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Background: Infection caused by Helicobacter pylori (H. pylori) affects approximately 50% of the global population. It is a major
pathogenic factor for chronic gastritis and gastric cancer. Besides, the resistance to antibiotics such as clarithromycin could reduce the
eradication rate. Currently, there is an urgent need for a swift, easy to perform, and highly sensitive detection method for H. pylori and
clarithromycin resistance.

Methods: We used FAM/Digoxin labeled primers to amplify specific H. pylori 23S rRNA fragments by Recombinase Aided
Amplification (RAA), and resistance mutations were distinguished using CRISPR/Cas13a system combined with lateral flow strip.
Twenty-eight saliva samples were analyzed using qPCR, gene sequencing and this method to evaluate the detection efficiency.
Results: We developed a simultaneous detection method for H. pylori and clarithromycin resistance mutations named sensitive
H. pylori easy-read dual detection (SHIELD). The results showed both A2142G and A2143G mutant DNAs causing clarithromycin
resistance could be distinguished from the wild type with a concentration of 50 copies/pL, and no cross-reaction with other 5 common
gastrointestinal bacteria was observed. For the detection of H. pylori in 28 saliva samples, the positive predictive value of this method
was 100% (19/19) in comparison with qPCR. For detecting clarithromycin resistance, the positive predictive value of this method was
84.6% (11/13) compared with gene sequencing.

Conclusion: SHIELD assay showed high sensitivity and specificity in detecting H. pylori and clarithromycin resistance mutations. It
could be a potential measure in the rapid detection of H. pylori, large-scale screening and guiding clinical medication.

Keywords: Helicobacter pylori, clarithromycin resistance mutation, recombinase aided amplification, CRISPR/Cas13a, nucleic acid

detection

Introduction

Helicobacter pylori (H. pylori), a Gram-negative microaerobic flagellated bacterium, impacts a minimum of 50% of the
worldwide population based on data from the World Gastrointestinal Organization (WGO).! According to a study
conducted in China, the prevalence of H. pylori infection among the general population was found to be 40.66%.”
H. pylori causes chronic gastritis, which can lead to severe gastroduodenal conditions such as peptic ulcers and gastric
cancer.”~ In addition, H. pylori infection is widely believed to be the primary etiological factor in approximately 90% of
gastric cancer cases,”’ and the World Health Organization (WHO) and the International Agency for Research on Cancer
(IARC) have classified it as a class I carcinogen.® The initial step towards the treatment and elimination of infections
caused by microorganisms is the precise diagnosis. 13/14C-urea breath test (13/14C-UBT) and endoscopic gastric
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mucosal biopsy are commonly used clinical examination,*? besides, some researchers have developed Quantitative Real-
time Polymerase Chain Reaction(qPCR) based techniques for H. pylori detection using saliva or stool specimens.'®!!
However, these methods require skilled practitioners and specialized equipment, making them impractical for grassroots
institutions. Fecal antigen detection serves as a representative non-invasive examination, has the advantages of being
economical and simple; while its sensitivity remains a limiting factor.” To effectively reduce the spread of this disease,
there is an urgent need for a rapid, easy-read, and highly sensitive detection approach that can be conveniently employed
for pre-hospital detection and mass health screening.

According to a recent study, the prevalence of clarithromycin resistance in H. pylori in China has escalated to 34%.'* This
resistance is primarily attributed to the presence of nucleotide mutations A2143G and A2142G in the V domain of 23S
rRNA.”"? The restricted selection of efficacious antibiotics, coupled with the improper utilization and overuse of antibiotics,
has led to an escalation in H. pylori resistance and ineffective treatment.'? Hence, there is a pressing need for a streamlined,
highly sensitive, and specific detection method to identify clindamycin resistance, thereby providing treatment strategies and
adjusting medication promptly. The drug sensitivity test following bacterial culture is widely regarded as the definitive method
for detecting drug resistance in clinical practice,'* however, the procedure is laborious, time-intensive, and yields a low rate of
success. For the detection of resistance genes, researchers have developed qPCR-based method for simultaneous detection of
H. pylori and antimicrobial resistance with high sensitivity and specificity.”'>

