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ABSTRACT

Antimicrobial resistance (AMR) is a critical global health issue that complicates infection treatment and increases 
mortality, healthcare costs, and hospital stays. Conventional diagnostic methods, including culture-based assays 
and molecular tests, often suffer from long turnaround times, high costs, and the need for specialized laboratory 
infrastructure. Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR)-based diagnostics have 
emerged as a revolutionary tool for rapid and accurate AMR detection. This review explores the mechanisms and 
applications of CRISPR biosensors, with a focus on platforms such as Specific High-sensitivity Enzymatic Reporter 
UnLOCKing and DNA Endonuclease Targeted CRISPR Trans Reporter, which leverage Cas enzymes for precise 
nucleic acid detection. These methods offer high sensitivity, specificity, and the potential for point-of-care use, 
significantly improving AMR surveillance and management. In addition, we discuss the challenges of CRISPR-
based AMR detection, including sample preparation, multiplexing, regulatory hurdles, and ethical concerns. Future 
advancements integrating microfluidics and artificial intelligence may further enhance CRISPR-based diagnostics, 
making them indispensable in the fight against drug-resistant infections.

1. INTRODUCTION

Antimicrobial resistance (AMR) is a growing global health threat 
that occurs when microorganisms, including bacteria, fungi, and 
parasites, develop the ability to resist the effects of antimicrobial drugs 
that were previously effective against them. This resistance emerges 
primarily due to genetic mutations and the transfer of resistance 
genes through horizontal or vertical gene transfer [1,2]. The misuse 
and overuse of antibiotics in healthcare, agriculture, and animal 
husbandry have accelerated this process [3,4]. As a result, multidrug-
resistant and extensively drug-resistant infections have become more 
common, complicating treatment and leading to prolonged hospital 
stays, increased mortality, and rising healthcare costs [5,6]. Bacteria 
can acquire resistance through genetic mutations that modify drug 
targets or by obtaining resistance genes from other resistant species 
via horizontal gene transfer (HGT). These mechanisms enable 
pathogens to survive antimicrobial treatments, making infections 
harder to control and increasing the risk of severe complications and 
death in affected individuals [7,8]. The increasing prevalence of AMR 
highlights the urgent need for early and precise detection. Identifying 
resistance markers in pathogens at an early stage enables healthcare 
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providers to prescribe the most effective antibiotics, reducing the 
misuse of broad-spectrum drugs and slowing the development of 
further resistance. However, conventional AMR detection methods, 
including culture-based techniques, molecular assays, and phenotypic 
tests, have significant limitations [9]. Culture-based methods involve 
isolating pathogens from clinical samples and exposing them to various 
antimicrobial agents to assess growth inhibition. Common techniques 
used in clinical microbiology laboratories include disk diffusion and 
broth microdilution assays [10]. However, these methods require 48–
72 h to yield results, delaying treatment decisions and increasing the 
risk of complications. In addition, they demand specialized laboratory 
equipment and trained personnel, which may not be readily available 
in resource-limited settings [11].

Molecular approaches, such as polymerase chain reaction (PCR)-based 
diagnostics, provide faster results by targeting specific genetic markers 
linked to AMR [12]. For example, PCR can detect resistance genes such 
as the mecA gene in Staphylococcus aureus, which confers methicillin 
resistance, or the blaNDM gene in Enterobacteriaceae (e.g., Klebsiella 
pneumoniae and Escherichia coli), which encodes carbapenemase and 
leads to resistance against carbapenem antibiotics [13]. While PCR 
procedures can produce faster results than culture-based techniques, 
they still require specialized equipment, such as thermal cyclers, 
and are often more expensive and labor intensive [14]. Despite 
advancements, traditional diagnostic methods remain limited by factors 
such as laboratory infrastructure requirements, long turnaround times, 
and high costs [15]. To address these challenges, novel diagnostic 
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technologies have emerged, offering faster, more accurate, and cost-
effective AMR detection. These include loop-mediated isothermal 
amplification (LAMP), nanopore sequencing, and biosensor-based 
approaches, which enhance detection speed and portability. Among 
these, Clustered Regularly Interspaced Short Palindromic Repeats 
(CRISPR)-based diagnostics have gained significant attention due to 
their high specificity, rapid turnaround time, and potential for point-
of-care applications.

