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Abstract
Due to the serious threat of invasive fungal infections, there is an emergent need for improved a 
sensitive and more accurate diagnostic tests for detection of systemic pathogenic fungi and plant 
health. Traditional fungal diagnosis can only be achieved at later growing phases. The complex and 
difficult immunodiagnostic is also widely employed. Enzyme-based immunoassays which lead to 
cross-interaction with different fungi still also obeyed. A polymerase chain reactions (PCRs)- based 
molecular diagnosis are does not enable precise identification of fungal pathogens, or the ability to 
test isolates for drug sensitivity. In the future, biosensing technologies and nanotechnological tools, 
will improve diagnosis of pathogenic fungi through a specific and sensitive pathogen detection. This 
report systematically reviews the most prominent biosensor trends for fungi detection.
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INtROduCtION
 Fungal Kingdom almost involves one 
million classes and only 400 of them cause 
disease and being harmful to humans.1 Yeast 
fungi, as Candida albicans, usually related 
to commensal symbiont in human hosts and 
considered extremely opportunistic pathogen.2,3

 Clinical measurements showed that the 
aggressive fungal infections have rapidly been 
growing for last years. Despite new antifungal 
therapeutic approaches, increased mortality 
rates caused by fungal diseases remains a serious 
challenge.4,5 Under such circumstances, there is an 
increasing demand for the early, reliable, and fast 
detection of these infections at their initial phase 
of development, which is essential for effective 
treatments as well as the reduction of deaths and 
medical costs.6

 Biosensor technology provide suitable 
methodologies for fungal detection in medical 
and plant pathology. Biosensor is a bio-analytical 
tool that combines the bio-recognition unit with 
a signal transducer to translate the response of 
analytes into a quantifiable signal that is directly 
related to the analytes amounts [Fig. 1].7

 Biosensors represent a promising 
instrument to supplement advanced techniques, 
due to their exceptional features, such as increased 
selectivity, cheap, ability of automation and the 
possibility of data acquisition in short time.8 In 
biosensors, the bio-recognition incident occurs on 
the fixed platform transducer surface, contrasting 
traditional bioanalysis procedures.
 At the same level, nanotechnology provide 
various new analytical protocols, assemblies, and 
nanostructures for bio-detection, as a result of the 
nano-size and abnormal physico-chemical features 
of nanoparticles. Nanotechnology applications 
to biosensor have been progressively utilized to 
yield an enhanced pioneering tools for envisaging 
disease detection and diagnosis.9

dISCuSSION
 Fungi biosensors could be classified into 
five main categories: optical, electrochemical, 
mass-sensitive, nanomaterials-based, and lab 
on-chip biosensors. Their working principles, 
advantages, and disadvantages are reviewed here. 
Fungi Optical Biosensors (OBs)
 The transduction route in OBs prompts 
phase change, intensity alteration, polarization 
shift, or incidence of the received light in response 
to specific transformation as a result of bio-sensing 
unit. OBs have the advantages of enhanced 
sensitivity, specificity, labeling-free bio-detection, 
real and short time analysis,10 active sensing, and 
compact structure.11 Optical biosensors can be 
generally categorized into:
Fluorescence Resonance Energy Biosensors 
(FREBs)
 FREBs have been used in several medical 
applications for multiple analytes label-free bio-
detection accompanied with high sensitivity.12 This 
approach utilizes the arrangement of a fluorescent 
bio-receptor attached with an optical transducer 
that based on non-radioactive energy traveled 
from an excited donor fluorophore to a adjacent 
acceptor molecule.13 Fluorescent biosensors 
(FBs) are designed by fixing entire cells on the 
biosensor film. This film is generally located in 
the tip of optical filaments to create a fluorescent 
indication.11 A fluorometric biosensor used to 
detect and quantify aflatoxins was established 
by Carlson et al.14 A total of 228 specimens of 
oral candidiasis were exposed to fluorescent 
stain, and were detected by blue fluorescence 
surrounding their tubular or annular structures. 
This approach provide a rapid method for Candida 
detection.15 Moreover, green fluorescent proteins 
were utilized for many fungal detection in plants 
as Phytophthora palmivora,16 Colletotrichum 
lindemuthianum17 and Aspergillus nidulans18 for 
plant pathogens.