In recent years, clustered regularly interspaced short palindromic repeats (CRISPR) based nucleic acid detection
technology has been considered as the next-generation molecular diagnostics.'®'” Specific High-Sensitivity Enzymatic
Reporter UnLOCKing (SHERLOCK), developed by Gootenberg et al, is a CRISPR/Casl3a-based powerful, scalable
diagnostic technology to detect pathogen-specific nucleic acid and distinguish single nucleotide mutations.'®'® We have
previously developed the easy-readout and sensitive enhanced (ERASE) assay, which combines CRISPR and lateral flow
test strip to detect COVID-19 with a sensitivity of 1 copy/uL.?° In the study, we have developed the sensitive H. pylori
identified easy-read dual detection (SHIELD) assay for H. pylori detection, which enables simultaneous detection of
H. pylori and clarithromycin resistance mutations on a single lateral flow strip. This method offers enhanced ease of
operation, time efficiency, and eliminates the need for costly and specialized equipment, and provides a new measure for
monitoring the occurrence and development of H. pylori infection and guidance on the administration of clinical
medication.

Methods

Saliva Sample Collection and DNA Extraction

Saliva samples were obtained from a cohort of 28 patients at the Sixth Medical Center of Chinese PLA General Hospital.
All patients included had gastrointestinal symptoms of epigastric pain, belching and acid reflux. Inclusion criteria for
sample collection: patients between 18 and 70 years of age; patients have no other underlying disease; samples collected,
stored and processed in accordance with reagent requirements. Following the rinsing of the oral cavity, a minimum
waiting period of 10 minutes is advised. Subsequently, the patient should be instructed to allow saliva to naturally flow
into the collection tube, ensuring the collection of 2mL. Combine an equal volume of 2mL preservation solution with the
sample, ensuring thorough mixing by inverting the mixture. Finally, the collected samples were stored at a temperature
range of 2-8 °C. DNA extraction steps were performed executed in accordance with the instructions provided by the
saliva DNA collection and extraction kit (Genenode, China).

Nucleic Acid Preparation
The protocols preparation for nucleic acid are provided in the Supplementary Materials and Methods.

Quantitative Real-Time PCR (qPCR) Assay

The qPCR detection system consisted of 20 pL, including 10 pL. TagMan™ Fast Advanced Master Mix (Thermo
Scientific, USA), 0.5 pL forward primers (10uM), 0.5 pL reverse primers (10uM), 0.5 uL qPCR probes (10uM), 5.5 pL
RNase free water (TaKaRa, Japan), 3 uL template DNA. The qPCR assay was conducted using the subsequent thermal
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cycling protocol: pre-denaturation at 95°C for 10 min, followed by 40 cycles consisting of denaturation at 95°C for 15s
and annealing at 60°C for 45s.

RAA Fluorescence Detection System

RAA fluorescence detection were performed using RAA kit from ZC Biotechnology Co., Ltd. (Hangzhou, China).The
system consisted of 50 puL: add 25 uL A Buffer, 2.0 uL forward primers (10uM), 2.0 pL reverse primers (10uM), 0.6 pL
EXO-probes (10uM), 7.9 uL RNase free water (TaKaRa, Japan) and 10.0 pL template DNA were combined into the
detection unit tube containing dry reaction powder; 2.5 pL Buffer B was then added to the detection unit’s tube cover,
and the mixture was well mixed with gentle shaking upside down and rapidly centrifuged at low speed. The reaction
mixture was then placed in a CFX 96 Touch (Bio-Rad, USA), the reactions were incubated for 15 min at 39 °C and
fluorescence intensity was detected with excitation light of 495 nm and emission at 520 nm once every 30 seconds.

