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tests, metagenomic-based tests, and imaging tests [7–9]. 
However, the existing diagnostic methods have disadvan-
tages such as low detection accuracy, slow detection speed 
and high detection cost [10–12]. Improvements in existing 
diagnostic methods for emerging infectious diseases are 
increasingly being explored by researchers. In recent years, 
diagnostic technologies based on Clustered Regularly Inter-
spaced Short Palindromic Repeats (CRISPR) and CRISPR-
related proteins (Cas) have gradually matured, It has brought 
about significant changes in our diagnostic techniques [13]. 
Its application will provide a new idea for the rapid diag-
nosis of infectious diseases in hospitals, communities and 
families, as well as a new method for the timely treatment 
and intervention of infectious diseases and epidemiologi-
cal monitoring. In this paper, we described the biological 
principles, application fields and prospects of CRISPR-Cas 
system in the molecular diagnosis and treatment of infec-
tious diseases, and compared it with existing molecular 
diagnosis methods, the advantages and disadvantages were 
summarized.

Introduction

Emerging and relapsing infectious diseases pose a huge 
health threat to human health and a new challenge to global 
public health. Since the 21st century, many emerging infec-
tious diseases have emerged and spread in the world. Zika, 
swine flu, avian flu, Ebola, SARS and MERS, and the 
COVID-19 pandemic in late 2019 have done great harm 
to human health, present some recent examples of a global 
epidemic of emerging infectious diseases [1–6]. The early 
detection and timely diagnosis and treatment of emerging 
infectious diseases are of great significance to the preven-
tion and control of emerging infectious diseases. Tradi-
tional methods of diagnosing emerging infectious diseases 
include traditional culture tests, multiple real-time PCR 
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CRISPR-Cas biology and principle

The CRISPR and CRISPR-associated endonuclease (Cas) 
is an important part of the adaptive immune system of bac-
teria [14]. It can be used to protect bacteria by recogniz-
ing specific exogenous nucleic acid sequences and cutting 
them specifically [15] [16]. The CRISPR adaptive immune 
system can protect prokaryotic cells from foreign nucleic 
acid invasion by using nucleases guided by CRISPR RNA 
(crRNA). It can target RNA cleavage, catalyze RNA deg-
radation, and different Cas proteins have different catalytic 
activity, can recognize orthogonal crRNA sets, and have 
different ssRNA cutting specificity [17]. Some studies have 
found that CRISPR system, as a gene programming tool, 
can improve the gene diagnosis ability, and at the same 
time, target to kill RNA viruses [18, 19]. The application 
of CRISPR has important implications for the treatment of 
human genetic diseases, the discovery of new drugs and 
rapid diagnosis of diseases [20–22]. In the context of emerg-
ing infectious diseases, the CRISPR-Cas system, as a fast, 
accurate and convenient genome editing tool, provides a 
fast, inexpensive and highly sensitive diagnosis when used 
for nucleic acid detection [23, 24].

Classification of CRISPR-Cas system

Existing CRISPR systems are classified into 2 classes, 6 
types and 33 subtype. The first class of CRISPR system has 
effectors composed of multiple cas proteins that act on the 
binding and processing of target proteins, while the second 
class of CRISPR system consists of a single protein with 
multiple domains [25]. The class 1 system accounts for 
about 90%, which can target DNA and RNA to play their 
biological role[26]. It includes types I, III, and IV, of which 
types I and III are more common, often occurring in archaea, 
and can drive targeting and DNA cleavage [27]. However, 
type IV system is rare and lacks highly conserved adaptive 
modules and nucleic effector enzymes, which are the signa-
ture components of CRISPR-Cas system, and can play an 
important regulatory role by targeting foreign plasmids [28]. 
The class 2 system includes types II, IV, and VI. It contains 
three effector proteins, Cas9, C2c1 and Cpf1 [29]. The pro-
tein effect modules in class 2 CRISPR-Cas system are often 
derived from mobile genetic elements, which have been 
successfully used in genome engineering. In recent years, 
the diversity of the CRISPR-Cas system has increased dra-
matically as technology advances and developments allow 
researchers to combine computation and experiments, and 
the classification of the CRISPR system has entered a new 
era with the increase of new variants [30].

Current molecular diagnostic tools for 
infectious diseases

In the diagnosis of emerging pathogens, mNGS (Metage-
nomic Next-Generation Sequencing) and RT-PCR (Real-
time reverse transcription polymerase chain reaction) are 
the most commonly used molecular diagnostic methods 
[31, 32]. MNGS performed a comprehensive analysis of all 
nucleic acids in the sample to directly identify infectious 
microorganisms[33]. RT-PCR is currently recognized as the 
gold standard nucleic acid amplification experiment [34, 
35]. They play an important role in determining the patho-
gen of emerging infectious diseases, but they also have the 
disadvantages of long detection time and high experimental 
conditions, which can be addressed by the CRISPR system. 
Nucleases such as Cas12a, Cas12b and Cas13a, which bind 
to crRNA targets, have unique enzymological properties 
and can detect nucleic acids by cleavage of surrounding 
single-stranded DNA [36, 37]. Using CRISPR-Cas system 
in clinical samples to detect pathogens of emerging infec-
tious diseases is superior to other testing methods in terms 
of time and cost [38]. Table 1 compared the three molecular 
detection methods. Rapid nucleic acid testing is considered 
to be an important component of many techniques related 
to human health and biology. It can help identify and diag-
nose many infectious diseases. In recent years, the CRISPR-
Cas system has begun to be used for molecular diagnosis 
of diseases. And many tools based on CRISPR-Cas system 
methods have been used to diagnose and treat emerging 
infectious diseases [39]. The engineering of the CRISPR 
tool involves structural modification of the Cas protein to 
enhance specificity to target nucleic acids [40]. Using the 
CRISPR-Cas system is critical for rapid diagnosis and treat-
ment of infectious diseases during the global epidemic.

How CRISPR-Cas system is used to diagnose 
and treat infectious diseases

In 2013, CRISPR-Cas system’s multi-genome editing capa-
bilities made possible powerful applications in basic sci-
ence, biotechnology and medicine [41]. This also brought 
new ideas and methods for the diagnosis and treatment of 
emerging infectious diseases. The CRISPR-Cas system is 
a prokaryote driven gene editing tool [42]. It can recognize 
specific DNA and RNA sequences in various living cells 
[43]. The CRISPR-Cas system detects required DNA or 
RNA sequences on a disease diagnostic platform through the 
CRISPR-Cas enzymology and amplification process [44]. 
Cas9, Cas12, and Cas13 protein are common nucleic acids 
used to diagnose infectious diseases[45–47]. Figure 1 intro-
duced the mechanism detection platform based on CRISPR/
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Cas9, CRISPR/Cas12 and CRISPR/Cas13. CRISPR-asso-
ciated protein 9 (Cas9), derived from the CRISPR Type II 
bacterial immune system, was an RNA-guided DNA endo-
nuclease that could program for new sites by changing the 
sequence of its guided RNA [48]. It was developed as a 
tool to make sequence specific gene editing easier. Since 
the development of RNA editing technology in the Type II 
CRISPR-Cas9 system in 2012, a series of CRISPR tech-
nologies have been developed for the diagnosis and treat-
ment of emerging infectious diseases [49]. Pardee et al. used 
nucleic acid sequence amplification (NASBA) in combina-
tion with CRISPR-Cas9 to accurately distinguish Zika virus 
strains in the plasma of a macaque. The researchers attached 
the synthesized trigger sequence to the viral RNA amplified 
by NASBA and used the sgRNA-Cas9 complex to cut off 
dsDNA. The diagnosis was performed by activating sensor 
switches that, when incorporated into the diagnostic work-
flow, provided precise genetic information for use in the 
field within hours [50]. Quan et al. showed that CRISPR-
Cas system can be used to detect and diagnose antibiotic 
resistant sequences, thus treating resistant microorganism 
[51]. Dronina et al. discussed the role of genome editing tool 
CRISPR-Cas9, and the results showed that DNA modifica-
tion enzymes including CRISPR-Cas9 system can be used 
as DNA and RNA sensors, and then used for rapid detection 
of infectious pathogens and detection of the occurrence of 

