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 Implication for health policy/practice/research/medical edu-
cation:
In fact despite a couple of limitations, in the near future molec-
ular tools for the identification of fungal species will no doubt 
expand rapidly. Fungal DNA with a combination of automated 
technologies is currently under commercial development for 
diagnosis. 

Published by Kowsar Corp, 2013. cc 3.0.

1. Introduction
  In the past, diagnostic classification was mainly based 

on morphological and culture criteria, which sometimes 
supplemented with physiological information. Unfortu-
nately, some of them are insufficient when a culture is 
sterile, or they are in slow growing style. In addition, con-
ventional methods often rely on identification of clinical 
manifestation, isolation and culturing of environmental 
organisms and laboratory identification based on mor-
phology and biochemical tests, which lead to problems 
in identification, resulting in incorrect interpretation, 
diagnosis and ultimately treatment.   The latter methods 
depend on experienced, skilled laboratory staff, the abil-
ity of the organism to be cultured, are time consuming, 
non-quantitative, prone to contamination and error 
and in the case of medical pathology often delay treat-
ment. Therefore, understanding and the need arose for 
methods that allow the identification of organisms even 
though as sterile which can thus not be identified to the 
species level based on phonotypical point of view, and 

owing to the disappointing performance of culture and 
serologic based assays, research has - since the early 1990s 
- been focused on molecular approaches to detect the 
fungal pathogen as early as possible with high sensitivity 
and specificity.

 Although, early studies to evaluate PCR-mediated de-
tection of fungi showed significantly improved sensi-
tivity compared with other diagnostic methods, were 
performed with different approaches and distinctive 
objectives, optimize culture assays (1, 2) molecular and 
epidemiological typing and often in nonclinical settings 
(3, 4). Thus, the positive benefits of carrying out highly 
sensitive DNA detection assays should be taken into ac-
counted. The development of molecular approaches was 
revolutionized by the discovery of the polymerase chain 
reaction (PCR) which allows the amplification of a large 
number of copies of a part of low concentrations of DNA, 
which is a suitable for either sterile or slow growing fungi.

T  he first PCR assays detected quantities down to 1-20 pg 
of fungal genomic DNA in vitro (5) which indicated with a 
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range of different PCR assays (conventional, nested, real-
time based) and have been developed, targeting different 
gene regions (cytochrome p450, heat shock proteins, 18S, 
5.8S, 28S, ITSrDNA). Furthermore, they include a variety of 
amplicon detection methods, such as gel electrophore-
sis, hybridization with specific probes (LAMP, RCA), ELISA, 
restriction fragment length polymorphism (RFLP), Am-
plified fragment length polymorphism (AFLP) and DNA 
sequencing.

1. Polymerase chain reaction (PCR)
Polymerase chain reaction (PCR)-detection of fungi nu-

cleic acids is increasingly appreciated as being a method 
of early detection of fungal infection (6). However several 
manuscripts have been published dealing with the detec-
tion of fungal DNA; there has been little standardization 
in procedures and very few inter-laboratory validation 
studies. PCR technique can be used as (I) diagnostic; (ii) 
early diagnosis of fungal infection; (iii) monitoring the 
pre-emptive antifungal therapy. The development of PCR 
technology relies on three fundamental steps: I) the se-
lection of a specific target region of DNA/RNA to identify 
the fungus; II) extraction of DNA/RNA from the environ-
mental sample; III) a method to identify the presence of 
the target DNA/RNA region in the sample.

2. Nested PCR
Nested PCR formats have been widely used for fungal 

species in an attempt to optimize analytical sensitivity, 
but the requirement to open reaction tubes means that 
there is the considerable risk of contamination and the 
subsequent generation of false-positive results (7).

3. PCR-ELISA
PCR-ELISAs have been in use since the late 1980s and 

have developed into an assay for detecting specific se-
quences within PCR products, which is useful for detect-
ing and differentiating between multiple targets and 
screening several samples. It is a capture assay for nucleic 
acids that mimic enzyme linked immunosorbant assays. 
In this assay, PCR products hybridized to an immobilized 
capture probe. The assay thus measures sequences inter-
nal to the PCR product and is an inexpensive assay and 
an alternative to real time PCR. The major advantages of 
the PCR-ELISA identification system, compared to conven-
tional phenotypic identification methods, were: rapid, 
fewer amounts of genomic DNA, reproducible, specific 
DNA probes and automated (8).

4. Real time PCR
Real time PCR or quantitive PCR (Q-PCR) technologies al-

low for rapid and effective post amplification of specific 
DNA sequences such as ITS rDNA regions for genus and 
species-specific identification of opportunistic fungi. Q-

PCR is less prone to contamination; along with automat-
ed systems for DNA extraction appear to be a significant 
step towards standardization and improvement of the 
reliability of the existing PCR assays. Because real-time 
PCR allows for quantification of the amount of circulat-
ing fungal DNA, it may also be used as an indirect param-
eter of fungal load during monitoring of treatment with 
antifungal drugs.  The monitoring of accumulating am-
plicon in real-time has been made possible by the label-
ing of primers, oligonucleotide probes or the amplicon 
itself with molecules capable of fluorescing. These labels 
produce a change in signal following direct interaction 
with the amplicon or hybridization to the amplicon. The 
signal increases as the amount of amplicon increases 
after each amplification cycle which obtained based on 
several approaches such as SYBR Green, FRET and Taq Man 
technology (9, 10).