Fig. 1. Schematic representation of a biosensor (Adapted from Ref [69]).
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 Kakoschke and colleagues described an 
immunofluorescence analysis that can detect a 
fungus from a colony in approximately 60 min. 
Where the materials from colonies are bound 
to adhesive tape and stained with appropriate 
antibodies; allowing analysis by confocal laser 
scanning microscopy.19

Chemiluminescence (CL) Based Sensors
 CL based-sensors is a developing tool 
for detection and diagnostics fungal species by 
emission of light based on chemical reaction,20 
with high sensitivity, rapid dynamic response 
properties, broad calibration range and low cost 
devices.11 DNA-based chemiluminescent optical 
fiber biosensor for Brettanomyces bruxellensis 
diagnosis was designed by Cecchini et al. This DNA-
based biosensor was reproducible and fast with 
respect to conventional methods.21 Zangheri et al 
developed a CL-based smartphone for biosensing 
ochratoxin A in wine and coffee using side flow 
immunoassay (LFIA)-based strategies,22 Yamashoji 
et al. established a menadione-catalyzed luminol 
CL biosensor for Saccharomyces cerevisiae, 
Yarrowia lipolytica, and Hansenula anomala 
detection with high sensitivity.23

Surface Plasmon Resonance Based-biosensors 
(SPRBs)
 SPRBs were described by many scientists 
for fungal pathogens detection. SPRBs composed 
of bio-recognition agents immobilized on the 
surface of a thin film of gold metal placed on 
a glass prism interface [Fig. 2]10,24,25. An SPRBs 

based-immunosensor was developed by Mendes 
et al. Anti-Phakopsora pachyrhizi was fixed on 
a self-assembled monolayer gold (Au) plate. 
This technique offered an early, fast and linear 
detection for the antigen (3.50 to 28.00 ppm) 
to sense Asian rust (a disease that occurs in 
soy cultures) in the leaf extract of soybean. The 
effects of the antibody amount and the surface 
blocking to minimize non-specific adsorption 
on immunosensor response were evaluated.26 
Moreover, Urediniospores of Puccinia striiformis 
f. sp. tritici (Pst) was detected using SPR based-
biosensor. This work represented the first 
procedure of SPR based-biosensor approach for 
fungal spore detection.27 
Bioluminescence-Based Fungal Bioassay (BLBs)
 This strategy based on the bioluminescent 
features of Mycena citricolor and Armillaria mellea 
fungus, that enable a bioluminescence-based 
toxicity bioassay. The naturally occurring fungual 
luminescence varies in response to certain 
analytes 28BLBs provides high sensitivity, heat 
stable, and fast response bioassay.29 The toxicity 
of some chlorophenols compound derivatives, 
Cu, and Zn were evaluated using a novel BLBs. 
Light decline was detected in response to the 
tested chlorophenols for both Armillaria mellea 
and Mycena citricolor. Armillaria mellea showed 
low sensitivity to di and penta chlorophenols than 
Mycena citricolor.30

 However,  optical  biosensors sti l l 
complicated, expensive, and less able for 

Fig. 2. Schematic representation of a SPR-based biosensor (Adapted from Ref [25]).
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miniaturization. But still optical signals have 
a safe ability to convey massive data in short 
time, making them capable for crucial in vivo 
bio-detection, specifically by using of fiber optic 
nanotechnology.31

