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1  |  INTRODUC TION

Helicobacter pylori (H. pylori) is a helical, gram-negative, microaero-
philic bacterium that is responsible for several gastroduodenal 
diseases, such as chronic gastritis, peptic ulcer, gastric mucosa-
associated lymphoid tissue (MALT), and gastric adenocarcinoma.1 It 
is estimated that more than 50% of the global population is infected 

with H. pylori, and it could be worse in developing countries given 
that the prevalence of H.  pylori may be correlated with socioeco-
nomic status.2,3

It is widely known that H. pylori infection can be diagnosed by 
invasive and noninvasive methods. Noninvasive methods, such as 
the urea breath test and serological test, are widely applied in clin-
ical practice. However, almost all the commonly used noninvasive 
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Abstract
Background: Noninvasive detection of Helicobacter pylori plays an important role in 
clinical practice. However, few noninvasive methods have been applied in epidemi-
ological studies due to the requirement for expensive equipment and complicated 
processes. The aim of this study was to establish a reliable, fast, and inexpensive 
noninvasive method based on CRISPR-Cas12a technology for the detection of 
Helicobacter pylori in stool specimens.
Method: A novel detection method based on CRISPR-Cas12a technology was estab-
lished and validated with 41 stool specimens collected from Zhujiang Hospital and 
compared with reliable Helicobacter pylori detection assays, such as the rapid urease 
test and urea breath test.
Result: A CRISPR-Cas12a system-based method was established, and its sensitivity 
and specificity were evaluated. Utilizing a lateral flow biosensor, the limit of detection 
was 5 copies/μl, and our method could successfully distinguish Helicobacter pylori from 
other pathogens, suggesting no cross-reactivity with other pathogens. Furthermore, 
lateral flow biosensor strips were utilized to test stool specimens, which could display 
the detection results in an accessible way.
Conclusion: Our CRISPR-Cas12a system-based method successfully detected 
Helicobacter pylori in stool specimens. It is a rapid, simple, and inexpensive method 
for the detection and screening of Helicobacter pylori, which makes it a very promising 
supplemental test. However, its sensitivity and specificity compared with those of the 
gold standard test still need to be examined.
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methods have limitations. The urea breath test can be interfered 
with by H. pylori in the oral environment; moreover, insufficient car-
bon dioxide production in children also limits the application of this 
test.4,5 Antibodies against H. pylori can exist in the circulatory sys-
tem for a long time even after eradication, which may cause false 
positive results, leading to unnecessary treatments.6,7 Some labora-
tories utilize PCR to detect nucleic acids of H. pylori in stool samples, 
but it is challenging to obtain well-preserved stool samples with in-
tact nucleic acids. In addition, certain substances from samples may 
inhibit PCR assays.8 More importantly, none of these noninvasive 
methods can be widely applied for epidemiological studies, espe-
cially large-scale screening for infected patients. Therefore, novel 
rapid, accurate, simple, and portable techniques are urgently needed 
for point-of-care testing. A lateral flow biosensor (LFB) based on 
gold nanoparticles (AuNPs) or other nanoparticles is a suitable re-
porter for point-of-care testing. In the presence of analyte, colori-
metric change occurs as nanoparticles aggregate, and the signal can 
be observed with by eye without using complicated instruments.9 
Although there are reports on the use of LFBs for nucleic acid detec-
tion,10,11 LFBs are most likely used for antigen or antibody detection 
in current in vitro diagnostic (IVD) products.

To achieve this goal, we established a new detection assay based 
on CRISPR-Cas12a technology to detect H. pylori in stool specimens. 
Clustered regularly interspaced short palindromic repeats (CRISPR) 
designates a family of DNA sequences found in prokaryotic organ-
isms, and the CRISPR-associated (Cas) immune system has been 
widely used in the field of molecular biology studies. The Cas im-
mune system targets and cleaves specific nucleic acid sequences 
that can be used in genome editing.12 In this study, we established 
a novel tool based on CRISPR-Cas12a technology to detect H. py-
lori in stool specimens, and the performance of this novel assay was 
evaluated.