2. CRISPR TECHNOLOGY: AN OVERVIEW

CRISPR is a naturally occurring immunological system found in 
bacteria and archaea that allows these microorganisms to recognize 
and defend against invading viruses, including bacteriophages. This 
system is made up of small, repetitive DNA sequences separated by 
viral DNA pieces known as “spacers.” These spacers act as a genetic 
memory of earlier viral infections, allowing bacteria and archaea 
to recognize and resist against future attacks by the viruses. The 
CRISPR system consists of two key components: DNA sequences 
(CRISPR arrays) and CRISPR-associated proteins (Cas proteins), 
such as Cas9, Cas12, and Cas13, which play an important role in the 
immune response [16,17]. The CRISPR-Cas system can recognize 
and cut specific DNA or RNA sequences. Cas9, the most well-known 
CRISPR-associated protein, acts as a molecular “scissors” by cutting 
double-stranded DNA at specified target places [18]. The Cas9 protein 
is steered to its target by a short RNA molecule known as the guide 
RNA (gRNA), which is designed to be complementary to a specific 
DNA sequence. This allows the CRISPR system to be configured for 
precise genomic editing, which has revolutionized genetic engineering 
and biotechnology. Newer Cas proteins, such as Cas12 and Cas13, 
have broadened the possible applications of CRISPR technology. 
Cas12 targets DNA, while Cas13 targets RNA, providing greater 
versatility in diagnostics and disease detection [19,20].

In recent years, the CRISPR-Cas system has been used for a range 
of applications other than gene editing, such as diagnostics and 
disease detection. One of the most intriguing applications of CRISPR 
is its capacity to detect certain genomic sequences, such as those 
linked to AMR indicators in pathogens. CRISPR-based diagnostic 
tools have been created to discover AMR-related genes, which are 
frequently responsible for bacteria becoming resistant to conventional 
antibiotics. These diagnostic methods take advantage of the extremely 
specific recognition of DNA or RNA sequences that correlate to AMR 
indicators, enabling for the quick detection of resistant bacteria [21]. 
The CRISPR-Cas system identifies and binds to a specific genetic 
sequence within a pathogen’s genome. When the Cas protein binds, it 
undergoes a conformational change, activating its enzymatic activity. 
This activation can initiate downstream detecting systems, resulting in 
a detectable signal. For example, the Cas12 and Cas13 proteins have 
collateral cleavage activity, which means that once bound to their target, 
they can break neighboring reporter molecules, resulting in signals 
such as fluorescence, luminescence, or color changes. These signals 
are easily detectable and quantifiable, allowing the identification of 
AMR indicators in clinical samples [22,23].

One of the key advantages of using CRISPR for diagnosis is the ability 
to detect low amounts of target DNA or RNA with high sensitivity 
and specificity. CRISPR-based diagnostic platforms can detect 
AMR markers even in cases where the pathogen is present in low 
quantities or when there is a mixed infection, offering a more reliable 
and accurate method than traditional culture-based or PCR-based 
tests [24]. In addition, CRISPR diagnostics can be tailored to identify 

a wide range of AMR-related genes, allowing for multiplexed testing, 
where multiple resistance markers can be detected simultaneously 
in a single assay. This flexibility makes CRISPR a highly adaptable 
and powerful tool for pathogen detection and AMR surveillance [25]. 
The CRISPR technology’s key aspects and its application in pathogen 
detection, particularly for AMR [Table 1].

