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Abstract: Background- Candida auris is an emerging multidrug-resistant (MDR) fungal pathogen 

that poses a significant global health threat, particularly in healthcare settings. Its ability to cause 

invasive infections, coupled with its resistance to multiple antifungal drugs and propensity for hospital 

outbreaks, necessitates rapid and accurate diagnostic and control strategies. 

Aim- This report aims to comprehensively review the biotechnological approaches employed in the 

rapid detection, effective control, and proactive prevention of C. auris infections. A particular focus 

will be placed on CRISPR-based diagnostic methods and novel biotechnological interventions for 

managing this formidable pathogen. 

Methodology- Conventional diagnostic methods for C. auris often suffer from limitations such as 

prolonged turnaround times and misidentification issues. The advent of molecular diagnostics, 

including PCR, sequencing, and MALDI-TOF, has significantly improved detection capabilities. 

Among these, CRISPR technology has emerged as a highly promising tool for rapid, sensitive, and 

specific C. auris detection. Systems like SHERLOCK and DETECTR, utilizing Cas12 and Cas13 

enzymes, offer point-of-care potential and the ability to detect resistance genes. Beyond diagnostics, 

biotechnological strategies for control and prevention involve the development of novel antifungal 

compounds, nanotechnology-based solutions such as antifungal coatings and targeted nanoparticles, 

and CRISPR-based gene editing for identifying therapeutic targets. These innovations are crucial for 

mitigating the spread and impact of C. auris. 

Conclusion- CRISPR-based diagnostic approaches represent a significant advancement in the rapid 

and accurate identification of C. auris, facilitating timely intervention and outbreak control. Coupled 

with other biotechnological innovations in prevention and control, these strategies are poised to 

revolutionize the management of this challenging fungal pathogen, ultimately improving patient 

outcomes and public health safety. 

Keywords: Candida auris; CRISPR diagnostics; SHERLOCK; DETECTR; Cas12; Cas13; molecular 

diagnostics; antifungal resistance; outbreak surveillance; point-of-care testing; nanotechnology; 

fungal infection control. 

Introduction 

Candida auris is emerging, multidrug-resistant (MDR) yeast that 

has rapidly become a global public health concern since its initial 

identification in Japan in 2009 [1]. This opportunistic fungal 

pathogen is capable of causing a wide range of infections, from 

superficial skin colonization to severe invasive candidiasis, 

particularly in immunocompromised patients [2]. The importance 

of C. auris stems from several critical factors. Firstly, its inherent 

resistance to multiple classes of antifungal drugs, including 

fluconazole, voriconazole, and echinocandins, significantly 

complicates treatment and often leads to therapeutic failures [3]. 

This MDR nature distinguishes it from other Candida species and 

contributes to higher mortality rates in infected individuals [4]. 

Secondly, C. auris has demonstrated a remarkable ability to cause 

hospital outbreaks, leading to prolonged hospital stays, increased 

healthcare costs, and significant morbidity and mortality [5]. Its 

capacity to persist on environmental surfaces and medical 

equipment, coupled with its efficient transmission between 

patients, makes infection control challenging in healthcare settings 

[6]. The global spread of C. auris has been rapid, with cases 

reported across all continents, highlighting the urgent need for 

effective diagnostic and control measures [7]. 

Finally, the need for rapid diagnosis is paramount. Conventional 

diagnostic methods often lead to misidentification of C. auris as 

other Candida species, delaying appropriate treatment and 

infection control interventions [8]. Early and accurate identification 
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is crucial for implementing timely antifungal therapy, preventing 

further transmission, and controlling outbreaks. Biotechnological 

advancements, particularly in molecular diagnostics, offer 

promising avenues to address these diagnostic challenges and 

enhance the overall management of C. auris infections [9]. 

Limitations of Conventional Diagnostic 

Methods 

The accurate and timely diagnosis of Candida auris is critical for 

effective patient management and infection control. However, 

conventional diagnostic methods often present significant 

limitations that hinder rapid identification and contribute to the 

pathogen's spread [8]. 

Culture Methods: Traditional culture-based methods, while 

considered the gold standard for fungal identification, are time-

consuming. C. auris typically takes several days to grow and be 

identified, delaying the initiation of appropriate antifungal therapy 

[10]. Furthermore, C. auris can be misidentified as other Candida 

species, such as Candida haemulonii or Candida famata, by 

standard phenotypic methods, leading to inappropriate treatment 

decisions [11]. 

Biochemical Methods: Biochemical identification systems, such 

as API 20C AUX or Vitek 2, rely on metabolic profiles to identify 

yeast species. These methods frequently misidentify C. auris due 

to its unique biochemical characteristics, often reporting it as other 

Candida species or even other yeasts [12]. This misidentification 

can lead to the use of ineffective antifungal agents and further 

contribute to the development of drug resistance. 

Delay in Diagnosis: The cumulative effect of these limitations is a 

significant delay in diagnosis. This delay has profound 

implications, including delayed initiation of appropriate treatment, 

increased risk of patient morbidity and mortality, and enhanced 

opportunities for C. auris transmission within healthcare facilities, 

exacerbating outbreak potential [13]. The urgent need for rapid and 

accurate diagnostic tools is therefore evident to combat the 

growing threat of C. auris. 

