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Abstract | Helicobacter pylori (H. pylori) is one of the most prevalent infectious agents in the world which causes
a variety of gastrointestinal diseases including gastritis, peptic ulcer, and gastric carcinoma. Laboratory diagnosis
of H. pylori infection is made by invasive and non-invasive methods. Invasive methods require endoscopy which is
uncomfortable and unacceptable for most patients. Therefore, non-invasive methods particularly serological tests are
easier and comfortable for patients. The objective of this study was to comparatively evaluate noninvasive enzyme-
linked immunosorbent assay (ELISA) and polymerase chain reaction (PCR) in the diagnosis of infection with .
Pylori in human stool and fasces of dogs and cats. Two hundred stool samples from humans and eighty-eight fecal
samples from dogs and cats were collected with gastric disorders. The presence of H. Pylori infection in stool and fecal
samples were tested by ELISA and PCR methods. In ELISA the test utilizes H. py/ori antibodies to selectively detect
H. pylori Antigen in human stool and fasces of pet animals, and PCR by using 16sTRNA primers through a semi-
nested PCR technique.
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INTRODUCTION cific pathogens which colonizes the gastric mucosa. H.

Pylori infection is always associated with chronic gastritis

Hélicoéacter pylori has a worldwide distribution with a and peptic ulcer which can be developed to gastric cancers

prevalence range from 25% in developed countries such as adenocarcinoma, gastric lymphoma, or benign mu-

and sometimes reach more than 90% in developing are- cosal-associated lymphoid tissues (MALT). (Thung et al.,
as, but not all infected individuals developed the disease. 2016, Saleh et al., 2020).

(Ghotaslou et al., 2013).
The appearance of symptoms of H. Pylori is depended on

H. pylori is a Gram-negative bacillus, a microaerophilic ~the strains of /. Pylori and also the interaction between
bacterium that was discovered in 1982 by Marshall and bacterial and host factors. The less virulent strains mostly
Warren. H. Pylori is one of the most common human-spe- lead to asymptomatic cases. (Yamaoka et al., 2010, Moussa
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et al., 2021).

H. Pylori releases several pathogenic proteins like cytotox-
in-associated antigen (Cag A) and vacuolating cytotoxin
antigen (VacA). The cytotoxin-producing strains of Heli-
cobacter which are isolated from a patient with gastritis
contain the cag A gene (type I strains), So, the detection of
cag A is important for identifying infection with harmful
strains. (Jones et al., 2010).

There are several methods currently available for the detec-
tion of H. pylori infection. The endoscopic biopsy (invasive
method) for detection of H. pylori infection by histological
examination, culture, rapid urease test (RUT), and poly-
merase chain reaction. (Garza-Gonzalez et al., 2014).

The non-invasive tests used for H. pylori diagnosis include
the urea breath test (UBT), serological tests, and H. pylori
stool antigen (HpSA) tests. (McNulty et al., 2011).

The UBT and stool antigen test (SAT) are considered as
the best methods to determine active infection for H. Py-
lori, while the indirect antibody-based tests, especially se-
rology, are widely available and relatively insensitive and
their specificity is low. Guidelines indicated that a single

test can't be considered a gold standard for the diagnosis of
H. pylori. (Miftahussurur and Yamaoka, 2016).

The diagnostic assays for H. pylori infection are designed
by mixing the recombinant and synthetic peptides of H.
pylori antigens. Recently, the most common immunolog-
ical diagnostic methods used as a screening tool for H.
pylori detection are enzyme immunoassays (EIAs). These
methods are characterized by very cheap, comfortable, eas-
ily applied, and noninvasive methods of diagnosis. It is a
reliable method to diagnose an active infection and con-
firm effective treatment. (Shimoyama et al., 2011).

Urea breath tests and stool antigen tests are used to de-
tect H. Pylori active infection while serological test does
not differentiate between active infection and old infection

with H. Pylori. (Peng et al., 2009).

Several stool antigen tests using monoclonal antibodies
(Mabs) have been established. These tests are characterized
by having high sensitivity and specificity if compared with
other tests like the urea breath test. (Calvet et al., 2010).

The H. pylori antigen immunoassay is the main method for
the qualitative and quantitative detection of H. pylori anti-
gens in human stool. The polyclonal stool antigen test was
firstly identified in 1997 which has an 88.8% sensitivity
and 94.5% specificity used in patients before medication
and/or patients following up after treatment. It was fol-

lowed by using a monoclonal test. (Mégraud et al., 2007).