2  |  METHODS AND MATERIAL S

2.1  |  Patients’ demographic information and 
Clinical specimens’ collection

Forty-one patients with gastric symptoms who visited Zhujiang 
Hospital for endoscopic examination were recruited during 
the study period. The study was approved by the Institutional 
Review Board (IRB) of the ZhuJiang Hospital of Southern Medical 
University, and the study conformed to the Declaration of Helsinki. 
Informed consent was obtained from all the patients involved in 
this study. Patient demographic information is listed in Table  1. 
Stool samples (~5 g) produced by normal evacuation were collected 
from each patient before the endoscopic procedure. Stool sam-
ples were placed in flasks containing 3 ml of RNALater (Ambion, 
AM7020, Thermo Fisher Scientific) and stored in a deep freezer 
(–80°C) until analysis.

TA B L E  1 Patients’ demographic information

No. Patient ID Age Sex
Helicobacter 
pylori status

1 2838312 65 Female Positive

2 2944472 65 Male Positive

3 2978734 50 Female Positive

4 2978912 60 Male Positive

5 2979265 67 Male Positive

6 2980140 44 Male Positive

7 2981009 29 Female Positive

8 3058994 41 Male Positive

9 2611005 70 Female Positive

10 760505 44 Male Positive

11 649973 54 Female Positive

12 2967597 44 Male Positive

13 4015221 59 Male Positive

14 1825948 62 Male Positive

15 286777 55 Male Positive

16 1785547 48 Female Positive

17 1281662 43 Male Positive

18 1963689 60 Female Positive

19 2895829 62 Female Positive

20 4088048 57 Female Positive

21 2398227 58 Female Positive

22 609691 68 Female negative

23 3002456 23 Male positive

24 2072962 67 Female positive

25 2057818 55 Male negative

26 2516138 53 Female negative

27 368098 71 Male negative

28 4250177 50 Female negative

29 1695616 43 Male positive

30 645044 46 Female negative

31 4245913 62 Male negative

32 5012929 68 Female positive

33 2057818 55 Male negative

34 4186286 66 Female negative

35 4084450 56 Female negative

36 1005575 83 Male positive

37 1663552 55 Female negative

38 1222545 73 Male negative

39 2516542 48 Male negative

40 1299626 86 Female negative

41 5011897 66 Male negative

Note: In total, 41 patients were enrolled in our study. Twenty-six 
patients were H. pylori positive, and fifteen patients were H. pylori 
negative. H. pylori status of these patients was determined by rapid 
urease test or urea breath test.
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2.2  |  DNA extraction

For clinical samples, a TIANamp Stool DNA Kit (DP328-02, TIANGEN 
Biotech) was used. DNA was extracted following the manufacturer's 
instruction. Briefly, 200  µl was used for extraction, and the DNA 
was eluted in 50 µl.

Bacterial genomic DNA was extracted using a TIANamp Micro 
DNA Kit (DP316, TIANGEN Biotech) following the manufacturer's 
protocol. Briefly, 200 µl was used for extraction, and the DNA was 
eluted in 50 µl.

2.3  |  Recombinase Polymerase Amplification

Primers for recombinase polymerase amplification (RPA) with am-
plicon sizes between 100 and 140  bp, primer melting tempera-
tures between 54°C and 67°C, and primer sizes between 30 and 
35 nt were designed using NCBI Primer-BLAST. The primers used 
in the RPA were the forward primer 5′-GAAATYTTATTGTGTTTA
GTGGCTTTATCG-3′ and reverse primer 5′-GGATNGGCTTTCAA
GTGGGCTATAARCAATT-3′. The RPA reaction was run following 
the instructions of TwistAmp Basic (TwistDx). The lyophilized RPA 
pellet was resuspended in 29.5 μl of rehydration buffer, followed 
by the addition of primers and 2 μl of the target DNA template, 
whose concentration was not measured. For comparison, another 
2 μl of the target DNA template was used in qPCR detection. The 
volume was then brought up to 47.5 μl with dH2O, followed by the 
addition of 2.5 μl of 280 mM magnesium acetate (MgOAc) to yield 
a 50-μl mixture containing 0.48 μM forward and reverse primers 
and 14 mM MgOAc. After briefly mixing, the mixture was incu-
bated at an optimized temperature (37°C) for 30  min. The RPA 
product was visualized using agarose gel electrophoresis. The pro-
tocol of agarose gel electrophoresis was described in a previous 
study.13