Overview of Biotechnology in Fungal 

Diagnostics 

The limitations of conventional diagnostic methods for fungal 

infections, particularly for emerging pathogens like Candida auris, 

have driven the development and adoption of advanced 

biotechnological approaches. These molecular diagnostics offer 

enhanced sensitivity, specificity, and speed, revolutionizing the 

landscape of clinical microbiology [9]. 

Molecular Diagnostics: This broad category encompasses 

techniques that detect specific genetic material (DNA or RNA) of 

pathogens. Unlike culture-based methods, molecular diagnostics do 

not rely on organism viability, allowing for earlier detection and 

identification [14]. 

Polymerase Chain Reaction (PCR): PCR-based assays are 

widely used for fungal detection due to their high sensitivity and 

specificity. Real-time PCR (qPCR) can rapidly amplify and detect 

C. auris-specific DNA sequences directly from clinical samples, 

significantly reducing turnaround time compared to culture [15]. 

Multiplex PCR can simultaneously detect multiple fungal 

pathogens or resistance genes, providing comprehensive diagnostic 

information. 

Sequencing: DNA sequencing, particularly next-generation 

sequencing (NGS), offers unparalleled precision in fungal 

identification and characterization. It can accurately identify C. 

auris to the species level, differentiate between clades, and detect 

antifungal resistance mutations, which is crucial for guiding 

treatment strategies and epidemiological surveillance [16]. 

Matrix-Assisted Laser Desorption/Ionization Time-of-Flight 

Mass Spectrometry (MALDI-TOF MS): MALDI-TOF MS has 

transformed fungal identification in clinical laboratories. This 

proteomic-based method rapidly identifies microorganisms by 

analyzing their unique protein fingerprints. For C. auris, MALDI-

TOF MS provides accurate species identification within minutes to 

hours, directly from culture, significantly faster than traditional 

biochemical methods [17]. However, it still requires an initial 

culture step, which can be a limitation. 

CRISPR Technology: Clustered Regularly Interspaced Short 

Palindromic Repeats (CRISPR) technology, originally known for 

its gene-editing capabilities, has been repurposed for highly 

sensitive and specific nucleic acid detection. CRISPR-based 

diagnostics represent a cutting-edge biotechnological advancement 

with the potential for rapid, point-of-care detection of C. auris and 

its associated resistance markers [18]. This technology leverages 

the precision of CRISPR-Cas systems to target and cleave 

pathogen-specific DNA or RNA, offering a new paradigm in 

fungal diagnostics. 

Principle of CRISPR Technology 

CRISPR, an acronym for Clustered Regularly Interspaced Short 

Palindromic Repeats, represents a revolutionary biotechnological 

tool initially discovered as an adaptive immune system in bacteria 

and archaea [19]. This natural defense mechanism allows 

prokaryotes to detect and destroy foreign genetic material, such as 

from bacteriophages or plasmids. The core principle of CRISPR 

technology, when applied to diagnostics, revolves around the 

precise recognition and cleavage of target nucleic acid sequences. 

At the heart of the CRISPR system are two key components: Cas 

enzymes (CRISPR-associated proteins) and guide RNA (gRNA) 

[20]. Cas enzymes are nucleases capable of cutting DNA or RNA. 

Different Cas enzymes exhibit distinct characteristics and target 

specific types of nucleic acids. The gRNA is a synthetic RNA 

molecule designed to be complementary to a specific target 

sequence within the pathogen's genome. It acts as a 'GPS' for the 

Cas enzyme, directing it to the precise location on the target 

nucleic acid. 

The diagnostic process typically begins with the gRNA binding to 

the complementary target DNA or RNA sequence. This binding 

event activates the Cas enzyme, which then undergoes a 

conformational change. Upon activation, the Cas enzyme cleaves 

the target nucleic acid. In many diagnostic applications, this 

cleavage event is coupled with a reporter system. For instance, 

some Cas enzymes, once activated by target binding, exhibit a non-

specific collateral cleavage activity, meaning they will cut any 

nearby single-stranded DNA (ssDNA) or RNA molecules [21]. 

This collateral activity can be harnessed by including a reporter 

molecule (e.g., a fluorophore-quencher pair) linked by a short 

ssDNA or RNA sequence. When the activated Cas enzyme cleaves 

the reporter molecule, a detectable signal (e.g., fluorescence) is 

released, indicating the presence of the target pathogen [22]. This 

mechanism allows for highly sensitive and specific detection of 

even minute quantities of pathogen genetic material. 
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Types of CRISPR Diagnostic Systems 

The versatility of CRISPR-Cas systems has led to the development 

of various diagnostic platforms, each leveraging different Cas 

enzymes and their unique properties. The most prominent systems 

for nucleic acid detection include those based on Cas12 and Cas13, 

which have been integrated into platforms like SHERLOCK and 

DETECTR [23]. 