PCR is the accurate method used for detecting the H.
Pylori DNA by using several gene targets such as urease
operon genes, cag A and Hsp60. Although PCR could be
performed even with a trace of bacterial DNA, it is mainly
considered an invasive method that needs a biopsy. (Patel

et al., 2014).

The selection of appropriate antigens is very critical. The
selected antigens should have conserved sequences to cover
different genotypes of H. pylori. Among different H. pylo-
ri virulence factors, Cytotoxin-associated gene A (CagA)
as oncoprotein which can affect the host cell biological
pathways, which affect on the gastric epithelium cell tight
junction and change the cytoskeleton, affecting the prolif-
eration and differentiation of cells, and causing the inflam-
matory responses. (Jones et al., 2009).

The use of the multiplex PCR method in routine diagno-
sis of H. pylori infection is recommended as this method
is more helpful for detection of H. pylori in samples with
non-cultivable organisms and mild inflammation cannot

be detectable by other methods. (Fadilah et al., 2016).

The present study aimed to evaluate and compare en-
zyme-linked immunosorbent assay with a polymerase
chain reaction as a master test for the diagnosis of infection
with H. Pylori in human stool and feces of dogs and cats.

MATERIALS AND METHODS

ANIMAL ETHICS

This study was carried out according to the principles of
the Declaration of Egypt and approved by Medicine Cairo
University Institutional Animal Care and Use, The Com-
mittee Ref; will be available soon. In addition, a written
consent approving the collection of the fecal sample was
carried out by the owners of dogs and cats.

SAMPLES

Stool samples of 200 human patients with gastric disorders
and88 dogs and cats participated in this study. The study
population samples were collected from January 2019 to
January 2021. Stools should be stored at low temperatures
(=5 to -25°C) if not tested in a short period below seven
days. Moreover, the samples should be stored at -80°C to
maintain the antigen for long-time storage (Shimoyamaet

al., 2011).

EnzyME-LINKED IMMUNOSORBENT ASSAY
Three semiquantitative double sandwich Commercial ELI-

SA kits (Perfect Ease Biotech, Chemux Bioscience, and
ACON Laboratories) were performed according to the
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manufacturer’s instructions for each (Megraud et al., 1989,
Kim et al., 2002). Briefly, The H. pylori Antigen EIA Test
Kit is a solid-phase enzyme immunoassay based on the
double sandwich principle for semiquantitative detection
of H. pylori antigen in human stool. The microwell plate is
coated with monoclonal anti-H. Pylori antibodies. During
testing, the antigens are extracted out with extraction solu-
tion and added to the antibodies coated microwell plate
with the enzyme-conjugated antibodies to H. pylori and
then incubated at 37°C for 2 hours. If the specimens con-
tain H. pylori antigens, they will bind to the antibodies
coated on the microwell plate and simultaneously bind to
the conjugate to form immobilized antibody-H. Py/ori an-
tigen-conjugate complexes. If the specimens do not con-
tain H. pylori antigens, the complexes will not be formed.
After initial incubation, the microwell plate is washed to
remove unbound materials. Substrate A and substrate B
are added and then incubated to produce a blue color in-
dicating the amount of H. Pylori antigens present in the
specimens. A sulfuric acid solution is added to the microw-
ell plate to stop the reaction producing a color change from
blue to yellow. The color intensity, which corresponds to
the amount of H. pylori antigens present in the specimens,
is measured with a microplate reader at 450/630-700 nm
or 450 nm.

Table 1: Oligonucleotide primers (16stTRNA gene)

Run Primer sequence (5 — 3’) PCR Reference
fragment

1*Run CTGGCGG- 1024bp Qinetal,
CGTGCCTAATAC 2016
CTCACGACAC-
GAGCT GAC

2" Run CTGGCG 250bp  Qinetal,
GCGTGCCTAA TAC 2016
ACCCTCTCAGGCC
GGATACC

POLYMERASE CHAIN REACTION

DNA extraction from stool was done by using the QIlAamp
DNA Mini kit (Cat. No. 51604, Qiagen, Germany) ac-
cording to the manufacture’s protocol. The amplification
reactions were 25ul containing 12.5pl of Emerald Amp
GT PCR master mix (TAKARA), 1ul of each primer
(20 pmol), 4.5pl of nuclease-free water, and 6pl of DNA
template. Primer sequences are clarified in Table 1. The
mixture of PCR reactions was subjected to 2 runs:

First run: Initial denaturation at 94 c°/3min., 35 cycles at
94ce /30sec. & annealing at 58c°/30sec. & extension at
72¢°/30 sec. and Final extension at 72¢®/5min.