3. CRISPR-BASED DIAGNOSTIC FOR (AMR) DETECTION

Several CRISPR-based diagnostic platforms have been created to 
detect AMR markers in pathogens, significantly improving the speed 
and accuracy of pathogen detection. These platforms take advantage of 
the CRISPR-Cas system’s accuracy and programmability, which may 
be tailored to target specific AMR-related genomic regions. Cas9, one 
of the most widely utilized CRISPR proteins for diagnostics, chops 
DNA at a specific target location. CRISPR-Cas9 is used in AMR 
gene detection beyond its role as a molecular scissor by acting as a 
highly specific sequence recognition tool. Instead of cleaving DNA, a 
catalytically inactive Cas9 (dCas9) binds to AMR genes without cutting, 
allowing precise identification of resistance markers. This binding can 
be coupled with fluorescence or colorimetric assays to produce visual 
indicators of AMR presence. In biosensor applications, dCas9 can 
be linked to fluorescent reporters, enabling real-time visualization of 
AMR genes under a fluorescence microscope. Colorimetric detection 
methods use dCas9 to trigger a visible color change when bound to 
a target AMR gene, facilitating easy identification. Electrochemical 
detection integrates dCas9 with electrodes that generate an electrical 
signal on AMR sequence recognition, providing rapid and sensitive 
detection in clinical settings. CRISPR-Cas9 is also integrated into 
diagnostic platforms like Specific High-sensitivity Enzymatic 
Reporter UnLOCKing (SHERLOCK), originally designed for RNA 

Table 1: Overview of CRISPR technology and its applications in pathogen 
detection and antimicrobial resistance.

Aspect Description References

Pathogen 
detection

CRISPR‑based diagnostics (e.g., 
SHERLOCK, DETECTR) enable rapid 
and precise detection of bacterial and 
viral infections, including antimicrobial 
resistance (AMR) markers.

[16]

Antimicrobial 
resistance 
(AMR) 
detection

CRISPR‑Cas systems identify AMR genes 
in pathogens, allowing early detection 
of drug‑resistant infections and guiding 
effective treatment decisions.

[26]

Gene editing CRISPR‑Cas9 allows precise modification 
of DNA sequences, enabling corrections of 
genetic mutations responsible for diseases 
such as sickle cell anemia and cystic 
fibrosis.

[27]

Therapeutic 
applications 

CRISPR is being explored for treating 
genetic disorders, cancers, and infectious 
diseases by targeting and modifying 
disease‑causing genes.

[28]

Viral disease 
treatment

CRISPR has shown promise in targeting 
and disrupting viral genomes, such as HIV 
and hepatitis B, potentially leading to novel 
antiviral therapies.

[29]

Agricultural 
and industrial 
use

CRISPR enhances crop resistance to pests, 
improves yield, and aids in developing 
probiotic bacterial strains with beneficial 
properties.

[30]
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detection with Cas13 but adaptable for DNA-based AMR detection. 
These platforms utilize Cas9’s sequence-targeting ability to activate 
enzymatic reporters, amplifying detection signals for highly sensitive 
pathogen identification. By leveraging these approaches, CRISPR-
Cas9 enables rapid, accurate, and scalable AMR gene detection 
without necessarily altering the genetic material [31].

An improved form, the CRISPR-Cas12 system, provides additional 
advantages, such as increased collateral cleavage activity. This means 
that once Cas12 binds to its target DNA, it can cut neighboring single-
stranded DNA (ssDNA) at random, activating a reporter molecule 
and producing a visible signal such as fluorescence or colorimetric 
changes. Fluorescence in CRISPR-Cas12-based AMR detection 
comes from reporter molecules that are activated upon collateral 
cleavage. When Cas12 binds to its target AMR gene, it undergoes 
non-specific ssDNA cleavage, cutting nearby fluorescently labeled 
probes. A  common approach uses a fluorescent-quencher probe, 
which consists of a fluorophore and a quencher linked by an ssDNA 
strand. In its intact state, the quencher suppresses fluorescence. When 
Cas12 cleaves the probe, the fluorophore separates from the quencher, 
producing a detectable fluorescence signal. CRISPR-Cas12’s high 
sensitivity and rapid reaction make it a perfect candidate for point-of-
care testing, which requires speedy findings [32]. Another intriguing 
CRISPR tool, Cas13, targets RNA rather than DNA, potentially 
broadening the scope of CRISPR diagnostics to encompass RNA 
viruses and other infections with RNA-based genomes [33]. Cas13-
based diagnostics are especially useful for detecting AMR in viral 
infections, allowing for greater flexibility in pathogen surveillance. 
Incorporating CRISPR technology with lateral flow assays (LFA) 
improves diagnostic capabilities by allowing for simple, user-friendly 
tests with little equipment. These assays, which are frequently used for 
point-of-care testing, enable healthcare practitioners to quickly screen 
for AMR indicators in clinical samples, allowing for more timely 
treatment decisions [34]. Furthermore, CRISPR-based diagnostics 
can be integrated with isothermal amplification methods such as 
Recombinase Polymerase Amplification and LAMP. These approaches 
enable the amplification of target DNA or RNA without the need for 
thermal cycling, making the platform ideal for resource-constrained 
environments and enabling quick, on-site testing [35].

