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Abstract
Many invasive fungal diseases have no characteristic signs or symptoms, and
may give negative blood cultures; therefore, clinician may decide to start empirical antifungal therapy particularly in high risk patient (e.g., hematopoietic
stem cell transplant, solid organ transplant, and AIDS patients). This increases
the incidence of appearance of resistant fungal strains to antifungal drugs.
Traditional methods for diagnosis such as wet mount examination and microbiological cultures remain the gold standard methods for fungal disease
diagnosis. However, they are time-consuming, insensitive, and have a limited
impact on clinical decision-making. Significant progress has recently achieved
in diagnostic tools of fungal disease. Antigen and antibody based assays, molecular techniques, and MALDI TOF spectrometry technique and nanotechnology offer more rapid, sensitive and accurate results.
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1. Review
Since 1960, sudden and extreme rise in fungal infections was observed. They
currently represent a global health threat [1]. Diseases caused by fungi are called
mycoses, and classified to superficial, subcutaneous, and systemic mycoses. Superficial mycoses affect skin, mucosal membranes, hair, and nails. Dermatophytosis, superficial candidiasis, tineaversicolor, and piedra are examples of superficial mycoses (Figure 1). Subcutaneous mycoses involve dermis of the skin, subcutaneous tissues, muscle and fascia (Figure 2). Systemic mycoses affect internal
organs and deep tissues of the body. They are such as histoplasmosis, invasive
aspergillosis, invasive candidiasis, and cryptococcosis (Figure 3) [2] [3].
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Figure 1. Superficial mycoses in a 34-year-old woman. (a) Tinea faciei caused by Trichophyton rubrum. (b) Tinea unguium and tinea manuum caused by Trichophyton rubrum in the same patient [4].

Figure 2. Subcutaneous mycosis, Eumycetoma due to Madurella mycetomatis showing
multiple sinus tracts [5].

Figure 3. Angioinvasive aspergillosis in a 35-year-old man with acute lymphatic leukemia. CT scan shows bilateral peribronchovascular nodular lung lesions with surrounding
halo of ground-glass attenuation representing adjacent hemorrhage [6].

Accurate identification of the causative agent is essential due to the increased
use of prophylactic schedules that predispose the patient to the infection by fungal species which are intrinsically resistant to the available antifungal agents e.g.,

Candida glabrata and Candida krusei [7].
Large volumes of specimens are needed in fungal disease diagnosis due to
lower amount of viable elements. The most common specimens are hairs, skin,
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nails, blood, bone marrow, CSF, and respiratory secretions. The collected specimens must be placed in a suitable sterile container, and sent to the laboratory
without delay. Sterile specimens and those that are suspected to contain dermatophytes do not need refrigerator [8].
Conventional diagnostic techniques used for fungal infections, such as direct
microscopic examination of clinical specimens and microbial cultures, remain
the gold standard methods for fungal pathogens detection and identification.
However, they are less sensitive and/or specific. Most pathogenic fungi are considered as risk group 2 pathogens, so, biological safety level recommendations
(BSL) should be followed during plating and identification using biological safety cabinet class II [9].
Direct microscopic examination
Direct examination of clinical material can provide rapid report to physician,
and allows early initiation of appropriate treatment. Budding yeasts with pseudohyphae suspect Candida species, while hyphae form with arthrospores which are
sometimes seen in skin, nail scrapings, and hair can suspect dermatophytes. Hyphae with cross-septa found in sputum or BAL specimen suspect Aspergillus [10].
Most specimens can be examined using 10% - 20% KOH that digests keratin
in fungal cell wall (Figure 4). Addition of calcofluor white and subsequent examination by fluorescence microscopy enhances the detection of most Fungi.
Gram staining may also be useful for diagnosis of yeast infections as mucocutenous candidiasis (Figure 5). Giemsa staining of smears is recommended for
detection of yeast cells of Histoplasma capsulatum (Figure 6). India ink preparations can be used to detect encapsulated yeast cells of Cryptococcus in CSF
specimens (Figure 7) [11].
Various microscopic techniques are used in diagnosis of fungal infections.
These techniques involved use of classical light microscopes and electron microscopy. However, advancement of microscopic techniques such as fluorescent
microcopy, confocal laser scanning microscopy, atomic force microscopy (AFM)
and others involving integration of automated computer monitoring have aided
significantly to the mycological research. The AFM has been used in viewing and
analyzing the ultra-structure of fungal cell surface and analyzing structure of native membrane proteins at sub-nanometer resolution [16].

