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Abstract

Vibrio alginolyticus (V. alginolyticus) is a common pathogen in the ocean. In addition to causing serious economic losses
in aquaculture, it can also infect humans. The rapid detection of nucleic acids of V. alginolyticus with high sensitivity and
specificity in the field is very important for the diagnosis and treatment of infection caused by V. alginolyticus. Here, we
established a simple, fast and effective molecular method for the identification of V. alginolyticus that does not rely on expen-
sive instruments and professionals. The method integrates recombinase polymerase amplification (RPA) technology with
CRISPR system in a single PCR tube. Using this method, the results can be visualized by lateral flow dipstick (LFD) in less
than 50 min, we named this method RPA-CRISPR/Cas13a-LFD. The method was confirmed to achieve high specificity for
the detection of V. alginolyticus with no cross-reactivity with similar Vibrio and common clinical pathogens. This diagnos-
tic method shows high sensitivity; the detection limit of the RPA-CRISPR/Cas13a-LFD is 10 copies/uL. We successfully
identified 35 V. alginolyticus strains from a total of 55 different bacterial isolates and confirmed their identity by (Matrix-
assisted laser desorption ionization time-of-flight mass spectrometry, MALDI-TOF MS). We also applied this method on
infected mice blood, and the results were both easily and rapidly obtained. In conclusion, RPA-CRISPR/Cas13a-LFD offers
great potential as a useful tool for reliable and rapid diagnosis of V. alginolyticus infection, especially in limited conditions.
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Vibrio alginolyticus

Introduction

Vibrio alginolyticus is a member of Corynebacterium that
widely exists in marine, estuarine and other aquatic environ-
ments worldwide. V. alginolyticus is a zoonotic pathogen
(Wang et al. 2021a). It is one of the most important patho-
gens causing huge economic losses in the aquaculture indus-
try (Gong et al. 2020a, b) and is the second leading cause
of human Vibrio infection (Jacobs Slifka et al. 2017; Yin
et al. 2022b). With global warming, its pathogenic period
has been prolonged, and the infection rate has also increased
significantly (Sheahan et al. 2022). V. alginolyticus infec-
tion often occurs in summer, usually due to the consump-
tion of food contaminated by V. alginolyticus or exposure
of wounds to the seawater environment (Baker-Austin et al.
2018). Similar to most Vibrio infections, infection with V.
alginolyticus can cause foodborne diarrhea. However, non-
foodborne infections caused by V. alginolyticus are more
common, such as conjunctivitis, otitis media (common in
children), extremity infections (common in the elderly,
especially in the lower extremity) (Jacobs Slifka et al. 2017;
Sheahan et al. 2022; Yin et al. 2022b), often accompanied by
complications (hearing impairment, skin grafting, amputa-
tion, etc.) (Zhou et al. 2021; Hoefler et al. 2022; Yin et al.
2022b; Jacobs Slifka et al. 2017). In addition, individuals
with other diseases (liver disease, heart disease, diabetes,
etc.) or immunocompromised patients are more susceptible
to infection, and severe cases can lead to bacteremia, which
can be life-threatening (Brehm et al. 2021; Sheahan et al.
2022). V. alginolyticus is not routinely detected as a clini-
cal pathogen (Sheahan et al. 2022). Cases requiring hospi-
talization and even surgery due to untimely detection of V.
alginolyticus have been reported (Jacobs Slifka et al. 2017).
Therefore, it is necessary to establish a rapid and sensitive
detection method for V. alginolyticus to preserve human
health and property.