Another notable feature of CRISPR-based diagnostic tools is their 
capacity to detect many AMR indicators concurrently via multiplexing. 
This capacity not only improves testing efficiency but also broadens 
the detection scope, enabling the identification of numerous resistance 
mechanisms in a single sample. This is especially significant in cases of 
polymicrobial illnesses, where many resistant organisms may exist [36]. 
Overall, CRISPR-based diagnostic tools provide a highly sensitive, 
quick, and versatile option for AMR detection, with the potential to 
transform clinical diagnosis and enhance the management of resistant 
microbes globally. Various CRISPR-based diagnostic platforms 
utilize different mechanisms to detect AMR markers in pathogens, 
including collateral cleavage activity, fluorescence-based detection, 
and colorimetric assays. These methods enhance sensitivity and enable 
rapid identification of resistance genes in clinical samples [Figure 1].

3.1. SHERLOCK
SHERLOCK is a revolutionary CRISPR-based diagnostic tool that 
uses Cas13, an RNA-targeting CRISPR protein, to detect nucleic 
acids, specifically RNA. When led by a specific RNA sequence, Cas13 
initiates its unique collateral RNA cleavage function. This means that 
when Cas13 binds to its target RNA, it not only cleaves it but also 
indiscriminately cuts adjacent RNA molecules, resulting in a visible 
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Figure 1: Clustered regularly interspaced short palindromic repeats-based 
diagnostic platforms for antimicrobial resistance detection.

signal. This signal can be visual, such as a color change, or quantifiable, 
such as fluorescence. However, detecting fluorescence signals 
requires specialized technology, such as a computer-based system or 
a fluorescence reader, to accurately measure and interpret the emitted 
signals when the adjacent gene is cleaved [37,38]. SHERLOCK has 
showed promising results in the detection of AMR indicators. CRISPR-
based diagnostics identify antibiotic resistance markers by designing 
CRISPR RNA (crRNA) sequences that specifically recognize RNA 
transcripts of resistance genes. When the CRISPR-Cas system detects 
the target RNA, it activates a signal, such as fluorescence or a color 
change, indicating the presence of the resistance gene. This allows for 
rapid and precise identification of antibiotic-resistant pathogens in 
clinical samples. This tool is especially useful for finding resistance 
mechanisms in real time, allowing healthcare providers to make faster 
treatment decisions [39]. The SHERLOCK platform is very sensitive, 
detecting even low amounts of target RNA, making it especially helpful 
in clinical and field settings where rapid diagnostics are required [40].

One of the primary benefits of SHERLOCK is its mobility and ease of 
use. The device can be configured for point-of-care testing, enabling 
on-site AMR detection in settings lacking modern laboratory facilities. 
This is especially useful in low-resource settings, where early diagnosis 
of resistant microorganisms can minimize unnecessary antibiotic 
use and limit the spread of resistant microbes [41]. In addition, 
SHERLOCK’s adaptability goes beyond bacterial pathogens. It has 
also been tested for the detection of additional infectious diseases, 
which increases its potential for wider application in global health 
monitoring and AMR surveillance [42].