2.4  |  CRISPR Cas12a reaction

After the RPA reaction, 1 μl of the RPA product was added to the 
CRISPR-Cas12a reaction system, a 50-μl mixture containing 10 mM 
Tris-HCl, 10 mM MgCl2, 50 mM NaCl, 1 mM DTT, 20 nM Cas12a 
(Magigen), and 1 ng/μl guide RNA (gRNA). For the Fluorescence-
CRISPR-HP assay and LFB-CRISPR-HP assay, a 10  nM fluores-
cence probe (FAM-5′-AAAAAAA-3′-Dabcyl) and 20 nM LFB probe 
(digoxin-5′-AAAAAAA-3′-biotin) were included, respectively. For 
the Fluorescence-CRISPR-HP assay, the reaction was incubated at 
37°C for 20 min, and real-time or end-point fluorescence detection 
was performed using a SLAN-96S Real-Time PCR system (Hongshi 
Medical Technology Co., Ltd.). For the LFB-CRISPR-HP assay, the 
reaction mixture was loaded onto a LFB after a 20-min incubation 
at 37°C.

2.5  |  Lateral flow biosensor detection

To prepare AuNP-anti-digoxin antibody conjugates, 10 μg of mono-
clonal anti-digoxin antibodies and 8 μl of 0.1 M K2CO3 were added 
to 1 ml of AuNP solution, and the mixture was shaken gently at room 
temperature for 1 h. Then, one hundred microliters of 10% BSA was 
added to the anti-digoxin antibody-coated AuNPs. The solution was 
incubated at room temperature for 1 h, followed by centrifugation 
(9.425 × 103  g, 20 min) and three rinses with rinsing buffer (20 mM 
Na3PO4, 5% BSA, 0.25% Tween-20, 10% sucrose, and 0.1% NaN3) to 
remove any unbound monoclonal anti-digoxin antibodies. The red 
pellet was resuspended in 300 μl of rinsing buffer and then stored in 
a refrigerator at 4°C until use.

For LFB construction, 30  μl of 1  mg/ml streptavidin (SA) and 
30 μl of 2 mg/ml goat anti-mouse antibodies were dispensed simul-
taneously onto a nitrocellulose membrane (25 mm × 30 cm, capillary 
rate: 140 ± 40 s, thickness: 145 ± 20 μm) with a lateral flow dispenser 
(Shanghai Kinbio) to form a test zone and a control zone. The mem-
brane was then dried at room temperature for 12 h and stored at 4°C 
until use. Strips of fiberglass (27 mm in width) were used as sample 
pads after being soaked in sample pad buffer (1% Triton, 1% BSA, 2% 
glucose, 50 mM boric acid, pH 8.0). The sample pads were dried and 
stored in a low-humidity drawer at room temperature. The AuNP-
anti-digoxin antibody conjugate was sprayed on the sample pad at 
a speed of 1 μl/cm. Absorbent pads were strips of thick absorbent 
paper 17 mm in width. A strip of sample pad, nitrocellulose mem-
brane, and absorbent pad were attached along the long axis of an ad-
hesive plate with an overlap of 2–3 mm. The plate was then cut into 
0.22-cm wide strips using a paper cutter (programmed high-speed 
cutter, Shanghai Kinbio). The strips were stored in a low-humidity 
drawer at room temperature until use.

For LFB detection, all 50-μl CRISPR-Cas12a reaction products 
were loaded onto the sample pads, and the results were recorded 
10 min later.

2.6  |  Sensitivity of the CRISPR-HP assay

To determine the detection limits of the CRISPR-HP assay, H. pylori 
(ATCC 43504) was serially diluted, and genomic DNA was extracted 
using a TIANamp Micro DNA Kit (DP316, TIANGEN Biotech, Beijing, 
China). The extract was tested by both the Fluorescence-CRISPR-HP 
assay and LFB-CRISPR-HP assay.

