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Background: Swift and accurate detection of Vibrio parahaemolyticus , which is a prominent causative pathogen 

associated with seafood contamination, is required to effectively combat foodborne disease and wound infections. 

The toxR gene is relatively conserved within V. parahaemolyticus and is primarily involved in the expression 

and regulation of virulence genes with a notable degree of specificity. The aim of this study was to develop a 

rapid, simple, and constant temperature detection method for V. parahaemolyticus in clinical and nonspecialized 

laboratory settings. 

Methods: In this study, specific primers and CRISPR RNA were used to target the toxR gene to construct a reaction 

system that combines recombinase polymerase amplification (RPA) with CRISPR ‒Cas13a. The whole-genome 

DNA of the sample was extracted by self-prepared sodium dodecyl sulphate (SDS) nucleic acid rapid extraction 

reagent, and visual interpretation of the detection results was performed by lateral flow dipsticks (LFDs). 

Results: The specificity of the RPA-CRISPR/Cas13a-LFD method was validated using V. parahaemolyticus strain 

ATCC-17802 and six other non-parahaemolytic Vibrio species. The results demonstrated a specificity of 100%. 

Additionally, the genomic DNA of V. parahaemolyticus was serially diluted and analysed, with a minimum de- 

tectable limit of 1 copy/μL for this method, which was greater than that of the TaqMan-qPCR method (102 

copies/μL). The established methods were successfully applied to detect wild-type V. parahaemolyticus , yielding 

results consistent with those of TaqMan-qPCR and MALDI-TOF MS mass spectrometry identification. Finally, the 

established RPA-CRISPR/Cas13a-LFD method was applied to whole blood specimens from mice infected with V. 

parahaemolyticus , and the detection rate of V. parahaemolyticus by this method was consistent with that of the 

conventional PCR method. 

Conclusions: In this study, we describe an RPA-CRISPR/Cas13a detection method that specifically targets the toxR 

gene and offers advantages such as simplicity, rapidity, high specificity, and visual interpretation. This method 

serves as a valuable tool for the prompt detection of V. parahaemolyticus in nonspecialized laboratory settings. 

1

 

t  

s  

c

p

L

p  

i  

h  

e  

r  

h

R

2

(

. Introduction 

Vibrio parahaemolyticus , which is a commonly encoun-

ered Gram-negative bacterium, is a halophilic Vibrio

pecies that can be detected not only in various marine
Abbreviation: RPA, Recombinase polymerase amplification; CRISPR/Cas, Clustered

rRNA, CRISPR RNA; ssRNA, Single-Stranded Ribonucleic Acid; Taqman-qPCR, Taqma

arahaemolyticus ; MALDI-TOF MS, Matrix-assisted laser desorption ionization time-of-

ateral flow dipstick; SDS, sodium dodecyl sulphate; ddH2 O, Double distilled water. 
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roducts, such as fish, shrimp, and shellfish [1] , but also

n ready-to-eat food items [2] . Infection with V. para-

aemolyticus not only gives rise to gastrointestinal dis-

ases characterized by symptoms such as watery diar-

hoea, nausea, vomiting, and abdominal cramps, but can
 regularly interspaced short palindromic repeats and CRISPR associated protein; 

n Real-time quantitative Polymerase chain reaction; V. parahaemolyticus , Vibrio 

flight mass spectrometry; LAMP, Loop-mediated isothermal amplification; LFD, 
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lso lead to wound infections. In severe cases, these infec-

ions can result in sepsis, shock, and even mortality [3] .

eports of V. parahaemolyticus gastroenteritis outbreaks

ave been documented in multiple countries worldwide,

hus highlighting its status as a prevalent and significant

ublic health concern [4–6] . In China, V. parahaemolyticus

s the second most common cause of infectious diarrhoea

7] . Therefore, the establishment of sensitive and rapid

etection methods holds crucial significance for providing

ffective diagnoses, controlling V. parahaemolyticus infec-

ions, and safeguarding public health. V. parahaemolyticus

arries various virulence factors, among which the toxR

ene encodes a transmembrane protein involved in bacte-

ial membrane formation, transport, and the expression of

pecific virulence genes. The toxR gene is relatively con-

erved within V. parahaemolyticus species and has a high

egree of specificity, making it a common target for nu-

leic acid detection [7 , 8] . 