3.2. DNA Endonuclease Targeted CRISPR Trans Reporter 
(DETECTR)
DETECTR is a CRISPR-based diagnostic platform that relies on the 
Cas12 protein, a CRISPR-associated protein renowned for its capacity 
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to detect and bind to specific DNA sequences. Cas12’s collateral 
cleavage is activated only after binding to a specific AMR gene 
sequence, ensuring high specificity. The gRNA (crRNA) is designed 
to target unique regions, minimizing off-target effects. Collateral 
cleavage primarily affects ssDNA reporters, not genomic DNA, and 
requires a PAM sequence for activation. In addition, Cas12 is mostly 
used in vitro for diagnostics, preventing unintended damage to the 
host genome. The reporter can generate a detectable signal, such 
as fluorescence or a colorimetric change, which gives a quick and 
obvious indicator of the presence of the target DNA sequence [43,44]. 
DETECTR is frequently used for the detection of infections and 
AMR indicators. The technique is especially successful at identifying 
resistance genes, including those responsible for beta-lactam antibiotic 
resistance, such as penicillin, as well as resistance to other antibiotic 
classes like aminoglycosides. DETECTR, which targets specific DNA 
sequences linked with these resistance genes, can swiftly identify 
resistant bacteria strains, allowing healthcare providers to make more 
accurate treatment decisions. The technology is highly sensitive, 
detecting even trace amounts of target DNA, and specific enough to 
distinguish between diseases with various resistance profiles [31,45]. 
One of the primary benefits of DETECTR is its quick response time. 
Results can be acquired in as little as 30 min, making it suitable for 
point-of-care testing when timely results are critical for optimal 
patient management. This is especially significant in clinical settings 
because early detection of resistant organisms can limit the wasteful 
use of broad-spectrum antibiotics, hence preventing further resistance 
development. A major drawback of applying and extending CRISPR-
based technology in resource-scarce areas is the need for well-
trained personnel to handle sample preparation, assay execution, and 
result interpretation. In addition, despite being more affordable than 
traditional methods, the technology still requires financial resources 
for reagents, portable detection devices, and infrastructure to maintain 
cold chain storage for CRISPR components, which can be challenging 
in low-resource settings [46].

3.3. CRISPR-based LFAs
CRISPR-based LFAs are a big step forward in point-of-care diagnostics, 
combining the simplicity and quick findings of standard lateral flow 
technologies with the precision and programmability of CRISPR-
Cas. LFAs are widely utilized in a variety of diagnostic applications, 
including pregnancy tests and rapid antigen detection, because of their 
simplicity, mobility, and quick turnaround times [47]. The addition of 
CRISPR technology to existing assays has increased their capability, 
allowing for the rapid and reliable identification of AMR indicators 
directly from clinical samples such as urine, sputum, or blood [48]. 
Cas12 and Cas13 are CRISPR-associated proteins used in diagnostics 
to detect AMR genes. Cas12 targets DNA and, upon binding, activates 
collateral cleavage, cutting nearby ssDNA reporters to generate a 
fluorescence or colorimetric signal. Cas13 targets RNA and exhibits 
similar collateral cleavage, making it ideal for detecting RNA-based 
resistance markers. These properties enable CRISPR-based LFAs for 
rapid and portable AMR detection. When these proteins detect their 
target sequences, they trigger a distinct collateral cleavage activity that 
cleaves neighboring reporter molecules. These reporter molecules are 
frequently attached to colorimetric or fluorescent tags, which emit a 
detectable signal upon cleavage, usually apparent as a color shift on 
the test strip [49,50].

A CRISPR-based LFA involves introducing clinical samples to a test 
strip containing an area where the CRISPR reaction occurs. If the 
sample contains AMR genes, the CRISPR system will bind to the target 

sequences and cause the cleavage of reporter molecules, resulting in a 
visible color shift or signal on the test strip. This method enables the 
quick detection of AMR markers without the requirement for complex 
laboratory processing, making it a suitable tool for use in resource-
constrained settings or on-site testing in clinical contexts. The assay’s 
simplicity and quickness make it widely accessible, allowing healthcare 
providers to make more informed treatment decisions in real time [47]. 
One of the primary benefits of CRISPR-based LFAs is their capacity 
to detect a wide variety of AMR indicators with excellent sensitivity 
and specificity. The CRISPR system’s precision in targeting genetic 
sequences ensures that only pathogens with specific resistance genes 
are discovered, reducing the chance of false positives. Furthermore, 
CRISPR-based LFAs can be multiplexed to detect numerous AMR 
markers at the same time, making diagnostic testing more efficient. 
This is especially important when illnesses are caused by many 
pathogens or when different types of resistance genes must be found 
simultaneously [51].