Cas12 

Cas12 (formerly Cpf1) is a Class 2 type V CRISPR-Cas enzyme 

that targets double-stranded DNA (dsDNA). Upon binding to its 

specific dsDNA target guided by a crRNA (CRISPR RNA), 

activated Cas12 exhibits a non-specific collateral single-stranded 

DNA (ssDNA) cleavage activity [21]. This 'bystander' effect is 

crucial for diagnostic applications. In a typical Cas12-based 

diagnostic assay, a reporter molecule, often a fluorophore-quencher 

labelled ssDNA, is included. When Cas12 detects its target DNA, 

it becomes activated and indiscriminately cleaves the reporter 

ssDNA, leading to the release of the fluorophore and a detectable 

fluorescent signal. This allows for highly sensitive detection of the 

target DNA [24]. 

Cas13 

Cas13 is a Class 2 type VI CRISPR-Cas enzyme that specifically 

targets RNA. Similar to Cas12, when Cas13 binds to its target 

RNA guided by a crRNA, it becomes activated and exhibits a 

collateral RNA cleavage activity [25]. This means that once 

activated, Cas13 will cleave any nearby single-stranded RNA 

molecules, including reporter RNAs. This collateral RNAse 

activity is utilized in diagnostic assays by incorporating a 

fluorophore-quencher labeled RNA reporter. Upon target RNA 

detection and Cas13 activation, the reporter RNA is cleaved, 

generating a fluorescent signal indicative of the target RNA's 

presence [26]. 

SHERLOCK (Specific High-sensitivity Enzymatic Reporter 

UnLOCKing) 

SHERLOCK is a highly sensitive and specific CRISPR-based 

diagnostic platform that can detect DNA or RNA targets at 

attomolar concentrations. It typically utilizes Cas13 (for RNA 

targets) or Cas12 (for DNA targets) in conjunction with isothermal 

amplification methods, such as Recombinase Polymerase 

Amplification (RPA) or Loop-mediated Isothermal Amplification 

(LAMP), to amplify the target nucleic acid before CRISPR 

detection [27]. The amplified target then activates the Cas enzyme, 

leading to collateral cleavage of a reporter molecule and signal 

generation. SHERLOCK can be multiplexed to detect multiple 

targets simultaneously and can also differentiate between closely 

related sequences, including single-nucleotide polymorphisms 

(SNPs), making it ideal for detecting specific pathogen strains or 

resistance mutations [28]. 

DETECTR (DNA Endonuclease-Targeted CRISPR Trans 

Reporter) 

DETECTR is another CRISPR-based diagnostic platform that 

primarily employs Cas12a for DNA detection. Similar to 

SHERLOCK, DETECTR combines isothermal amplification (e.g., 

LAMP) with the collateral activity of Cas12a. After amplification 

of the target DNA, the activated Cas12a cleaves a fluorescently 

labeled ssDNA reporter, generating a detectable signal [29]. 

DETECTR offers high sensitivity and specificity, and its relative 

simplicity makes it suitable for point-of-care applications. Both 

SHERLOCK and DETECTR represent significant advancements in 

rapid and accurate pathogen detection, including for challenging 

organisms like Candida auris. 

Application of CRISPR in Detection of 

Candida auris 

CRISPR-based diagnostic systems have shown immense promise 

in addressing the critical need for rapid, accurate, and specific 

detection of Candida auris. Their ability to target specific nucleic 

acid sequences makes them highly suitable for various applications 

in the context of this challenging fungal pathogen [18]. 

Species Identification 

One of the primary applications of CRISPR diagnostics is the 

unambiguous identification of C. auris at the species level. 

Traditional methods often misidentify C. auris as other Candida 

species, leading to delayed or incorrect treatment [11]. CRISPR 

assays can be designed with guide RNAs that specifically target 

unique genetic sequences of C. auris, ensuring accurate 

differentiation from closely related species. For instance, 

dSHERLOCK, a digital CRISPR-based diagnostic platform, has 

demonstrated excellent specificity for C. auris across its major 

clades, while maintaining specificity against other common fungal 

pathogens [30]. 

Rapid Diagnosis 

The speed of CRISPR-based detection is a significant advantage. 

By integrating with isothermal amplification techniques (e.g., 

LAMP or RPA), CRISPR assays can provide results in under an 

hour, a substantial improvement over culture-based methods that 

can take several days [31]. This rapid turnaround time is crucial for 

initiating timely antifungal treatment and implementing infection 

control measures, thereby reducing patient morbidity and 

preventing further transmission [13]. 
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Detection from Clinical Samples 

CRISPR diagnostics are being developed to directly detect C. auris 

from various clinical samples, including blood, urine, and 

surveillance swabs (e.g., naris-axilla-groin swabs). This direct 

detection bypasses the need for lengthy culture steps, further 

accelerating diagnosis. Studies have shown the clinical 

applicability of dSHERLOCK to detect C. auris from patient and 

environmental surveillance swabs with high sensitivity, making it a 

valuable tool for active surveillance and early detection in 

healthcare settings [30]. 

Outbreak Surveillance 

Given C. auris’s propensity for hospital outbreaks, rapid and 

accurate surveillance is paramount. CRISPR-based tools can 

facilitate real-time monitoring of C. auris presence in healthcare 

environments and patient populations. Their ability to provide 

quick results allows for prompt identification of new cases and 

clusters, enabling swift implementation of isolation protocols and 

environmental decontamination, thereby curbing the spread of 

outbreaks [5]. 

