, by detection of fungal cell
components. In the 1970s, a method to detect the capsular antigen of
Cryptococcus was developed. There have been significant advances in
the last few years in alternative methods for diagnosis of fungal
infections.

Serological Diagnosis
Serological diagnosis can be done on the basis of detection of

antibodies or antigen in the serum. Antibody detection is useful is
assessing prognosis of fungal disease and response to therapy.
However, specificity and sensitivity of this is low due to high cross
reactions due to complex nature of antigens, also antibodies may be
present in the absence of infection due to previous exposure to fungus
as a saprophyte or as a commensal. Little or no detectable immune
response may be seen in early stage or when cell mediated immunity is
depressed or if the antigen is poor immunogen. Hence to overcome
these problems, antigen detection is a good alternative. Ideal antigenic
markers for invasive fungal infections should not be present too
transiently, associated with infection rather than colonization, present
sufficiently to diagnose early for the starting of antifungal therapy and
should not cross-react with other human and microbial antigens.
Various serological techniques used are latex particle agglutination,
immunodiffusion, countercurrent immunoelectrophoresis,
immunofluorescent antibody, ELISA and Western blotting/
immunoblotting. Important antigens are briefly described below:

Galactomannan Detection
GM is a component of the cell wall of Aspergillus spp. Many other

filamentous fungi, such as Paecilomyces spp. and Penicillium spp.,
may have GM in their cell wall, but in lower amounts than Aspergillus;
hence, quantification of GM is considered specific for diagnosis of
aspergillosis [8]. It has high diagnostic value when combined with
high-resolution CT, in the early diagnosis of invasive aspergillosis in
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high-risk patients with oncohematological diseases. GM quantification
in various samples is considered to be a useful diagnostic tool in
paediatric patients, and in follow-up of a patient. A sandwich ELISA
that employs rat monoclonal antibody EB-A2 and is known as Platelia
Aspergillus (Bio-Rad, France). GM determination in bronchoalveolar
lavage (BAL) may be useful in both critically ill patients and solid
organ transplant recipients. It has been shown that prior
administration of antifungals, especially prophylaxis with itraconazole,
decreases test sensitivity.38 Possible causes of false-positive results are
cross-reactions with other fungal species, use of b-lactam antibiotics,
children colonized by Bifidobacterium spp. and in neonates,
immunoglobulins, haemoderivates, and immunosuppressive drugs
such as cyclophosphamide [9,10].

1,3- ß-D-glucan detection
1,3-β-D-glucan (BG), a cell-wall component of most fungal species,

can be detected in blood during IFIs. The BG test (Fungitell,
Associates of Cape Cod Inc., USA and Fungitec-G assay), is used as a
diagnostic tool for the detection of a broad spectrum of fungal
pathogens, with the exception of Mucorales and Cryptococcus
neoformans. This test is currently used in combination with classical
clinical, radiological and microbiological findings for early diagnosis
of aspergillosis in patients with blood diseases; BG quantification has
been used for the diagnosis of aspergillosis and other mycoses, such as
candidiasis, in critically ill patients and in cases of Pneumocystis
pneumonia [11]. However, despite the excellent specificity of the
assay, the sensitivity of BG remains low, and a negative result cannot
rule out a diagnosis of fungal disease. The technique was of greater use
in patients who did not have haematological diseases, although the use
of antifungal prophylactic or empirical treatment did not significantly
decrease test sensitivity. The use of albumin, immunoglobulins or
haemodialysis was associated with false-positive results [11,12].

Mannan Detection
Mannan is a major component of the Candida cell wall that induces

a strong antibody response. Therefore some authors have suggested
that the combined detection of mannan (Platelia Candida Ag, Bio-Rad
Laboratories) and anti-mannan antibodies (Platelia Candida Ab, Bio-
Rad Laboratories) considerably improves the diagnosis of candidemia.
While individual sensitivities of these tests is low (<50%), the
combined detection increases the sensitivity (60-89%) [2,13].

Enolase
Enolase is produced by all Candida spp. except C. glabrata.