2.7  |  Specificity of the CRISPR-HP assay

Enterococcus faecalis (ATCC 29212), Escherichia coli (ATCC 25922), 
Staphylococcus aureus (ATCC 43300), Staphylococcus epidermidis, 
Salmonella enterica, Shigella flexneri, Shigella sonnet, and Vibrio para-
haemolyticus were used for specificity determination. Genomic DNA 
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was extracted using a TIANamp Micro DNA Kit (DP316, TIANGEN 
Biotech). The extracts were tested by the Fluorescence-CRISPR-HP 
assay and LFB-CRISPR-HP assay.

3  |  RESULTS

3.1  |  Establishment of RPA and CRISPR-HP system

Based on the genomic sequence of H.  pylori, 5 sets of RPA prim-
ers and corresponding CRISPR gRNAs were designed and screened 
(Table 2). The conservation of candidate primers was evaluated by 
alignment of sequences of six H. pylori strains. The performance of 
the five primer sets was evaluated with genomic DNA extracted from 
H. pylori ATCC 43504 using a TwistAmp Basic Kit. Amplification was 
carried out at 37°C for 30 min. The RPA products were separated 
in agarose gels and visualized under ultraviolet light. As shown in 
Figure 1A, among the five primer sets, the F4/R4 set generated the 
most products with the expected size, while no nonspecific products 
were observed in the negative control. Therefore, primer set F4/R4 
was chosen and employed in the following RPA assay.

The optimized gRNA for the CRISPR-Cas12a system was also 
evaluated by fluorescence signal detection. To perform fluorescence 
detection, 1 μl of RPA product was added to the CRISPR-Cas12a sys-
tem, and the reaction system was incubated at 37°C for 20 min (20 
cycles, 1 min each cycle). The results revealed that gRNA1 generated 
the most fluorescence signal. Thus, gRNA1 was chosen and applied 
for the CRISPR-Cas12a system (Figure 1B).

3.2  |  LFB-CRISPR-HP assay

Although the Fluorescence-CRISPR-HP assay is a simple method for 
H. pylori detection, fluorescence excitation sources and fluorescence 
readers are still required. To make the assay simpler and more fea-
sible, for example, not relying on sophisticated instruments, we ap-
plied the LFB method, the result of which can be read by eye. The 
principle is shown in Figure 2A. The target sequence of H. pylori was 

first amplified by RPA and then supplied to the CRISPR-HP system. 
The presence of the target sequence activated Cas12a, leading to 
the degradation of the probe. The CRISPR system was similar in the 
Fluorescence-CRISPR-HP assay and LFB-CRISPR-HP assay except 
for the probe used. In the LFB-CRISPR-HP assay, a dual-labeled 
probe labeled with both digoxin and biotin was used. Finally, the 
product of the CRISPR-HP system was loaded onto the LFB. The LFB 
contained anti-digoxin antibodies labeled with gold nanoparticles 
on the sample pad and two lines on a nitrocellulose membrane. SA 
and a goat anti-mouse antibody were bound on the first and second 
lines, respectively. In the absence of target DNA, the probe stayed 
intact, and AuNPs were captured by the first line through the AuNP-
probe-SA link; consequently, a red line appeared at the first line. The 
remaining AuNPs could also be captured by the second line, and a 
red line could be observed at the second line. When target DNA ex-
ists, the probe is degraded by nonspecific cleavage by Cas12a, and 
the AuNPs could not be captured by the first line; instead, they were 
captured by the second line; therefore, a red line appeared at only 
the second line.

The reaction mixture, which did not use a fluorescence probe but 
rather a biotin-digoxin probe, was also incubated at 37°C for 20 min 
for LFB testing, and the sample pad of the strips was inserted into 
the reaction solution for 10 min. The LFB results were completely 
consistent with the fluorescence detection results (Figure 2B).