At present, the main diagnostic methods for V. alginolyti-
cus are pathogen isolation and identification, immunological
diagnosis, and molecular biology diagnosis. The Infectious
Diseases Society of America (IDSA) and the American
Society for Microbiology (ASM) recommend the use of bac-
terial culture to diagnose V. alginolyticus infection (Baron
et al. 2013). However, bacterial culture is time-consuming
and complicated and needs to be completed by profession-
als. Immunological diagnosis usually requires the isolation
and purification of high-quality antigens or the preparation
of high-specificity and high-affinity antibodies (Chen et al.
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2021). In addition, during the early stages of pathogen infec-
tion, the pathogen load in the body is relatively low, and
antibody production may be delayed. Therefore, false nega-
tives may be reported during the infection window period,
which is not conducive to early rapid testing (Bonney et al.
2020). Similar biochemical properties among Vibrio spp.,
make it difficult to achieve rapid and specific detection of
Vibrio with both pathogenic diagnosis and immunological
diagnosis. PCR is a nucleic acid detection technique in clini-
cal molecular diagnostics that has high specificity (Safiabadi
Tali et al. 2021). However, it requires a professional fluores-
cence quantitative PCR instrument and must be completed
by professional personnel in a special experimental environ-
ment. It is impossible to achieve rapid detection of V. algi-
nolyticus nucleic acids in restricted areas. In recent years,
thermostatic amplification techniques have been consid-
ered an important alternative to PCR techniques to achieve
in situ detection (Safiabadi Tali et al. 2021). Thermostatic
amplification techniques, such as loop-mediated isothermal
amplification (LAMP) and recombinase polymerase ampli-
fication (RPA), are less dependent on specialized equipment
and have a relatively short amplification time. Theoretically,
they are ideal for rapid nucleic acid detection. However,
these techniques still face certain shortcomings. It is prone
to nonspecific amplification under constant temperature con-
ditions. Because these methods are compatible with other
detection systems, we can utilize this feature to establish
detection methods that are more specific and sensitive.

The clustered regularly interspaced short palindro-
mic sequence repeats-Cas (CRISPR-Cas) system is a part
of natural adaptive immune response in many species of
archaea and bacteria, against foreign bacteriophage and plas-
mid infections by cleaving their nucleic acid (Abudayyeh
et al. 2016). Currently, gene editing technologies based on
CRISPR/Cas systems have been used for rapid molecular
diagnosis of different pathogens (Gootenberg et al. 2017).
Cas proteins play a crucial role in the CRISPR/Cas system,
enabling nucleic acid detection with high sensitivity and
specificity in comparatively less time. The main Cas pro-
teins used are Cas12a and Casl3a, which target the DNA
and RNA systems, respectively. Both Cas12a proteins and
Cas13a proteins have bidirectional cleavage activity. Once
these Cas proteins are activated by the target, its “collat-
eral” activity can continue to cleave any single-stranded
DNA or RNA after cleaving the target sequence which can
amplify the detection signal (Abudayyeh et al. 2016; Wang
et al. 2021b, c; Zhang et al. 2021; Yin et al. 2022a). The
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main difference between the two proteins is the design of
the crRNA. The design of crRNA based on Cas13a protein
is simpler than that of Casl2a. Furthermore, research has
shown that the Casl3a protein has higher sensitivity than
Cas12a proteins (Sun et al. 2021).

In this study, we established a rapid and visualized RPA-
CRISPR/Cas13a-LFD based nucleic acid detection method
for V. alginolyticus. We used the conserved region of the
gyrB gene as a target to design specific RPA primers and
crRNA and used RPA technology to amplify the gene
sequence of the pathogen. Then, we combined CRISPR/
Casl3a to enhance the system’s sensitivity.

Materials and methods
Reagents and instruments

RPA reagents (TwistAmp Basic kit) were purchased from
TwistDx Inc. (UK). T7 polymerase was purchased from
Lucigen Corporation (USA). LwaCas13a protein was pur-
chased from Nanjing Kingsray Biotechnology Co. (China),
RNAse inhibitor was purchased from Takara Bio. Inc.
(Japan), rNTP was purchased from New England Biolabs
Inc. (USA), MgCl, was purchased from Sigma Aldrich
LLC. (USA), SuperReal fluorescence quantification pre-
mix reagent (probe method), Magnetic Bead Method Blood
Genome Extraction Kit and Centrifuge Column Bacterial
Genome DNA Extraction Kit were purchased from Tian-
gen Biotechnology Co. (China), and lateral flow dipsticks
(Milenia HybriDetect) were purchased from Milenia Biotec
Co. (Germany).