However it has low sensitivity of 54% and is not available in market.

Secreted Aspartyl Proteinase (Sap)
Extracellular production of Sap (extracellularly secreted enzyme) by

candida is inducible, since Sap has been shown to be produced during
active tissue invasion. Hence its extracellular concentration correlates
with invasive disease rather than simple colonization. It can be
detected by monoclonal antibody based ELISA inhibition technique
for C. albicans with sensitivity of 93.9% and specificity of 96% [14].

Detection of Capsular Antigen in Cryptococcosis
It is the most valuable rapid serological test for diagnosis of

cryptococcosis. Titre of antigen is highest in serum followed by CSF

and urine. Titre in latex agglutination (LA) ≥1:8 are considered
significant. In LA, false positive results are high due to rheumatoid
factor, disseminated trichosporonosis, stomatococcus. False negative
result seen in prozone like effect. Murex LA (Monoclonal IgM based),
eliminates false positive, but has lower sensitivity than LA (Poly IgG).
In EIA –sensitivity and specificity similar to LA (Poly IgG), few false
positive, not react with rheumatoid factor; also multiple samples can
be tested [15].

Antibody Detection in Histoplasmosis
Histoplasmin contains H. capsulatum species-specific H and M

antigens as well as C antigen (carbohydrate antigens crossreacts with
coccidioides species and B.dermatitidis). Antibodies against H antigen
(H band fine line, Present near well containing antibodies) form
during active histoplasmosis, while antibodies to M (M band) antigens
may be formed in active and chronic histoplasmosis and are usually
the first to arise upon seroconversion. This is done using
immunodiffusion test, with commonly used titre of 1:32, or 4 fold rise
in antibody titre is considered significant [3,4].

Test for Detection of Metabolites
This is to demonstrate a distinctive fungal metabolic byproduct in

the body fluids of patients. Metabolites like D-Arabinitol are produced
in large amount by all strains of C. albicans, C. tropicalis, C.
parapsilosis, whereas no strain of C. glabrata, C. krusei, or C.
neoformans produce D-arabinitol. It can be used as serum marker for
diagnosis of candida spp. and also as prognostic indicator. Production
of D-Arabinitol is detected by Gas chromatography (GC) in serum
and/or urine or by quantifying D-arabinitol enzymatically and
detected spectrophotometrically [3].

Tests for detecting CMI
Skin testing can be used for establishing etiological diagnosis

especially in nonendemic area, for epidemiological surveys and as
prognostic indicator, as a positive skin test may revert back to negative
with severe or disseminated diseases. Skin testing is done in
Aspergillus fumigates, Histoplasma capsulatum, Sporothrix schenkii
and others. However it can give false positive reaction in endemic
regions and because of cross reactions due to sharing of antigens. False
negative can occur due to early stage of infection and defective CMI
[3,4].

Nucleic acid Detection
Fungal nucleic acid detection in clinical samples has great potential

to amplify small quantities of DNA. Molecular identification, based on
the sequencing of several DNA targets or fragments, has shown that
classification by conventional techniques is not reliable for some
moulds, especially the less common species [16]. Molecular
identification should be considered, usually by referral to a reference
laboratory, for cases that require confirmation or a more exhaustive
analysis of the causative agent. Detection and identification of fungal
pathogens by DNA-based methods can yield results sooner than
cultivation and also the sensitivity and specificity are higher than
cultures and serologic tests for diagnosing IFIs. Also DNA results have
correlated with clinical improvement and effect of treatment, in
patients with invasive aspergillosis, invasive candidiasis, and
cryptococcal meningitis. Furthermore, this strategy made it possible to
decrease the administration of antifungal drugs by reducing their
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empirical use [17]. However there are certain disadvantages associated
with molecular techniques:

Molecular diagnostic methods may not distinguish colonization
from infection

False-positive results of 31% and ranging from 8 to 38% have been
reported in the diagnosis of candidiasis and aspergillosis due to
colonization of the patients' airway by conidia and/or hyphae and the
contamination of sample and/or reaction buffers by environmental
fungi.