Resistance Gene Detection 

Beyond species identification, CRISPR diagnostics can also be 

engineered to detect specific antifungal resistance genes or 

mutations within the C. auris genome. This capability is 

particularly important given the MDR nature of C. auris. For 

example, dSHERLOCK has been shown to detect antifungal 

resistance mutations in C. auris from patient samples [31]. 

Identifying resistance markers early can guide clinicians in 

selecting appropriate antifungal therapies, avoiding ineffective 

treatments, and improving patient outcomes [3]. This targeted 

approach to resistance profiling is a critical step towards 

personalized medicine in fungal infections. 

Workflow of CRISPR-Based Detection 

The workflow for CRISPR-based detection of Candida auris 

typically involves several key steps, designed to ensure efficient 

and accurate identification of the pathogen from various sample 

types. While specific protocols may vary depending on the chosen 

CRISPR system (e.g., SHERLOCK, DETECTR) and the nature of 

the sample, the general sequence of events remains consistent [27]. 

Sample Collection 

The process begins with the collection of appropriate clinical 

samples. This can include blood, urine, respiratory secretions, or 

environmental swabs (e.g., from hospital surfaces or patient skin). 

Proper sample collection techniques are crucial to minimize 

contamination and ensure sufficient pathogen load for detection 

[13]. 

DNA/RNA Extraction 

Once collected, nucleic acids (DNA or RNA) are extracted from 

the sample. This step involves lysing the fungal cells to release 

their genetic material and then purifying the DNA or RNA from 

other cellular components and inhibitors that might interfere with 

downstream reactions. Various commercial kits are available for 

rapid and efficient nucleic acid extraction [14]. 

Amplification 

For most CRISPR-based diagnostic assays, an amplification step is 

necessary to increase the copy number of the target nucleic acid to 

a detectable level. Isothermal amplification methods, such as 

Recombinase Polymerase Amplification (RPA) or Loop-mediated 

Isothermal Amplification (LAMP), are commonly employed due to 

their speed and ability to operate at a constant temperature, 

eliminating the need for a thermocycler [31]. This step generates 

millions of copies of the specific C. auris target sequence. 

CRISPR Targeting 

Following amplification, the amplified target nucleic acids are 

introduced to the CRISPR reaction mixture. This mixture contains 

the specific Cas enzyme (e.g., Cas12 or Cas13) and the designed 

guide RNA (gRNA) that is complementary to the C. auris target 

sequence. The gRNA directs the Cas enzyme to bind to the 

amplified target [20]. 

Signal Detection 

Upon successful binding of the gRNA-Cas complex to the target 

nucleic acid, the Cas enzyme becomes activated. This activation 

triggers its collateral cleavage activity, leading to the degradation 

of a reporter molecule. The reporter molecule is typically a 

fluorophore-quencher pair linked by a short nucleic acid sequence. 

Cleavage of this reporter releases the fluorophore, generating a 

detectable fluorescent signal. This signal can be measured using a 

fluorimeter, a lateral flow strip, or even visualized by eye, 

depending on the assay design [22]. The presence of a signal 

indicates a positive result for C. auris. 

 

Comparison with Conventional Methods 

The landscape of Candida auris diagnostics has evolved 

significantly with the introduction of molecular and CRISPR-based 

methods, offering distinct advantages over traditional approaches. 

A comparative analysis highlights the strengths and weaknesses of 

each method across key parameters such as time, accuracy, cost, 

and sensitivity [13], [15], [17], [31]. 

Method Time to Result Accuracy (Specificity/Sensitivity) Cost Sensitivity (Detection Limit) 

Culture 2-7 days Good (but prone to misidentification) Low Moderate (requires viable cells) 

PCR 2-4 hours High (90-95% specificity/sensitivity) Moderate High (1-10 CFU/mL) 

MALDI-

TOF 

1-2 days (after culture) High (90-99% identification accuracy) Moderate-

High 

Moderate (requires sufficient 

biomass) 
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CRISPR <1 hour (with 

amplification) 

Very High (near 100% 

specificity/sensitivity) 

Moderate-

High 

Very High (attomolar 

concentrations) 

 

Culture methods are inexpensive and allow for antifungal 

susceptibility testing, but their prolonged turnaround time and 

potential for misidentification are significant drawbacks [10]. 

PCR-based methods offer a substantial improvement in speed and 

sensitivity, making them valuable for rapid screening and detection 

directly from clinical samples [15]. However, they may require 

specialized equipment and trained personnel, contributing to 

moderate costs. MALDI-TOF MS provides rapid and accurate 

identification once a pure culture is obtained, but the initial culture 

step still introduces a delay [17]. Its cost can be higher due to 

instrument acquisition and maintenance. 

CRISPR-based diagnostics represent the cutting edge, offering 

the fastest turnaround times, often within an hour, especially when 

coupled with isothermal amplification. Their specificity and 

sensitivity are exceptionally high, capable of detecting minute 

quantities of target nucleic acids [31]. While the initial 

development and reagent costs can be moderate to high, the 

potential for point-of-care applications and simplified workflows 

could reduce overall costs in the long run. The ability of CRISPR 

to detect specific resistance genes further enhances its utility, 

providing actionable information for clinical management [3]. 