infectious diseases [52]. The CRISPR-Cas12a (Cpf1) pro-
tein was an RNA-guided enzyme that bound and cuted DNA 
as part of the bacterial adaptive immune system. This was 
based on the production of targeted double-stranded DNA 
breaks. Chen et al. demonstrated that RNA-guided DNA 
binding could release the cleavage activity of arbitrary sin-
gle-stranded DNA (ssDNA) by completely degrading the 
Cas12a of the ssDNA molecule, and that the targeted acti-
vation of non-specific single-stranded deoxy RNA nuclease 
(ssDNase) cleavage was also characteristic of other V-type 
CRISPR-Cas12 enzymes. The researchers also created a 
method called DNA endonuclease-targeted CRISPR trans 
reporter (DETECTR), which combined Cas12a ssDNase 
activation with isothermal amplification and had extremely 
low sensitivity to DNA detection. It is a molecular diagnos-
tic technology that can detect human papillomavirus (HPV) 
quickly and specifically [53]. The Cas12a-CrRNA complex 
binds and sects the target HPV dsDNA, thereby activating 
trans-secting of ssDNA. Fluorescent reporter genes coupled 
with ssDNA produce fluorescent signals when they are 
cleaved. It also provided a platform for efficient and con-
venient detection of HPV subtypes associated with cervical 
cancer [54]. Studies have also shown that Cas12a is more 
accurate and effective for diagnosis [55]. Ding et al. devel-
oped a rapid and accurate method for real-time detection of 
Hepatitis B virus (HBV) based on LAMP-Cas12a. It solved 
the problems of extracting nucleic acid from samples and 
detection in 10  min on site. The analysis results are dis-
played with fluorescent readings and transverse flow test 
bars. Transverse flow test strip technology makes results be 
visible to naked eyes, while fluorescence readings enable 
real-time, highly sensitive detection. The LAMP-Cas12-
based HBV test relies on minimal equipment, provides fast, 
accurate results and low cost, and provides important prac-
tical value for real-time detection of HBV [56]. Luo et al. 
first found CRISPR-Cas12a had trans-cutting activity, and 
combined its trans-cutting capability with Au-nanobeacon 
to establish a new medical early diagnosis tool with rapid 
and high sensitivity [57]. Cas13 is a programmable single-
effect RNA-guided ribonuclease, which belongs to type VI 
CRISPR-Cas system. It can be used to target a wide range 
of ssRNA viruses, and the developed Cas13-assisted virus 
expression and readout restriction system (CARVER) has a 
wide range of potential utility for rapid diagnosis of emerg-
ing infectious diseases and antiviral drug development. In 
2018, Gootenberg et al. developed a platform called SHER-
LOCK (Specific Highly Sensitive Enzyme Report Unlock-
ing) that detected individual molecules of RNA or DNA 
through isothermal pre-amplification combined with Cas13. 
The platform highlighted its potential as a multi-channel, 
simple, rapid and accurate nucleic acid detection platform 
through the characterization and application development of 

Table 1  Comparison of three molecular diagnostic methods
Method Time 

required
Response 
procedures

Advantages Disadvan-
tages

mNGS 20 h Library prepa-
ration, mNGS 
sequencing, 
bioinformatics 
analysis

Compre-
hensive 
analysis of 
all nucleic 
acids, 
rapid and 
preliminary 
identifica-
tion of new 
pathogens

Expensive 
equipment, 
complexity 
of operation, 
and not all 
genomes 
were 
available

RT-PCR 1.5 h Reverse 
transcription, 
RNA-cDNA 
hybridization 
denatur-
ation, PCR 
amplification

Gold 
standard, 
currently 
the most 
common 
detection 
method

Complex 
laboratory 
infrastructure 
required, 
specialized 
technical 
personnel

CRISPR-Cas0.6 h DNA ampli-
fication, Cas 
reaction

Low cost, 
high sensitiv-
ity, no need 
for complex 
instruments 
and equip-
ment, fast and 
convenient 
for field 
testing

Not widely 
used in clinical 
trials, pend-
ing clinical 
validation

1 3



Molecular Biology Reports

human immunodeficiency virus (HIV) reserve cell types 
and maintain inhibition to HIV-1 [65]. The study of Wang 
et al. also showed that the gene editing technology based on 
CRISPR-Cas9 combined with drug therapy had a significant 
inhibitory effect on the growth of cancer cells [66]. These 
results revealed the great value of the CRISPR-Cas9 system 
in the treatment of viral infections [65]. It has been used as 
an antiviral treatment because it provided protective immu-
nity against invading viruses [67]. Abbott et al. discovered 
a CRISPR-based therapy called the prophylactic antiviral 
CRISPR (PAC-MAN-T6) approach in human cells, using 
Cas13, with strong target lysis activity [68]. Aggregation 
of regularly spaced short palindromic repeats (CRISPR)/ 
CRISPR-related proteins (Cas) and EDITING systems 
derived from CRISPR-Cas have changed the landscape of 
gene therapy. Their ability to edit genome sequences and 
enable gene destruction and modification has expanded the 
range of gene therapy targets and accelerated the develop-
ment of many rare diseases that can be treated by transplan-
tation or modification of hematopoietic stem cells. In short, 
the CRISPR-Cas system is an effective tool for treating bio-
logical diseases or chemotherapy as a therapeutic strategy 
to correct genetic defects [69]. It has become a promising 
therapeutic and molecular diagnostic technique.

COVID-19 is a novel pneumonia caused by the novel 
coronavirus. It is characterized by rapid transmission and 
high pathogenicity, which has caused great harm to human 
health [70]. Recent studies have found that the success-
ful combination of CRISPR technology and nucleic acid 
amplification technology can achieve high sensitivity and 
rapid detection of severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), thus having important implica-
tions for the diagnosis and treatment of COVID-19 [71]. 

CRISPR enzymological properties for side-flow detection 
of Dengue or Zika virus [58]. To sum up, CRISPR-Cas sys-
tem has been used to detect RNA viruses, diagnose diseases, 
and identify various bacterial pathogens [59]. The CRISPR-
based platform is considered a good diagnostic platform 
for infectious diseases. The emerging CRISPR diagnostic 
tool will have great potential for detecting viral and tumor-
derived nucleotides, DNA methylation, and single nucleo-
tide polymorphisms [60].

During chronic and latent viral infections, the virus can 
remain in the host cell indefinitely, and treatment becomes 
challenging when the virus takes over the host cell [61]. 
Based on the fact that viral genome replication completes 
its life cycle within the cell, CRISPR-Cas system mediated 
degradation of highly conserved and essential genetic ele-
ments to suppress the virus is considered to be a cheaper and 
effective antiviral strategy [62]. CRISPR-based systems can 
control viral genomes within host cells, making them unable 
to transcribe and replicate [63]. Therefore, CRISPR gene 
editing could treat chronic infections [64]. It is particularly 
suited to overcoming outbreaks of viral infections because 
their effective control relies on effective treatment, but also 
on rapid diagnosis to prevent disease transmission. The 
CRISPR toolkit provides DNA-and RNA-targeting nucle-
ases, which will have important implications for fighting 
viral infections. They can be used to manipulate viral and 
host genomes for therapeutic purposes, as well as to prepare 
sensor devices for detecting viral nucleic acids. Research 
by Liao et al. has shown that the CRISPR-Cas9 system 
can destroy the latent viral genome and play a long-term 
defense against viral infection in human cells. They found 
that human induced pluripotent stem cells that express HIV-
targeted CRISPR-Cas9 can effectively differentiate into 

Fig. 1  Based on the mechanism of CRISPR/Cas9, CRISPR/Cas12, CRISPR/Cas13 detection platform
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simplicity, speed and low cost [78](Fig.  2). The develop-
ment of the CRISPR-Cas system has made the immediate 
detection of pathogens possible. Based on LAMP-Cas12a, 
Cas12a can detect HBV in 13-20  min [56]. The regula-
tion of CRISPR-Cas9 genome editing on HIV-1 genome 
has become an effective tool for CRISPR-Cas9 system to 
treat HIV-1 [79]. Using a combination of isothermal ampli-
fication and CRISPR-Cas12a-mediated detection, HIV-1 
genotypes were detected in 30  min under non-laboratory 
conditions [80]. Tuberculosis (TB) is difficult to diagnose 
quickly. The CRISPR-MTB method could complete DNA 
extraction, amplification and Cas12a detection in 1.5 h. This 
method can be used to diagnose mycobacterium tuberculo-
sis rapidly on the same day [81]. Table 2 summarized the 
detection of some infectious diseases based on CRISPR-Cas 
system.