Currently, there are several commonly used methods

or detecting V. parahaemolyticus , including pathogen-

ased diagnosis, immunological diagnosis, and molecu-

ar diagnosis [9] . Among these methods, isolation and

ulture identification are considered the ‘gold standard’

or V. parahaemolyticus detection [3] ; however, this ap-

roach is time-consuming and labor-intensive and does

ot meet the requirements for rapid testing [1] . Immuno-

ogical diagnosis techniques, such as enzyme-linked im-

unosorbent assays (ELISAs) and colloidal gold detec-

ion, require the preparation of high-quality antigens and

pecific antibodies, resulting in high costs and lengthy

rocedures. Moreover, they are prone to interference,

eading to false-positive results due to cross-reactivity or

alse-negative results during the window period due to

nsufficient sensitivity. With the rapid development of

olecular biology, nucleic acid detection techniques, in-

luding quantitative PCR and multiplex PCR, have been

idely applied for the rapid detection of V. parahaemolyti-

us [10 , 11] . However, PCR methods typically require spe-

ialized and expensive equipment, complex testing proce-

ures, and skilled operators, making rapid testing incon-

enient in nonspecialized laboratories or non-laboratory

ettings [12] . Isothermal amplification techniques, such

s recombinase polymerase amplification (RPA) and loop-

ediated isothermal amplification (LAMP), are increas-

ngly being used for the rapid nucleic acid detection

f pathogens in non-laboratory settings because they do

ot require specialized equipment or skilled personnel

13–15] . These isothermal amplification techniques have

heir own advantages and disadvantages. Compared with

AMP, RPA offers the advantages of relatively simple

rimer design and the ability to achieve significant am-

lification of nucleic acids within 30 min at a constant

emperature of 37–42°C [16] . However, the sample pre-

rocessing and nucleic acid extraction processes of RPA

till require specific equipment, such as a centrifuge, and
2

re time-consuming [16] . To some extent, this limita-

ion restricts the application of RPA in the development

f nucleic acid detection methods. Therefore, improving

xisting nucleic acid extraction methods would be ben-

ficial for increasing the application of RPA for on-site

esting. 

Clustered regularly interspaced short palindromic

epeats-associated protein (CRISPR ‒Cas), which is an

daptive immune system found in prokaryotes, exhibits

pecific cleavage activity when a specific CRISPR RNA

crRNA) recognizes DNA or RNA targets [17] . Currently,

hree types of CRISPR ‒Cas systems have been identi-

ed, with Type II systems requiring only one nucleic

cid endonuclease, one guide RNA, and one adjacent

rotospacer motif for target cleavage [18] . Cas13a, also

nown as C2c2, is a single-effector RNA-guided RNA

nzyme in the Type II CRISPR ‒Cas system. Upon spe-

ific recognition of its single-stranded RNA (ssRNA) tar-

et, this enzyme is activated and exhibits nonspecific

ndonuclease activity. By cleaving nontarget ssRNAs

linked to fluorescent quenching groups or biotin re-

orter groups), this enzyme achieves signal amplifica-

ion, thereby enhancing the sensitivity and specificity of

he detection system [19] . Cas13a can cleave specific nu-

leic acid sequences without temperature cycling, sug-

esting that combining the CRISPR/Cas13a system with

sothermal amplification methods can enhance the sen-

itivity of isothermal amplification detection methods

20] . Zhang et al. combined the RPA technique with

he CRISPR ‒Cas13a system to establish the specific high-

ensitivity enzymatic reporter unlocking (SHERLOCK) nu-

leic acid detection system, which has been successfully

pplied for the rapid detection of Zika virus, dengue

irus, and other pathogens. This technology offers high

ensitivity and excellent specificity, making it highly

aluable in rapid pathogen nucleic acid detection [21] .

PA can be performed with CRISPR ‒Cas13a detection

n the same reaction tube, thus simplifying the detec-

ion process and reducing the risk of contamination. Ad-

itionally, the Cas13a protein can be used to cleave ss-

NA probes to allow for detection through fluorescence

r visualization of the results on lateral flow dipstick

LFD) test strips. LFD test strips are portable and can

e visually read, thus eliminating the need for fluores-

ence detection equipment and making them more suit-

ble for on-site testing and testing in resource-limited

reas. 