Second run: Initial denaturation at 94c®/ 3min, 20 cycle
at 94c°/30sec. & annealing at 58/30sec. & extension at
72¢°/30sec. and Final extension at 72 c°/5min,

'Then analyzed by 1% agarose gel electrophoresis. The gel

was stained with ethidium bromide and examined under
a UV transilluminator for the presence of the amplified

DNA (Image Quant 400, GE Healthcare).

STATISTICAL ANALYSIS

All data were analyzed using the SPSS TM software, ver-
sion 25 (IBM corporation). Sensitivity and specificity per-
centages were calculated.

Results were considered true positive (TP) when the sam-
ple give a positive result for both ELISA and PCR tests
and considered false positive (FP) when the sample give
a positive result for ELISA and negative for PCR. While
true negative (TIN) means that the sample gives negative in
both ELISA and PCR and false-negative (FN) means that
ELISA gives negative while PCR is positive.

Sensitivity = [TP | (TP + FN)] x 100
Specificity = [TN| (TN+ FP)] x 100

RESULTS

Nested PCR amplification of genomic DNA revealed the
expected 1024 and 250 bp fragments (Figure 1). The posi-
tive results of ELISA were 27 out of 200 human specimens
with a percentage of 13.5 % and 18 out of 88 dogs and cats
specimens with a percentage of 20.5 % while the positive
results of nested PCR assay were 36 out of 200 human
specimens with a percentage of 18 % and 20 out of 88 dog’s
and cat’s specimen with percentage 22.7 % (Table 2).

Figure 1: Agarose gel electrophoresis (1%) of 16sRNA
using nested PCR showing; first run of heminested PCR
using outer primers showing 1024 bp product and second
run PCR using heminested primers. 250 bp product.

Table 3 illustrate the comparison between the result of
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Table 2: Result of detection of H. Pylori antigen in human stool and animal fecal samples using ELISA and PCR.

Sample type Human stool Dogs and cats faeces

(200 sample) (88 sample)
[zl ELISA PCR ELISA PCR

No. % No. % No. % No. %
Positive 27 13.5 36 18 18 20.5 20 22.7
Negative 173 86.5 164 82 70 79.5 68 77.3

Table 3: Results of ELISA and PCR for detection of H. Py/ori antigen in both human and animal samples.
Type of sample Human stool Animal faeces Total
Relc (Dogs and cats) No. %

False positive 3 4 1.4
False negative 12 3 15 52
True positive 24 17 41 14.2
True negative 161 67 228 79.2

Table 4: Result of sensitivity and specificity of ELISA compared to PCR in detection of H.pylori antigen.

Sensitivity
Human samples 64.86 %
Animal samples 85.71 %

ELISA and PCR; the number and percentage of false
positive, false negative, true positive and True negative for

ELISA depend up on result of PCR.

Crosstabulation and comparative evaluation of ELISA
depending upon the result of PCR in the diagnosis of
H. pylori revealed a sensitivity and specificity of 64.86%
and 98.16% respectively depending on the data of human
samples, where the animal’s data reveals the sensitivity of

85.71% and specificity of 100% (Table 4).

DISCUSSION

Helicobacter spp. can affect the gastrointestinal tract mu-
cosa of humans, wild animals as monkeys, and domestic
animals (Moussa et al., 2021). Some Helicobacter species
are non-cultivable. Serological tests for veterinary appli-
cation to detect Helicobacter species are not yet clinically
available, however, the detection of fecal H. pylori antigens
is possible. PCR assay is a non-invasive, faster, simple, spe-
cific, and sensitive diagnostic test that will help recognize
Helicobacter infection in humans and companion animals

(Ford and Moayyedi, 2014).

These serological techniques were reported to use for com-
panion animals samples including feces as well as human

stool (Hu et al., 2017).

Most of the immunoassay methods are depending on the
detection of H. pylori antibodies in serum. In the case of ac-

Specificity
98.16 %
100.00

tive infection, IgM antibody levels are detectable followed
by a rise of IgG and IgA antibodies which remain con-
stantly high until the infection is eliminated. Consequent-
ly, such serological tests are not reliable to differentiate
between active and non-active old infection, In addition,
the serological tests that detect H. Pylori IgG antibodies
could also lead to false negatives due to low sensitivity. In
these tests, decreasing of antibody titer during H. Pylori
progression is the main cause associated with the false di-
agnosis in the laboratory assays. (She et al., 2009; Imanich
et al., 2014)

'The present investigation gives data about the evaluation
of sensitivity and specificity of some used serological tech-
niques depending on detection of H.pylori antigen in fecal
samples using ELISA in comparison to PCR as a master
test based on human and companion animal samples.