Figure 4. Direct mount in potassium hydroxide of aspirated material from a case of subcutaneous mucormycosis showing thin-walled hyphae [13].
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Figure 5. Wet mount from white esophageal plaques
detects pseudohyphae and budding yeast cells indicating esophageal candidiasis (gram stain) [14].

Figure 6. Bone marrow aspirate stained with Giemsa
showing the yeast cells of Histoplasma capsulatum inside the monocytes [12].

Figure 7. India ink preparation showing Cryptococcus neoformans in CSF [15].

Culture and identification
There are many primary media which are used for fungal element isolation
such as Sabouraud dextrose agar (SDA), inhibitory mold agar (IMA), mycobiotic
agar, brain heart infusion agar (BHI), and Trichophyton agars. Media for primary isolation of fungi should be general purpose, and able to support the
growth of most pathogenic fungi. The growth of bacteria or saprophytic fungi
can be reduced by addition of inhibiting agents. Different blood culture systems
are used for blood and bone marrow specimens, and then subcultures on appro32
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priate media could be performed [17].
Molds are incubated at room temperature (22˚C to 25˚C), and yeasts are incubated at 28˚C to 37˚C. All fungal cultures should be observed on 1st and 2nd
day after inoculation then every other day for one week, then every 5 - 6 days
until 4 - 6 weeks [8].
Identification of species can be done by using conventional methods which are
based on: 1) colony morphology including color, texture, and reverse side appearance, 2) microscopic examination that reveals cells morphology either yeast
or hyphae, macroconidia, microconidia, phialides, septation and chlamydospore,
and 3) biochemical features such as sugar assimilation, and urease test [18].
Cultivation on morphology agars provides recognition of four different types
of yeast growth morphology: blastoconidia, chlamydoconidia, pseudohyphae
and arthroconidia after 72 h. Germ tube production test is used for identification
of germ tube positive yeasts such as Candida albicans after 3 h. Chromogenic
agars incorporate multiple chemical dyes in a solid medium that allow rapid
identification of Candida species after 24 h (Figure 8) [19].
Api ID 20C, and 32C are commercial products based on biochemical reactions of yeast isolates such as carbohydrate assimilation, and urease production
within 48 to 72 hours. These reactions could be identified visually or by using
mini API system. VITEK 2 system is a fully automated system for identification and susceptibility testing of microorganisms. VITEK ID-YST cards allow
for identification of yeast and yeast like organisms in 15 hrs [20].

2. Serological Diagnosis of Fungal Infections
Antigen detection can be used to screen high-risk patients to invasive fungal infections, facilitate early diagnosis, and also to monitor the response to therapy.
Antibody titer is often used in diagnosing endemic mycoses, which are difficult
to be detected by traditional methods. However, detection of fungal antibodies
in serum is of limited value for immunocompromised patients. Combination of

(a)

(b)

Figure 8. Chromagar plates showing Candida growth. C. albicans, C. tropicalis, and C.
glabrata appear as green, blue, and purple colonies, respectively. (a) cultures from reference strains; (b) clinical sample from a patient with denture stomatitis oral [20].
33

A. M. A. El-Aal et al.

antigen and antibody tests improves both specificity and sensitivity [21].
Mannan detection in serum and other body fluids can be performed for diagnosis of invasive candidiasis by many serological reactions like enzyme linked
immunosorbent assay (ELISA), or radioimmunoassay (RIA). Anti-mannan antibodies are found in patients either colonized or infected so, rising titer has to
be observed in serial serum samples. Currently, they are detected by ELISA assay, and if it is used together with mannan assay, their sensitivity and specificity
for diagnosing IC improves significantly [22].
Latex agglutination (LA) assay is the most often assay used for Cryptococcal
polysaccharide antigen detection in serum and CSF specimens. Cryptococcal antigen assay by EIA format is commonly used. Lateral flow immune-chromatographic assay (LFA), for rapid 20 minutes. Semi quantitative detection of cryptococcal antigen in serum, urine, or CSF has been developed. LFA is reportedly
more rapid and convenient than standard latex agglutination (LA) assay
[23]. Detection of circulating Galactomannan (GM) by ELISA assay in serum
and bronchoalveolar lavage (BAL) fluid, is generally used for diagnosis of invasive aspergillosis [21].
A promising diagnostic method which is based on the detection of Aspergil-

lus-specific JF5 antigen had been developed. The JF5 is an extracellular glycoprotein that is exclusively secreted during active growth of the fungus and
represents a surrogate marker of Aspergillus infection. This test can overcome
the cross-reactivity or a false-positive results which occur with circulating galactomannan detection by ELISA assay [24].