The use of CRISPR-based LFAs in clinical settings provides significant 
advantages over standard AMR detection techniques. Conventional 
approaches, such as culture-based techniques or PCR, can take hours 
or days to produce findings and frequently necessitate specialized 
laboratory equipment and skilled workers. In contrast, CRISPR-based 
LFAs provide results significantly faster, frequently in 30 min or less. 
This speed is critical in cases when a prompt diagnosis is required 
to guide treatment decisions and prevent the spread of resistant 
diseases [52,53]. Furthermore, the portability of CRISPR-based LFAs 
makes them ideal for use in field settings where access to advanced 
laboratory infrastructure is limited. These assays can be employed in 
remote or low-resource settings, making them an affordable option 
for monitoring AMR in a variety of populations. They also have the 
potential to be used in monitoring programs to track the transmission 
of resistance genes across different environments.

3.4. CRISPR-Cas9 for Genomic Editing and AMR Surveillance
CRISPR-Cas9, a groundbreaking genetic engineering technique, has 
expanded its applications beyond gene editing to include genomic 
surveillance of AMR. The CRISPR-Cas9 system, which was 
originally discovered as a bacterial immunity mechanism, allows for 
precise and targeted alterations to DNA sequences in living species, 
including bacteria. This capacity to directly modify the bacterial 
genome has been extremely useful for investigating and identifying 
specific resistance genes in clinical isolates. CRISPR-Cas9 allows 
for a more detailed analysis of how resistance characteristics are 
acquired and spread among bacterial populations, which is critical 
for understanding and controlling the global AMR epidemic [54,55]. 
One important application of CRISPR-Cas9 in AMR surveillance is 
to track the evolution of novel resistance mechanisms in real time. 
When researchers use CRISPR-based genome editing on a bacterial 
isolate with a known resistance profile, they can target and deactivate 
specific AMR genes, such as those that give resistance to antibiotics 
like beta-lactams or aminoglycosides. Observing changes in the 
bacterial phenotype following such alterations allows researchers to 
validate the significance of certain genes in resistance and track how 
these genes evolve or spread across other bacterial strains [56,57]. 
This sort of surveillance aids in predicting the dynamics of AMR in 
varied situations and can lead to more targeted measures to restrict the 
spread of resistance. In addition, CRISPR-Cas9 has been used with 
next-generation sequencing (NGS) to improve AMR surveillance. 
NGS enables thorough, high-throughput sequencing of whole bacterial 
genomes, offering a detailed understanding of genetic alterations and 
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resistance patterns found in complex bacterial populations [58]. When 
combined with CRISPR-Cas9, NGS may precisely identify AMR-
associated genomic alterations, even in mixed bacterial populations. 
This combination enables researchers to not only detect resistance 
genes but also comprehend their genomic context, such as how they 
cluster with other resistance determinants or evolve throughout distinct 
bacterial lineages [59]. Such deep insights into bacterial genomes are 
critical for monitoring resistance patterns, particularly in situations 
where several diseases coexist and interact. The combination of 
CRISPR-Cas9 and genomic surveillance tools such as NGS makes 
it easier to monitor resistance gene transfer between bacteria. HGT 
is a significant contribution to the transmission of AMR because 
resistance genes can be passed between bacterial species. By using 
CRISPR technology to selectively knock out resistance genes in 
clinical isolates, researchers can study gene transfer dynamics and 
gain deeper insights into how antibiotic resistance spreads in bacterial 
populations [60]. Furthermore, CRISPR-Cas9 technology is being 
investigated for its ability to generate genetic libraries of bacterial 
strains with specific AMR profiles. Creating these libraries allows 
researchers to explore the genetic pathways involved in resistance 
development and identify previously unknown resistance mechanisms. 
These libraries can also be used to test potential antimicrobial 
medicines, providing information about how novel drugs may interact 
with resistant bacteria [57].

4. APPLICATION OF CRISPR DIAGNOSTICS FOR AMR IN 
DIFFERENT PATHOGENS

CRISPR-based diagnostics for AMR detection rely on the ability of 
CRISPR-Cas systems to recognize and cleave specific DNA or RNA 
sequences associated with resistance genes. The process begins with 
the collection of bacterial samples from clinical sources such as 
blood, urine, or sputum, followed by the extraction of nucleic acids. 
A  CRISPR-associated enzyme, such as Cas12, Cas13, or Cas9, is 
programmed with a gRNA to specifically target known AMR genes. 
Upon successful binding, the enzyme cleaves the target sequence, 
activating a reporter molecule that generates a detectable signal. 
This signal can be visualized through fluorescence, colorimetric 
changes, or lateral flow strips, allowing for rapid and sensitive 
detection of resistance markers. The speed and accuracy of CRISPR-
based diagnostics enable healthcare professionals to quickly identify 

resistant bacterial strains, facilitating timely and informed decisions 
regarding antibiotic treatment and reducing the spread of AMR [61]. 
The application of CRISPR-based diagnostics for AMR in different 
bacterial pathogens, highlighting the key features, CRISPR systems 
used, and their clinical relevance [Table 2].