Primers, crRNA and reporter RNA

The gyrB genes of the V. alginolyticus strain ATCC
17749 EU680781.1, Vibrio parahaemolyticus strain
ATCC 17802 AY527390.1, Vibrio fluvialis strain ATCC
33809 KF899127.1, Vibrio harveyi strain ATCC 33842
EU672845.1, and Vibrio vulnificus strain ATCC 27562
AY705491.1 were selected for comparison to screen for
regions of differences to design specific RPA primers.
Sequences of gyrB genes of different strains were obtained
from NCBI and aligned using DNAMAN software (Fig. S1).
RPA specific primers were designed targeting the gyrB gene
conserved regions of V. alginolyticus, and 28 nucleotide
sequences containing PFS (protospacer flanking sequence)
sites were selected as the target sites for crRNA recogni-
tion, which were located at loci 2052-2080 of the gyrB gene
(Fig. 1a, Fig. S2).

Oligo 7.0 software was used to design RPA primers(Li
et al. 2019) for the V. alginolyticus gyrB gene conservative

region. The primers, crRNA, and reporter were synthesized
by Sangon Biotech (Shanghai) Co., Ltd. (China) (Table 1).

PCR system

TagMan real-time PCR detection of the gyrB gene was car-
ried out using an ABI 7500 (Applied Biosystems). Single-
tube PCRs were prepared containing 10 pL 2X SuperReal
PreMix (Probe), 1 pL primer—probe mix (primer 10 nM,
probe 5 nM), 1 pL template, and 8 pL DEPC H,O. The
reactions were incubated with an initial step of 95 °C for
5 min, followed by 40 cycles of 94 °C for 30 s and 58 °C for
40 s (TagMan real-time PCR results are considered positive
if the amplification peaks occur within 38 cycles).

RPA reaction system and transcription

Each RPA lyophilized reagent was added to 29.5 pL rehydra-
tion buffer, 2.1 pL forward primer (10 pM), 2.1 pL reverse
primers (10 pM), 1.2 pL DEPC H,0, 3 pL T7 RNA pol-
ymerase (50 U/uL), and 4 pL. RNA triphosphate mixture
(25 mM), and the reagents were mixed by vortexing. Each
lyophilization reagent was used for five tests in a 0.2 mL
PCR tube. A reaction assembled with 1 pL. DNA sample
and 0.5 pL magnesium acetate (280 mM) was added as the
last component to initiate the amplification reaction. The
reactions were incubated at 39 °C for 20 min.

CRISPR/Cas13a detection system

Prior to the RPA reaction, the following mixture was
added to the RPA reaction tube cap as the reaction system
for CRISPR/Cas13a: 2.0 pL Tris (400 mM, pH 7.4), 1 pL
MgCl, (120 mM), 1 uL LwaCas13a (20 ng/pL), 1 pL recom-
binant RNase inhibitor (40 U/pL), 1 uL crRNA (10 ng/pL),
and 1 pL lateral flow reporter (2 uM). After the RPA reac-
tion, the sample was centrifuged briefly, mixing the reaction
system on the tube cap with the RPA reaction product and
enabling immediate reaction at 37 °C for 30 min. After the
Cas reaction, 80 pL of HybriDetect Assay Buffer was added
to each reaction tube, and then the test dipstick was inserted
into the mixture, followed by reading 5 min later (Fig. 1b).

Limit of detection of the RPA-CRISPR/Cas13a-LFD

The plasmid used in this study is a plasmid fragments con-
taining the target region of the gyrB gene of V. alginolyti-
cus, synthesised by Sangon Biotech (Shanghai) Co., Ltd.
(China). Dilute the synthesized plasmid to a concentration of
1 x 10° copies/uL to 1 copy/uL. The detection sensitivity of
the RPA-CRISPR/Cas13a-LFD is based on plasmids at con-
centrations of 1 x 10° copies/uL to 1 copy/uL as templates.
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Fig. 1 Casl3a-dependent nucleic acid detection process for Vibrio
alginolyticus. a Design of crRNA. The target sites of crRNA recog-
nized are shown in green, and the key PFS sites are shown in red.
b Experimental procedure of V. alginolyticus detection. The genomic
DNA of V. alginolyticus was extracted by conventional methods. RPA
primers containing the T7 promoter were designed. The target frag-

Lateral flow

Fluorescence readout

ment of the V. alginolyticus gyrB gene was amplified using RPA tech-
nology and transcribed into single-stranded RNA with the assistance
of T7 polymerase. When the crRNA recognized the complementary
amplification product, it was rapidly cleaved by the Casl3a protein.
The “collateral” activity of the Cas13a protein was activated to cleave
the reporter, enabling a signal cascade amplification effect