Histoplasma polysaccharide antigen can be detected by quantitative enzyme
immunoassay even at early stages of disease. It can be applied on serum, urine,
CSF, and BAL fluid samples [25].
1-3-beta-D-glucan is a cell wall component of most fungi except Cryptococcus
and Zygomycetes. Recently, it is introduced as a reliable marker of an invasive
fungal infection, and has therefore been added to the European Organization for
Research and Treatment of Cancer/Mycoses Study Group (EORTC/MSG) criteria as a marker for invasive fungal diseases. Fungi tell assay, which is an ELISA
technique, is widely used to detect serum BG concentrations as low as 1 pg/mL.
False-positive reactions have been reported in patients with bacterial infections,
in those who have recently received albumin or immunoglobulin products. Studies suggested that raising the cut-off level of can improve the specificity of the
test, without loss of sensitivity [26] [27].

3. Antifungal Susceptibility Testing (AST)
The national committee for clinical laboratory standards introduce (NCCLS
M27-A documents and M38-A) document for antibiotic susceptibility testing of
yeasts, and molds respectively. They are either macrodilution or microdilution
format. They specify inoculum size, test medium, incubation time for some antifungal drugs [28] [29].
Agar based methods as disk diffusion test and E test provide simple, rapid,
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and inexpensive methods for drug susceptibility testing. M44-A is a recent reference method for antifungal disk diffusion with reading after 24 h [30].
Automated systems for antifungal susceptibility testing have been recently introduced to save time and provide more accurate results. Sensititre system provides clearer visual end points and acceptable minimum inhibitory concentrations (MICs) as those obtained using the standard broth dilution method.
VITEK2 is a fully automated and standardized system which used for antifungal
susceptibility testing of fungi especially candida species. It utilizes closed dehydrated drug cards from which MICs are automatically determined after 13 h
[31]. Flowcytometry (FCM) assay for AST is also available for Candida and Aspergillus species, and provides rapid (4 h) results [32].
Molecular approaches for diagnosis of fungal infections
Molecular techniques are rapid, less invasive, and provides reliable species
identification. They can be applied directly on clinical specimens.
Fluorescent in situ Hybridization (FISH) is a powerful probe based method
for in situ detection of active growing organisms in environmental samples. It
can visualize the exact location of particular DNA or RNA sequences in the cytoplasm, organelles, or nuclei of biological materials. Peptide nucleic acid (PNA)
probes allow for identification of candida species from positive blood cultures in
less than 3 h [33].
The major step of FISH involves the preparation of biological materials or environmental samples, and the labelling (incorporation of a fluorescent label/marker) of a nucleic acid sequence to form a probe. Then, under controlled
experimental conditions, the probe is hybridized to the DNA or RNA in biological materials to form a double-stranded molecule. Finally, the sites of hybridization are detected and visualized [33].
Microarray is another probe based method. It allows thousands of probeto-target sequence binding reactions to occur on the surface of a tiny microchip,
and then are detected and analyzed by computer [34]. With amplification based
methods, PCR as little as a few picograms of input DNA can be amplified so that
after 30 - 40 cycles, the resulting product can be visualized on an agarose gel or
detected using chemiluminescence, spectrophotometry, or a laser instrument
[35].
Real time PCR combines PCR, probe hybridization, and signal generation in
one step. The Taq Man probe consists of a reporter dye with a fluorescein derivative at the 5' end and a 3' quencher dye. The probe is cleaved by the 5' endonuclease activity of Taq polymerase, thus releasing the reporter dye fluorescence
only when it is hybridized to a complementary target. The amount of reporter
dye released is proportional to the amount of DNA amplified by PCR [36].
Multiplex PCR assay can detect a wide variety of fungi simultaneously in the
same specimen, which is time-saving and more cost-effective than conventional
PCR. 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 [37].
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This product is diluted and 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. Fluorescence is measured by SYBR
green technology at the end of each extension cycle, and melt-curve analysis
provides species-specific or gene-specific identification [37].
The incorporation of two sets of species-specific primers for each target ensures
correct amplification and detection, thus avoiding the expense of DNA probes.
SYBR green detection also increases the multiplexing and quantitative capacity
of real-time PCR systems, which are usually limited by the availability of fluorescent channels and the need to optimize each individual multiplex PCR [37].
Light Cycler Septi Fast (LC-SF) technology for pathogen in patients with
sepsis, is a new commercial multiplex PCR which is able to detect many pathogens responsible for bloodstream infections within hours. It is able to identify
five common Candida species (C. albicans, C. tropicalis, C. parapsilosis, C. kru-

