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Objective: Cervical cancer is one of the most common malignant tumors affecting women. It is estimated that 99.6% of cervical
cancer patients are caused by persistent infection with human papillomavirus (HPV). The aim of this study was to combine the
Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR)/associated proteins (Cas12a) detection system with col-
loidal gold rapid diagnosis technology to develop a new rapid diagnosis technology for HPV16 nucleic acid detection.
Method: Based on the advantages of CRISPR-Cas12a and recombinase polymerase amplification (RPA) technology, this experi-
ment intended to establish an innovative technology suitable for rapid clinical detection of the L1 gene for HPV16 and develop a
rapid nucleic acid lysis solution. The RPA technology was developed through primer verification to synthesize a large number of
templates for the Cas12a-crRNA cleavage system swiftly. RPA technology was combined with lateral flow test strips to complete
the interpretation of the results. The lysate contained 1.5 M guanidine hydrochloride, 50 mM Tris (pH = 8.0), 100 nM NaCl, 5
mM Ethylene Diamine Tetraacetic Acid (EDTA), and 1% Tween-20.
Result: In this study, according to the concentration of the template and the results of agarose gel electrophoresis without drag-
ging phenomenon, a third solution was finally determined as the optimal cleavage scheme: 1.5 M guanidine hydrochloride, 50
mM Tris (pH = 8.0), 100 nM NaCl, 5 mM EDTA, 1% Tween-20. After optimization, the optimal concentration of the probe was
finally determined as 0.02 µM.
Conclusions: The current study verified the rapid detetion capacity of CRISPR/Cas12a combined with RPA technology, hoping
to provide a new technical method for HPV16 detection.
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Introduction

Cervical cancer is one of the most common malig-
nant tumors affecting women specially under the age of 45.
Cervical cancer causes serious physical and psychological
harm to patients. Almost 99.6% of the cases are caused by
persistent infection of human papillomavirus (HPV) [1], be-
ing the most common types HPV16 and HPV18 [2]. Early
screening, timely detection, appropriate treatment, and reg-
ular return visits are effective strategies to prevent cervi-
cal cancer and reduce its mortality. Nowadays, research
on HPV16 detection has increased at home and abroad,
in topics such as liquid-based cell thin layer technology
(TCT) [3], Papanicolaou (PAP)-Smear [4] and Raman spec-
troscopy [5]. Unfortunately, the detection time, specificity,
and sensitivity of the described techniques need to be im-

proved. Lin Haiying et al. [6] have found that if PAP-
Smears is not fixed in time during operation, it results in
low film quality in the later period, affecting subsequent
film reading thereby impairing accuracy. Similarly, stud-
ies have found that the high cost of Raman spectroscopy
technology is the main reason why it is difficult to be pop-
ularized, and it is suitable for in vivo detection needs to be
studied and determined [7]. Based on the advantages of
CRISPR-Cas12a and recombinant enzyme polymerase am-
plification (RPA) technology, this experiment intends to es-
tablish a new technology suitable for the rapid detection of
the HPV16 gene in the clinic. Hong Xinxin et al. [8] used
the combination of recombinant polymerase amplification
(RPA) technology and CRISPR-Cas12a technology to de-
tect influenza A virus with strong specificity and sensitivity
up to the 6 orders of magnitude, but this technology has not
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been widely used in the diagnosis of HPV.
Isothermal amplification technology of nucleic acid

has been gradually developed and refined to replace
the traditional polymerase chain reaction. Common
isothermal technologies include Recombinase Polymerase
Amplification (RPA) [9], strand displacement amplifica-
tion [10], helicase-dependent amplification [11], nucleic
acid sequence-based amplification [12] and loop-mediated
isothermal amplification [13]. These techniques integrate
well into microsystems or portable devices. They can be
used to improve nucleic acid-based field assays while en-
suring high sensitivity and minimal manipulation. Among
them, the development of heavy RPA technology is more
advanced. Its enzyme system can maintain good activity in
a temperature range of 25~40 °C which makes it applicable
and suitable for rapid detection without equipment [14].