COVID-19, which is caused by SARS-CoV-2, has caused 
a global pandemic. So far, there have been multiple mutant 
strains, which are more contagious and have a higher fatality 
rate, posing a great challenge to the prevention and control 
of the epidemic. The management of emerging infectious 
diseases, such as COVID-19, requires a variety of mea-
sures, including social distancing and medical isolation of 
confirmed patients. Therefore, a highly sensitive diagnos-
tic kit with rapid early detection capability is needed. RT-
PCR is the most accurate method to detect COVID-19, but 
it requires advanced equipment and specialized personnel, 
and is not suitable as a screening method for COVID-19 
[82]. Many people infected with COVID-19 have no clini-
cal symptoms but remain highly contagious [83, 84]. Rapid 
detection of asymptomatic infected persons is key to con-
trolling the epidemic, and the nucleic acid detection tech-
nology of the CRISPR-Cas system opens up a new path in 
mass screening. Such as SHERLOCK (Cas13a), DETECTR 
(Cas12a), CDetection (Cas12b) and CAS14-DETECTR in 
a variety of pathogen detection applications [64]. Since the 
outbreak of COVID-19, research on CRISPR-Cas detection 
of SARS-COV-2 has developed rapidly. An AUNP-based 
visual analysis method combined with Cas12a-assisted RT-
LAMP (CLAP) could detect 4 copies /µL of SARS-CoV-2 
RNA within 40 min under optimal conditions [85]. A study 
found that wild type and mutated SARS-CoV-2 could 
be detected by loop-mediated isothermal amplification 
(LAMP) at 60–65℃ using the engineered Cas12a enzyme. 
The use of hybrid DNA-RNA guides increased response 
speed, allowing the test to be completed within 30 min [86]. 
Cas13a crRNAs can specifically target SARS-CoV-2 or 
detect related coronavirus strains broadly, and the indirect 
effects of Cas13a are combined with a generic autonomous 
enzyme-free hybridization chain reaction (HCR) to trigger 
the downstream HCR circuit by designing a cleavage hair-
pin reporter release promoter sequence [87]. The detection 

Broughton reported a rapid (< 40 min), simple, and accurate 
CRISPR-Cas12-based side-flow assay for SARS-CoV-2 
in RNA extracts from respiratory swabs. CRISPR-based 
DETECTR provides a visual, fast alternative to RT-PCR 
detection for SARS-COV-2, with a 95% positive and 100% 
negative predictive consistency [72]. Moon et al. reported a 
colorimetric virus detection method based on the clustered 
regularly spaced short palindromic repeats (CRISPR)/Cas9 
intraconuclide death (dCas9) system. In this approach, RNA 
is directly identified by the CRISPR/dCas9 oligonucleotide 
system (PAMmer), which has a biotin-primordium proto-
spacer adjacent motif (PAM). Streptavidin-horseradish per-
oxidase then binds to biotin and induces color changes by 
oxidizing 3, 3’, 5, 5’ -tetramylbenzidine. This method can 
identify severe acute respiratory SARS-CoV-2, pH1N1 and 
other viruses by color change [73]. Lin et al. found that the 
use of glycerin additive can further improve the detection 
efficiency of recombinant enzyme polymerase amplification 
(RPA)-CRISPR/Cas12a method. The improved CRISPR-
Cas12a method is simple, sensitive and versatile, and can 
be used as a real-time nucleic acid monitoring and detection 
platform [74]. Meanwhile, the CRISPR-Cas system is also 
playing an important role in the development of improved 
antiviral. Wang et al. identified the specific viral fragment 
of SARS-COV-2 through bioinformatics methods, designed 
the crRNA library based on this, and screened out the most 
effective crRNA sequence, which has a strong cleavage 
effect on S protein and a strong side branch cleavage effect. 
Thus, a new antiviral tool against SARS-COV-2 based on 
CRISPR-Cas13 was provided [75]. Zeng et al. demon-
strated that CRISPR-Cas13d, as a new broad-spectrum anti-
viral drug, can inhibit multiple SARS-CoV-2 variants and 
multiple human coronavirus strains, providing an important 
complement to existing antiviral strategies [76]. Liu et al. 
demonstrated that Cas13b has specificity, high efficiency 
and rapid deployment, which may provide a theoretical 
basis for the development of antiviral drugs that can inhibit 
and prevent a wide range of SARS-CoV-2 mutants [77]. 
Therefore, the application of CRISPR/Cas system in the 
diagnosis and treatment of emerging infectious diseases will 
be very promising and meaningful.

Application of CRISPR-Cas system in 
diagnosis and treatment of infectious 
diseases

Since the discovery of the CRISPR system, many CRISPR-
related diagnostic and therapeutic techniques have been 
developed. The CRISPR-Cas System plays an important 
role in the diagnosis and treatment of various infectious dis-
eases due to its advantages of high specificity, sensitivity, 
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or isothermal recombinase polymerase amplification (RPA) 
were detected using a customized CRISPR Cas12a/gRNA 
complex and fluorescent probes to enable sensitive detec-
tion at sites that do not have the RT-PCR system required 
for qPCR diagnosis. The method was highly sensitive to 
the detection of SARS-COV-2 virus, with a reaction time of 
about 50 min and a detection limit of 2 samples per sample. 
The CRISPR analysis diagnostic results obtained from nasal 

method based on the CRISPR-Cas13 amplification strategy 
is expected to be used to monitor the transmission of SARS-
CoV-2 associated with objects [88].

In recent years, various detection methods combined 
with isothermal amplification and CRISPR-Cas system have 
become diagnostic tools for rapid detection of SARS-CoV-2 
virus RNA. Huang et al. developed a CRISPR-based analy-
sis method. Target amplifiers produced by standard RT-PCR 

Table 2  The characteristics of CRISPR-based diagnostic methods
CRISPR-
based 
method

Pathogen Enzyme/Effector Type of 
Nucleic 
acid

Characteristics Time 
required

Refer-
ences

Cas9 Zika virus Cas9 dsDNA Isothermal amplification nucleic acid sequence-
based amplification (NASBA) was combined with 
Cas9 cleavage activity

180 min 50

Cas12 HPV LbCas12a ssDNA Recombinase polymerase was coupled with 
LbCas12a for isothermal amplification

< 60 min 53

HBV Cas12a ssDNA The test results were visualized by fluorescence 
readout and lateral flow strips

13-20 min 56

TB Cas12a dsDNA The test was combined with the Recombinant 
Polymerase Amplification (RPA) step and the 
subsequent Cas12a detection step

90 min 81

SARS-CoV-2 LbCas12a ssRNA Isothermal amplification was combined with 
CRISPR-Cas12 DETECTR technology

< 40 min 72

HIV-1 Cas12a ssDNA The test was combined with the isothermal amplifi-
cation and CRISPR-Cas12a-mediated detection

< 30 min 80

Cas13 SARS-CoV-2 Cas13a ssRNA A biosensing technology was based on HCR 
coupled CRISPR-Cas13a

< 60 min 87

Dengue or Zika 
virus

LwaCas13a、PsmCas13b ssRNA A combination of isothermal preamplification and 
Cas13 was used to detect RNA or DNA single 
molecules

< 90 min 58

Fig. 2  Application of CRISPR/Cas system in diagnosis and treatment of infectious diseases
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CRIPSR tool, the efficiency of CRISPR-Cas system should 
be enhanced in order to reduce the immune response.

Cas9 and Cas12 proteins can recognize and cut dsDNA 
in a PAM-dependent manner, so as to specifically target spe-
cific gene sequences in target genes [98]. However, some 
highly specific sequences are not available, so it is neces-
sary to strengthen the CRISPR tool for target selection. In 
addition, the widespread existence of RNA enzymes leads 
to RNA instability, thus affecting the diagnostic efficiency 
of CRISPR.

Conclusions

In modern infectious disease prevention and control, 
although we have made great progress, in the face of some 
newly emerging infectious diseases, such as COVID-19, we 
still need more accurate, portable, easy handled diagnose 
technology of low cost. As the virus continues to mutate 
and vaccinate, the number of asymptomatic infected people 
around the world is increasing. Therefore, early diagno-
sis of coronavirus recognition will be vital for prevention 
and control of COVID-19. Exporing more sensitive practi-
cal methods for early detection is critical for control of the 
COVID-19 pandemic.

The CRISPR-Cas system is a new generation of gene 
editing technology that is commonly used for rapid molecu-
lar diagnosis and treatment. CRISPR-based diagnostics are 
easy to use, easy to carry, and take less time than the real-time 
PCR-based assay currently in use. CRISPR-Cas system has 
been shown to be useful in diagnosing and treating dengue, 
Zika, HIV, tuberculosis, hepatitis B and more. DETECTR 
and SHERLOCK technologies based on CRISPR diagno-
sis are fast, effective and low-cost, while RNA viruses are 
unstable and easy to mutate. Therefore, it will be a challenge 
to develop a therapy to treat RNA viruses. In therapeutics 
targeting CRISPR-Cas technology, besides viral genome, 
host virus replication is also involved. CRISPR-Cas system 
can resist the entry of novel coronavirus into host cells by 
delivering CRISPR-13d. In the future, further efforts should 
be made to develop more sensitive and effective CRISPR 
technologies, as well as to evaluate the safety and potential 
toxicity of future CRISPR applications.