sei, C. glabrata) as well as Aspergillus fumigatus by using probes for PCR that
target the internal transcribed spacer (ITS) between 18S and 5.6S fungal ribosomal RNA (rRNA) [38].
Another recent development is the multianalyte profiling (xMAP) system.
This assay utilizes a novel flow cytometer and tiny beads color-coded with
unique dyes that enable each bead to be distinguished from all other beads in the
laser reader.
Loop mediated isothermal amplification is the amplification of few copies
of target DNA under isothermal conditions It can be used for the rapid detection of pathogenic fungi like Penicillium marneffei, and Cryptococcus species. It
is rapid and simple amplification method which can be used in developing
countries without requiring sophisticated equipment or skilled personnel. In
PCR ELISA test PCR amplification, hybridization with the complementary labeled probe, and detection of reaction products by EIA is performed. It can
identify different dermatophytes species. It has a greater sensitivity compared
with dermatophyte cultures [39].
Matrix-assisted laser desorption/ionization-time of flight mass spectrometry (MALDI-TOF MS)
MALDI-TOF MS is one of the proteomic approaches that made revolutionary changes in clinical microbiology laboratories all over the world. MALDITOF fingerprinting is currently emerging as a rapid and reliable tool for identifying yeasts and molds. The obtained mass spectral finger prints act as relative
unique signatures for each microorganism and thus ideal for accurate identification at species levels [40].
Currently, there are four commercial systems available: the MALDI Biotyper
(Bruker Daltonics, Bremen, Germany), the AXIMA SARAMIS database (Anagnos Tec, Potsdam, Germany and Shimadzu, Duisburg, Germany), and lately the
Andromas (Andromas, Paris, France) and VITEK MS systems (bio Merieux,
Marcy l’Etoile, France) However, this method has not yet been comparatively
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evaluated in a large number of clinical isolates concomitantly with accepted
standards [41].
In a study by Lacroix et al., [42], the identification results by MALDI-TOF
MS were concordant with those of the conventional culture-based method for
95.9% of C
 andida albicans and 86.5% of non albicans Candida species. Results
were available in 30 min, suggesting that this approach is a reliable, time saving
tool for routine identification of Candida species which cause bloodstream infection. Far less data are available for the differentiation of molds like Aspergil-

lus, Fusarium, and dermatophytes.
Nanotechnology approaches for diagnosis of fungal infections
Metallic nanoparticles as gold or silver nanoparticles have many electronic,
optical and chemical properties. For example, gold nanoparticles conjugated
with specific oligonucleotides can be detected by color changes.
T2 magnetic resonance (T2MR)-based biosensing has been used for the detection of a wide range of target types, including proteins, drugs, pathogens, enzymes, and cells, in a variety of complex matrices, such as culture media, cell lysate, urine, serum, plasma, sputum, fine-needle aspirates, and blood [43]. An
automated T2 Candida assay is developed as anid diagnostic test for candidemia
using T2 magnetic resonance technology, which is a combination of nanoparticle-based hybridization and PCR amplification [43].
T2MR can be used for detection of nucleic acids by synthesizing a mixture of
two populations of superparamagnetic particles, each functionalized with different oligonucleotide capture probes: one conjugated to a capture probe hybridizing to the 5 end of the single stranded DNA target and one hybridizing to the
3 end of the DNA [43].
This technique is able to differentiate Candida species including C. albicans,

C. tropicalis, C. krusei, C. glabrata, and C. parapsilosis directly from whole
blood. T2MR also provides faster time to results compared with FISH or MALDI
TOF. In addition, it yields with 98% positive and 100% negative agreement
compares with blood culture results in clinical studies [43].

4. Conclusions
• Traditional methods such as wet mount examination and microbiological
cultures remain the gold standard for fungal disease diagnosis.
• Antigen detection tests can be used for monitoring the response to antifungal
therapy and screening immunocompromised individuals for IFI.
• Combination of Ag/Ab increases the specificity and sensitivity of both tests
and provides more accurate results.
• VITEK 2 and flow cytometry are reliable and rapid systems for antifungal
susceptibility tests.
• Molecular techniques, MALDI-TOF MS, and nanotechnology provide early
and accurate identification of fungi, thereby enhancing epidemiological studies as well as the diagnosis. Challenges remain to determine sensitivity, specificity, accuracy and cost.
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