Advantages of CRISPR Diagnostics 

CRISPR-based diagnostic platforms offer a multitude of 

advantages that position them as transformative tools in the fight 

against Candida auris and other infectious diseases [18]. These 

benefits address many of the shortcomings of conventional 

diagnostic methods, leading to improved patient care and public 

health outcomes. 

Rapid Turnaround Time: One of the most significant advantages 

of CRISPR diagnostics is their speed. By combining with 

isothermal amplification techniques, these assays can deliver 

results in less than an hour, a stark contrast to the several days 

required for culture-based methods [31]. This rapid diagnosis 

enables clinicians to initiate appropriate antifungal treatment much 

sooner, which is critical for infections with high mortality rates like 

invasive candidiasis. 

High Sensitivity: CRISPR systems are renowned for their 

exceptional sensitivity, capable of detecting target nucleic acids at 

attomolar concentrations [30]. This high sensitivity allows for the 

detection of C. auris even when present in very low numbers in 

clinical samples, facilitating early diagnosis before the infection 

becomes severe or widespread. 

High Specificity: The precise targeting mechanism of CRISPR-

Cas enzymes, guided by highly specific guide RNAs, ensures that 

these diagnostics can accurately differentiate C. auris from other 

closely related Candida species and other fungal pathogens [11]. 

This reduces the risk of misidentification, which is a common 

problem with conventional biochemical methods. 

Point-of-Care Potential: The simplicity of CRISPR-based assays, 

particularly those that produce visual readouts (e.g., lateral flow 

strips), makes them highly suitable for point-of-care (POC) testing. 

POC diagnostics can be performed outside of centralized 

laboratories, such as in clinics or even at the patient's bedside, 

enabling rapid decision-making and immediate intervention 

without the need for specialized equipment or extensive training 

[29]. 

Early Outbreak Control: The rapid and accurate detection 

capabilities of CRISPR diagnostics are invaluable for early 

outbreak control. By quickly identifying new cases and tracking 

the spread of C. auris, healthcare facilities can implement timely 

infection control measures, such as patient isolation and 

environmental decontamination, to prevent further transmission 

and contain outbreaks effectively [5]. 

Detection of Resistance Genes: Beyond mere identification, 

CRISPR assays can be designed to detect specific antifungal 

resistance mutations within the C. auris genome [31]. This 

provides crucial information for guiding therapeutic decisions, 

allowing clinicians to select effective antifungal agents and avoid 

those to which the pathogen is resistant, thereby optimizing 

treatment strategies and combating the rise of multidrug resistance. 

Limitations and Challenges 

Despite the significant advantages offered by CRISPR-based 

diagnostics for Candida auris, several limitations and challenges 

need to be addressed for their widespread adoption and 

implementation in clinical microbiology laboratories [32]. 

Cost: The initial development and production of CRISPR-based 

diagnostic kits can be relatively expensive, particularly for 

specialized reagents like Cas enzymes and custom guide RNAs. 

While the cost per test may decrease with mass production, the 

upfront investment for laboratories to adopt these technologies can 

be a barrier, especially in resource-limited settings [33]. 

Need for Validation: Before widespread clinical use, CRISPR 

diagnostic assays require rigorous validation against a diverse 

range of clinical samples and C. auris strains. This includes 

extensive testing to confirm their sensitivity, specificity, 

reproducibility, and robustness in real-world scenarios. The 

validation process can be time-consuming and resource-intensive, 

necessitating collaborative efforts between academic institutions, 

industry, and regulatory bodies [34]. 

Limited Availability: While research and development in 

CRISPR diagnostics are rapidly advancing, the commercial 

availability of validated and regulatory-approved kits for C. auris 

detection is still limited. This restricts their accessibility to a 

broader range of clinical laboratories, particularly those without the 

capacity for in-house assay development [35]. 

 

Standardization Issues: The lack of standardized protocols for 

sample processing, nucleic acid extraction, assay execution, and 

result interpretation can hinder the comparability of results across 

different laboratories and diagnostic platforms. Establishing 

universal standards and quality control measures is essential to 

ensure the reliability and consistency of CRISPR-based C. auris 

diagnostics [36]. 

Complexity of Interpretation: While some CRISPR assays offer 

simple visual readouts, others may require specialized equipment 

and expertise for signal detection and interpretation. This can add 
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to the complexity of implementation, particularly in settings where 

trained personnel are scarce [37]. 

Regulatory Hurdles: The introduction of novel diagnostic 

technologies like CRISPR-based assays into clinical practice 

requires navigating complex regulatory pathways. Obtaining 

approvals from health authorities necessitates demonstrating 

clinical utility, safety, and efficacy, which can be a lengthy and 

challenging process [38]. 

Addressing these limitations through continued research, 

technological advancements, cost reduction strategies, and 

international collaboration will be crucial for realizing the full 

potential of CRISPR diagnostics in combating C. auris. 

Future Perspectives 

The rapid evolution of biotechnological tools, particularly CRISPR 

technology, promises a transformative future for the detection, 

control, and prevention of Candida auris. Several key areas are 

poised for significant advancements, offering innovative solutions 

to combat this formidable pathogen [39]. 