Supplementary Information  The online version contains 
supplementary material available at https://doi.org/10.1007/s11033-
022-07752-z.

Author contributions  Juan Lou and Bin Wang contributed equally to 
this study. All authors contributed to the conception and writing of the 
study and read and approved the final manuscript.

Funding  This work was supported by Innovative Research Team Proj-
ect of Hainan Natural Science Foundation (No.820CXTD438) and Na-

swab samples from suspected COVID-19 patients were 
comparable to quantitative RT-PCR tests and superior to the 
same clinical laboratory tests [89].

Currently, there is no specific treatment for some emerg-
ing infectious diseases, such as COVID-19, so it is critical 
to find some effective ways to diagnose and treat emerging 
infectious diseases. A recent study has shown that CRISPR-
Cas13 has become an effective system for protecting host 
bacterial cells from phage infection via specific cRNA [90], 
so this strategy could also be used to design therapeutic 
drugs targeting the ssRNA genomes of emerging infec-
tious diseases. Abbott et al. developed and demonstrated a 
CRISPR-Cas13-based strategy, PAC-MAN (Prophylactic 
Antiviral CRISPR in Human Cells), that degraded SARS-
CoV-2 sequences and Influenza A virus (IAV) RNA in cells, 
identification of functional crRNA targeting SARS-COV-2. 
The method reduces viral load in cells. A group of just six 
crRNAs can target more than 90% of coronaviruses, making 
PAC-Man potentially an important pan-coronavirus sup-
pression strategy [91]. The development of CRISPR-based 
tools to treat emerging infectious diseases has good research 
prospects.

Limitations of the CRISPR-Cas system in 
diagnostic therapy

The biggest limitation to the widespread use of the CRISPR-
Cas system is its inability to recognize specific nucleic acids 
for diagnostic and therapeutic use [92, 93]. The efficient 
delivery of the CRISPR-Cas system can address this off-
target effect by increasing the modification of the CRISPR 
protein to enhance the specificity of the target nucleic acid 
[94]. The off-target effect can usually be detected by bioin-
formatics methods. The improved Cas9 can reduce the off-
target effect of the system [95]. In the future research, we 
should strengthen the study of off-target effect and improve 
the detection method.

Applying CRISPR-Cas system prevention and control of 
infectious diseases, including through the determination of 
target cells in the body delivery tools, often use as a carrier 
to carry virus. However, CRISPR’s carrier function was lim-
ited to the size of the virus genes, and most of the Cas protein 
is big molecular weight protein [96]. In order to overcome 
this problem, researchers need to look for Cas proteins with 
low molecular weight [97]. In addition, the CRISPR-Cas 
system is used to treat infectious diseases by providing Cas 
proteins, which are often derived from prokaryotes. These 
proteins were toxic, and when they enter the human body, 
they can cause an immune response that produces specific 
antibodies. And specific antibodies interfere with CRISPR’s 
immune response in the body. In the future development of 

1 3

http://dx.doi.org/10.1007/s11033-022-07752-z
http://dx.doi.org/10.1007/s11033-022-07752-z


Molecular Biology Reports

13.	 Khajanchi N, Saha K (2021) Controlling CRISPR with Small 
Molecule Regulation for Somatic Cell Genome Editing. Mol 
Ther. https://doi.org/10.1016/j.ymthe.2021.06.014

14.	 Mojica FJ, Díez-Villaseñor C, García-Martínez J, Soria E (2005) 
Intervening sequences of regularly spaced prokaryotic repeats 
derive from foreign genetic elements. J Mol Evol 60(2):174–182. 
https://doi.org/10.1007/s00239-004-0046-3

15.	 Makarova KS, Haft DH, Barrangou R, Brouns SJ, Charpentier 
E, Horvath P et al (2011) Evolution and classification of the 
CRISPR-Cas systems. Nat Rev Microbiol 9(6):467–477. https://
doi.org/10.1038/nrmicro2577

16.	 Li Z, Liu ZB, Xing A, Moon BP, Koellhoffer JP, Huang L et 
al (2015) Cas9-Guide RNA Directed Genome Editing in Soy-
bean. Plant Physiol 169(2):960–970. https://doi.org/10.1104/
pp.15.00783

17.	 East-Seletsky A, O’Connell MR, Burstein D, Knott GJ, Doudna 
JA (2017) RNA Targeting by Functionally Orthogonal Type VI-A 
CRISPR-Cas Enzymes. Mol Cell 66(3):373–83e3. https://doi.
org/10.1016/j.molcel.2017.04.008

18.	 Abudayyeh OO, Gootenberg JS, Essletzbichler P, Han S, Joung 
J, Belanto JJ et al (2017) RNA targeting with CRISPR-Cas13. 
Nature 550(7675):280–284. https://doi.org/10.1038/nature24049

19.	 Lin P, Qin S, Pu Q, Wang Z, Wu Q, Gao P et al (2020) CRISPR-
Cas13 Inhibitors Block RNA Editing in Bacteria and Mammalian 
Cells. Mol Cell 78(5):850–861-61.e5. https://doi.org/10.1016/j.
molcel.2020.03.033

20.	 Lee S, Kim YY, Ahn HJ (2021) Systemic delivery of CRISPR/
Cas9 to hepatic tumors for cancer treatment using altered tro-
pism of lentiviral vector. Biomaterials 272:120793. https://doi.
org/10.1016/j.biomaterials.2021.120793

21.	 Bosch B, DeJesus MA, Poulton NC, Zhang W, Engelhart CA, 
Zaveri A et al (2021) Genome-wide gene expression tuning 
reveals diverse vulnerabilities of M. tuberculosis. Cell. https://
doi.org/10.1016/j.cell.2021.06.033

22.	 Li S, Huang J, Ren L, Jiang W, Wang M, Zhuang L et al 
(2021) A one-step, one-pot CRISPR nucleic acid detec-
tion platform (CRISPR-top): Application for the diagnosis of 
COVID-19. Talanta 233:122591. https://doi.org/10.1016/j.
talanta.2021.122591

23.	 Chuang YF, Wang PY, Kumar S, Lama S, Lin FL, Liu GS 
(2021) Methods for in vitro CRISPR/CasRx-Mediated RNA 
Editing. Front Cell Dev Biol 9:667879. https://doi.org/10.3389/
fcell.2021.667879

24.	 Cao Y, Wu J, Pang B, Zhang H, Le XC (2021) CRISPR/Cas12a-
mediated gold nanoparticle aggregation for colorimetric detection 
of SARS-CoV-2. Chem Commun (Camb) 57(56):6871–6874. 
https://doi.org/10.1039/d1cc02546e

25.	 Makarova KS, Wolf YI, Alkhnbashi OS, Costa F, Shah SA, 
Saunders SJ et al (2015) An updated evolutionary classification 
of CRISPR-Cas systems. Nat Rev Microbiol 13(11):722–736. 
https://doi.org/10.1038/nrmicro3569

26.	 Makarova KS, Zhang F, Koonin EV, SnapShot (2017) Class 
1 CRISPR-Cas Systems. Cell 168(5):946-.e1. https://doi.
org/10.1016/j.cell.2017.02.018

27.	 Hidalgo-Cantabrana C, Barrangou R (2020) Characterization and 
applications of Type I CRISPR-Cas systems. Biochem Soc Trans 
48(1):15–23. https://doi.org/10.1042/bst20190119

28.	 Pinilla-Redondo R, Mayo-Muñoz D, Russel J, Garrett RA, 
Randau L, Sørensen SJ et al (2020) Type IV CRISPR-Cas systems 
are highly diverse and involved in competition between plasmids. 
Nucleic Acids Res 48(4):2000–2012. https://doi.org/10.1093/nar/
gkz1197

29.	 Shmakov S, Abudayyeh OO, Makarova KS, Wolf YI, Gootenberg 
JS, Semenova E et al (2015) Discovery and Functional Charac-
terization of Diverse Class 2 CRISPR-Cas Systems. Mol Cell 
60(3):385–397. https://doi.org/10.1016/j.molcel.2015.10.008

tional Natural Science Foundation of China (81773495).

Declarations

Competing interests  The authors have declared that no competing in-
terests exist.

Ethics approval  Not applicable.