RPA technology relies on three enzymes: Recom-
binase (binding primer) that can bind single-stranded nu-
cleic acid, single-stranded deoxyribonucleic acid (ssDNA)
binding protein, and strand displacement DNA polymerase.
The protein-DNA complex formed by the combination of
the recombinase and the primer can search for homolo-
gous sequences in double-stranded DNA. Firstly, Primers
locate homologous sequences strand exchange reaction oc-
curs, secondly, DNA synthesis begins and the target re-
gion is amplified, and finally, the replaced DNA strand
binds to the single-stranded DNA-binding protein (SSB),
preventing further replacement [15]. Compared to ordi-
nary polymerase chain reaction (PCR) methods, the en-
tire RPA process occurs rapidly. Generally, a detectable
amount of amplification products can be obtained within
10 min, which requires less experimental operation and in-
strumentation. By adding different enzymes and probes to
this basic system, a variety of RPA applications can be per-
formed. Piepenburg et al. (2006) [9] used lateral flow-
recombinase polymerase amplification (LF-RPA) technol-
ogy to detect Staphylococcus aureus with a sensitivity of
10 copies/reaction. Zhang et al. (2014) [16] used LF-RPA
technology to detect the Plum pox virus (PPV) within 20
min, and the reaction sensitivity reached 1 fg/µL. Ahmed et
al. (2014) [17] used the RPA-Exo probe method to detect
Leptospira, and the detection was completed within 25 min
with a sensitivity that reached 10 fg/µL. However, since
constant temperature PCR technology is difficult to avoid,
non-specific amplification can cause false positive detec-
tion, which limits the application of this technology in di-
agnosis [18]. The emergence of CRISPR technology pro-
vides new solutions to these specific technical problems.
CRISPR enables the immune system to recognize and break
down foreign nucleic acids in bacterial genomes, guided
by sequence-specific Ribonucleic Acid (RNA) molecules
[19]. Thus, its value as a novel gene editing tool has been
rapidly exploited [20]. Among the different varieties of
CRISPR, CRISPR/Cas12a enzymes belong to the class 2
system in CRISPR-cas [21]. It recognizes spacer adjacent

motif (PAM) that is rich in thymine nucleotides. Matured
self-lead CRISPR-RNA (crRNA) can catalyze the genera-
tion of 5′ and 3′ staggered distal PAMdouble-strandedDNA
(dsDNA) breaks. Furthermore, it hass been reported that
once Cas12a form a ternary complex with crRNA and target
DNA, the complex produce a strong “random cleavage ac-
tivity” that allows to cut any single-stranded DNA (namely
trans cut) [22,23].

The aim of this study was to combine CRISPR/Cas12a
detection system with colloidal gold rapid diagnostic tech-
nology to develop a new rapid nucleic acid diagnostic tech-
nology for HPV16. It is hypothesized that his technology,
used under the guidance of crRNA Cas12a enzyme speci-
ficity target and cleavage dsDNA, will nonspecificly cut
signal single-stranded DNA molecular markers to release
the signal molecules. Additionally, if combined with the
corresponding antibody on the gold-labeled test strip af-
ter the principle of color, it may be used in disease detec-
tion and subtype classification to distinguish and confirm
resistance gene and gene typing. Compared with the ex-
isting methods, the technique is more specific and sensi-
tive. Moreover, it is convenient to operate and user-friendly
without the requirement of professionals, providing a reli-
able and convenient technical means for the early diagnosis
and rapid detection of HPV16.

Material and Method

Sample General Information
Inclusion criteria of cervical cancer included: (1) Age

≥18 years; (2) Pathological, imaging and biochemical tests
confirmed the diagnosis of primary cervical cancer, which
was in accordance with the diagnostic standards of Cervi-
cal Cancer Diagnosis and Treatment (2018 Edition) issued
by the National Health Commission of the People’s Re-
public of China; (3) Able to complete questionnaire inde-
pendently; (4) Informed consent of this investigation was
provided. Exclusion criteria of cervical cancer included:
(1) Patients with severe cardiovascular and cerebrovascular
diseases, liver and kidney dysfunction, hematological dis-
eases or other malignant tumors other than cervical cancer;
(2) Patients with mental illness, cognitive impairment, in-
tellectual impairment or dyslexia; (3) In the terminal stage
of cancer care; Or (4) a history of psychoactive medica-
tions, drug use, or alcohol abuse within the previous three
months.

HPV16 negative samples (A, B, and C), and HPV16
positive samples (I, II, and III) were obtained from cervical
cancer (Chongqing Precision Medicine Industry Technol-
ogy Research Institute Sample Bank).