RAA-CRISPR-Cas|3a Fluorescence Detection System

RAA reactions were performed using RAA kit from ZC Biotechnology Co., Ltd. (Hangzhou, China). The system
consisted of 25 uL of Buffer A, 2.0 pL forward primers (10uM), 2.0 pL reverse primers (10uM), 8.5 puL of RNase-free
water and 10.0 pL template DNA were combined into the detection unit tube containing dry reaction powder; 2.5 puL
Buffer B was then added to the detection unit’s tube cover, and the mixture was well mixed with gentle shaking upside
down and rapidly centrifuged at low speed. The reactions were incubated at 39°C for 30 min. After amplification, 5 uLL of
the RAA product was analyzed using Casl3a-based detection.

The experimental protocol involved the utilization of the subsequent constituents: 2 uL. NTP (New England Biolabs,
USA), 1 pL of RNase inhibitor (New England Biolabs, USA), 45 nM LwCas13a (GenScript, China), 20 mM HEPES
buffer solution (Thermo Scientific, USA), 10 mM MgCl, (Thermo Scientific, USA) solution, 1.5 pL crRNA, 0.5 pL of
T7 RNA Polymerase (NEB, USA), 2.5 pL reporter RNA (Thermo Scientific, USA), 5 pL of RAA amplified product, and
10.75 uL of RNase-free water. The reactions were carried out at 37°C for 60 min using CFX Opus 96 (Bio-Rad, USA)
every 2 min.

The SHIELD Assay

The SHIELD assay consists of two parts. The system of RAA reactions using labeled primers consist of 25 uL of Buffer
A, 2.0 uL forward primers (1.6 uM), 2.0 uL labeled forward primers (0.4 uM), 2.0 uL labeled reverse primers (2 uM),
6.5 pL of RNase-free water and 10.0 pL template DNA and 2.5 pL Buffer B. The reactions were incubated at 39°C for
30 min. After amplification, 5 pL of the RAA product was analyzed using Casl3a-based detection.

The experimental protocol involved the utilization of the subsequent constituents: 4 uL. NTP (New England Biolabs,
USA), 2 pL of RNase inhibitor (New England Biolabs, USA), 45 nM LwCasl3a (GenScript, China), 20 mM HEPES
buffer solution (Thermo Scientific, USA), 10 mM MgCl, solution, 3 pL ctRNA, 1 pL of T7 RNA Polymerase (NEB,
USA), 5 puL reporter RNA (RNase Alert, Thermo Scientific, USA), 5 uL of RAA amplified product, and 26.5 pL of
RNase-free water. The reactions were incubated at 37°C for 30 min. Then add the reaction products onto the strip,
observe the results in 3—10 minutes.

Lateral Flow Strip Detection Result Readout

The control line (C) is situated at the uppermost part of the membrane, while the test line 1 (T1) was at the bottom of the
membrane, with test line 2 (T2) situated between these two lines. The distance separating each line measured 5 mm. 0.5
mg/mL of Digoxin antibody (Jtests Science, China), 0.5 mg/mL of streptavidin (Seebiotech, China) and 1.5 mg/mL of
goat antirabbit Immunoglobulin G (Sangon Biotech, China) were sprayed onto nitrocellulose membrane (Sartorius
Stedim, Germany) to form the T1, T2 and C lines. When strips were observed on both the C line and the two T lines,
the interpretation of the results indicated positive and wild type (means the strain is H. pylori with no resistance). When
bands were observed on the C line and T1 line of the test strip while T2 line was unobservable, the findings were
construed as positive and mutant (means the strain is H. pylori with clarithromycin resistance mutations). The observa-
tion solely encompassed the presence of C line and T2 line, indicating negative result (means the strain is not H. pylori).
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Statistical Analysis

The H. pylori DNA results are expressed as copies/uL (template concentration). Data were analyzed by GraphPad Prism
8.0.2 software (GraphPad, Inc., La Jolla, CA, USA). Mean differences in the data were determined by paired #-test, two-
way ANOVA and Fisher’s exact test. The data are represented as the mean+ SEM. All statistical tests are two-sided,
statistical significance was defined as P <0.05.