False-negative results of 21% of patients with positive blood
cultures for Candida species, due to the low sensitivity of detection of
single-copy gene, hence it is necessary for these techniques to
incorporate an internal control.

There are some commercial molecular methods for fungal
detection: (i) SeptiFast diagnostic kit (Roche Molecular Diagnostics,
USA), which detects up to 25 micro-organisms including
five Candida species and Aspergillus fumigatus, and (ii) MycAssay kits
(Myconostica Ltd, UK), one of which detects Aspergillus DNA (15
species) in serum or BAL, and one of which detects P. jiroveci DNA in
respiratory samples. Sensitivities range from 78% to 100% for
candidiasis and from 33% to 100% in patients with proven invasive
aspergillosis. Work has been performed with PCR techniques with
other mould species such as Zygomycetes, Scedosporium spp.,
Fusarium spp. and endemic fungi [1,2]. In the last decade, effective
amplification platforms, probe development and various quantitative
PCR technologies have revolutionised research on fungal detection.
Some of the latest techniques employed in the detection of fungi,
including fluorescence in situ hybridisation (FISH), DNA array
technology, Multiplex tandem PCR, Real time PCR, PCR- ELISA,
RAPD and Loop-Mediated Isothermal Amplification (LAMP).

Fluorescent in situ Hybridization (FISH)
FISH is a powerful method for the in situ detection of active

growing organisms in environmental samples. It can visualize the
precise location of particular DNA or RNA sequences in the
cytoplasm, organelles, or nuclei of biological materials. FISH probes
often target sequences of ribosomal RNA or mitochondrial genes
because they are abundant in sequence databases and in multiple
copies in each cell. Limitations of the FISH method can include fungal
and substrate inherent autofluorescence, insufficient permeability of
cell walls, non-specific binding of probes, and low ribosome contents.
PNA (peptide nucleic acid) probes are mimics in which the negatively
charged sugar-backbone of DNA is replaced with a non-charged
polyamide backbone. PNA probes penetrate cell walls more effectively
due to their neutrality and they do not have to overcome the
destabilizing electrostatic repulsion during hybridisation [18,19].

DNA array Hybridization
DNA array hybridization, also known as Reverse Dot Blot

Hybridization (RDBH) or macroarray, is a technique based on
hybridization of amplified and labelled genome regions of interest to
immobilized oligonucleotides spotted on a solid support platform. It is
considered a powerful and practical technique for the detection and
identification of fungi and other microbes, such as bacteria, from
complex environmental samples without the need for isolation in
culture [20,21]. Synthesized oligonucleotides are spotted onto a
supporting platform, such as a nylon membrane or glass slide, either

manually or robotically. A positive reaction between an amplicon and
a perfectly matched (PM) oligonucleotide generates a
chemiluminescent signal which can be detected by a digital camera in
dark rooms. With the unlimited capacity for the accommodation of
oligonucleotides on one membrane and the reusability of the
membranes, it shows superior multiplexing detection capability at a
lower cost over other PCR-based methods [20].

Multiplex tandem PCR (MT-PCR)
MT-PCR is a technology platform developed for highly multiplexed

gene expression profiling and the rapid identification of clinically
important pathogens. The platform consists of two rounds of
amplification. In the first step, a multiplex PCR is performed at 10 to
15 cycles to allow enrichment of target DNA without creating
competition between amplicons [21]. This product is used as template
for the second amplification that consists of multiple individual
quantitative PCR reactions with primers nested within those used in
the multiplex PCR. Up to 72 different PCR reactions can be
multiplexed and performed simultaneously. The incorporation of two
sets of species-specific primers for each target ensures correct
amplification and detection, thus avoiding the expense of DNA
probes. MT-PCR is considered a suitable alternative for the rapid
detection and identification of fungal pathogens directly from clinical
specimens, thus circumventing the need for gold standard culture and
histology, which is slow, insensitive and non-specific. AusDiagnostics
(Alexandria, NSW, Australia), developed several MT-PCR assays to
detect the16 major causes of fungal bloodstream infections.