This study aimed to establish a simple, efficient, and

ortable rapid nucleic acid detection method for V. para-

aemolyticus based on the RPA-CRISPR/Cas13a reaction

ystem and using the toxR gene as the target. Detection

as completed within 50 min under isothermal condi-

ions at 40°C. This method provides a convenient means

or the rapid detection of pathogenic V. parahaemolyticus

n non-laboratory settings. 



Y. Hou, X. Liu, Y. Wang et al. Infectious Medicine 3 (2024) 100111

2

2

 

s  

a  

V  

(  

a  

w  

V  

s  

s  

u  

t  

l  

e  

s  

s  

(  

E  

s  

m  

t  

B  

m  

t  

P

 

r  

μ  

1  

M  

t  

r  

w

2  

t

 

d  

c  

b  

T  

w  

m  

(

2

 

w  

m  

fi  

v  

p  

s  

2

 

B  

o  

μ  

o  

g  

s  

2

 

T  

p  

i  

l  

l  

o  

R  

n  

t  

d  

μ  

μ  

r  

4

2

 

c  

a  

U  

C  

B  

i  

n  

C  

o  

R  

t  

t  

r  

w  

t  

w

2

 

B  
. Materials and methods 

.1. Strains and bacterial genome extraction 

A total of seven standard strains were used in this

tudy, namely, V. parahaemolyticus (ATCC 17802), Vibrio

lginolyticus (ATCC 17749), Vibrio fluvialis (ATCC 27562),

ibrio metschnikovii (ATCC 700040), Staphylococcus aureus

ATCC 6538), Escherichia coli O157:H7 (ATCC 43888),

nd Pseudomonas aeruginosa (ATCC 27853), all of which

ere preserved in our laboratory. The nine wild-type

. parahaemolyticus strains were isolated from coastal

eawater in China in previous studies (Table S1). The

trains were retrieved from a − 80°C freezer and individ-

ally inoculated onto blood agar plates for recovery. Fur-

her identification was performed using Matrix-assisted

aser desorption ionization time-of-flight mass spectrom-

try (MALDI-TOF MS) mass spectrometry. After recovery,

ingle colonies were picked and used to prepare bacterial

uspensions with a turbidity of 0.5 McFarland standard

approximately 1 × 108 colony-forming units (CFU)/mL).

qual volumes of the bacterial suspensions (20 μL) were

ubjected to genomic DNA extraction using either the

agnetic bead-based method (hereafter referred to as

he ‘magnetic bead method’) (Tiangen Biotech Co., Ltd,

eijing, China) or a self-prepared rapid DNA extraction

ethod. The concentration and purity of the extracted

emplate DNA were determined using a Tecan Infinite 200

RO microplate reader. 

The composition of the SDS rapid DNA extraction

eagent was as follows: 20 μL of SDS lysis solution (0.04

L of EDTA (0.5 M, pH 8.0; Mei5bio, China), 4 μL of

0% SDS (Beyotime, China), 2 μL of Tris (0.5 M, pH 8.0;

ei5bio), and 13.96 μL of ddH2 O) mixed with 20 μL of

he bacterial suspension. The mixture was incubated at

oom temperature for 10 min, after which the supernatant

as used as the amplification template. 

.2. Acquisition of the toxR gene sequence and alignment of

oxR gene sequences from similar Vibrio species 

The nucleic acid sequences of the toxR gene were

ownloaded from the GenBank database. A relatively

onserved region was selected as the detection target

ased on sequence alignment with other Vibrio species.

he alignments were performed with ClustalX soft-

are with the default parameter settings. The align-

ent images were produced with ESPript software

 http://espript.ibcp.fr ). 

.3. Design of primers, probes, crRNAs, and RNA reporters 

RPA and TaqMan qPCR-amplified primers and probes

ere designed with Primer Premier 7.0 software (Pre-

ier Biosoft International, CA, USA). The species speci-

city of the primer and probe sequences was preliminarily
3

alidated using Primer BLAST on the NCBI website. The

rimers, probes, crRNAs, and RNA reporters were synthe-

ized by Shanghai Sangon Biotech, as detailed in Table S2.

.4. PCR system and amplification conditions 

The PCR mixture consisted of 10 μL of 2 × Mix of PCR

uffer (Tiangen Biotech Co., Ltd, Beijing, China), 0.6 μL

f forward primer (10 μM), 0.6 μL of reverse primer (10

M), 0.4 μL of TaqMan fluorescent probe (10 μM), 1 μL

f template, and 7.4 μL of ddH2 O. The amplification pro-

ram was set as follows: 95°C for 5 min, then 95°C for 30

 and 58°C for 40 s (fluorescence collection) for 35 cycles.