Results
Design of SHIELD Detection Method for H. Pylori

As shown in Figure 1, the patient’s saliva samples were collected and processed to extract nucleic acids. Then, in the
amplification step, the 5’ end of the forward and reverse primers were respectively modified with FAM and digoxin. In
addition, the T7 promoter sequence was added ahead the forward primer, to enable the T7 RNA polymerase to bind and
transcribe ssSRNA in the detection step. Following the process of RAA amplification, it is possible to generate double-
stranded DNA (dsDNA) with FAM attached at the 5’-end and digoxin (DIG) attached at the 3’-end. Then the
corresponding DIG antibody and streptavidin were sprayed on the strip to form the test line 1 and test line 2. And
under the guidance of crRNA, Casl3a protein recognizes and binds to the target RNA sequence, subsequently, the non-
specific cleavage ability of Casl3a protein to ssRNA was activated, reporter RNA labeled with FAM and Biotin could be
cut off, so the band of this test line T2 would be eliminated. After adding the product to the test strip, we can observe the
results with the naked eye. That is, detecting H. pylori infection by isothermal amplification and detecting resistant
mutations by CRISPR technology.

Screening RAA Primers for H. Pylori Detection

To develop a detection method for H. pylori based on RAA, sequence alignment was first conducted. A sequence of the
target 23S rRNA gene (350 bp) was selected and constructed into a plasmid, 5 pairs of RAA primers and an RAA-EXO-
probe were designed according to the sequence with over 90% conserved (Figure 2A and Table S1). Fluorescence
detection was performed using all pairwise combinations of forward and reverse primers to amplify plasmids at
a concentration of 10° copies/pL. The result show that primer combination F3R3 had the highest RFU at 10min, seemed
as optimal amplification efficiency (Figure 2B). And the Agarose gel electrophoresis of the RAA products also showed
expected bands (169bp) (Figure S1). So, this pair of primers were used for further study. To determine the sensitivity of
the detection system, then gradient diluted H. pylori plasmid was used for RAA fluorescence detection. The fluorescence
value of the experimental group “10° copies/pL” was 338 + 70.84 a.u. at 20min (Figure 2C and D), a statistically
significant difference (P < 0.001) was observed when compared to the negative control. The minimum detectable

Saliva DNA extraction RAA amplification T7 transcription and CRISPR detection  Lateral flow test strips readout

oo
B ! & —&
’ I, mDﬁ 1 C (Control line)
‘ - AN -

e
N7\"73
f(f z 55 T T2 (Streptavidin)
Yon fﬁf

T1 (Digoxin antibody)

T, o
mj&'ﬁ AAN
- P&WT P&MT N
A\Q
T weee DN - = -

Primer Target Gene Amplified DNA Target RNA CRISPR RNA Cas13a protein  Digoxin FAM  Biotin Reporter RNA

Figure | The schematic of SHIELD assay for H. pylori detection. DNA was extracted from saliva samples, RAA amplification was conducted using conventional primers and
labeled primers, respectively. Then, the performance of T7 transcription was executed, DNA is converted to RNA. The Cas|3a-crRNA complex binds specifically to the
target RNA, triggers the collateral cleavage activity of Casl3a and results in the cleavage of the report RNA. The results could be presented using lateral flow strips. P&WT
is positive and wild type (means the strain is H. pylori with no resistance), P&MT is positive and mutant (means the strain is H. pylori and has clarithromycin resistance
mutations); N is negative result (means the strain is not H. pylori).
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Figure 2 The establishment of H. pylori detection method based on RAA fluorescence detection system. (A) The schematic diagram of the design location of RAA primers
and EXO-probe. (B) Heatmaps of 25 different primer pairs for RAA fluorescence reaction. (C) Fluorescence values in 20 minutes of gradient diluted H. pylori plasmid for
RAA fluorescence reaction. (D) Comparison of fluorescence values generated after 20 minutes of RAA fluorescence reaction. Data were expressed as mean * SD, for 3
technical replicates. NC, Negative controls. (****P< 0.0001, **P< 0.001). (E) Ct Value of qPCR for gradient diluted H. pylori plasmid. (F) Comparison of fluorescence values
of different pathogens samples following 15 minutes of RAA fluorescence reaction. Data were expressed as mean + SD, for 3 technical replicates. NC, Negative controls.
(*¥**P< 0.0001).