Real time PCR
It combines PCR, probe hybridization, and signal generation in one

step. The TaqMan probe consists of a reporter dye with a fluorescein
derivative at the 5' end, a 3' quencher dye, and a 3' blocking phosphate
group. Increase in reporter dye fluorescence, resulting from the
cleavage between the reporter and quencher, occurs. The amount of
reporter dye released is proportional to the amount of DNA amplified
by PCR. The TaqMan fluorescence assay enables samples to be
analyzed as soon as 5 to 10 min after PCR is complete, and no
postamplification manipulation is required, which might reduce a
significant source of laboratory contamination. It is 10-fold more
sensitive than detection by ethidium bromide-stained agarose gel.
TaqMan assays are available to detect isolates of Candida species and
Aspergillus fumigates [15].

PCR-ELISA
A three-part method which included PCR amplification,

hybridization with the complementary labeled probe and detection of
reaction products in an EIA that provides either colorimetric or
fluorescence readout. The sensitivity of PCR-EIA to detect candidemia
and aspergillosis was higher than that by ethidium bromide staining
and multiple samples can be assayed in parallel.

Random Amplified Polymorphic DNA (RAPD)
It is a type of PCR reaction, but the segments of DNA that are

amplified are random. By resolving the resulting patterns, a semi-
unique profile can be generated from a RAPD reaction. Differentiation
between Cryptococcus gatti and Cryptococcus neoformans is possible
by RAPD.
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Loop Mediated Isothermal Amplification (LAMP)
LAMP is a powerful and novel nucleic acid amplification method

that amplifies a few copies of target DNA with high specificity,
efficiency, and rapidity under isothermal conditions (do not require a
thermal cycler), using a set of four specially designed primers and a
DNA polymerase with strand displacement activity [22,23]. The
cycling reactions can result in the accumulation of 109 to 1010-fold
copies of target in less than an hour. Considering the advantages of
rapid amplification, simple operation and easy detection, LAMP has
potential applications for clinical diagnosis as well as surveillance of
infectious diseases in developing countries without requiring
sophisticated equipment or skilled personnel [22]. LAMP products can
be directly observed by the naked eye (SYBR Green I stain) or under
UV illumination, the gel shows a ladder-like structure from the
minimum length of target DNA up to the loading well, which are the
various length stem-loop products of the LAMP reaction. LAMP
assays have been developed for the rapid detection of pathogenic fungi
like Penicillium marneffei , Fonsecaea agents of chromoblastomycosis,
Cryptococcus spp., Pseudallescheria and Scedosporium species.

Other Techniques

MALDI-TOF MS
Matrix-assisted laser desorption/ionization -time of flight mass

spectrometry (MALDI-TOF MS), a Noble prize winning technology is
making a revolutionary entry in clinical microbiology laboratory
laboratories all over the world. Although most studies have been
carried out with bacteria, publications on the utility of this method for
rapid and reliable identification of fungi of medical importance are
increasing. The methodology of identification of yeasts and
filamentous fungi by MALDI-TOF MS is still evolving. Most species of
Candida and filamentous fungi such as Aspergillus species can be
identified rapidly and accurately by this technique [24].

Conclusion
Invasive fungal infections constitute a major challenge for the

management of immunocompromised patients, mainly haemato-
oncology patients, transplant etc. Conventional microbiological,
histological and radiological techniques remain the cornerstone of
diagnosis but are insensitive and have a limited impact on clinical
decision-making. There is always a need to characterize fungi quickly
and accurately which can be done by rapid diagnostic techniques like
antigen detection and molecular techniques. Molecular techniques
favor early identification of microorganisms, thereby enhancing
epidemiological studies as well as the diagnosis of fungi, which is
essential to the recognition of pathogens and its appropriate treatment.
Despite many novel technologies being available, challenges remain to
identify as yet unculturable fungi, to determine cryptic species and it is
also necessary to determine sensitivity, specificity, accuracy, frequency
of testing and cost of these tests.
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