5. ADVANTAGES OF CRISPR-BASED DIAGNOSTICS FOR 
AMR DETECTION

CRISPR-based diagnostic technologies outperform traditional 
diagnostic approaches in terms of speed, sensitivity, specificity, and 
portability, making them valuable tools in both clinical and field 
settings. The primary benefits are as follows:

5.1. Speed
CRISPR-based diagnostics offer a quick turnaround time, which is a 
key advantage. Traditional culture-based procedures can take several 
days to produce results, whereas CRISPR-based diagnostics can yield 
results in 30  min to an hour. This fast response allows for timely 
decision-making in clinical settings, allowing appropriate antibiotic 
administration and improving patient outcomes [28].

5.2. Sensitivity and Specificity
The CRISPR system’s capacity to target specific genomic sequences 
makes it extremely sensitive and specific for detecting AMR indicators. 
Even when the pathogen load is minimal, CRISPR-based diagnostics 
may accurately detect resistance genes, allowing for early diagnosis of 
infections. This high sensitivity and specificity limit the possibility of 
false positives or negatives, resulting in reliable detection of resistant 
infections [66].

5.3. Portability
Many CRISPR-based diagnostic technologies, like LFAs and portable 
handheld devices, are intended to be lightweight and simple to use in 
nonlaboratory settings. These platforms can be used at point-of-care 
venues such as hospitals, clinics, and even field settings, eliminating 
the need for costly laboratory equipment. This portability is especially 
useful in resource-constrained environments or during outbreaks, 
where prompt diagnosis is vital [67].

Table 2: Application of CRISPR‑based diagnostics for detecting antimicrobial resistance markers in different pathogens.

Pathogen Target resistance gene (s) CRISPR platform 
used

Detection method Clinical application References

Methicillin‑resistant 
Staphylococcus aureus 
(MRSA)

Methicillin resistance mecA gene 
(responsible for beta‑lactam 
resistance)

CRISPR‑Cas9 or 
CRISPR‑Cas12

Fluorescent or 
colorimetric detection

Rapid MRSA identification 
for timely antibiotic 
selection

[56]

Carbapenem‑resistant 
Enterobacteriaceae 

Carbapenemase‑producing genes  
(e.g., KPC, NDM, VIM, GES, IMP, 
SPM, SIM, and OXA‑48)

CRISPR‑Cas12 or 
CRISPR‑Cas13

Lateral flow assay, 
fluorescence

Quick detection of 
carbapenem resistance to 
guide treatment decisions

[62]

Vancomycin‑resistant 
Enterococci (VRE)

vanA and vanB genes (confers 
resistance to vancomycin)

CRISPR‑Cas9 or 
CRISPR‑Cas12

Colorimetric or 
fluorescence‑based 
assay

Helps in early detection of 
VRE to prevent hospital 
outbreaks

[63]

Multidrug‑resistant 
Mycobacterium 
tuberculosis (MDR‑TB)

rpoB gene (rifampin resistance), katG 
gene (isoniazid resistance)

CRISPR‑Cas9 or 
CRISPR‑Cas12

Fluorescence‑based 
detection, sequencing 
integration

Accelerates MDR‑TB 
diagnosis and supports 
proper treatment selection

[64]

Escherichia coli and 
Pseudomonas aeruginosa

Beta‑lactamase, aminoglycoside 
resistance genes

CRISPR‑Cas12 or 
CRISPR‑Cas13

Fluorescence, 
paper‑based biosensors

Enables rapid screening of 
resistant strains in urinary 
tract infections and other 
infections

[65]
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5.4. Cost-effectiveness
CRISPR-based diagnostics are less expensive than traditional 
procedures, making them more accessible in resource-limited 
environments. The CRISPR technique’s simplicity reduces production 
costs, and many diagnostic platforms do not require expensive 
chemicals or complicated equipment [46]. This pricing makes wider 
deployment more feasible, especially in low-  and middle-income 
nations with a high burden of AMR.