Our result regarding the sensitivity and specificity for
detection of fecal H. pylori antigen by ELISA and nest-
ed PCR revealed a sensitivity of 64.86% and 85.71% and
a specificity of 98.16% and 100% for human stool and
dogs and cats feces respectively. This indicates that ELISA
based on monoclonal antibody reveal good sensitive and
high specific results for detection of fecal H.pylori antigen
in feces of dogs and cats and human stool samples.

In harmony with our result, Sabbagh et al. (2019) reported
that the detection of human stool H. pylori antigen using
ELISA was more accurate and reliable especially by using
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monoclonal antibodies based testes. Also, Razaghr et al.
(2010) concluded that detection of human stool H. pylori
antigen by ELISA was a non-invasive economical method
with a sensitivity and specificity of 96% and 80% respec-
tively and the method was considered a reliable and valid
alternative test.

Jalalypour et al. (2016) reported that ELISA yielded 90.20
% sensitivity and 61.11% specificity, respectively. Com-
pared to PCR, ELISA presented higher sensitivity and
lower specificity. Sensitivity is an important parameter
where the test is used to identify a serious but treatable
disorder. Therefore, despite lower specificity, ELISA could
be considered as a first-line method for the detection of
H. pylori infection. To accurately diagnose disorders, it is
recommended to subject the initially positive patients with
«high sensitivity/ low specificity» tests to a second line-
test with «low sensitivity / high specificity». In this way,
the majority of false positives will be identified as disease
negative. (Lalkhen et al., 2008)

However, Nevoa et al. (2017) found that the detection
rate of H. pylori by the PCR was significantly higher when
compared to the rapid urease test and ELISA.

CONCLUSION

'The results of the present study indicated that noninvasive
ELISA which detects H. Pylori Ag using monoclonal anti-
bodies is a highly sensitive test for first-line detection of /.
Pylori infection and also a highly specific test. PCR could
be considered for the determination of H. Pylori eradica-
tion in patients subjected to antimicrobial treatments.

ACKNOWLEDGEMENTS

The author would like to thank the MICROBIOLOGY
laboratory unit in the Microbiology Department, Faculty
of Veterinary Medicine, Cairo University, Giza, Egypt for
providing the facilities for conducting this study. The au-
thors did not receive any funds.

CONFLICT OF INTEREST

'The authors declare that the present study has no conflicts
of interest or financial ties to disclose.

AUTHOR CONTRIBUTIONS

The present study conceptualization was performed by
SherifMarouf, Neveen Nagy Waheeb, and Shaymaa Ab-
delmalek collected the samples, made laboratory and sta-
tistical analysis, and draft the manuscript. Shaymaa Ab-

delmalek was supervisor of the study and participated in
its design and interpretation of the data. .Naser, E.A. ap-
proved the final revision.

REFERENCES

Calvet X, Lario S, Ramirez-Lézaro MJ et al (2010). Comparative
accuracy of 3 monoclonal stool tests for diagnosis of
Helicobacter pylori infection among patients with dyspepsia.
Clin. Infect. Dis. 50: 323-8. https://doi.org/10.1086/649860

Fadilah N, Hanafiah A, Razlan H, et al (2016). Multiplex PCR
for detection of Helicobacter pylori infection in gastric biopsies
with a lower inflammatory score. Br J. Biomed. Sci. 73: 180-
7. https://doi.org/10.1080/09674845.2016.1220705

Ford AC, Moayyedi P (2014). Who should we “test and treat»
for Helicobacter pylori ». BM]J. 348: 3320. https://doi.
org/10.1136/bm;j.g3320

Garza-Gonzilez E, Perez-Perez GI, Maldonado-Garza HJ,
Bosques-Padilla FJ (2014). A review of Helicobacter pylori
diagnosis, treatment, and methods to detect eradication.
World J. Gastroenterol. 20:1438-49.

Ghotaslou R, Milani M, Akhi MT, et al (2013). Diversity of
Helicobacter pylori cagA and vacA genes and its relationship
with clinical outcomes in Azerbaijan, Iran. Adv. Pharm. Bull.
3:57-62.