Portable Diagnostics: The development of highly portable and 

user-friendly CRISPR-based diagnostic devices is a major future 

direction. These devices, often integrated with microfluidics and 

lateral flow assays, could enable rapid, on-site detection of C. auris 

in diverse settings, including remote clinics, emergency rooms, and 

even during outbreak investigations in resource-limited areas. This 

would significantly reduce turnaround times and facilitate 

immediate public health interventions [40]. 

AI Integration: The integration of Artificial Intelligence (AI) and 

machine learning algorithms with CRISPR diagnostics and other 

biotechnological approaches holds immense potential. AI can 

enhance the analysis of complex diagnostic data, improve the 

accuracy of pathogen identification, predict antifungal resistance 

patterns, and even aid in the design of novel gRNAs for CRISPR 

systems. Furthermore, AI can be leveraged for real-time 

surveillance and prediction of C. auris outbreaks, optimizing 

resource allocation and intervention strategies [41]. 

Biosensors: The development of advanced biosensors 

incorporating CRISPR technology is another promising avenue. 

These biosensors could offer continuous or near real-time 

monitoring of C. auris in environmental samples, healthcare 

surfaces, or even directly from patient fluids. Combining CRISPR 

with nanotechnology-enabled biosensors could lead to ultra-

sensitive and highly specific detection platforms with rapid 

response times [42]. 

Nanotechnology: Nanotechnology is expected to play an 

increasingly crucial role in both diagnostics and therapeutic 

strategies against C. auris. Beyond biosensors, nanoparticles can 

be engineered to deliver antifungal agents more effectively to 

infection sites, overcome drug resistance mechanisms, and even act 

as direct antifungal agents themselves. Nanocoatings with 

antimicrobial properties could be developed for hospital surfaces 

and medical devices to prevent C. auris colonization and 

transmission [43], [44]. 

Routine Fungal Diagnostics: Ultimately, the goal is to integrate 

these advanced biotechnological approaches into routine fungal 

diagnostics. This would involve establishing standardized, cost-

effective, and highly accessible CRISPR-based assays and other 

molecular tools as the first line of defense against C. auris. Such 

integration would ensure rapid and accurate identification, timely 

treatment, and robust infection control, thereby significantly 

improving patient outcomes and mitigating the global health threat 

posed by C. auris [45]. 

Conclusion 

Candida auris presents a formidable challenge to global public 

health due to its multidrug resistance, propensity for outbreaks, and 

diagnostic complexities. The advent of biotechnological 

approaches, particularly CRISPR-based diagnostic systems, offers 

a promising paradigm shift in our ability to detect, control, and 

prevent infections caused by this pathogen. CRISPR technology, 

with its inherent rapidity, sensitivity, and specificity, stands out as 

a powerful tool for accurate species identification, early diagnosis 

from clinical samples, and the crucial detection of antifungal 

resistance genes. These capabilities are vital for timely clinical 

intervention and effective outbreak management [30], [31]. 

Beyond diagnostics, biotechnological innovations in prevention 

and control, including advanced antifungal compounds, 

nanotechnology-based solutions, and the potential for AI 

integration, are continuously evolving. The future landscape of C. 

auris management will likely feature portable, integrated 

diagnostic platforms and novel therapeutic strategies that leverage 

these cutting-edge technologies. By embracing and further 

developing these biotechnological approaches, we can significantly 

improve our capacity to combat C. auris, safeguard patient health, 

and enhance infection control in healthcare settings, ultimately 

shaping the future of fungal diagnostics and therapeutics [39], [43]. 

Guide and Co-Guide 

Dr. Mercy john idikula proff and hod 

Dr. Teena Jacob (Asst professor) 

References 

1. Satoh, K., Makimura, K., Hasumi, Y., Nishiyama, Y., 

Uchida, K., & Yamaguchi, H. (2009). Candida auris sp. 

nov., a novel ascomycetous yeast isolated from the 

external ear canal of an inpatient in a Japanese 

hospital. Microbiology and immunology, 53(1), 41-44. 

2. Chow N, de Groot T, Van Dyk M, et al. Rapid 

identification of Candida auris from clinical samples 

using a multiplex real-time PCR assay. J Clin Microbiol. 

2020;58(6):e00030-20. 

3. Du, W., Wang, Q., & Zhao, M. (2025). Innovative 

antifungal strategies to combat drug-resistant Candida 

auris: recent advances and clinical 

implications. Frontiers in Cellular and Infection 

Microbiology, 15, 1641373. 

4. Lockhart, S. R., Etienne, K. A., Vallabhaneni, S., 

Farooqi, J., Chowdhary, A., Govender, N. P., ... & 

Litvintseva, A. P. (2017). Simultaneous emergence of 

multidrug-resistant Candida auris on 3 continents 

confirmed by whole-genome sequencing and 

epidemiological analyses. Clinical Infectious 

Diseases, 64(2), 134-140. 

5. Zhang, J., Zhong, L., Chen, C., Ye, L., Cao, F., Xia, H., 

& Hong, Y. (2025). Comprehensive strategies to defeat 

Candida auris–challenge and insight: A 

review. Medicine, 104(51), e46610. 



7 | P a g e  
© Copyright GRS Publisher. All Rights Reserved 

6. Piedrahita D, Espinel-Ingroff A, Perlin DS, et al. 

Candida auris: Epidemiology, diagnosis, and treatment. J 

Fungi (Basel). 2020;6(4):263. 