.5. RPA reaction system and amplification conditions 

One RPA lyophilized reagent (TwistAmp Basic Kit,

wistDx, UK) was used for the detection of five sam-

les. First, 29.5 μL of the rehydration buffer provided

n the TwistAmp Basic Kit was added to rehydrate one

yophilized RPA pellet. Then, in the rehydrated RPA pel-

et mixture, 2.1 μL of forward primer (10 μM), 2.1 μL

f reverse primer (10 μM), 1.2 μL of ddH2 O, 3 μL of T7

NA polymerase (50 U/μL; Lucigen, USA), and 4 μL of

ucleotide mixture (25 mM; NEB, USA) were added and

he sample was mixed thoroughly. The mixture was then

ivided equally into five 200 μL Eppendorf tubes, and 1

L of the test sample was added to each tube. Then, 0.5

L of magnesium acetate (280 mM) was added to each

eaction tube to initiate the RPA amplification reaction at

0°C, which lasted for 20 min. 

.6. RPA-CRISPR/Cas13a-LFD 

Following the same procedure described above, after

ompletion of the RPA reaction, the CRISPR/Cas13a re-

ction system ((2.0 μL of Tris (400 mM, pH 7.4; Sigma,

SA), 1 μL of MgCl2 (120 mM; Sigma), 1 μL of Lwa-

as13a (20 ng/μL; GenScript, China; Jiangsu East-Mab

iomedical Technology Co., Ltd, China), 1 μL of RNase

nhibitor (40 U/μL; Takara, Japan), 1 μL of crRNA (10

g/μL), and 1 μL of LFD Reporter (10 μM)) was set up. The

RISPR/Cas13a reaction system and LFD reporter group

n the caps of the reaction tubes were mixed with the

PA reaction products by brief centrifugation. The mix-

ure was then incubated at 37°C for 25 min. After the reac-

ion, 80 μL of HybriDetect assay buffer was added to each

eaction tube. Subsequently, test strips (Milenia Biotech)

ere placed into each reaction tube, and after allowing

he reaction mixture to flow onto the strip, the results

ere read. 

.7. Infection of mice with V. parahaemolyticus 

Six- to eight-week-old female specific-pathogen-free

ALB/c mice ((20 ± 5) g) were purchased from Hua-

http://espript.ibcp.fr
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Fig. 1. RPA-CRISPR/Cas13a method for the detection of V. parahaemolyticus . 
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ukang Biotechnology Co., Ltd (Beijing, China). This study

as approved by the Ethical Committee on Animal Ex-

erimentation of the Sixth Medical Center of the PLA

eneral Hospital (IACUC-DWZX-2023-P520). Mice were

oused in stainless steel cages and allowed to acclimatize

o the environmental conditions for 5 days before the ex-

eriment. To simulate V. parahaemolyticus infection, six

andomly selected mice were assigned to the experimen-

al group, and six strains of wild-type V. parahaemolyticus

ere randomly gavaged into the peritoneal cavity of the

ice; each mouse was gavaged with a suspension of V.

arahaemolyticus (1 × 108 CFU/mL) at 0.2 mL/10 g body

eight. The three control mice were gavaged with PBS.

he clinical condition and mortality of each group of mice

ere observed, and 24 h later, blood samples were col-

ected from the heart of each mouse. The whole blood

pecimens were used for RPA-CRISPR/Cas13a-LFD and

CR detection. 

. Results 

.1. RPA-CRISPR/Cas13a detection of V. parahaemolyticus

RPA was first used for large-scale amplification of toxR

NA fragments, after which the amplified fragments were

ranscribed into ssRNAs by T7 RNA polymerase in vitro .

he complementary binding of crRNA to the target ssRNA

ctivated the incidental cleavage activity of the Cas13a

rotein to RNA reporter cleavage and combined with LFD

o complete the detection process ( Fig. 1 ). 

.2. Rapid nucleic acid extraction of V. parahaemolyticus 

enomic DNA by SDS versus magnetic bead extraction 

To evaluate the efficiency of the self-prepared SDS nu-

leic acid rapid extraction method, two indicators, ‘con-

entration’ and ‘purity’, of the extracted nucleic acid tem-
4

lates were compared with those extracted by a commer-

ial kit (magnetic bead method). As shown in Fig. 2 A and

, for the same concentration of bacterial solution, there

as no significant difference in the nucleic acid extraction

fficiency between the two methods ( P > 0.05). 