3.3  |  Sensitivity and specificity of CRISPR-HP 
detection assay

After the establishment of the Fluorescence-CRISPR-HP assay 
and LFB-CRISPR-HP assay, the sensitivity and specificity of the 
CRISPR-HP detection assay were evaluated. The genomic nucleic 
acid of H.  pylori (ATCC 43504) was serially diluted, and the low-
est concentration that CRISPR-HP could detect was considered 
the limit of detection (LoD). The RPA system was established as 
previously described and then placed in an isothermal bath at 
37°C for 30 min. Then, 1 μl of the RPA product was added into the 
CRISPR-Cas12a reaction system, and the mixture was placed into 

F1/R1 CGCCCTAAACGATGGATGCTAGTTGTTGGA

CCACATGCTCCACCGCTTGTGCGGGTCCC

F2/R2 GGCTTTATCGTTGATGAAATTCACTAACAA

GCTAATCGCYGCTTCTACCACCAAYAACGG

F3/R3 TAGYACTTGGTTTGCAAGYAACAATCTCAC

TATATGTATAGTTAAGATAAACGCTCACCA

F4/R4 GAAATYTTATTGTGTTTAGTGGCTTTATCG

GGATNGGCTTTCAAGTGGGCTATAARCAATT

F5/R5 GTAGTCCACGCCCTAAACGATGGATGCTAG

CGGATTCTCTCAATGTCAAGCCTAGGTAAG

HP-F4-gRNA1 TAATTTCTACTAAGTGTAGATTGGATTACAACCACACCTAT

HP-F4-gRNA2 TAATTTCTACTAAGTGTAGATTTATAGGTGTGGTTGTAATC

TA B L E  2 Sequences of primer and 
probe used in the article
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an isothermal bath at 37°C for 20 min. Sterile water was set as the 
non-template control (NTC). The product of the CRISPR-HP assay 
was tested by both the Fluorescence-CRISPR-HP assay and LFB-
CRISPR-HP assay. As shown in Figure 3A, although the end-point 
fluorescence intensity of 1  copy/μl was not as high as that with 
higher H.  pylori DNA concentrations, it was significantly higher 
than that of the NTC. The detection limit of the Fluorescence-
CRISPR-HP assay was 1  copy/μl. For the LFB-CRISPR-HP assay, 
the test lines appeared when testing H. pylori DNA at a concentra-
tion above 5 copies/μl. Thus, the LoD of the LFB-CRISPR-HP assay 
was 5 copies/μl (Figure 3B).

Then, the specificity of the CRISPR-HP assay was also evaluated. 
Several common gut pathogens, such as E.  faecalis (ATCC 29212), 
E. coli (ATCC 25922), S. aureus (ATCC 43300), S. epidermidis, S. enter-
ica, S. flexneri, S. sonnet, and V. parahaemolyticus, were used to eval-
uate the discrimination of the CRISPR-HP assay. The genomic DNA 
of all the pathogens, including H. pylori, was extracted according to 
the procedure described above. We established an RPA system in 
an isothermal bath at 37°C for 20 min. The products were tested by 
both the Fluorescence-CRISPR-HP assay and LFB-CRISPR-HP assay 
(Figure 4).

3.4  |  RPA system effectively amplify Helicobacter 
pylori DNA from stool sample

After establishment of the CRISPR-HP assay and evaluation of 
the performance of the assay, novel testing was applied to detect 
H. pylori DNA in clinical stool specimens. Stool specimens from 41 
patients who were diagnosed by either rapid urease test or urea 
breath test were collected. Since the sampling sites of both methods 
are different from stool, the diagnosis result may not truly reflect 
whether there is H. pylori DNA in stool specimens. Thus, we set up a 
qPCR method to detect H. pylori DNA in stool specimens as the gold 
standard. Total DNA was extracted from stool samples and tested by 
qPCR and the CRISPR-HP assay. Comparison of the clinical diagnosis 
and qPCR is shown in Table 3. Three samples in first batch which 
were clinically positive were negative according to the qPCR result. 
The results of the CRISPR-HP assay are shown in Figure 5. All results 
for the 41 samples were consistent among qPCR, the Fluorescence-
CRISPR-HP assay, and the LFB-CRISPR-HP assay, showing the ex-
cellent performance for clinical stool sample analysis of both the 
Fluorescence-CRISPR-HP assay and LFB-CRISPR-HP assay.

4  |  DISCUSSION

Although the prevalence of H.  pylori has tended to decrease, mil-
lions of people are still infected worldwide. Due to the importance 
of eradication of H. pylori infection and the majority of people be-
coming infected in childhood, novel rapid, and accurate noninvasive 
methods are urgently needed for epidemiological studies and large-
scale screening tests. Therefore, we established a novel detection 
method based on CRISPR-Cas12a technology to achieve this goal.