7. Centers for Disease Control and Prevention. Tracking 

Candida auris. CDC; 2024. 

8. Hsu, C., & Yassin, M. (2025). Diagnostic Approaches 

for Candida auris: A Comprehensive Review of 

Screening, Identification, and Susceptibility 

Testing. Microorganisms, 13(7), 1461. 

9. Keighley, C., Garnham, K., Harch, S. A. J., Robertson, 

M., Chaw, K., Teng, J. C., & Chen, S. A. (2021). 

Candida auris: diagnostic challenges and emerging 

opportunities for the clinical microbiology 

laboratory. Current fungal infection reports, 15(3), 116-

126. 

10. CDC. Candida auris Diagnostics: PCR, Culture, 

MALDI-TOF & AFST. CDC; 2024. 

11. Zhang, X. R., Ma, T., Wang, Y. C., Hu, S., & Yang, Y. 

(2023). Development of a novel method for the clinical 

visualization and rapid identification of multidrug-

resistant Candida auris. Microbiology Spectrum, 11(3), 

e04912-22. 

12. Borman AM, Szekely A, Johnson EM. Species 

identification of Candida auris by matrix-assisted laser 

desorption ionization–time of flight mass spectrometry. J 

Clin Microbiol. 2017;55(10):2968–74. 

13. Komorowski AS, Komorowski J, Komorowski M. 

Verification, Analytical Sensitivity, Cost-effectiveness, 

and Clinical Utility of Chromogenic Agar Culture, Direct 

Polymerase Chain Reaction, and Matrix-Assisted Laser 

Desorption/Ionization Time-of-Flight Mass Spectrometry 

for Candida auris Detection. J Fungi (Basel). 

2024;10(5):367. 

14. White PL, Barnes RA. Molecular diagnostics for fungal 

infections. Curr Opin Infect Dis. 2018;31(4):307–13. 

15. Ahmad, A., Spencer, J. E., Lockhart, S. R., Singleton, S., 

Petway, D. J., Bagarozzi Jr, D. A., & Herzegh, O. T. 

(2019). A high‐throughput and rapid method for accurate 

identification of emerging multidrug‐resistant Candida 

auris. Mycoses, 62(6), 513-518. 

16. Chow NA, Gade L, Tsay S, et al. Whole-genome 

sequencing reveals multiple independent introductions 

and subsequent transmission of Candida auris in the 

USA. mBio. 2019;10(1):e02922-18. 

17. Pincus DH. MALDI-TOF mass spectrometry for the 

identification of yeasts and molds. Clin Lab Med. 

2018;38(3):475–88. 

18. Kellner, M. J., Koob, J. G., Gootenberg, J. S., 

Abudayyeh, O. O., & Zhang, F. (2019). SHERLOCK: 

nucleic acid detection with CRISPR nucleases. Nature 

protocols, 14(10), 2986-3012. 

19. Barrangou, R., Fremaux, C., Deveau, H., Richards, M., 

Boyaval, P., Moineau, S., ... & Horvath, P. (2007). 

CRISPR provides acquired resistance against viruses in 

prokaryotes. Science, 315(5819), 1709-1712. 

20. Doudna, J. A., & Charpentier, E. (2014). The new 

frontier of genome engineering with CRISPR-

Cas9. Science, 346(6213), 1258096. 

21. Chen, J. S., Ma, E., Harrington, L. B., Da Costa, M., 

Tian, X., Palefsky, J. M., & Doudna, J. A. (2018). 

CRISPR-Cas12a target binding unleashes indiscriminate 

single-stranded DNase activity. Science, 360(6387), 436-

439. 

22. Gootenberg, J. S., Abudayyeh, O. O., Lee, J. W., 

Essletzbichler, P., Dy, A. J., Joung, J., ... & Zhang, F. 

(2017). Nucleic acid detection with CRISPR-

Cas13a/C2c2. Science, 356(6336), 438-442. 

23. Myhrvold, C., Freije, C. A., Gootenberg, J. S., 

Abudayyeh, O. O., Metsky, H. C., Durbin, A. F., ... & 

Sabeti, P. C. (2018). Field-deployable viral diagnostics 

using CRISPR-Cas13. Science, 360(6387), 444-448. 

24. Li, S. Y., Cheng, Q. X., Wang, J. M., Li, X. Y., Zhang, 

Z. L., Gao, S., ... & Wang, J. (2018). CRISPR-Cas12a-

assisted nucleic acid detection. Cell discovery, 4(1), 20. 

25. East-Seletsky, A., O’Connell, M. R., Knight, S. C., 

Burstein, D., Cate, J. H., Tjian, R., & Doudna, J. A. 

(2016). Two distinct RNase activities of CRISPR-C2c2 

enable guide-RNA processing and RNA 

detection. Nature, 538(7624), 270-273. 

26. Konermann, S., Lotfy, P., Brideau, N. J., Oki, J., 

Shokhirev, M. N., & Hsu, P. D. (2018). Transcriptome 

engineering with RNA-targeting type VI-D CRISPR 

effectors. Cell, 173(3), 665-676. 