References

1.	 Cauchemez S, Besnard M, Bompard P, Dub T, Guillemette-Artur 
P, Eyrolle-Guignot D et al (2016) Association between Zika virus 
and microcephaly in French Polynesia, 2013-15: a retrospective 
study. Lancet 387(10033):2125–2132. https://doi.org/10.1016/
s0140-6736(16)00651-6

2.	 Blagodatski A, Trutneva K, Glazova O, Mityaeva O, Shevkova 
L, Kegeles E et al (2021) Avian Influenza in Wild Birds and 
Poultry: Dissemination Pathways, Monitoring Methods, and 
Virus Ecology. Pathogens 10(5). https://doi.org/10.3390/
pathogens10050630

3.	 Russell CJ (2021) Hemagglutinin Stability and Its Impact on 
Influenza A Virus Infectivity, Pathogenicity, and Transmissibil-
ity in Avians, Mice, Swine, Seals, Ferrets, and Humans. Viruses 
13(5). https://doi.org/10.3390/v13050746

4.	 Morales-Tenorio M, Ginex T, Cuesta-Geijo M, Campillo NE, 
Muñoz-Fontela C, Alonso C et al (2021) Potential pharmacologi-
cal strategies targeting the Niemann-Pick C1 receptor and Ebola 
virus glycoprotein interaction. Eur J Med Chem 223:113654. 
https://doi.org/10.1016/j.ejmech.2021.113654

5.	 Wu T, Kang S, Peng W, Zuo C, Zhu Y, Pan L et al (2021) Origi-
nal Hosts, Clinical Features, Transmission Routes, and Vaccine 
Development for Coronavirus Disease (COVID-19). Front Med 
(Lausanne) 8:702066. https://doi.org/10.3389/fmed.2021.702066

6.	 Guo W, Lakshminarayanan H, Rodriguez-Palacios A, Salata 
RA, Xu K, Draz MS (2021) Glycan Nanostructures of Human 
Coronaviruses. Int J Nanomedicine 16:4813–4830. https://doi.
org/10.2147/ijn.S302516

7.	 Huang CC, Tan Q, Becerra MC, Calderon R, Chiang SS, Con-
treras C et al (2022) The Contribution of Chest Radiography 
to the Clinical Management of Children Exposed to Tuber-
culosis. Am J Respir Crit Care Med. https://doi.org/10.1164/
rccm.202202-0259OC

8.	 Lin WH, Chiu HC, Chen KF, Tsao KC, Chen YY, Li TH et al 
(2021) Molecular detection of respiratory pathogens in commu-
nity-acquired pneumonia involving adults. J Microbiol Immunol 
Infect. https://doi.org/10.1016/j.jmii.2021.11.009

9.	 Peri AM, Harris PNA, Paterson DL (2022) Culture-independent 
detection systems for bloodstream infection. Clin Microbiol 
Infect 28(2):195–201. https://doi.org/10.1016/j.cmi.2021.09.039

10.	 Afzal A (2020) Molecular diagnostic technologies for COVID-
19: Limitations and challenges. J Adv Res 26:149–159. https://
doi.org/10.1016/j.jare.2020.08.002

11.	 Jayamohan H, Lambert CJ, Sant HJ, Jafek A, Patel D, Feng H et 
al (2021) SARS-CoV-2 pandemic: a review of molecular diag-
nostic tools including sample collection and commercial response 
with associated advantages and limitations. Anal Bioanal Chem 
413(1):49–71. https://doi.org/10.1007/s00216-020-02958-1

12.	 Genisca AE, Chu TC, Huang L, Gainey M, Adeniji M, Mbong EN 
et al (2022) Risk Prediction Score for Pediatric Patients with Sus-
pected Ebola Virus Disease. Emerg Infect Dis 28(6):1189–1197. 
https://doi.org/10.3201/eid2806.212265

1 3

http://dx.doi.org/10.1016/j.ymthe.2021.06.014
http://dx.doi.org/10.1007/s00239-004-0046-3
http://dx.doi.org/10.1038/nrmicro2577
http://dx.doi.org/10.1038/nrmicro2577
http://dx.doi.org/10.1104/pp.15.00783
http://dx.doi.org/10.1104/pp.15.00783
http://dx.doi.org/10.1016/j.molcel.2017.04.008
http://dx.doi.org/10.1016/j.molcel.2017.04.008
http://dx.doi.org/10.1038/nature24049
http://dx.doi.org/10.1016/j.molcel.2020.03.033
http://dx.doi.org/10.1016/j.molcel.2020.03.033
http://dx.doi.org/10.1016/j.biomaterials.2021.120793
http://dx.doi.org/10.1016/j.biomaterials.2021.120793
http://dx.doi.org/10.1016/j.cell.2021.06.033
http://dx.doi.org/10.1016/j.cell.2021.06.033
http://dx.doi.org/10.1016/j.talanta.2021.122591
http://dx.doi.org/10.1016/j.talanta.2021.122591
http://dx.doi.org/10.3389/fcell.2021.667879
http://dx.doi.org/10.3389/fcell.2021.667879
http://dx.doi.org/10.1039/d1cc02546e
http://dx.doi.org/10.1038/nrmicro3569
http://dx.doi.org/10.1016/j.cell.2017.02.018
http://dx.doi.org/10.1016/j.cell.2017.02.018
http://dx.doi.org/10.1042/bst20190119
http://dx.doi.org/10.1093/nar/gkz1197
http://dx.doi.org/10.1093/nar/gkz1197
http://dx.doi.org/10.1016/j.molcel.2015.10.008
http://dx.doi.org/10.1016/s0140-6736(16)00651-6
http://dx.doi.org/10.1016/s0140-6736(16)00651-6
http://dx.doi.org/10.3390/pathogens10050630
http://dx.doi.org/10.3390/pathogens10050630
http://dx.doi.org/10.3390/v13050746
http://dx.doi.org/10.1016/j.ejmech.2021.113654
http://dx.doi.org/10.3389/fmed.2021.702066
http://dx.doi.org/10.2147/ijn.S302516
http://dx.doi.org/10.2147/ijn.S302516
http://dx.doi.org/10.1164/rccm.202202-0259OC
http://dx.doi.org/10.1164/rccm.202202-0259OC
http://dx.doi.org/10.1016/j.jmii.2021.11.009
http://dx.doi.org/10.1016/j.cmi.2021.09.039
http://dx.doi.org/10.1016/j.jare.2020.08.002
http://dx.doi.org/10.1016/j.jare.2020.08.002
http://dx.doi.org/10.1007/s00216-020-02958-1
http://dx.doi.org/10.3201/eid2806.212265


Molecular Biology Reports

and DNA Methylation Quantitation. ACS Synth Biol 8(10):2228–
2237. https://doi.org/10.1021/acssynbio.9b00209

47.	 Myhrvold C, Freije CA, Gootenberg JS, Abudayyeh OO, Metsky 
HC, Durbin AF et al (2018) Field-deployable viral diagnostics 
using CRISPR-Cas13. Science 360(6387):444–448. https://doi.
org/10.1126/science.aas8836

48.	 Wang H, La Russa M, Qi LS (2016) CRISPR/Cas9 in Genome 
Editing and Beyond. Annu Rev Biochem 85. https://doi.
org/10.1146/annurev-biochem-060815-014607. :227 – 64

49.	 Jinek M, Chylinski K, Fonfara I, Hauer M, Doudna JA, Charpen-
tier E (2012) A programmable dual-RNA-guided DNA endonucle-
ase in adaptive bacterial immunity. Science 337(6096):816–821. 
https://doi.org/10.1126/science.1225829

50.	 Pardee K, Green AA, Takahashi MK, Braff D, Lambert G, Lee 
JW et al (2016) Rapid, Low-Cost Detection of Zika Virus Using 
Programmable Biomolecular Components. Cell 165(5):1255–
1266. https://doi.org/10.1016/j.cell.2016.04.059

51.	 Quan J, Langelier C, Kuchta A, Batson J, Teyssier N, Lyden A et 
al (2019) FLASH: a next-generation CRISPR diagnostic for mul-
tiplexed detection of antimicrobial resistance sequences. Nucleic 
Acids Res 47(14):e83. https://doi.org/10.1093/nar/gkz418

52.	 Dronina J, Bubniene US, Ramanavicius A (2021) The application 
of DNA polymerases and Cas9 as representative of DNA-modify-
ing enzymes group in DNA sensor design (review). Biosens Bio-
electron 175:112867. https://doi.org/10.1016/j.bios.2020.112867