Table 1 Sequences of the
primers, crRNA, and reporter

Name

Sequence (5'-3")

RPA-F

RPA-R
PCR-F
PCR-R
PCR-probe
crRNA

Fluorescent reporter

Lateral flow reporter

gaaattaatacgactcactatagggGGATATGGCCACCAC
GATGAATCGTTAGCTCA

CAGAGGAAAATGTCTCTGCAGCAGAAGTAATT
GCTAACACGTACATTGA
GCTTGAGAACTTAGGATCA
/FAM/CCGCAGTTAGACCTTCACGC/BHQ1/

gauuuagacuaccccaaaaacgaaggggacuaaaacUGGUAA
GUUCGACGAUAACUCAUACAAA

/EFAM/TrUrUrUrUrUrC/BHQ1/
/FAM/mArArUrGrGrCmAmArArUrGrGrCmA/Bio/
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Lower-case and bold letters indicate the overhang T7 promoter sequence, and ggg is necessary for T7 tran-
scription. Underlined is the hairpin structure in crRNA

F forward primer, R reverse primer
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Detection specificity of the RPA-CRISPR/Cas13a-LFD

The strains used for specificity verification in this study
were V. parahaemolyticus, V. fluvialis, Vibrio melitensis,
Staphylococcus aureus, Escherichia coli and Pseudomonas
aeruginosa, all of which were kept in the Six Medical Center
of PLA General Hospital. The above strains were removed
from —80 °C and inoculated on TCBS plates and blood
plates for recovery. Individual colonies were picked for pas-
saging, and then bacterial DNA was extracted according to
the instructions of the Centrifuge Column Bacterial DNA
Extraction Kit. The DNA was used as a template for PCR,
RPA and RPA-CRISPR/Cas13a-LFD.

Verification of environmental strains

Fifty-five environmental strains (35 environmental strains
of V. alginolyticus and 20 other environmental strains) were
isolated from southeast China coastal waters by the Six Med-
ical Center of PLA General Hospital, and all environmental
strains were confirmed their identity by MALDI-TOF MS.
The DNA extraction method for environmental strains was
the same as above. All environmental strains were detected
by RPA-CRISPR/Cas13a-LFD. The results were compared
with the TagMan real-time PCR method for the detection of
environmental strains to confirm consistency.

Detecting V. alginolyticus in infected mice

Six to eight-week-old female BALB/c mice weighing
approximately 20 g were purchased from the Bei Jing
HFK bioscience Co., Ltd.. All animal procedures complied
with the institutional and national guidelines prescribed by
the International Council for Laboratory Animal Science
(ICLAS) the ministry of health of the People’s Republic of
China. The mice for were divided into two groups (sample
group = 10, control group =5). Mice of sample group were
intraperitoneally injected with the V. alginolyticus above
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(1 x 10° CFU/mL) resuspended in normal saline, while
control group was injected with normal saline. After the
injection, each BALB/c mouse was fed with sterile water
only. Sample group and control groups were carried out
16 h post-infection by collecting blood(Liu et al. 2014; Fu
et al. 2016). Collection of blood using ep tubes containing
EDTA anticoagulant, and then extract DNA from the blood
for RPA-CRISPR/Cas13a-LFD detection.

Statistical analysis

The statistical analysis was performed using the SPSS
software package, version 21.0 (IBM). The kappa sta-
tistic was used to compare the consistency of the two
methods (Li et al. 2023). Degrees of agreement between
RPA-CRISPR/Cas13a-LFD and TagMan real-time PCR
test results were measured using kappa (K) values, with
K < 0.4 considered to be a poor agreement and K >0.75
considered to be a good agreement. Statistical significance
was set at P <0.05.