concentration of H. pylori by this method is 1 copy/uL, with a corresponding Ct Value of 23.03 + 1.67 (Figure S2). The
gPCR detection was possible to detect a minimum plasmid concentration of 10° copies/uL, with a corresponding Ct
Value of 37.13 + 0.72 (Figure 2E). Moreover, to evaluate the specificity of RAA detection of H. pylori, DNAs of 5 kinds
of common bacteria in alimentary canal were used for the fluorescence detection, the results showed that the method had
no cross-reaction with the 5 bacteria, and the method showed good specificity with a statistically significant difference
(P < 0.0001) (Figure 2F).

Screening Efficient crRNA for Mutation-Detection

Many researchers have reported that the single base mutation of H. pylori 23S rRNA gene leads to clarithromycin
resistance, majority of them occurred at 2142 and 2143 sites, thus, we synthesized these two mutant type plasmids.
Moreover, when detecting wild type, some reported show that introduction of single base mutation has little effect on
detection of mutant strains, but two consecutive single base mutations probably have an impact on detection. Thus, we
designed 4 crRNAs (Figure 3A), converted A to G both at position 2142 and 2143 for the purpose of detect these 2 kinds
of mutant strains using one crRNA. Then screening of four crRNAs using plasmids was performed with the CRISPR—
Cas13a fluorescence assay. As shown in Figure 3B and C, the fluorescence value of crRNA4 reached 28175.33 £ 1765.14
a.u. for A2142G plasmid and 46867.01 + 5734.79 a.u. for A2143G plasmid at 30 min. crRNA4 was effective in detecting
both mutant plasmids, showed the most remarkable specificity (P<0.0001). There was no significant difference in the
fluorescence value of wild plasmid compared with the negative control. (P>0.05). To determine the sensitivity of the
detection system, gradient diluted 2 mutation plasmids and 1 wild plasmid were used for CRISPR detection. The
fluorescence values of 4 four experimental groups (10* copies/uL ~10' copies/uL) were significantly increased at 30 min
(P<0.0001). The fluorescence values of the experimental group “10' copies/uL” reached 7781.67 + 448.72 a.u. for
A2142G plasmid and 9216.33 + 477.50 a.u. for A2143G plasmid, showed the LoD of detecting 2 mutation plasmids were
both 10" copies/uL (Figure 3D). Normally, clinical infections are not purebred, so we mixed the mutant plasmid and wild
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Figure 3 Screening of crRNA for the detection of H. pylori clarithromycin resistance detection. (A) The schematic diagram of design location of crRNA and complementary
bases at mutation sites of crRNA. (B) Kinetics of fluorescence signal within 60 minutes of four different crRNAs for RAA-CRISPR detection. A2142G: mutant plasmid with
2142site A—G, A2143G: mutant plasmid with 2143site A—G, WT: Wild type plasmid, NC: Negative control. (C) Fluorescence values in 30 minutes of four different crRNAs
for RAA-CRISPR detection. The data are the mean + SD, for 3 technical replicates. WT: Wild type plasmid, NC, Negative controls. (****P< 0.0001, **P< 0.001, **P<0.01) (D)
Fluorescence values of 30 minutes RAA-CRISPR detection for gradient diluted H. pylori plasmid. Data were expressed as mean * SD, for 3 technical replicates. NC, Negative
controls. (****P<0.0001) (E) Fluorescence values of 30 minutes RAA-CRISPR detection for mixed H. pylori plasmid, the mixed plasmids are prepared by mixing mutant plasmids
with wild-type plasmids in proportion. Data were expressed as mean + SD, for 3 technical replicates. NC, Negative controls. (****P< 0.0001, **P< 0. 01).