6. CHALLENGES AND FUTURE DIRECTIONS

Despite the tremendous promise of CRISPR-based diagnostics 
for AMR detection, various hurdles must be solved before these 
technologies can be completely implemented in clinical and field 
settings.

6.1. Complexity of Sample Preparation
While CRISPR systems can detect AMR indicators directly from 
clinical samples, the method frequently includes nucleic acid extraction 
and amplification steps. These stages, while necessary to ensure the 
quality and quantity of genetic material, can add complexity and time 
delays. To fully realize the potential of CRISPR-based diagnostics, 
strategies for simplifying and streamlining sample preparation will be 
critical, especially in point-of-care settings when time and resources 
are limited [68].

6.2. Multiplexing
Multiplexing, or identifying numerous AMR indicators in a single 
experiment, is one of the most critical hurdles for CRISPR-based 
diagnostics. In clinical practice, infections are frequently caused by 
a combination of microorganisms, each of which may have unique 
resistance mechanisms. While multiplexed CRISPR assays are being 
developed, detecting a large range of resistance genes in a single test 
remains technically difficult [36]. Effective multiplexing without 
sacrificing sensitivity or accuracy, particularly in the case of mixed 
infections, will be critical for increasing the value of CRISPR-based 
diagnostics in clinical and public health contexts [36].

6.3. Regulatory Approval
CRISPR-based platforms, like any new diagnostic technology, must 
go through stringent regulatory approval processes to verify their 
safety, efficacy, and dependability. The regulatory approval procedures 
for CRISPR diagnostics are continually emerging, and these systems 
must meet high standards before being utilized in clinical practice. 
Obtaining regulatory authorization may take time, and negotiating 
the complicated regulatory landscape may postpone widespread 
implementation of CRISPR-based diagnostic tools [69].

6.4. Ethical and Privacy Concerns
The use of CRISPR technology in diagnostics poses numerous ethical 
and privacy concerns. One such risk is the possibility of misuse, 
particularly in the case of genetic data. The capacity to swiftly 
and efficiently edit or analyze genetic material can have serious 
ramifications for personal privacy, particularly when genetic data 
are stored and shared electronically. As CRISPR-based diagnostics 
become more extensively utilized, ethical concerns about permission, 
data privacy, and potential genetic prejudice must be addressed [70].

In the future, the integration of CRISPR diagnostics with other 
technologies such as microfluidics, artificial intelligence (AI), 

and biosensors may improve the capabilities of these platforms. 
Microfluidic devices may enable on-chip amplification and detection 
of genetic material, resulting in faster and more portable diagnostics. 
AI could help interpret diagnostic results and improve accuracy, 
particularly when dealing with complicated data sets or mixed 
illnesses [46,71]. Furthermore, ongoing innovation and surveillance 
will be required to keep up with the changing landscape of AMR, 
allowing CRISPR diagnostics to remain effective against growing 
resistance patterns and novel pathogens.

7. CONCLUSION

CRISPR-based diagnostic tools have transformed the detection of AMR 
by providing faster, more accurate, and cost-effective alternatives than 
conventional approaches. SHERLOCK, DETECTR, and CRISPR-
based LFAs have all shown promising results in detecting AMR gene 
in pathogens such as MRSA, CRE, and VRE. These platforms have 
several advantages, including high sensitivity, portability, and the 
capacity to produce data within 30 min to an hour, making them ideal 
for use in point-of-care settings. Despite their potential, problems 
such as sample preparation complexity, multiplexing requirements, 
regulatory approval, and ethical issues about genetic data must be 
addressed. Future improvements in CRISPR diagnostics, particularly 
those involving microfluidics and AI, will improve detection 
capabilities and enable multiplexed identification of resistance genes. 
Continued innovation and surveillance will be critical in keeping 
up with emerging infections and resistance patterns, ensuring that 
CRISPR-based diagnostics are effective in combatting AMR.
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