Results

Optimization of RPA primer concentration, RPA
reaction temperature and crRNA to Cas13a protein
concentration ratio

To visualize the optimization results, fluorescence signal
detection was used to show the optimization results of each
system. The results showed that the highest amplification
efficiency was achieved when the RPA primer concentra-
tion was 10 pM (Fig. 2a) and the reaction temperature was
39 °C (Fig. 2b). The cleavage efficiency of the CRISPR
system was highest when the concentration ratio of crRNA
to Casl13a protein was 1:2 (Fig. 2c).
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Fig.2 Optimization of RPA primer concentration, RPA reaction temperature and crRNA to Cas13a protein concentration ratio. a Optimization
of RPA primer concentration. b Optimization of RPA reaction temperature. ¢ Optimization of crRNA to Cas13a protein concentration ratio
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Capability of the RPA-CRISPR/Cas13a-LFD for V.
alginolyticus

The LOD of RPA-CRISPR/Cas13a-LFD was 10 copies/uL.
(Fig. 3a). The LOD of TagMan real-time PCR was 1x 10
copies/uL (Fig. 3c). V. alginolyticus strain was positively
detected, whereas no other bacterial strain was detected by
RPA-CRISPR/Cas13a-LFD (Fig. 3b).

Verification of environmental strains

RPA-CRISPR/Cas13a-LFD was used to detect 55 envi-
ronmental strains from Chinese coastal water, of which 35
strains of environmental V. alginolyticus were all detected
and 20 other strains were not detected. Fifty-five environ-
mental strains were also tested using TagMan real-time
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PCR, and their results were consistent with RPA-CRISPR/
Cas13a-LFD (Fig. 4, Table 2).

Detection of the infected blood samples

RPA-CRISPR/Cas13a-LFD was used to detect the blood
of infected mice. Blood from six mice in the sample group
were detected as V. alginolyticus infected, which the sen-
sitivity of the RPA-CRISPR/Cas13a-LFD is 60%, and the
specificity is 100% (Table 3). The RPA-CRISPR/Cas13a-
LFD detection result was consistent with the results of
TagMan real-time PCR (the sensitivity of the TagMan
real-time PCR is 60%, and the specificity is 100%) (Table 4
and Table S1, Fig. S3), and the kappa value is 1 (Fig. 5).

Test line

Control line

Amplification Plot

A e Mc WD WE HF Hc HH

Fig.3 Capability of the RPA-CRISPR/Casl3a-LFD and TagMan
real-time PCR for V. alginolyticus. a The limit of detection assess-
ment of the RPA-CRISPR/Casl3a-LFD. b The specificity assess-
ment of the RPA-CRISPR/Casl3a-LFD. ¢ The limit of detection
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assessment of the TagMan real-time PCR. A is 1x10° copies/uL, B
is 1x10° copies/uL, C is 1x10* copies/uL, D is 1x10° copies/uL,
E is 1x10? copies/uL, F is 1x 10" copies/uL, and G is the negative
control
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Fig.4 Verification of the RPA-
CRISPR/Cas13a-LFD for the
detection of environmental V.
alginolyticus

Discussion

Vibrio alginolyticus is widely distributed in the ocean. Lack
of awareness of the pathogenicity of V. alginolyticus and
lack of timely diagnosis have led to huge economic losses
and medical burdens (Weis et al. 2011; Sheahan et al. 2022).
Rapid and accurate identification of pathogens is a prerequi-
site and basis for the treatment of infections. Routine detec-
tion methods are difficult to implement in nonspecialized
laboratories, such as coastal and naval vessels. Therefore,
it is important to establish a rapid and efficient nucleic acid
on-site detection method for V. alginolyticus.

In this study, we developed a rapid and visual nucleic
acid detection method for V. alginolyticus based on RPA
thermostatic amplification technology and the CRISPR/
Cas13a system, which can be completed in less than 50 min.
The results were displayed by LFD, which showed excellent
specificity with no cross-reactivity with similar species of
Vibrio or other common clinical pathogens. The LOD of the
RPA-CRISPR/Cas13a-LFD method was higher than that of
the TagMan real-time PCR method established, which is ten-
fold higher than that of the TagMan real-time PCR method.

Selecting an appropriate detection gene as a target can
improve the specificity of the entire experiment. Currently,
the target genes used for molecular diagnosis of Vibrio
species mainly include specific independent genes, such
as the thermostable direct hemolysin (tdh) gene, TDH-
related hemolysin (¢rh) gene, thermolabile hemolysin (t/h)
gene, and foxR gene, which encodes the transmembrane
transcription regulator (Vuddhakul et al. 2000; Tian et al.