To assess whether the self-prepared nucleic acid rapid

xtraction reagents have an impact on the subsequent am-

lification efficiency, TaqMan-qPCR and RPA amplifica-

ion were performed simultaneously using the two ex-

raction methods with genomic templates. As shown in

ig. 2 C and D, the Ct values of the TaqMan-qPCR products

or both sample groups were similar. During RPA ampli-

cation, at approximately 7 min, both groups exhibited

uorescence signals almost simultaneously, forming sim-

lar ‘S-shaped curves’ with comparable peak fluorescence

alues. By contrast, the negative control showed no sig-

al, indicating that the template extracted using the self-

repared reagents did not affect the subsequent nucleic

cid amplification and detection. 

.3. Establishment and optimization of the 

PA-CRISPR/Cas13a assay for the V. parahaemolyticus 

oxR gene 

First, the toxR gene sequences of V. parahaemolyti-

us strains were aligned with those of seven other Vib-

io species ( V. alginolyticus, V. harveyi, V. vulnificus, V.

holerae, V. anguillarum, V. mediterranei , and V. shilonii )

Fig. S1a). The alignment results indicated that a 213 bp

egion of the toxR coding sequence at positions 318 to 530

xhibited significant sequence diversity among different

ibrio species, suggesting that this region is suitable for

he design of specific primers and crRNAs. Three pairs of

PA candidate primers were designed to target the toxR

ene, and the amplification products were analysed via

el electrophoresis. The results showed that the F1/R1

rimer pair produced the strongest amplification band
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Fig. 2. Comparison of rapid SDS nucleic acid extraction of Vibrio parahaemolyticus genomic DNA with magnetic bead method. A. Genomic DNA concentration of V. 

parahaemolyticus extracted by SDS rapid nucleic acid extraction or a kit (magnetic bead method). B. Genomic DNA purity of V. parahaemolyticus extracted by SDS 

rapid nucleic acid extraction or a kit (magnetic bead method). C. The results of TaqMan-qPCR amplification of V. parahaemolyticus extracted by SDS rapid nucleic 

acid extraction or a kit (magnetic bead method). D. The results of RPA amplification detection of V. parahaemolyticus extracted by SDS rapid nucleic acid extraction 

or a kit (magnetic bead method). E, environmental strain; R, reference strain ATCC17802; NC, negative control. 

Fig. 3. Design of crRNA. The first horizontal line represents the complete CDC sequence of the V. parahaemolyticus toxR gene. The target sequence (amplification 

area) is highlighted in pink. The second and third horizontal lines represent the ssRNA substrate being targeted by the crRNA. The target site is highlighted in green, 

and PFS is indicated by the magenta bar. PFS: protospacer flanking site. 
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Fig. S1b), indicating a significantly greater amplification

fficiency than that of the other primer pairs. Therefore,

he F1/R1 primer pair was selected for subsequent ex-

eriments, and crRNAs were designed within the region

overed by this primer pair ( Fig. 3 ). 

.4. Specificity of the RPA-CRISPR/Cas13a method for V. 

arahaemolyticus detection 

To evaluate the specificity of the detection system,

our Vibrio species ( V. parahaemolyticus, V. alginolyti-

us, V. fluvialis , and V. metschnikovi ) and three common

iarrhoea-causing organisms ( S. aureus, E. coli O157:H7 ,
5

nd P. aeruginosa ) were selected for testing; the results

howed that the amplification of all of the other tested

ibrio species and diarrhoea-causing organisms, except

or V. parahaemolyticus , was negative, and there was no

ross-reactivity ( Fig. 4 ), which indicated that the RPA-

RISPR/Cas13a-LFD assay has high specificity for V. para-

aemolyticus . 