53.	 Chen JS, Ma E, Harrington LB, Da Costa M, Tian X, Palefsky JM 
et al (2018) CRISPR-Cas12a target binding unleashes indiscrimi-
nate single-stranded DNase activity. Science 360(6387):436–439. 
https://doi.org/10.1126/science.aar6245

54.	 Chertow DS (2018) Next-generation diagnostics with CRISPR. 
Science 360(6387):381–382. https://doi.org/10.1126/science.
aat4982

55.	 Banakar R, Schubert M, Collingwood M, Vakulskas C, Eggen-
berger AL, Wang K (2020) Comparison of CRISPR-Cas9/Cas12a 
Ribonucleoprotein Complexes for Genome Editing Efficiency in 
the Rice Phytoene Desaturase (OsPDS) Gene. Rice (N Y). 13:4. 
https://doi.org/10.1186/s12284-019-0365-z. 1

56.	 Ding R, Long J, Yuan M, Zheng X, Shen Y, Jin Y et al (2021) 
CRISPR/Cas12-Based Ultra-Sensitive and Specific Point-of-Care 
Detection of HBV. Int J Mol Sci 22(9). https://doi.org/10.3390/
ijms22094842

57.	 Luo T, Li J, He Y, Liu H, Deng Z, Long X et al (2022) Design-
ing a CRISPR/Cas12a- and Au-Nanobeacon-Based Diagnostic 
Biosensor Enabling Direct, Rapid, and Sensitive miRNA Detec-
tion. Anal Chem 94(17):6566–6573. https://doi.org/10.1021/acs.
analchem.2c00401

58.	 Gootenberg JS, Abudayyeh OO, Kellner MJ, Joung J, Collins JJ, 
Zhang F (2018) Multiplexed and portable nucleic acid detection 
platform with Cas13, Cas12a, and Csm6. Science 360(6387):439–
444. https://doi.org/10.1126/science.aaq0179

59.	 Bayat H, Naderi F, Khan AH, Memarnejadian A, Rahimpour A 
(2018) The Impact of CRISPR-Cas System on Antiviral Ther-
apy. Adv Pharm Bull 8(4):591–597. https://doi.org/10.15171/
apb.2018.067

60.	 Jia F, Li X, Zhang C, Tang X (2020) The expanded develop-
ment and application of CRISPR system for sensitive nucleotide 
detection. Protein Cell 11(9):624–629. https://doi.org/10.1007/
s13238-020-00708-8

61.	 Lange UC, Verdikt R, Ait-Ammar A, Van Lint C (2020) Epigenetic 
crosstalk in chronic infection with HIV-1. Semin Immunopathol 
42(2):187–200. https://doi.org/10.1007/s00281-020-00783-3

62.	 Xiao Q, Guo D, Chen S (2019) Application of CRISPR/Cas9-
Based Gene Editing in HIV-1/AIDS Therapy. Front Cell Infect 
Microbiol 9:69. https://doi.org/10.3389/fcimb.2019.00069

30.	 Makarova KS, Wolf YI, Iranzo J, Shmakov SA, Alkhnbashi OS, 
Brouns SJJ et al (2020) Evolutionary classification of CRISPR-Cas 
systems: a burst of class 2 and derived variants. Nat Rev Micro-
biol 18(2):67–83. https://doi.org/10.1038/s41579-019-0299-x

31.	 van Kasteren PB, van der Veer B, van den Brink S, Wijsman L, 
de Jonge J, van den Brandt A et al (2020) Comparison of seven 
commercial RT-PCR diagnostic kits for COVID-19. J Clin Virol 
128:104412. https://doi.org/10.1016/j.jcv.2020.104412

32.	 Han D, Li Z, Li R, Tan P, Zhang R, Li J (2019) mNGS in clini-
cal microbiology laboratories: on the road to maturity. Crit Rev 
Microbiol 45(5–6):668–685. https://doi.org/10.1080/10408
41x.2019.1681933

33.	 Qasem A, Shaw AM, Elkamel E, Naser SA (2021) Coronavi-
rus Disease 2019 (COVID-19) Diagnostic Tools: A Focus on 
Detection Technologies and Limitations. Curr Issues Mol Biol 
43(2):728–748. https://doi.org/10.3390/cimb43020053

34.	 Maiti B, Anupama KP, Rai P, Karunasagar I, Karunasagar I 
(2021) Isothermal amplification-based assays for rapid and sensi-
tive detection of severe acute respiratory syndrome coronavirus 
2: Opportunities and recent developments. Rev Med Virol e2274. 
https://doi.org/10.1002/rmv.2274

35.	 Hou T, Zeng W, Yang M, Chen W, Ren L, Ai J et al (2020) 
Development and evaluation of a rapid CRISPR-based diagnos-
tic for COVID-19. PLoS Pathog 16(8):e1008705. https://doi.
org/10.1371/journal.ppat.1008705

36.	 Liu L, Li X, Ma J, Li Z, You L, Wang J et al (2017) The Molecu-
lar Architecture for RNA-Guided RNA Cleavage by Cas13a. Cell 
170(4):714–26e10. https://doi.org/10.1016/j.cell.2017.06.050

37.	 Harrington LB, Ma E, Chen JS, Witte IP, Gertz D, Paez-Espino 
D et al (2020) A scoutRNA Is Required for Some Type V 
CRISPR-Cas Systems. Mol Cell 79(3):416–424.e5. https://doi.
org/10.1016/j.molcel.2020.06.022

38.	 Fozouni P, Son S, Díaz de León Derby M, Knott GJ, Gray 
CN, D’Ambrosio MV et al (2021) Amplification-free detec-
tion of SARS-CoV-2 with CRISPR-Cas13a and mobile phone 
microscopy. Cell 184(2):323–33.e9. https://doi.org/10.1016/j.
cell.2020.12.001

39.	 Bhattacharjee G, Gohil N, Lam NL, Singh V (2021) CRISPR-
based diagnostics for detection of pathogens. Prog Mol Biol Transl 
Sci 181:45–57. https://doi.org/10.1016/bs.pmbts.2021.01.013

40.	 Cho SW, Kim S, Kim Y, Kweon J, Kim HS, Bae S et al (2014) 
Analysis of off-target effects of CRISPR/Cas-derived RNA-
guided endonucleases and nickases. Genome Res 24(1):132–141. 
https://doi.org/10.1101/gr.162339.113

41.	 Cong L, Ran FA, Cox D, Lin S, Barretto R, Habib N et al 
(2013) Multiplex genome engineering using CRISPR/Cas sys-
tems. Science 339(6121):819–823. https://doi.org/10.1126/
science.1231143

42.	 Gao Y, Gao K, Yang H (2020) CRISPR/Cas: a potential gene-
editing tool in the nervous system. Cell Regen 9(1):12. https://
doi.org/10.1186/s13619-020-00044-6

43.	 Bonini A, Poma N, Vivaldi F, Biagini D, Bottai D, Tavanti A 
et al (2021) A label-free impedance biosensing assay based on 
CRISPR/Cas12a collateral activity for bacterial DNA detection. 
J Pharm Biomed Anal 204:114268. https://doi.org/10.1016/j.
jpba.2021.114268

44.	 Kellner MJ, Koob JG, Gootenberg JS, Abudayyeh OO, Zhang F 
(2019) SHERLOCK: nucleic acid detection with CRISPR nucle-
ases. Nat Protoc 14(10):2986–3012. https://doi.org/10.1038/
s41596-019-0210-2

45.	 Mohammadzadeh I, Qujeq D, Yousefi T, Ferns GA, Maniati M, 
Vaghari-Tabari M (2020) CRISPR/Cas9 gene editing: A new ther-
apeutic approach in the treatment of infection and autoimmunity. 
IUBMB Life 72(8):1603–1621. https://doi.org/10.1002/iub.2296

46.	 Li L, Li S, Wu N, Wu J, Wang G, Zhao G et al (2019) HOLMESv2: 
A CRISPR-Cas12b-Assisted Platform for Nucleic Acid Detection 