Test line

Control line

~ Test line

Control line

2022). Housekeeping genes such as 16S ribosomal RNA
(16S rRNA) and the gyrB gene (Vuddhakul et al. 2000;
Liu et al. 2021) are also used. Due to the similarity of
the coding sequences for virulence genes among Vibrio
species, the 16S rRNA gene is commonly used as a tar-
get for nucleic acid detection. However, the highly con-
served nature of the /6S rRNA gene limits the accuracy of
identification between closely related species (Liu et al.
2021; Wu et al. 2022). In recent years, with the enrich-
ment of genomic databases, the gyrB gene has been found
to be significant for distinguishing closely related species
(Liu et al. 2021). The gyrB gene is a commonly found
single-copy gene in bacteria that encodes the DNA gyrase
B subunit protein, as a housekeeping gene, which plays
an important role in the DNA replication process (Tian
et al. 2022). The gyrB gene is variable yet conserved,
as its genetic code can undergo nucleotide substitutions
without changing the translation results of the amino acid
sequence. Therefore, this gene has certain value in the
identification of Vibrio species (Wu et al. 2022). Ulti-
mately, in this study, we designed and screened specific
primers for the gyrB gene of V. alginolyticus.

In addition, we attempted to detect V. alginolyticus
nucleic acids using the RPA technique alone (Fig. S4). The
results showed that its sensitivity was comparable to that
of the TagMan real-time PCR. To improve sensitivity, we
optimised the ratio of crRNA concentration to Cas13a pro-
tein concentration. The results showed that the best cleavage
efficiency of the Cas13a protein was achieved when the ratio
of crRNA concentration to Cas13a protein concentration was
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Table 2 Bacterial strains used in this study

Table 2 (continued)

Species Method Score  Sources Species Method Score  Sources
Vibrio alginolyticus - - ATCC Vibrio harveyi MALDI-TOF MS 1.706  EN

V. alginolyticus MALDI-TOFMS  2.126 EN Vibrio mytili MALDI-TOFMS 1817  EN

V. alginolyticus MALDI-TOFMS  2.071 EN Staphylococcus aureus - - ATCC
V. alginolyticus MALDI-TOFMS  2.052 EN Escherichia coli - - ATCC
V. alginolyticus MALDI-TOFMS  2.181 EN Pseudomonas aeruginosa  — - ATCC
V. alginolyticus MALDI-TOF MS 2.115 EN P. aeruginosa MALDI-TOF MS 2270  EN

V. alginolyticus MALDI-TOFMS  2.024 EN P. aeruginosa MALDI-TOFMS 2246  EN

V. alginolyticus MALDI-TOF MS 2.079 EN Streptococcus agalactiac MALDI-TOF MS 2356 EN

V. alginolyticus MALDITOFMS  2.002 EN S. agalactiac MALDI-TOFMS 2390  EN

V. alginolyticus MALDITOFMS 2205 EN S. agalactiac MALDI-TOFMS 2295 EN

V. alginolyticus MALDI-TOFMS 2.030 EN Bacillus cereus MALDI-TOFMS 2255 EN

V. alginolyticus MALDI-TOFMS  2.009 EN B. cereus MALDITOFMS 2206  EN

V. alginolyticus MALDI-TOFMS 2207 EN ATCC American Type Culture Collection, EN isolated from the envi-
V. alginolyticus MALDITOFMS  2.145  EN ronment by the Six Medical Center of PLA General Hospital

V. alginolyticus MALDITOFMS ~ 2.034  EN Meaning of the score: Range:Instruction—2.300-3.000:High-confi-
V. alginolyticus MALDI-TOFMS 2253 EN dence species-level identification, 2.000-2.299:Determined genus-
V. alginolyticus MALDLITOFMS 2224 EN level identification, 1.700-1.999:Possible genus-level identification,
V. alginolyticus MALDI-TOF MS 2032 EN 0.000-1.699:Unreliable identification

V. alginolyticus MALDI-TOF MS 2.184 EN

V. alginolyticus MALDI-TOFMS  2.077  EN 1:2, which was consistent with the results reported by Hu
V. alginolyticus MALDI-TOF MS 2.010 EN et al. (2022).