CRISPR technology has recently been widely used in infectious 
disease detection. Pardee et al. combined isothermal amplification 
of DNA and CRISPR-Cas9 technology and successfully distinguished 
different types of Zika virus strains at single-base resolution both 
in vitro and in a macaque model.14 After establishing the specific 
high-sensitivity enzymatic reporter unlocking (SHERLOCK) system 
based on CRISPR-Cas13 technology, Gootenberg et al. applied it 
in the identification of E.  coli and Pseudomonas aeruginosa as well 
as in resistant genotype differentiation of Klebsiella pneumoniae.15 
Myhrvold et al. improved the SHERLOCK system by creating a new 
system named heating unextracted diagnostic samples to obliter-
ate nuclease (HUDSON). HUDSON is a system that can lysis virus 
vesicles and inactivate the high concentration of RNase present in 
body fluids through chemical and thermal techniques. By combining 
those two systems, they directly detected dengue virus strains from 
blood, serum, and saliva samples within 2 h with high sensitivity and 
without DNA extraction. In addition to pathogen detection, CRISPR 
technology has also been used in the study of antibiotic resistance. 
Several researchers have reported applying CRISPR technology for 
the identification of antibiotic resistance mutations, providing useful 
information for antibiotic resistance-related sequence and resistant 
bacterium detection.16-19

F I G U R E  1 Establishment of RPA and CRISPR-HP system. (A) 
Agarose gel electrophoresis results of all the primer sets. All the 
primer sets (F1/R1, F2/R2, F3/R3, F4/R4) were separately added 
into RPA reaction with or without Helicobacter pylori DNA, and RPA 
reaction products were analyzed with electrophoresis. (B) Real-
time fluorescence signal of two gRNA designed for CRISPR-HP 
assay; red, gRNA 1; blue, gRNA 2; gray, without gRNA
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In this study, CRISPR-Cas12a technology was applied for the 
detection of H. pylori infection. First, RPA, which can isothermally 
amplify targeted DNA,20 was combined with CRISPR-Cas12a tech-
nology to build a novel testing method. Primer optimization for RPA 
was conducted by agarose gel electrophoresis, and the best gRNA 
for the Cas12a reaction was selected according to the fluorescence 
signal. After establishment of the new method, the detection limit 
and discrimination were evaluated. The detection limit was 5 copies/
μl, and the new method could accurately identify H. pylori in stool 
specimens without cross-reactivity to other common gut pathogens. 
Furthermore, our method was utilized to detect H. pylori from stool 
specimens of 41 patients, and the results revealed that our CRISPR-
Cas12a method achieved a good diagnostic performance.

Unlike other researchers who usually use CRISPR-Cas13a or 
CRISPR-Cas9 technology, we applied CRISPR-Cas12a here for 

several reasons. Cas13a is an RNase that can be guided and acti-
vated by RNA. Although Cas13a has great activity in CRISPR RNA 
(crRNA) processing and RNA cleavage targeting,21,22 the process 
may need complicated pretreatment for targeted RNA, which may 
restrict its application in clinical practice. In contrast to Cas13a, 
Cas12a is a DNA endonuclease, and its requirements for detection 
are much lower than those of Cas13a (no complicated preparations 
are needed), thus enabling Cas12a to be applied in different settings. 
The structures of Cas12a and Cas9 are similar, but they have differ-
ent mechanisms of target sequence recognition. For example, Cas9 
needs one crRNA and one trans-activating CRISPR RNA (tracrRNA) 
to target the DNA sequence, while Cas12a needs only one crRNA, 
which makes Cas12a a simpler system than Cas9.23 Therefore, the 
CRISPR-Cas12a method is easier to establish and apply. Moreover, 
a LFB was utilized to display the result of the whole detection. The 
LFB has a pretreated strip containing reagents that could react with 
the sample applied, allowing direct reading of the results by eye.24 
Thus, the LFB helps to reduce the requirement of expertise for 