1 3

http://dx.doi.org/10.1021/acssynbio.9b00209
http://dx.doi.org/10.1126/science.aas8836
http://dx.doi.org/10.1126/science.aas8836
http://dx.doi.org/10.1146/annurev-biochem-060815-014607
http://dx.doi.org/10.1146/annurev-biochem-060815-014607
http://dx.doi.org/10.1126/science.1225829
http://dx.doi.org/10.1016/j.cell.2016.04.059
http://dx.doi.org/10.1093/nar/gkz418
http://dx.doi.org/10.1016/j.bios.2020.112867
http://dx.doi.org/10.1126/science.aar6245
http://dx.doi.org/10.1126/science.aat4982
http://dx.doi.org/10.1126/science.aat4982
http://dx.doi.org/10.1186/s12284-019-0365-z
http://dx.doi.org/10.3390/ijms22094842
http://dx.doi.org/10.3390/ijms22094842
http://dx.doi.org/10.1021/acs.analchem.2c00401
http://dx.doi.org/10.1021/acs.analchem.2c00401
http://dx.doi.org/10.1126/science.aaq0179
http://dx.doi.org/10.15171/apb.2018.067
http://dx.doi.org/10.15171/apb.2018.067
http://dx.doi.org/10.1007/s13238-020-00708-8
http://dx.doi.org/10.1007/s13238-020-00708-8
http://dx.doi.org/10.1007/s00281-020-00783-3
http://dx.doi.org/10.3389/fcimb.2019.00069
http://dx.doi.org/10.1038/s41579-019-0299-x
http://dx.doi.org/10.1016/j.jcv.2020.104412
http://dx.doi.org/10.1080/1040841x.2019.1681933
http://dx.doi.org/10.1080/1040841x.2019.1681933
http://dx.doi.org/10.3390/cimb43020053
http://dx.doi.org/10.1002/rmv.2274
http://dx.doi.org/10.1371/journal.ppat.1008705
http://dx.doi.org/10.1371/journal.ppat.1008705
http://dx.doi.org/10.1016/j.cell.2017.06.050
http://dx.doi.org/10.1016/j.molcel.2020.06.022
http://dx.doi.org/10.1016/j.molcel.2020.06.022
http://dx.doi.org/10.1016/j.cell.2020.12.001
http://dx.doi.org/10.1016/j.cell.2020.12.001
http://dx.doi.org/10.1016/bs.pmbts.2021.01.013
http://dx.doi.org/10.1101/gr.162339.113
http://dx.doi.org/10.1126/science.1231143
http://dx.doi.org/10.1126/science.1231143
http://dx.doi.org/10.1186/s13619-020-00044-6
http://dx.doi.org/10.1186/s13619-020-00044-6
http://dx.doi.org/10.1016/j.jpba.2021.114268
http://dx.doi.org/10.1016/j.jpba.2021.114268
http://dx.doi.org/10.1038/s41596-019-0210-2
http://dx.doi.org/10.1038/s41596-019-0210-2
http://dx.doi.org/10.1002/iub.2296


Molecular Biology Reports

79.	 Vergara-Mendoza M, Gomez-Quiroz LE, Miranda-Labra RU, 
Fuentes-Romero LL, Romero-Rodríguez DP, González-Ruiz J 
et al (2020) Regulation of Cas9 by viral proteins Tat and Rev 
for HIV-1 inactivation. Antiviral Res 180:104856. https://doi.
org/10.1016/j.antiviral.2020.104856

80.	 Zhao J, Ao C, Wan Z, Dzakah EE, Liang Y, Lin H et al (2021) 
A point-of-care rapid HIV-1 test using an isothermal recom-
binase-aided amplification and CRISPR Cas12a-mediated 
detection. Virus Res 303:198505. https://doi.org/10.1016/j.
virusres.2021.198505

81.	 Ai JW, Zhou X, Xu T, Yang M, Chen Y, He GQ et al (2019) 
CRISPR-based rapid and ultra-sensitive diagnostic test for Myco-
bacterium tuberculosis. Emerg microbes infections 8(1):1361–
1369. https://doi.org/10.1080/22221751.2019.1664939

82.	 Li C, Ren L (2020) Recent progress on the diagnosis of 2019 
Novel Coronavirus. Transboundary and emerging diseases. 
67:1485–1491. https://doi.org/10.1111/tbed.13620. 4

83.	 Day M (2020) Covid-19: identifying and isolating asymptomatic 
people helped eliminate virus in Italian village. BMJ 368:m1165. 
https://doi.org/10.1136/bmj.m1165

84.	 Day M (2020) Covid-19: four fifths of cases are asymptomatic, 
China figures indicate. BMJ 369:m1375. https://doi.org/10.1136/
bmj.m1375

85.	 Zhang Y, Chen M, Liu C, Chen J, Luo X, Xue Y et al (2021) 
Sensitive and rapid on-site detection of SARS-CoV-2 using a 
gold nanoparticle-based high-throughput platform coupled with 
CRISPR/Cas12-assisted RT-LAMP. Sens actuators B Chem 
345:130411. https://doi.org/10.1016/j.snb.2021.130411

86.	 Ooi KH, Liu MM, Tay JWD, Teo SY, Kaewsapsak P, Jin S et 
al (2021) An engineered CRISPR-Cas12a variant and DNA-
RNA hybrid guides enable robust and rapid COVID-19 test-
ing. Nat Commun 12(1):1739. https://doi.org/10.1038/
s41467-021-21996-6

87.	 Yang Y, Liu J, Zhou X (2021) A CRISPR-based and post-ampli-
fication coupled SARS-CoV-2 detection with a portable evanes-
cent wave biosensor. Biosens Bioelectron 190:113418. https://
doi.org/10.1016/j.bios.2021.113418

88.	 Wang Y, Zhang Y, Chen J, Wang M, Zhang T, Luo W et al 
(2021) Detection of SARS-CoV-2 and Its Mutated Variants via 
CRISPR-Cas13-Based Transcription Amplification. Anal Chem 
93(7):3393–3402. https://doi.org/10.1021/acs.analchem.0c04303

89.	 Huang Z, Tian D, Liu Y, Lin Z, Lyon CJ, Lai W et al (2020) 
Ultra-sensitive and high-throughput CRISPR-p owered COVID-
19 diagnosis. Biosens Bioelectron 164:112316. https://doi.
org/10.1016/j.bios.2020.112316

90.	 Yan WX, Hunnewell P, Alfonse LE, Carte JM, Keston-Smith E, 
Sothiselvam S et al (2019) Functionally diverse type V CRISPR-
Cas systems. Science 363(6422):88–91. https://doi.org/10.1126/
science.aav7271

91.	 Abbott TR, Dhamdhere G, Liu Y, Lin X, Goudy L, Zeng L et al 
(2020) Development of CRISPR as an Antiviral Strategy to Com-
bat SARS-CoV-2 and Influenza. Cell 181(4):865–76e12. https://
doi.org/10.1016/j.cell.2020.04.020

92.	 Thyme SB, Akhmetova L, Montague TG, Valen E, Schier AF 
(2016) Internal guide RNA interactions interfere with Cas9-medi-
ated cleavage. Nat Commun 7:11750. https://doi.org/10.1038/
ncomms11750

93.	 Doudna JA (2020) The promise and challenge of therapeu-
tic genome editing. Nature 578(7794):229–236. https://doi.
org/10.1038/s41586-020-1978-5

94.	 Naeem M, Majeed S, Hoque MZ, Ahmad I (2020) Latest 
Developed Strategies to Minimize the Off-Target Effects in 
CRISPR-Cas-Mediated Genome Editing. Cells 9(7). https://doi.
org/10.3390/cells9071608

95.	 Coelho MA, De Braekeleer E, Firth M, Bista M, Lukasiak S, 
Cuomo ME et al (2020) CRISPR GUARD protects off-target sites 

63.	 Wang D, Zhang F, Gao G (2020) CRISPR-Based Therapeutic 
Genome Editing: Strategies and In Vivo Delivery by AAV Vectors. 
Cell. ;181(1):136 – 50. https://doi.org/10.1016/j.cell.2020.03.023

64.	 Ding R, Long J, Yuan M, Jin Y, Yang H, Chen M et al (2021) 
CRISPR/Cas System: A Potential Technology for the Prevention 
and Control of COVID-19 and Emerging Infectious Diseases. 
Front Cell Infect Microbiol 11:639108. https://doi.org/10.3389/
fcimb.2021.639108

65.	 Liao HK, Gu Y, Diaz A, Marlett J, Takahashi Y, Li M et al (2015) 
Use of the CRISPR/Cas9 system as an intracellular defense 
against HIV-1 infection in human cells. Nat Commun 6:6413. 
https://doi.org/10.1038/ncomms7413

66.	 Wang CS, Chang CH, Tzeng TY, Lin AM, Lo YL (2021) Gene-
editing by CRISPR-Cas9 in combination with anthracycline 
therapy via tumor microenvironment-switchable, EGFR-targeted, 
and nucleus-directed nanoparticles for head and neck cancer sup-
pression. Nanoscale Horiz. https://doi.org/10.1039/d1nh00254f