V. alginolyticus MALDI-TOFMS ~ 2.061  EN Due to the late discovery of V. alginolyticus, only few
V. alginolyticus MALDI-TOFMS ~ 2.028  EN studies testing V. alginolyticus in animal models and much
V. alginolyticus MALDI-TOFMS ~ 2.148  EN less on mammalian models have been performed. In this
V. alginolyticus MALDI-TOFMS ~ 2.040  EN study, in addition to testing pure bacterial cultures, we also
V. alginolyticus MALDI-TOFMS ~ 2.028  EN tested in infected mice. Compared to the control group,
V. alginolyticus MALDI-TOFMS ~ 2.188  EN the mice exhibited lethargy and decreased activity after
V. alginolyticus MALDITOFMS  2.109  EN being injected with V. alginolyticus. However, out of the
V. alginolyticus MALDI-TOFMS ~ 2.029  EN ten infected mice, we only detected V. alginolyticus DNA
V. alginolyticus MALDI-TOFMS  2.188  EN in the blood of six mice. This could be due to the following
V. alginolyticus MALDI-TOFMS ~ 2.086  EN reasons: (1) The infection model used in this study involved
V. alginolyticus MALDI-TOFMS ~ 2.003  EN intraperitoneal injection, and some mice may not have
V. alginolyticus MALDITOFMS  2.191  EN developed bacteremia. (2) Blood contains phagocytes and
V. alginolyticus MALDITOFMS ~ 2.010  EN white blood cells, which can engulf pathogens, leading to a
V. alginolyticus MALDITOFMS  2.150  EN decrease in the pathogen count in the blood.

V. alginolyticus MALDITOFMS  2.077  EN In fact, we can further improve the above methods. In this
Vibrio parahaemolyticus — — - ATCC study, we used traditional bacterial genomic Kits to obtain
V. parahaemolyticus MALDITOFMS 2170 EN V. alginolyticus genomic DNA, which was not conducive to
V. parahaemolyticus MALDITOFMS 2292 EN field detection. Easy and rapid extraction of nucleic acids
V. parahaemolyticus MALDI-TOFMS 2218  EN from the bacterial genome is the key to achieving rapid on-
V. parahaemolyticus MALDITOFMS 2337 EN site diagnosis. Therefore, future work could attempt to use
V. parahaemolyticus MALDITOFMS ~ 2.293  EN a simple and efficient crude nucleic acid extraction method
V. parahaemolyticus MALDITOFMS  2.007  EN combined with the RPA-CRISPR/Cas13a-LFD to complete
V. parahaemolyticus MALDITOFMS 2267  EN pathogen detection. This would be better for the applica-
V. parahaemolyticus MALDITOFMS 2342 EN tion of POCT-style nucleic acid rapid detection for pathogen
V. parahaemolyticus MALDITOFMS  2.381  EN screening in nonlaboratory conditions. Some researchers are
Vibrio fluvialis - - ATCC concerned that the crude extracted genome of pathogens can
V. fluvialis MALDITOFMS  2.124  EN introduce inhibitor-like substances that may influence the
V. fluvialis MALDITOFMS ~ 2.101  EN amplification results. Fortunately, the RPA technology still
Vibrio melitensis - - ATCC
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shows strong stability when conventional inhibitors (20 g/L
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Table3 The performance of the Animal experimentation Sensitivity (%)  Specificity (%)
RPA-CRISPR/Cas13a-LFD for
detecting mice blood Positive  Negative Total
RPA-CRISPR/Cas13a-LFD  Positive  6(TP) 0(FP) 6 60 100
Negative  4(FN) 5(TN) 9
Total 10 5 15
TP true positive, FP false positive, FN false negative, TN true negative
Sensitivity = TP/(TP + FN) x 100; Specificity =TN/(TN + FP) x 100
Table 4 The results of mice Samplenumber 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
blood detection by TagMan
real-time PCR Result + - - 4+ o+ - 4+ o+ = 4+ = = = - -

Fig.5 The results of mice blood detection by RPA-CRISPR/Cas13a-LFD

haemoglobin, 0.5 U heparin, 1.25% urine) are present, which
cannot be achieved by PCR (Kersting et al. 2014; Rosser
et al. 2015).

In conclusion, compared to traditional molecular
diagnostics, the RPA-CRISPR/Cas13a-LFD method we
established offers the strengths of simplicity, rapidity,
high specificity and high sensitivity. This work offers a
possibility for rapid pathogen screening in nonlaboratory
conditions such as within communities and aboard ships.
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