Reagents
The reagents included the following: LbCas12a (cpf1)

(Leshang Bio, Wuxi, China), lateral flow test strip (Mur-
ray Bio, Shanghai, China), isothermal nucleic acid am-
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Table 1. Primer sequences.
Primer Primer type Length Sequence (5′-3′)

Primer pair 1
HPV16-F1 upstream primer 31 TTGTTGGGGTAACCAACTATTTGTTACTGTT
HPV16-R1 downstream primer 29 CCTCCCCATGTCGTAGGTACTCCTTAAAG

Primer pair 2
HPV16-F2 upstream primer 30 CTACACCTAGTGGTTCTATGGTTACCTCTG
HPV16-R2 downstream primer 31 CGTCTGCAGTTAAGGTTATTTTGCACAGTTG
Positive crRNA upstream primer 24 TTTGGTTTAACGAGAACGTGAACC
Reverse crRNA downstream primer 24 ATTACAGCTGTAATGGACCTCAAA
DNAprobe 8 (FITC) TTATT (Bio)

plification kit (Leshang Bio, Wuxi, China), Tris (pH
= 8.0), NaCl, polyvinylpyrrolidone (PVP), Ethylenedi-
aminetetraacetic acid (EDTA), Guanidine Hydrochloride
(Qinke Bio, Beijing, China), TritonX100 (Sigma, USA),
Tween-20 (ThermoFisher, Shanghai, China). HPV16 plas-
mids were constructed by the Chongqing PrecisionMedical
Industry Technology Research Institute.

Primer Design and Synthesis
National Center for Biotechnology Information

(NCBI) was used to query and obtain the main capsid
protein L1 (GenBank: AY098925.1) sequence of HPV16,
using a sequence analysis software to perform multiple
sequence alignment. Primer 5 software (Premier Canada
Inc., Charlotte, NC, USA) was used to design primers
according to the alignment results. Two sets of primer
pairs (Table 1) were obtained and amplified using the RPA
amplification kit. The primers shown in the Table 1 were
synthesized by Qingke Biological Company.

Construction of the Detection Reaction System
Solution of Rapid Nucleic Acid Lysis Solution.

Three lysis buffers were used: 1⃝ 50 mM Tris (pH
= 8.0), 150 mM NaCl, 2% PVP, 1% Tween-20; 2⃝ 800
nM guanidine hydrochloride, 50 mM Tris (pH = 8.0), 0.5%
Triton-X100, 1% Tween-20; And 3⃝ 1.5 M guanidine hy-
drochloride, 50 mM Tris (pH = 8.0), 100 nM NaCl, 5 mM
EDTA, 1% Tween-20 [24]. 100 µL of lysate as described
above was added to three tubes. The samples were repeat-
edly scrubbed with a cotton swab, and shaken up and down
for 10 s to facilitate sample lysis. The nucleic acid con-
centration in the three tubes was determined by Nanodrop
and detected subsequently using agarose gel electrophore-
sis. The optimal solution was selected based on the nucleic
acid concentration and band results.

Primer Verification
HPV16 negative samples (A, B, and C), and HPV16

positive samples (I, II, and III) were amplified using RPA
with the primer pairs in Table 1 (F1 and R1, F2 and R2).

The RPA reaction system (50 µL) was added to 25 µL
Buffer, 2 µL of 10 µMprimer pair 1 (F1 and R1) and primer
pair 2 (F2 and R2), 1 µL sample template, and 17.5 µL
DEPC-treated water. To start the reaction, 2.5 µL magne-

sium acetate was added to the previously mentioned mixed,
followed by fully dissolving the recombinase complex dry
powder in the RPA reaction system. The whole reaction
system was reversed, homogenized, instantaneously sepa-
rated and then reacted at 37 °C for 30 min. After the reac-
tion, the product was recovered using the gel recovery kit.
Because there were diverse proteins during the reaction, di-
rect electrophoresis may lead to a tailing phenomenon, so
it was necessary to carry out a gel running test after protein
purification.

Probe-Free Cleavage
The detection system (20 µL) was added to 2 µL of

10× Cas12a buffer, 1.5 µL of LbCas12a protein, 1.2 µL of
gRNA (5 µM), 0.5 µL of RPA product and 14.8 µL DEPC-
treated water. Agarose gel electrophoresis was performed
after cleavage for 5 min and 30 min.