plasmid in different proportions with concentration of 5x10° copies/uL, to simulate H. pylori heterozygotes. The result
showed the detection system could detect mixed samples as low as 5% (Figure 3E).

Evaluation of SHIELD Detection Methods

To present the detection results rapidly and conveniently, we combined the above mentioned two detection methods with
lateral flow test strips, called SHIELD. Add the liquid onto the sample pad, then it will sequentially flow through
colloidal gold bonding pad (colloidal gold labeled with FAM antibody), test line 1 (T1, Digoxin antibody), test line 2 (T2,
Streptavidin), control line and absorption pad. T1 will remain the colloidal gold molecules through labeled target DNA at
both ends (Digoxin-target DNA-FAM). Target nucleotide will activate Casl3a to cleave the reporter RNA (Biotin-
reporter RNA -FAM), T2 will not remain the colloidal gold molecules. So that we could diagnosis H. pylori infection by
T1 and drug-resistant strain by T2 (Figure 4A). We added various elements onto strips to assess its usability. The
obtained experimental findings align with the anticipated outcomes (Figure 4B). To mitigate the impact of primer dimer
on the detection process, we additionally optimized the concentration of labeled primers (Figure S3). The method was
verified using 10-fold gradient dilution of plasmids. The test paper results for WT plasmid indicated a positive and no
drug resistant outcome when the plasmid concentration exceeded 5x10"' copies/uL, while the results for A2142G plasmid
and A2143G plasmid indicated a positive and drug resistant outcome when the plasmid concentration exceeded 5x10"
copies/uL. Thus, the LoD of the detection method were 5x10' copies/uL (Figure 4C).

Saliva Samples Were Tested Using the SHIELD Assay

To evaluate the efficacy of this method in clinical samples, we selected the saliva of clinical patients as the sample to be
tested. Twenty-eight saliva samples were collected from patients to verify the practicability of the detection method.
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Figure 4 SHIELD assay for H. pylori detection. (A) The schematic diagram illustrates the design idea of lateral flow test strips. The colloidal gold particles have the capability
to bind with FAM and exhibit coloration. Test line | is coated with digoxin antibodies to bind with digoxin, test line 2 is coated with streptavidin to bind with biotin, control
line is coated with anti-FAM antibody to bind residual colloidal gold particles. (B) Feasibility verification of strips with different components. Add H2O, amplification system,
detection system, amplification system and detection system onto strips respectively. Using wild and mutant plasmids at a concentration of 103 copies/|L to perform the
RAA-CRISPR reaction, added the products onto strips respectively. (C) The detection results of SHIELD assay for gradient diluted H. pylori and clarithromycin resistance
plasmid.

DNA extracted from saliva was also subjected to qPCR and 23S rRNA gene sequencing (Figure 5). In comparison to the
gPCR findings, the detection outcomes of the established method exhibited complete congruity at a rate of 100%
(Table 1A). In comparison to the gene sequencing results, 26 samples were found to be identical; 2 samples were tested
mutation by gene sequencing but wild by SHIELD. Referred to the results of qPCR and gene sequencing, we considered
those 2 samples as heterozygous with low DNA concentrations (Figure 5 and Table 1B). Compared with C13/14-UBT,
the SHIELD method successfully identifies 17 out of the 22 UBT-positive samples, and accurately distinguishes 9 of
them as drug-resistant mutants (Table S2).