5. RFLP
Restriction fragment length polymorphism (RFLP) is a 

technique that exploits variations in homologous DNA 
sequences. It refers to a difference between samples of 
homologous DNA molecules that come from differing 
locations of restriction enzyme sites, and to a related 
laboratory technique by which these segments can be 
illustrated. In RFLP analysis, by restriction enzymes the 
DNA samples are broken into pieces and are separated ac-
cording to their lengths by gel electrophoresis. Although 
now largely obsolete due to the rise of inexpensive DNA 
sequencing technologies, RFLP analysis was the first DNA 
profiling technique inexpensive enough to see wide-
spread application. In addition to genetic fingerprinting, 
RFLP was an important tool in genome mapping, localiza-
tion of genes for genetic disorders, determination of risk 
for disease, and paternity testing (11).

6. AFLP
Amplified fragment length polymorphism (AFLP) is a 

technique based on the detection of genomic restric-
tion fragments by PCR amplification, which can be used 
with the DNA of any organism. AFLP is one of a series of 
techniques for phylogenetic studies, plant and animal 
genetic mapping, and genotyping and is well suited for 
distinguishing closely related organisms at the species to 
strain level. The AFLP method relies on selective amplifi-
cation of restriction fragments from a digest of genomic 
DNA and has many advantages compared to other mark-
er technologies, including randomly amplified polymor-
phic DNA, restriction fragment length polymorphism, 
and microsatellites. AFLP not only has higher reproduc-
ibility, resolution, and sensitivity at the whole-genome 
level than other random amplification techniques but it 
also has the ability to amplify between 50 and 100 frag-
ments at one time. In addition, no prior sequence infor-
mation is needed for amplification (12, 13).
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7. DNA Sequencing
The purpose of sequencing is to determine the order of 

the nucleotides of a given piece of DNA. Since early 1970s 
DNA sequencing was developed based on two-dimen-
sional chromatography, following the development of 
dye-based sequencing methods with automated analysis, 
gene or nucleotide sequencing has become easier and or-
ders of magnitude faster, it may be used to determine the 
sequence of individual genes, genetic regions (i.e. clus-
ters of genes or operons) or whole genomes. Sequencing 
may provide the order of nucleotides in DNA or RNA iso-
lated from organisms or other source of genetic informa-
tion. The resulting sequences may be used by research-
ers in molecular biology or genetics to further scientific 
progress or may be used by medical personnel to make 
treatment decisions (14). 

8. RCA
Rolling circle amplification (RCA) was discovered in the 

1990s which is based on the rolling replication of short, 
single stranded DNA circles by certain DNA polymerases 
under isothermal conditions (15).It is one of a series of the 
robust and simple techniques for distinguishing closely 
related organisms, at the species as well as the strain 
level. The sensitivity of RCA enables precise and reliable 
distinction and quantification of gene copy numbers and 
gene expression levels in individual cells. The test can be 
performed within 2 hours isothermally in a water bath, 
thermocycler, heating block or microwave oven utilizing 
specific nucleic-acid sequences in DNA samples. Signals 
appear within 15 min after onset of RCA reaction based 
on real time PCR (Q-PCR). Circularized oligonucleotide 
(padlock) probes have been demonstrated to be more 
sensitive for the detection of target sequences than con-
ventional primers, although gel-based detection of RCA 
still needs some detection optimization. RCA has recently 
been introduced in a mycological context and the meth-
od was successfully applied Candida, Aspergillus, Sce-
dosporium, Trichophyton and Cryptococcus, Fusarium, 
and Fonsecaea. Time and cost-effectiveness are crucially 
important for screening and epidemiological studies (16)

9. Discussion
Fungal diagnostics have increased dramatically with 

the introduction of molecular tools, in particular, that 
of PCR. There are many applications for this technology 
and the aim now is to produce products that can detect 
fungal isolates at source without the need for samples 
to be taken back to the laboratory for processing. Cor-
rect identification by mycological procedures remains 
difficult, due to the high degree of phenotypic similarity. 
In most cases published in the older literature, the etio-
logical agent may often have been misidentified; how-

ever, re-identification down to the species level cannot be 
performed by molecular methods due to the absence of 
the original isolates. Advances in automation of many of 
these processes mean that rapid screening of samples can 
now be undertaken, and commercialization of detection 
of fungal pathogens subject to government regulations 
on fungal disease levels and quarantine are now feasible. 
PCR technology has many applications in medical mycol-
ogy and each year the technology is improved and new 
aspects are considered and tested. The future holds many 
challenges, but will prove to be an exciting time. Molecu-
lar diagnostics are making a huge impact on research in 
mycology, and in time, its importance will increase in the 
monitoring, detection, quantification and identification 
of fungi, leading to better management and control of 
human disease, and investigation of beneficial fungi.
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