Fungi electrochemical Biosensors
 Electrochemical biosensors (EBs) consist 
of an electrochemical transducer combined with 
a bio-receptor, that convert a reacting molecule 
into a measured electrical signal.32 EBs are 
promising transduction that has been used for 
fungal pathogens detection for their simple use, 
low economical cost, easier to be miniaturized 
and mass fabricated.11,33 They are classified into 
the following:
Amperometric Biosensors (ABs)
 ABs are based on a catalytic enzyme 
structure that translate electrochemically inactive 
substrate into electro-active products produce a 
current signal which ends to a measurable signal. 
Laccase from Cerrena unicolor fungus was fixed 
on the surface of graphite electrode and used 
for designing an amperometric biosensors for 
flavonoids bio-detection.34 Carbon paste electrodes 
were also functionalized with Saccharomyces 
cerevisiae and explored as ABs by Garjonyte et 
al.35 ABs considered highly sensitive, low cost, and 
the ability to scale production, but always need 
regeneration between measurements.10,36

Potentiometric Biosensors (PBs)
 PBs involve translation of a bio-
recognition into a potential signal that is sensed by 
a reference and stable electrode. These biosensors 
involved a permselective membranes or sensitive 
surfaces to an enzymatic bioactive molecule. The 
enzyme-catalyzed reaction involves production or 

consumption of certain substance, which is then 
distinguished by an ion-selective electrode.37 A 
PB for the permethrin detection in treated wood 
was designed by Mat Arip et al. The biosensor was 
arranged by halt of the Lentinus sajor-caju fungus 
cells in alginate matrix placed on a pH-sensitive 
transducer.38 PBs are easy to operate, indorsing 
quick and repeatable detection, with low-cost 
instrumentation, miniaturization, and mobile 
advance.39 In the other hand, low sensitivity is the 
main disadvantage for this biosensor.40

Impedimetric Transduction Technique
 Electrochemical impedance spectroscopy 
(EIS) is relatively fast, simple and cheap non-
invasive technique.41 EIS examined the binding 
reactions at the electrode surface. EIS based 
sensor to detect Candida albicans yeast was 
recently developed. The yeast cells were bound 
to an electrode modified with anti-Candida 
antibodies.42

 A self-accumulated monolayer/gold-
based EIS for alkanethiolate detection was 
investigated. This biosensor was used for 
quantification of Saccharomyces cerevisiae fixed 
onto an electrode.43 EIS biosensor was also utilized 
for the detection of toxic Penicillium sclerotigenum 
in infected yams.44 EIS suffer from localized 
corrosion and need several surface modifications 
to recover this corrosion.45,46

Conductometric Biosensor (CBs)
 CBs include double metal separated 
electrodes with a voltage applied through them 
to produces a current. A conductimetric analysis 
was utilized to detect fungal growth in the Potato 
Dextrose Agar medium.47 Dickert et al, developed 
a biosensor using living fungal cells as models for 

Fig. 3. A piezoelectric quartz crystal based biosensor (Adapted from Ref [51])
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molecularly imprinted polymers. It based on the 
quartz crystal microbalance principle for entire 
cell sensing and on the sedimentation properties 
of the yeasts.48 A bio-detection is based on a field-
effect transistor with the single-walled carbon 
nanotubes (SWCNTs) network as the conducting 
tubes was developed. The monoclonal antibodies 
against Candida albicans were immobilized onto 
SWCNTs, to provide precise binding sites for fungal 
antigens.49 
 Electrochemical biosensors usually 
exhibit lower sensitivity,50 and their tendency 
for interferences produced by electrochemically 
active substances delaying effects across sensing 
electrodes.31

Mass-Sensitive Biosensors (MSBs)
 Sensitive mass analysis is based on the 
use of piezoelectric quartz crystals [Fig. 3].11,51 
The crystals are vibrate under electrical signal of 
a certain frequency.52 The frequency of oscillation 
depends on the applied electrical field and 
the crystal mass. Therefore, the change in the 
frequency of oscillation crystal can be measured 
electrically.53 Mass based detection offers real-
time operation and fungal monitoring in different 
environments,54 quite easy to use, low cost, a 
label-free analysis with increased sensitivity and 
specificity.11,53 Nugaeva et al, reported a MSBs 
to sense Aspergillus niger and Saccharomces 
cerevisiae growth phase. Cantilever sensors are a 
class of piezoelectric crystals used for short-time 
detection of Aspergillus niger and Saccharomyces 
cereviiae.55