Probe Cleavage and System Optimization
The detection system before optimization was per-

formed as described in section 2.4.3. Because Cas12a-
crRNA recognizes, bound to the PAM sequence, and
cleaves randomly, the probe was cut. Thus, it could not
form a multiplex complex that could bind to the detection
line. If the detection line was positive, only the control line
had a color change, and if it was negative, both the control
line and the detection line had color changes. The DNA
probe concentration (0, 0.002, 0.02, 0.04, and 0.08 µM)
and the cleavage time (5, 15 min) in the reaction were opti-
mized.

Results

Determination of the Nucleic Acid Lysis Solution
HPV16 positive samples (I, II, and III) were lysedwith

the described three lysis solutions respectively, and the con-
centrations determined by Nanodrop are shown in Table 2.
The results of agarose electrophoresis are shown in Fig. 1.
Solutions 1 and 3 had higher extraction concentrations than
solution 2, and there was less dragging in solution 3 in the
electrophoretic diagram. Therefore, according to concen-
tration and electrophoresis, solution 3 was regarded as the
best one.
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Fig. 1. Electrophoresis of different lysates. M: 2000 bp marker;
1, 2, 3: Solution 1 split HPV16 (Ⅰ, Ⅱ, and Ⅲ) samples; 4, 5, 6:
Solution 2 split HPV16 (Ⅰ, Ⅱ, and Ⅲ) samples; 7, 8, 9: Solution 3
split HPV16 (Ⅰ, Ⅱ, and Ⅲ) samples.

Table 2. Concentrations of HPV16 samples lysed using three
lysis solutions.

Lysate type
Types of

HPV16-positive samples
Concentration (ng/µL)

Solution 1
Sample I 58.0
Sample II 55.7
Sample III 59.2

Solution 2
Sample I 40.7
Sample II 56.8
Sample III 50.9

Solution 3
Sample I 56.9
Sample II 58.7
Sample III 60.2

Primer Verification
HPV16 negative samples (A, B, and C), positive sam-

ples (Ⅰ, Ⅱ, and Ⅲ), and positive quality control were used
as templates. RPA reaction was performed on F1 and R1,
F2, and R2 primer pairs. After the reaction was completed,
2% of agarose gel electrophoresis was used to detect the
results. The optimal primer pair was determined accord-
ing to the band condition. Electrophoresis results showed
that the negative template with F2 and R2 primer pairs had
a false positive phenomenon (Fig. 2A). Therefore, in the
follow-up experiments, we used the primer pairs F1 and R1
and the materials addressed in section 2.1 (HPV16 negative
samples (A, B, and C), positive samples (Ⅰ, Ⅱ, andⅢ)). The
results are reported in Fig. 2B.

Probe-Free Cleavage
HPV16 RPA product was used as a template.

LbCas12a-crRNA digestion system was added, and elec-
trophoresis was performed for 5 and 30 min (80 v). The
results showed that within 10–30 min, the longer the cleav-
age time, the higher the binding rate of the enzyme di-
gestion system, and the more obvious the cleavage effect
(Fig. 3A,B).

Fig. 2. (A) F1 and R1, F2 and R2 primer pair screening. M:
Marker (100–10000 bp); 1, 2, 3: Negative samples with F1 and R1
as primers; 4, 5, 6: Positive samples with F1 and R1 as primers;
7, 8, 9: Negative samples with F2 and R2 as primers; 10, 11, 12:
Positive sample with F2 and R2 as primers; 13: Positive quality
control (230 bp). (B) F1 and R1 primer pair electrophoresis re-
sults. M: Marker (100–10000 bp); 1, 2, 3: Negative samples with
F1 and R1 as primers; 4, 5, 6: Positive samples with F1 and R1 as
primers; 7: HPV16 plasmid; 8: Positive quality control (230 bp).

Fig. 3. Cut without a probe. (A) M: Marker (100–10000 bp); 1:
Uncut control group; 2: Cut for 5min. (B)M:Marker (100–10000
bp); 1: Uncut control group; 2: Cut for 30 min.

Plus Probe Cleavage and System Optimization
Cleavage with Probes

Based on the system described in Section 2.3, 0.1 µM
probe was added and cleavage was performed for 30 min.
After cleavage, the results of positive samples Ⅱ were sub-
stantially different from those of the negative control group.
The test results showed that only the control line of the pos-
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Table 3. Determination of optimal probe concentration.
Probe concentration (OD) 0.002 0.02 0.04 0.08 0.1 Positive control

Test strip + ++ ++ ++ + -
“+/-” indicates the discoloration degree of bands; The more number of “+” indicates brighter the color; “-” indicates no color
development.