.5. Sensitivity of the RPA-CRISPR/Cas13a method for V. 

arahaemolyticus detection 

To verify the sensitivity of the two methods, V.

arahaemolyticus genomic DNA was serially diluted,
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Fig. 4. Evaluation of the specificity of the RPA-CRISPR/Cas13a assay for V. parahaemolyticus detection. A. TaqMan-qPCR method; B. RPA-CRISPR/Cas13a-LFD 

method. NC, negative control. 
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V  
ith concentrations ranging from 109 copies/μL to 1

opy/μL. The amplification results showed that the de-

ection limit of the RPA-CRISPR/Cas13a-LFD method

as 1 copy/μL, which was higher than the sensi-

ivity of the TaqMan-qPCR method (102 copies/μL)

 Fig. 5 ). 
6

.6. Evaluation of the efficacy of the RPA-CRISPR/Cas13a 

ystem for detecting wild-type strains of V. parahaemolyticus

To validate the effectiveness of the RPA-

RISPR/Cas13a-LFD method for detecting wild-type

. parahaemolyticus strains, the genomic DNA of nine
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Fig. 5. Sensitivity of the RPA-CRISPR/Cas13a assay for V. parahaemolyticus detection. A. TaqMan-qPCR method; B. RPA-CRISPR/Cas13a-LFD method. NC, negative 

control. 

7
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Fig. 6. Validation of the RPA-CRISPR/Cas13a assay for V. parahaemolyticus detection using environmental strains. A. TaqMan-qPCR method; B. RPA-CRISPR/Cas13a- 

LFD method. E, environmental strain; NC, negative control. 

8
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Fig. 7. Detection of V. parahaemolyticus by 

RPA-CRISPR/Cas13a-LFD in whole blood spec- 

imens from infected mice. S, sample; NC, neg- 

ative control. 
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. parahaemolyticus wild-type strains was simultaneously

ested using the CRISPR/Cas13a-LFD method and the

aqMan-qPCR method. The results of both methods were

onsistent ( Fig. 6 ). 

.7. Detection of V. parahaemolyticus infection in mice by 

he RPA-CRISPR/Cas13a-LFD method 

The RPA-CRISPR/Cas13a-LFD method was used to de-

ect V. parahaemolyticus in whole blood specimens from

nfected mice and to compare the detection accuracy with

hat of the traditional PCR method. The results of the RPA-

RISPR/Cas13a-LFD method in whole blood specimens

rom infected and control mice were consistent with the

CR results ( Fig. 7 and Table S3). 

. Discussion 

V. parahaemolyticus is a prominent foodborne pathogen

hat has become an increasingly common cause of epi-

emics worldwide. V. parahaemolyticus poses a significant

hreat to human health and seafood safety. Currently, the

raditional bacterial culture identification method is the

old standard for V. parahaemolyticus detection and iden-

ification. However, this method is time-consuming, re-

uires skilled personnel, and is not suitable for rapid test-

ng in nonspecialized laboratory settings. Therefore, there

s a need to establish a rapid, accurate, cost-effective, and

eld-applicable detection method that can effectively ad-

ress the challenges of rapid V. parahaemolyticus testing

n resource-limited areas with a shortage of skilled pro-

essionals. 

In this study, a rapid visual method for the detection

f V. parahaemolyticus nucleic acid was established based

n a combination of RPA isothermal amplification and
9

he CRISPR/Cas13a system. In research on different rapid

ucleic acid detection methods, achieving simplified nu-

leic acid extraction under nonspecialized laboratory con-

itions is a crucial factor that limits their application.

n this study, we attempted to develop a rapid nucleic

cid extraction reagent and compared it with a commer-

ial magnetic bead extraction reagent. The results showed

hat the rapid nucleic acid extraction reagent exhibited

omparable efficacy in extracting nucleic acids from an

qual amount of bacterial suspension, and the difference

as not significant ( P > 0.05). However, rapid nucleic

cid extraction only requires simple manual inversion and

 10-minute incubation at room temperature to complete

he extraction of sample nucleic acids; thus, this method

as a shorter processing time and is easier to perform,

aking it more suitable for on-site applications. 

To further improve the sensitivity of RPA detection,

n this study, the T7 promoter sequence was introduced

nto the forward primer for RPA amplification and sub-

equently transcribed into a large amount of ssRNA by

7 RNA polymerase, which activated the nonspecific nu-

leic acid endonuclease activity of Cas13a to increase the

ensitivity of detection. The results showed that the RPA-

RISPR/Cas13a-LFD method was more sensitive than the

aqMan-qPCR (102 copies/μL) method, and its detec-

ion limit was 1 copy/μL. The sensitivities reported by

ifferent research teams based on the SHERLOCK nu-

leic acid detection system are slightly different. Zhou

t al. achieved a sensitivity of 1 copy/μL for S. aureus us-

ng the RPA-CRISPR/Cas13a-fluorescence assay, whereas

iao et al. achieved a sensitivity of only 103 copies/μL

or Nipah virus using the same method [20–22] . Although

hese detection methods are based on the same principle,

he compositions of the detection systems constructed for

ifferent pathogens are different, and the corresponding
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etection sensitivities therefore also differ. This difference