Hu Y, Wan JH, Li XY, Zhu Y, Graham DY, Lu NH (2017).
Systematic review with metaanalysis: the global recurrence
rate of Helicobacter pylori. Aliment Pharmacol. Ther. 46:
773-779. https://doi.org/10.1111/apt.14319

Imanieh M H, Dehghani S M, Masjedi A, Rezaianzadeh A,
Haghighat M (2014). The Role of Serological Tests in
Diagnosis of Helicobacter pylori Infection in Children.
J. Compr. Ped. 5(3):e17422. https://doi.org/10.17795/
compreped-17422

Jalalypour F, Farajnia S, Somi HM, Hojabri Z, Yousefzadeh
R, Saeedi N (2016). Comparative Evaluation of RUT,
PCR and ELISA Tests for Detection of Infection with
Cytotoxigenic H. Pylori. Adv. Pharm. Bull. 6(2): 261-266.
https://doi.org/10.15171/apb.2016.036

Jones KR, Joo YM, Jang S, Yoo Y-J, Lee HS, Chung I-S, et al
(2009). Polymorphism in the CagA EPIYA motif impacts
development of gastric cancer. J. Clin. Microbiol. 47:959- 68.
https://doi.org/10.1128/JCM.02330-08.

Jones KR, Whitmire JM, Merrell DS (2010). A tale of two toxins:
Helicobacter pylori CagA and VacA modulate host pathways
that impact disease. Front Microbiol. 1:115. https://doi.
org/10.3389/fmicb.2010.00115

Kim PS, Lee ], Pai SH et al (2002). Detection of H.pyloriantigen
in stool by enzyme immunoassay. Yonsei Med. J. 43: 7-13.
https://doi.org/10.3349/ymj.2002.43.1.7

Lalkhen AG, McCluskey A (2008). Clinical tests: sensitivity and
specificity. ContinEducAnaesthCrit Care Pain. 8(6):221-3.
https://doi.org/10.1093/bjaceaccp/mkn041

McNulty CA, Lehours P, Megraud F (2011). Diagnosis of
Helicobacter pylori infection. Helicobacter. 16:10-8. https://
doi.org/10.1111/5.1523-5378.2011.00875 x

Meégraud F, Brassens-Rabbé MP, Denis F, Belbouri A, Hoa DQ_
(1989). Seroepidemiology of Campylobacter pylori infection
in various populations. J. Clin. Microbiol. 27:1870-1873.
https://doi.org/10.1128/jcm.27.8.1870-1873.1989

Mégraud F, Lehours P (2007). Helicobacter pylori detection and
antimicrobial susceptibility testing. Clin. Microbiol. Rev.

March 2022 | Volume 10 | Issue 3 | Page 470

L) i
Solt Links
OResearchers


https://doi.org/10.1086/649860 
https://doi.org/10.1080/09674845.2016.1220705 
https://doi.org/10.1136/bmj.g3320 
https://doi.org/10.1136/bmj.g3320 
https://doi.org/10.1111/apt.14319 
https://doi.org/10.17795/compreped-17422 
https://doi.org/10.17795/compreped-17422 
https://doi.org/10.15171/apb.2016.036 
https://doi.org/10.1128/JCM.02330-08
https://doi.org/10.3389/fmicb.2010.00115 
https://doi.org/10.3389/fmicb.2010.00115 
https://doi.org/10.1093/bjaceaccp/mkn041  
 https://doi.org/10.1111/j.1523-5378.2011.00875.x 
 https://doi.org/10.1111/j.1523-5378.2011.00875.x 
https://doi.org/10.1128/jcm.27.8.1870-1873.1989

OPEN aACCESS

Advances in Animal and Veterinary Sciences

20:280-322.

Miftahussurur M, Yamaoka Y (2016). Diagnostic Methods of
Helicobacter pylori Infection for Epidemiological Studies:
Critical Importance of Indirect Test Validation. Biomed. Res.
Int. 2016:4819423. https://doi.org/10.1155/2016/4819423

Moussa IM, Eljakee J, Beder M, Abdelaziz K, Mubarak AS,
Dawoud TM, Hemeg HA, Alsubki RA, Kabli SA, Marouf
S (2021). Zoonotic risk and public health hazards of
companion animals in the transmission of Helicobacter
species. J. King Saud University — Sci. 33: 101494. https://
doi.org/10.1016/j.jksus.2021.101494

Nevoa JC, Rodrigues RL, Menezes GL, et al (2017). Molecular
technique for detection and identification of Helicobacter
pylori in clinical specimens: a comparison with the classical
diagnostic method. J. Bras. Patol. Med. Lab. 53(1): 13-9.
https://doi.org/10.5935/1676-2444.20170003