Table 4. Discoloration degree of optimized cleavage time.
Sequence number A-1 A-2 A-3 A-4 A-5 A-6 B-1 B-2 B-3 B-4 B-5 B-6

Test strip ++ - + - ++ ++ ++ - + - ++ ++
“+/-” indicates the discoloration degree of the bands; The number of more “+” indicate brighter color; “-” indicates no color
development.

Fig. 4. Preliminary exploration of adding cut probe. 1: Water;
2, 3, 4: Negative samples (A, B, C); 5, 6, 7: Positive samples (I,
II, III); 8: HPV16 plasmid; 9: Positive quality control (230 bp).

Fig. 5. Determination of probe concentration. The probe con-
centration is 1: 0.002 µM; 2: 0.02 µM; 3: 0.04 µM; 4: 0.08 µM;
5: 0.1 µM; 6: Positive control.

itive sample produced color, while both the control line and
the detection line of the negative sample produced color
(Fig. 4). However, the detection line of positive sample II,
still showed a light color.

Fig. 6. Cleavage time optimization. (A) Depicting the results
of cleavage for 5 min. (B) Depicting the results of cleavage for
15 min. Among them (1–6 templates are the same) 1: Negative
sample A; 2, 3: Positive sample II, III; 4: HPV16 plasmid; 5:
Positive quality control; 6: DEPC-treated water.

Probe Concentration Optimization

To determine the optimum concentration of the probe,
the color degree of the detector line must be determined.
The negative sample 1 was used as a template, and the con-
centration of the DNA probe was changed to 0, 0.002, 0.02,
0.04, and 0.08 µM. After the reaction, the test strip was in-
serted into 50 µL of probe buffer. The degrees of discol-
oration are repoted as +/- in Table 3, and results are shown
in Fig. 5. Among them, the 0.02~0.04 µM control line and
the detection line were the brightest. Based on the princi-
ple of saving agents, the optimal concentration was finally
determined to be 0.02 µM.

Cleaverage Time Optimization

When the cleavage time was changed from 5min to 15
min, the detection line of the test strip changed substantially,
as shown in Table 4 and Fig. 6A,B. However, after 15 min
of cleavage, the color of the positive sample Ⅲ was still
lighter than that of groups 1, 5, and 6, as shown in Fig. 6.

Discussion
Cervical cancer patients have no obvious symptoms

at an early stage. Vaginal bleeding, genital, and anal warts,
and other clear symptoms develop in the later stage [25].
High-risk HPV infection can lead to cervical intraepithelial
neoplasia [2], extremely harmful to health. In 2009, the in-
ternational agency for research on cancer defined HPV16,
18, 31, 33, 35, 39, 45, 51, 52, 56, 58 and 59 as class I
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carcinogens [26]. Among them, HPV16 and 18 infections
are the most closely associated with cervical cancer, and
type 16 or 18 infections can be detected in the cervical tis-
sues of 80% cervical cancer patients [27–29]. Therefore,
it is crucial to study the detection technology of HPV16
to aid preventing and treating cervical cancer. Thanks to
the development of screening technology, the chances of
preventing the disease has considerably increased. PAP-
Smears [4] and thinprep cytology test (TCT) [3] have been
widely used in clinical testing to detect HPV16. Despite
PAP-smear detection can realize detection of disease at an
early stage to reduce mortality, its sensitivity is not satis-
factory and the rate of missed detection can not be underes-
timated [30]. It has been pointed out that the false positive
rate of this method range between 50% to 90% [31]. Com-
pared to the smear method, the liquid-based cell thin layer
technique retains almost all specimens with single smear
background, which improves clarity and detection rate [32].
It shows higher sensitivity than PAP-Smear in the diagno-
sis of cervical cancer, and effectively reduce the misdiag-
nosis rate [33]. However, the cost of this detection method
is high, making it not suitable forless developed areas less
developed areas, which restricts its extensive application in
large-scale screening [34]. Raman spectroscopy provides a
unique biochemical fingerprint that can identify and char-
acterize molecular, cellular, and tissue structures. It is a
promising biochemical tool for cervical cancer detection
[5]. Being a promising biochemical tool for cervical can-
cer detection, Raman spectroscopy provides a unique bio-
chemical fingerprint capable of identifying and character-
izing the structure of a molecular, a cell and a tissue. How-
ever, Shen Zuowei et al. [7] have summarized the litera-
ture related to the diagnosis of cervical cancer by Raman
spectroscopy, indicating that most of the studies focus on
histology, predominantly in vitro studies, and the related
studies of cytology and serology need further development.
Ramos also points out that more comprehensive in vivo and
in vitro studies are essential to verify the advantage of this
technique in cervical cancer diagnosis [5].