Discussion

H. pylori detection is a prerequisite for treating and interrupting the spread of the disease, and researchers have developed
a range of detection methods. Gastric mucosal biopsy allows direct detection of pathogens and is often considered the
gold standard test, while it is generally not recommended as a first choice due to cost and patient tolerability.?' C13/14-
UBT is widely used in medical examinations and outpatient clinics because of its specificity and sensitivity of more than

d.** Molecular methods like gene sequencing and PCR-

95%, however, drug resistance cannot be detected by the metho
based detection are capable of detecting infections and drug-resistant, these methods are used in clinical applications
because of the high sensitivity and low risk of cross-infection.”*** In this study, we developed a simultaneous detection
method to identify H. pylori and clarithromycin resistance mutations based on RAA-CRISPR system. The RAA
amplification step serves a dual purpose, as it not only amplified the target DNA fragment but also employs the resulting
amplified product for the identification of pathogen infection; CRISPR-Casl3a detection system is utilized for the
detection of drug resistance. Ultimately, the results were readout through the lateral flow test strip. The detection of

synthetic plasmids and saliva samples indicated that the SHIELD assay has high sensitivity and specificity and is capable
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Figure 5 The detection of saliva samples. 28 saliva samples were detected using qPCR, gene sequencing and SHIELD assay.

of delivering precise and convenient results that could be read with the naked eye, offers technical assistance for future
implementation of point-of-care testing and large-scale screening. Its implementation can help mitigate familial and
clustered transmission, decrease the population’s infection rate, and prevent ineffective medication in the future.
Further, this method could distinguish the most common mutations A2142G and 2143G that cause clarithromycin
resistance while detecting H. pylori. The resistance rates of A2142G and A2143G in various studies were found to be 16—
17% and 80-90% for clinical isolates, respectively.’ Detection of drug resistance of infected strains can also guide

Table | Comparison of saliva sample test results. (A) Table
comparing H. pylori detection results of SHIELD assay and
qPCR for 28 saliva samples. (B) Table comparing H. pylori
detection results of SHIELD assay and gene sequencing for

28 saliva samples

A
Quantitative PCR SHIELD assay Total
Positive Negative
Positive 19 0 16
Negative 0 9 9
Total 19 9 28
B
Gene sequencing SHIELD assay Total
Mutant | Wild | Negative
Mutant Il 2 0 13
Wild 0
Negative 0 0 9 9
Total ] 8 9 28

Infection and Drug Resistance 2024:17

3008

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Yan et al

clinical medication, avoid the abuse and ineffective use of antibiotics, improve the success rate of eradication therapy.
For other drug resistance can also be detected by this method, only need to change the primers and crRNA. The results
are presented using test strips without the need for professional personnel and laboratories, it is suitable for patient self-
monitoring and treatment effect evaluation. The temperature required for the reaction is 37 °C~39 °C, the whole
detection process does not require precise instruments, only a small heating device is needed. The simplicity, good
specificity and sensitivity provide the possibility for large-scale screening and on-site testing. Given the advancements

and progress in bacterial nucleic acid extraction technology, such as direct boiling, mechanical lysis,****

the integration
of SHIELD assay with streamlined and rapid nucleic acid extraction techniques needs further research.

Several studies have indicated the presence of H. pylori in saliva and dental plaque, which correlates with the
colonization of H. pylori in the gastric mucosa.”” >° The collection of saliva is notably more convenient when compared
to obtaining gastric mucosa, blood, and fecal samples. Consequently, we have opted to utilize saliva as chosen sample.
This method may also applicable to other nucleic acid samples such as gastric mucosa and feces, because the CRISPR
system has strong anti-interference. The observed discrepancy between the established detection method and the results
of C13/14-UBT may be attributed to the limited sample size, besides, potential factors contributing to this inconsistency
include sampling errors and variations in bacterial colonization locations. In subsequent studies, we will continue to
collect samples to evaluate the method. Additionally, the concentration of nucleic acid in saliva is relatively low and
susceptible to degradation by other enzymes.
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