Nanomaterials-Based Biosensors (NBB)
 Nanoparticles (NPs) showed an enhanced 
electronic and optical properties compared 
to bulk forms. NPs can improve target analyte 
binding by possess a high surface area (SA),56 
sensitivity and low limit of detection of biosensors 
by increasing SA onto which bio-element can be 
fixed.11,57 Gold nanoparticles (AuNPs) are the most 
frequently used NPs in biosensors, because of high 
electro-activity and electronic conductivity.58 A 
sensitiveEBs, using modified Au electrode with 
Cu-NPs was settled to measure salicylic acid in 
oil seeds to sense the Sclerotinia sclerotiorum.59 
Allergenic fungal spores of Aspergillus niger were 
detected colorimetry based on AuNPs modified 
with a particular peptide. This platform produced 
visible color change of the supernatant after 

spores sedimentation. This biosensorshowed 
an enhanced spores sensitivity with less than 
10 min detection time.60 TiO2 or SnO2 NPs of on 
carbon electrodes have been established for 
p-ethylguaiacol sensing, a fingerprint material 
evolved from pathogenic fungus Phytophthora 
cactorum.61

Lab on Chip (LOC) devices
 Microfluidic LOC strategies improve 
fungi detection and diagnosis in blood samples.62 

These biosensors enable resource-constrained 
settings when no central laboratories available 
for implementing culturing procedures.2 Cai et al 
designed a microfluidic LOC based on Slip ChipVR 
to distinguish various fungi .in blood samples 
simultaneously.63 A modern liquid logic chip for 
Candida albicans detection in blood samples were 
developed by Schell et al. The DNA extraction 
was employed off-chip and the purified DNA was 
functional to the bio-chip.64 Alternative approach 
is depend on Raman spectroscopy to detect a 
distinct vibration spectrum of various structures of 
fungus on Sabouraud medium or blood culture.65 
Recently, Asghar et al developed an immuno-based 
microfluidic chip for fast detection of Candida 
albicans in blood with an efficiency of 61–78%.66

 Recently, a real time PCR approach 
for Candida albicans detection in human blood 
was developed. Quantitative PCR (qPCR) assays 
represented a noticeable detection limit of 0.2 
CFU/µL. The assay efficiency ranged from 89.67 to 
97.07 % .67 Yu et al., utilized LOC diagnostic system 
for fast detection of azole-resistant Aspergillus 
fumigatus in different samples.68

CONCLuSION AND FINAL REMARKS
 Current culture-based methodologies 
to detect and identify fungal pathogens are too 
slow with low success rates due to the decreased 
sensitivity of blood culture structures to detect 
these slow growing microorganisms. Challenges 
and complications will maintain developing a 
commercially rapid assays for fungal disease 
detection. Some of these challenges are the solid 
scientific information deficiencies and the progress 
of standardized fast tests, particularly when mass-
production and high-throughput detection are 
expected. 
 In this mini-review we have summarized 
a different trend for a rapid biosensing of various 
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fungal pathogens. Thus, with the improvements 
in biosensor technology, it is possible to analyze 
a number of biomarkers in field determinations. 
Considering the dangers associated to fungal 
infection, the design and applications of imprinted 
biosensors for quick detection in many different 
types of situations, will find effective applications.
We expect the improvement of enhanced sample 
processing boards attached to improved sensitive 
detection systems, possibly in the form of lab-on-
a-chip and/or microfluidic devices, for low cost 
and smart laboratorial and in-the-field fungal 
detection.
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