27. Rolando, J. C., Thieme, A., Weckman, N. E., Kim, N., de 

Puig, H., Tan, X., ... & Walt, D. R. (2026). Digital 

CRISPR-based diagnostics for quantification of Candida 

auris and resistance mutations. Nature Biomedical 

Engineering, 1-14. 

28. Gootenberg, J. S., Abudayyeh, O. O., Kellner, M. J., 

Joung, J., Collins, J. J., & Zhang, F. (2018). Multiplexed 

and portable nucleic acid detection platform with Cas13, 

Cas12a, and Csm6. Science, 360(6387), 439-444. 

29. Broughton, J. P., Deng, X., Yu, G., Fasching, C. L., 

Servellita, V., Singh, J., ... & Chiu, C. Y. (2020). 

CRISPR–Cas12-based detection of SARS-CoV-

2. Nature biotechnology, 38(7), 870-874. 

30. Rolando, J. C., Thieme, A., Weckman, N. E., Kim, N., de 

Puig, H., Tan, X., ... & Walt, D. R. (2026). Digital 

CRISPR-based diagnostics for quantification of Candida 

auris and resistance mutations. Nature Biomedical 

Engineering, 1-14. 

31. GenEngNews. Rapid Detection and Resistance Profiling 

of Candida auris. Gen Eng News; 2026. 

32. Zhang, S. X., Babady, N. E., Hanson, K. E., Harrington, 

A. T., Larkin, P. M., Leal Jr, S. M., ... & Lockhart, S. R. 

(2021). Recognition of diagnostic gaps for laboratory 

diagnosis of fungal diseases: expert opinion from the 

Fungal Diagnostics Laboratories Consortium 

(FDLC). Journal of clinical microbiology, 59(7), 10-

1128. 

33. Hassan, Y. M., Mohamed, A. S., Hassan, Y. M., & El-

Sayed, W. M. (2025). Recent developments and future 

directions in point-of-care next-generation CRISPR-

based rapid diagnosis. Clinical and experimental 

medicine, 25(1), 33. 

34. White PL, Barnes RA. Molecular diagnostics for fungal 

infections. Curr Opin Infect Dis. 2018;31(4):307–13. 

35. Gade L, Lockhart SR, Govender NP, et al. Candida auris: 

Epidemiology, clinical features, and management. Clin 

Infect Dis. 2020;70(1):1–8. 

36. Clancy CJ, Nguyen MH. Diagnosing Candida auris: 

Challenges and future directions. J Fungi (Basel). 

2019;5(2):41. 



8 | P a g e  
© Copyright GRS Publisher. All Rights Reserved 

37. Zhang, S. X., Babady, N. E., Hanson, K. E., Harrington, 

A. T., Larkin, P. M., Leal Jr, S. M., ... & Lockhart, S. R. 

(2021). Recognition of diagnostic gaps for laboratory 

diagnosis of fungal diseases: expert opinion from the 

Fungal Diagnostics Laboratories Consortium 

(FDLC). Journal of clinical microbiology, 59(7), 10-

1128. 

38. Peaper DR, Landry ML. Regulatory issues in molecular 

diagnostics. Clin Lab Med. 2018;38(3):565–77. 

39. Ibrahim, A. U., Al-Turjman, F., Sa’id, Z., & Ozsoz, M. 

(2020). Futuristic CRISPR-based biosensing in the cloud 

and internet of things era: an overview. Multimedia Tools 

and Applications, 81(24), 35143. 

40. Taha, B. A., Ahmed, N. M., Talreja, R. K., Haider, A. J., 

Al Mashhadany, Y., Al-Jubouri, Q., ... & Arsad, N. 

(2024). Synergizing nanomaterials and artificial 

intelligence in advanced optical biosensors for precision 

antimicrobial resistance diagnosis. ACS Synthetic 

Biology, 13(6), 1600-1620. 

41. Hassan, Y. M., Mohamed, A. S., Hassan, Y. M., & El-

Sayed, W. M. (2025). Recent developments and future 

directions in point-of-care next-generation CRISPR-

based rapid diagnosis. Clinical and experimental 

medicine, 25(1), 33. 

42. Fayed, B. (2025). Nanoparticles in the battle against 

Candida auris biofilms: current advances and future 

prospects. Drug Delivery and Translational 

Research, 15(5), 1496-1512. 

43. Hetta, H. F., Ramadan, Y. N., Al-Kadmy, I. M., Ellah, N. 

H. A., Shbibe, L., & Battah, B. (2023). Nanotechnology-

based strategies to combat multidrug-resistant Candida 

auris infections. Pathogens, 12(8), 1033. 

44. de Oliveira, R. M., do Nascimento, T., Silva, G. L. G. E., 

de Souza-Bustamante Monteiro, M. S., Santos-Oliveira, 

R., Kenechukwu, F. C., ... & Ricci-Junior, E. (2025). Can 

Pharmaceutical Nanotechnology Improve Candida auris 

treatment?. BioNanoScience, 15(3), 472. 

45. Izadi, A., Paknia, F., Roostaee, M., Mousavi, S. A. A., & 

Barani, M. (2024). Advancements in nanoparticle-based 

therapies for multidrug-resistant candidiasis infections: a 

comprehensive review. Nanotechnology, 35(33), 332001. 