The combination of CRISPR/Cas12a and RPA (RPA-
CRISPR/Cas12a) has been widely used in clinical testing.
Luan Tian et al. (2020) [35] have applied this technology
to detect Actinobacter pneumonia. It took 30 min to be
completed and showed negative results for control strains
including Haemophilus parasuis (HPS), Streptococcus suis
(SS), and Salmonella (SE) with high specificity. The sen-
sitivity of this method can reach 10 copies/µL, 1000 times
as high as that of an ordinary PCR method. Lei Rong et al.
(2022) [36] have detected Phytophthora syringae and am-
plified them at 37 °C for 40 min, which succeeded in detect-
ing Phytophthora syringe with a sensitivity of 133 fg/µL,
implying that this detection method has high specificity and
high sensitivity. Nevertheless, this method has been rarely
applied in HPV16 detection. At present, the clinical diag-
nosis of cervical cancer mainly includes TCT detection and

PAP-Smears and some scholars apply the combination of
TCT and real-time quantitative polymerase chain reaction
(qPCR) detection. Li Haiping and Gao Bowen et al. (2016)
[37] have adopted the combination of TCT and qPCR to
detect HPV16a with a positive detection rate of 94.44%,
which is higher than that of TCT (59.09%) or qPCR (64.0%)
alone. Yang Xiaolin et al. (2022) [38] have used TCT and
immunohisto chemistry (IHC) to detect HPV and p16 pro-
teins. The sensitivity, specificity, and accuracy of HPV,
TCT, and P16 combined detection are higher than those of
HPV detection, TCT detection, and P16 detection alone.
However, both TCT-qPCR and IHC methods need long de-
tection time, high cost, and show poor specificity and sen-
sitivity. Taken together, the present study attempted to find
a more specific detection method. The use of RPA tech-
nology improved the sensitivity of the reaction. The results
were shown by an immunochromatographic strip making
the test intuitive and reliable. This method could effec-
tively avoid the problems of subjective judgment or diffi-
cult smear production. The test provides a new technology
for clinical monitoring of HPV16. It is expected to be popu-
larized in both developed and developing areas, with a new
technique for clinical diagnosis.

The innovations of this paper are as follows: (1) Dif-
ferent lysate formulations were collected, and the optimal
formulations were obtained through comparative analyses:
1.5 M guanidine hydrochloride, 50 mM Tris (pH = 8.0),
100 nMNaCl, 5 mM EDTA, 1% Tween-20; (2) For the first
time, RPA-CRISPR-Cas12a technology was applied in the
detection of HPV16. Compared with TCT, Pap smear and
Raman spectroscopy, RPA-CrisPR-Cas12A technology did
not require special equipment and is easy to operate. Be-
cause HPV16 specific genes and probes were selected for
the experiment, the specificity and sensitivity were higher.
Meanwhile, studies have shown that the entire detection
process can be completed within 40 min [36], which can be
used as an effective tool for the rapid diagnosis of cervical
cancer; (3) The combination of RPA-CRISPR-Cas12a tech-
nology and the test strip detection method enhances the vi-
sualization of the results, and the operation is user-friendly
and convenient. It is very suitable for rapid field detec-
tion and has the value of clinical promotion. The design
of DNA probes during CRISPR/Cas12a reaction and results
observation with an immunofluorescence dipstick might ef-
fectively avoid subjective judgment problems. Finally, the
probe concentration and cleavage time were optimized to
obtain a technique that could be inter-operator reliable. Af-
ter optimization, the optimal concentration of the probe was
finally determined as 0.02 µM.

There are some limitations in this study that need to be
solved in the future. The optimal cleavage time is not clear,
a large number of clinical samples are needed to be verified.
Additionally, it is uncertain whether this technology affects
the detection of people who have been inoculated with HPV
vaccines.
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Conclusions

In conclusion, this study combined the rapid recogni-
tion ability of CRISPR/Cas12a with RPA technology. This
technique has low requirements on detection equipment,
making it accessible for resource-limited areas or field stud-
ies.
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