ay be due to the different excision efficiencies of the

esigned crRNAs in combination with the ssRNA that is

ynthesized by in vitro transcription of the corresponding

athogen genomes. In addition, the different sequences

f fluorescent reporters used in different studies have dif-

erent incidental cleavage efficiencies for crRNAs, which

n turn affects the strength of the final fluorescent sig-

al released, leading to differences in detection sensitiv-

ty. For this reason, we will explore these differences in

epth in future studies to improve the sensitivity of the

PA-CRISPR/Cas13a-LFD assay. 

The design of crRNA for CRISPR ‒Cas13a is relatively

imple and requires only 24 or more nucleotides to com-

lementarily pair with the ssRNA; however, the crRNA

ossesses high target specificity, which further enhances

etection specificity [14] . The results showed that the

PA-CRISPR/Cas13a-LFD method and the TaqMan-qPCR

ethod exhibited a specificity of 100% for detecting V.

arahaemolyticus , and there was no cross-reactivity with

he other seven pathogenic bacteria tested. Finally, we

ested nine wild-type V. parahaemolyticus strains isolated

rom the coastal waters of China to verify the feasibility of

he RPA-CRISPR/Cas13a system and found that the RPA-

RISPR/Cas13a-LFD method produced results consistent

ith those of the TaqMan-qPCR method and MALDI-TOF

S mass spectrometry identification, all yielding positive

esults with a detection rate of 100%. Finally, the estab-

ished RPA-CRISPR/Cas13a-LFD method was applied to

he whole blood specimens of mice infected with V. para-

aemolyticus , and the detection rate of V. parahaemolyticus

y this method was consistent with that of the conven-

ional PCR method. Therefore, the RPA-CRISPR/Cas13a

ystem established in this study provides sufficient sensi-

ivity and specificity for the detection of V. parahaemolyti-

us . 

In this study, all reaction components were added to a

ingle Eppendorf tube before the reaction was initiated.

he RPA isothermal amplification and T7 in vitro tran-

cription systems were added to the bottom of the tube,

hile the CRISPR/Cas13a system was added to the tube

ap. After the RPA thermostatic amplification and T7 in

itro transcription system reaction were completed at the

ottom of the Eppendorf tube, the tube was briefly cen-

rifuged to mix the CRISPR/Cas13a system on the tube

ap with the transcribed products and initiate the reac-

ion, thereby activating the targeted and collateral cleav-

ge of the Cas13a protein, which induced the fluorescence

ignal emission. Therefore, in this study, we achieved

 ‘one-pot reaction’ and completed the entire detection

rocess in the same tube without the need to transfer

eaction components, thereby reducing potential cross-

ontamination that may be caused by amplification prod-

cts and avoiding false positives during subsequent detec-

ion. Moreover, the CRISPR/Cas13a system reacted with
10
ll of the transcribed products, thereby improving the

etection sensitivity. Furthermore, compared with tradi-

ional PCR-based methods, the detection method based

n the RPA-CRISPR/Cas13a system has cleavage activ-

ty towards the transcribed target ssRNA, which is more

asily degraded than DNA, thereby reducing the risk of

ross-contamination. RPA amplification at 40°C also re-

uces the generation of aerosols during high-temperature

CR, thereby reducing the chance of nucleic acid frag-

ent contamination. Additionally, compared with previ-

us studies on V. parahaemolyticus nucleic acid detection,

he detection method established in this study does not

equire pre-enrichment, which allows for a lower limit

f detection but also a shorter detection time. The RPA-

RISPR/Cas13a-LFD method can even provide visual re-

ults with the naked eye, making this method simple and

onvenient. 

. Conclusion 

We established a rapid, sensitive, and portable detec-

ion method for V. parahaemolyticus , namely the RPA-

RISPR/Cas13a-LFD method. This method can be applied

or the rapid detection of V. parahaemolyticus in field set-

ings and resource-limited remote epidemic areas. This

ew approach may have significant implications for hu-

an health and food safety. 
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