67.	 Escalona-Noguero C, López-Valls M, Sot B (2021) CRISPR/Cas 
technology as a promising weapon to combat viral infections. 
BioEssays: news and reviews in molecular. Cell Dev biology 
43(4):e2000315. https://doi.org/10.1002/bies.202000315

68.	 Abbott CW, Boyle SM, Pyke RM, McDaniel LD, Levy E, 
Navarro FCP et al (2021) Prediction of Immunotherapy Response 
in Melanoma through Combined Modeling of Neoantigen Bur-
den and Immune-Related Resistance Mechanisms. Clin Can-
cer Res 27(15):4265–4276. https://doi.org/10.1158/1078-0432.
Ccr-20-4314

69.	 Doudna JA, Charpentier E, Genome (2014) editing. The new 
frontier of genome engineering with CRISPR-Cas9. Science. 
;346(6213):1258096. https://doi.org/10.1126/science.1258096

70.	 Boban M (2021) Novel coronavirus disease (COVID-19) update 
on epidemiology, pathogenicity, clinical course and treatments. 
Int J Clin Pract 75(4):e13868. https://doi.org/10.1111/ijcp.13868

71.	 Feng W, Newbigging AM, Tao J, Cao Y, Peng H, Le C et al 
(2021) CRISPR technology incorporating amplification strate-
gies: molecular assays for nucleic acids, proteins, and small mol-
ecules. Chem Sci 12(13):4683–4698. https://doi.org/10.1039/
d0sc06973f

72.	 Broughton JP, Deng X, Yu G, Fasching CL, Servellita V, 
Singh J et al (2020) CRISPR-Cas12-based detection of SARS-
CoV-2. Nat Biotechnol 38(7):870–874. https://doi.org/10.1038/
s41587-020-0513-4

73.	 Moon J, Kwon HJ, Yong D, Lee IC, Kim H, Kang H et al (2020) 
Colorimetric Detection of SARS-CoV-2 and Drug-Resistant 
pH1N1 Using CRISPR/dCas9. ACS Sens 5(12):4017–4026. 
https://doi.org/10.1021/acssensors.0c01929

74.	 Lin M, Yue H, Tian T, Xiong E, Zhu D, Jiang Y et al (2022) 
Glycerol Additive Boosts 100-fold Sensitivity Enhancement for 
One-Pot RPA-CRISPR/Cas12a Assay. Anal Chem. https://doi.
org/10.1021/acs.analchem.2c00616

75.	 Wang L, Zhou J, Wang Q, Wang Y, Kang C (2021) Rapid 
design and development of CRISPR-Cas13a targeting SARS-
CoV-2 spike protein. Theranostics 11(2):649–664. https://doi.
org/10.7150/thno.51479

76.	 Zeng L, Liu Y, Nguyenla XH, Abbott TR, Han M, Zhu Y et al 
(2022) Broad-spectrum CRISPR-mediated inhibition of SARS-
CoV-2 variants and endemic coronaviruses in vitro. Nat Commun 
13(1):2766. https://doi.org/10.1038/s41467-022-30546-7

77.	 Liu Y, Pinto F, Wan X, Yang Z, Peng S, Li M et al (2022) Repro-
grammed tracrRNAs enable repurposing of RNAs as crRNAs and 
sequence-specific RNA biosensors. Nat Commun 13(1):1937. 
https://doi.org/10.1038/s41467-022-29604-x

78.	 Khambhati K, Bhattacharjee G, Singh V (2019) Current prog-
ress in CRISPR-based diagnostic platforms. J Cell Biochem 
120(3):2721–2725. https://doi.org/10.1002/jcb.27690

1 3

http://dx.doi.org/10.1016/j.antiviral.2020.104856
http://dx.doi.org/10.1016/j.antiviral.2020.104856
http://dx.doi.org/10.1016/j.virusres.2021.198505
http://dx.doi.org/10.1016/j.virusres.2021.198505
http://dx.doi.org/10.1080/22221751.2019.1664939
http://dx.doi.org/10.1111/tbed.13620
http://dx.doi.org/10.1136/bmj.m1165
http://dx.doi.org/10.1136/bmj.m1375
http://dx.doi.org/10.1136/bmj.m1375
http://dx.doi.org/10.1016/j.snb.2021.130411
http://dx.doi.org/10.1038/s41467-021-21996-6
http://dx.doi.org/10.1038/s41467-021-21996-6
http://dx.doi.org/10.1016/j.bios.2021.113418
http://dx.doi.org/10.1016/j.bios.2021.113418
http://dx.doi.org/10.1021/acs.analchem.0c04303
http://dx.doi.org/10.1016/j.bios.2020.112316
http://dx.doi.org/10.1016/j.bios.2020.112316
http://dx.doi.org/10.1126/science.aav7271
http://dx.doi.org/10.1126/science.aav7271
http://dx.doi.org/10.1016/j.cell.2020.04.020
http://dx.doi.org/10.1016/j.cell.2020.04.020
http://dx.doi.org/10.1038/ncomms11750
http://dx.doi.org/10.1038/ncomms11750
http://dx.doi.org/10.1038/s41586-020-1978-5
http://dx.doi.org/10.1038/s41586-020-1978-5
http://dx.doi.org/10.3390/cells9071608
http://dx.doi.org/10.3390/cells9071608
http://dx.doi.org/10.1016/j.cell.2020.03.023
http://dx.doi.org/10.3389/fcimb.2021.639108
http://dx.doi.org/10.3389/fcimb.2021.639108
http://dx.doi.org/10.1038/ncomms7413
http://dx.doi.org/10.1039/d1nh00254f
http://dx.doi.org/10.1002/bies.202000315
http://dx.doi.org/10.1158/1078-0432.Ccr-20-4314
http://dx.doi.org/10.1158/1078-0432.Ccr-20-4314
http://dx.doi.org/10.1126/science.1258096
http://dx.doi.org/10.1111/ijcp.13868
http://dx.doi.org/10.1039/d0sc06973f
http://dx.doi.org/10.1039/d0sc06973f
http://dx.doi.org/10.1038/s41587-020-0513-4
http://dx.doi.org/10.1038/s41587-020-0513-4
http://dx.doi.org/10.1021/acssensors.0c01929
http://dx.doi.org/10.1021/acs.analchem.2c00616
http://dx.doi.org/10.1021/acs.analchem.2c00616
http://dx.doi.org/10.7150/thno.51479
http://dx.doi.org/10.7150/thno.51479
http://dx.doi.org/10.1038/s41467-022-30546-7
http://dx.doi.org/10.1038/s41467-022-29604-x
http://dx.doi.org/10.1002/jcb.27690


Molecular Biology Reports

advances and challenges. Expert Opin Drug Deliv 15(9):905–
913. https://doi.org/10.1080/17425247.2018.1517746

98.	 Karvelis T, Bigelyte G, Young JK, Hou Z, Zedaveinyte R, Budre 
K et al (2020) PAM recognition by miniature CRISPR-Cas12f 
nucleases triggers programmable double-stranded DNA tar-
get cleavage. Nucleic Acids Res 48(9):5016–5023. https://doi.
org/10.1093/nar/gkaa208

Publisher’s Note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

from Cas9 nuclease activity using short guide RNAs. Nat Com-
mun 11(1):4132. https://doi.org/10.1038/s41467-020-17952-5

96.	 Liu Q, Zhang H, Huang X (2020) Anti-CRISPR proteins targeting 
the CRISPR-Cas system enrich the toolkit for genetic engineer-
ing. Febs j 287(4):626–644. https://doi.org/10.1111/febs.15139

97.	 Luther DC, Lee YW, Nagaraj H, Scaletti F, Rotello VM (2018) 
Delivery approaches for CRISPR/Cas9 therapeutics in vivo: 

1 3

http://dx.doi.org/10.1080/17425247.2018.1517746
http://dx.doi.org/10.1093/nar/gkaa208
http://dx.doi.org/10.1093/nar/gkaa208
http://dx.doi.org/10.1038/s41467-020-17952-5
http://dx.doi.org/10.1111/febs.15139

	﻿The CRISPR-Cas system as a tool for diagnosing and treating infectious diseases
	﻿Abstract
	﻿Introduction
	﻿CRISPR-Cas biology and principle
	﻿Classification of CRISPR-Cas system
	﻿Current molecular diagnostic tools for infectious diseases
	﻿How CRISPR-Cas system is used to diagnose and treat infectious diseases
	﻿Application of CRISPR-Cas system in diagnosis and treatment of infectious diseases
	﻿Limitations of the CRISPR-Cas system in diagnostic therapy
	﻿Conclusions
	﻿References