Patel SK, Pratap CB, Jain AK, Gulati AK, Nath G. Diagnosis
of Helicobacter pylori: What should be the gold standard?
World ]J. Gastroenterol. 20(36):12847-59. https://doi.
org/10.3748/wjg.v20.i36.12847

Peng NJ, Lai KH, Lo GH, Hsu PI (2009). Comparison
of noninvasive diagnostic tests for Helicobacter pylori
infection. Med. Princ. Pract. 18: 57-61. https://doi.
org/10.1159/000163048

Qin H, Tang G, Yi P, Pan X, Huang H, Chang R, Shi Z, Ashraf
MA (2016). Diagnosis of Genus Helicobacter through a
Hemi-nested PCR assay of 16S rRNA. Saudi Pharm. J. 2016
May;24(3):265-72. doi: 10.1016/j.jsps.2016.04.015. Epub
2016 Apr 26. PMID: 27275113; PMCID: PMC4881236.
https://doi.org/10.1016/j.jsps.2016.04.015

Razaghi M, Boutorabi MS, Mirjalili A, Norolahi S, Hashemi

M, Jalalian M (2010). Diagnosis of Helicobacter pylori
infection by ELISA stool antigen and comparison with the
other diagnostic methods. HealthMED - 4(3). https://doi.
0rg/10.1016/51201-9712(10)60150-6

Sabbagh P, Mohammadnia-Afrouzi M, Javanian M, Babazadeh
A, Koppolu V, Vasigala RV, Nouri RH (2019). Ebrahimpour
S. Diagnostic methods for Helicobacter pylori infection:
ideals, options, and limitations. Euro. J. Clin. Microbiol.
Infect. Dis. 38:55-66. https://doi.org/10.1007/s10096-018-
3414-4

Saleh GSZ, MIH El-Enbaawy, SS Abd El-Rahman, S Marouf
(2020). Increased production of matrix metalloproteinases
in Helicobacter pylori infection that stimulates gastric cancer
stem cells. Int. J. Vet. Sci. 9(3): 355-360.

She CR, R. Wilson RA, Litwin MC (2009). Evaluation of
Helicobacter pylori Immunoglobulin G (IgG), IgA, and IgM
Serologic Testing Compared to Stool Antigen Testing.
Clin. Vacc. Immunol. 1253-1255. https://doi.org/10.1128/
CVI1.00149-09

Shimoyama T, Sawaya M, Ishiguro A, Hanabata N, Yoshimura T,
Fukuda S (2011). Applicability of a rapid stool antigen test,
using monoclonal antibody to catalase, for the management
of Helicobacter pylori infection. J. Gastroenterol. 46:487.
https://doi.org/10.1007/500535-011-0371-4-91

Thung I, Aramin H, Vavinskaya V, Gupta S, Park JY, Crowe
SE, et al (2016). Review article: the global emergence of
Helicobacter pylori antibiotic resistance. Aliment Pharmacol.
Ther. 43(4):514-33. https://doi.org/10.1111/apt. 13497

Yamaoka Y (2010). Mechanisms of disease: Helicobacter pylori
virulence factors. Nat. Rev. Gastroenterol. Hepatol.
7(11):629-41. https://doi.org/10.1038/nrgastr0.2010.154

March 2022 | Volume 10 | Issue 3 | Page 471

0% Links
**@Researchers


https://doi.org/10.1155/2016/4819423 
https://doi.org/10.1016/j.jksus.2021.101494 
https://doi.org/10.1016/j.jksus.2021.101494 
https://doi.org/10.5935/1676-2444.20170003 
https://doi.org/10.3748/wjg.v20.i36.12847 
https://doi.org/10.3748/wjg.v20.i36.12847 
https://doi.org/10.1159/000163048 
https://doi.org/10.1159/000163048 
https://doi.org/10.1016/j.jsps.2016.04.015 
https://doi.org/10.1016/S1201-9712(10)60150-6 
https://doi.org/10.1016/S1201-9712(10)60150-6 
https://doi.org/10.1007/s10096-018-3414-4 
https://doi.org/10.1007/s10096-018-3414-4 
https://doi.org/10.1128/CVI.00149-09 
https://doi.org/10.1128/CVI.00149-09 
https://doi.org/10.1007/s00535-011-0371-4-91
https://doi.org/10.1111/apt.13497 
https://doi.org/10.1038/nrgastro.2010.154