F I G U R E  2 Principle and establishment of LFB-CRISPR-HP assay. (A) Illustration of the principle of LFB-CRISPR-HP assay. Target 
sequence is amplified by RPA and added into the CRISPR. Cas proteins is activated upon specific binding of gRNA to target sequence, which 
causes the degradation of ssDNA probe. Finally, the integrity of ssDNA probe is detected by LFB. Broken of ssDNA probe leads to the 
disappearance of test line. (B) Results of LFB-CRISPR-HP assay and Fluorescence-CRISPR-HP assay. NTC, non-template control. Error bars 
represent ±SD, where n = 3 independent experiments. In CRISPR reaction, 10 mM Tris-HCl, 10 mM MgCl2, 50 mM NaCl, 1 mM DTT, 20 nM 
Cas12a, and 1 ng/μl gRNA were used

F I G U R E  3 Sensitivity of CRISPR-HP assay. (A) Sensitivity of 
Fluorescence-CRISPR-HP assay. Helicobacter pylori DNA with 
concentration ranging from 1 to 5000 copies/μl was tested. NTC, 
non-template control. Error bars represent ±SD, where n = 3 
independent experiments. (B) Sensitivity of LFB-CRISPR-HP assay. 
Helicobacter pylori DNA with concentration ranging from 1 to 
5000 copies/μl was tested. NTC, non-template control

F I G U R E  4 Specificity of CRISPR-HP assays. NTC: non-template 
control; PC: Helicobacter pylori; N1: Enterococcus faecalis; N2: 
Escherichia coli; N3: Staphylococcus aureus; N4: Staphylococcus 
epidermidis; N5: Salmonella enterica; N6: Shigella flexneri; N7: 
Shigella sonnet; N8: Vibrio parahaemolyticus. (A) Results of 
Fluorescence-CRISPR-HP assay. Error bars represent ±SD, where 
n = 3 independent experiments. (B) Results of LFB-CRISPR-HP 
assay

TA B L E  3 Result comparison of clinical diagnosis and qPCR

Clinical diagnosis

Positive Negative

qPCR Positive 23 0

qPCR Negative 3 15
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interpreting the results, which can broaden its application to various 
scenarios.

This research has several limitations. First, the sample size was 
small, namely, 41 patients were enrolled in our study, and their stool 
specimens were collected. The conclusions might be exaggerated 
due to the small sample size. Second, the discrepancy in detection 
results between stool sample-based testing and urea breath tests 
proposed by other researchers remains unclear. One probable reason 
that the differences exist might be related to the concentration of 
H. pylori in stool samples, which may be associated with the way that 
H. pylori enters the digestive tract. Barbora Šeligová et al reported 

that H. pylori occurrence is at least 5 times lower in stool specimens 
than in biopsy samples.25 In the near future, additional patients will 
be enrolled for stool specimen collection to evaluate the sensitivity 
and specificity of our novel testing strategy.

5  |  CONCLUSION

We established a novel testing approach based on CRISPR-Cas12a 
technology, and its rapidity and accuracy make it a promising tool for 
H. pylori detection. Displaying the detection result with a LFB makes 

F I G U R E  5 Results of CRISPR-HP assay analyzing 41 clinical stool samples. NTC: non-template control; PC: Helicobacter pylori; Sample 
1 ~ 41: clinical samples. (A) Results of first batch tested by Fluorescence-CRISPR-HP assay and LFB-CRISPR-HP assay. The first batch 
contained 21 clinical samples, and all these samples are clinically positive. Three samples were negative according to both Fluorescence-
CRISPR-HP assay and LFB-CRISPR-HP assay. Error bars represent ±SD, where n = 3 independent experiments. (B) Results of second batch 
tested by Fluorescence-CRISPR-HP assay and LFB-CRISPR-HP assay. The second batch contained 20 clinical samples with 15 clinical 
negative samples and 5 clinical positive samples. All results of these 20 samples are consistent among clinical diagnosis, Fluorescence-
CRISPR-HP assay, and LFB-CRISPR-HP assay
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it a possible point-of-care test for epidemiological and large-scale 
screening studies. However, additional stool specimens are needed 
for the evaluation of its sensitivity and specificity in clinical trials.
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