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Abstract

Background: Clarithromycin and Levofloxacin are most frequently included in the standard triple therapies for H. pylori eradication
in our country. Resistance to clarithromycin and fluoroquinolones are particularly related with treatment failure.

Objectives: The objective of this study was to detect, clarithromycin and levofloxacin resistance associated with gene mutations in
H. pylori directly from gastric biopsies using an allele specific primer-PCR (ASP-PCR) assay.

Materials and Methods: Gastric biopsy specimens were collected from 143 adult dyspeptic patients, from Department of
Gastroenterology, BSMMU and Dhaka Medical College Hospital (DMCH), during the period of March, 2018 to February, 2019.
H. pylori was identified by rapid urease test, ureC gene by PCR, histological staining and culture. ASP-PCR was used to identify 23S
rRNA gene and gyrA gene mutation predictive of clarithromycin and levofloxacin resistant H. pylori respectively.

Results: H. pylori positive cases were 32.9% based on the case definition used in the study. Among 42 ureC positive H. pylori cases,
point mutations in 23Sr RNA gene for clarithromycin resistance were detected only at A2142G position in 9 (21.4%) cases and gyrA
gene mutations for levofloxacin resistance were detected in 16 (38.1%) cases. Only 1 (2.4%) case had mutation both in 23Sr RNA and
gyrA gene.

Conclusion: Those findings may guide toward the therapeutic choices in our country. PCR based diagnostic assays can be the alternative
approach for rapid detection of antibiotic resistances of H. pylori directly from gastric biopsies, where culture and susceptibility tests
are not routinely performed.
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Introduction lymphoid malignancies.> Treatment for H. pylori infection
Helicobacter pylori (H. pylori) specifically colonize the is recommended in all symptomatic individuals in order
epithelium of the human stomach, in particular the to prevent the development of gastric adenocarcinoma
gastric antrum.! Half of the world's population and as and for the successful treatment of H. pylori induced
many as 80% of developing country residents carry mucosa-associated lymphoid tissue (MALT) lymphoma.®
H. pylori in their gastric mucosa. Only about 10-20% of

infected persons become symptomatic.? Prevalence are Historically, the first truly effective therapy for H. pylori
higher in developing than in developed countries, due to infection comprised bismuth, tetracycline and metronidazole
diverse contributing factors including socioeconomic (MNZ), but was of limited use because of side effects,
status, geographical or living conditions, ethnicity and low patients compliance and inconsistent and low
location of each population.3 In Bangladesh, H. pylori eradication rate.”-8

infection rate was 47% in adult dyspeptic patients in the

year 2016.4 H. pylori has been linked to gastritis, duodenal Now a days, triple therapy containing a proton pump
ulcer, gastric carcinoma and mucosa associated inhibitor and two antibiotics, amoxicillin (AMX) and

clarithromycin (CAM) or MNZ, is the standard
first-line treatment regimen in populations with less than

Correspondence: 15-20% clarithromycin resistance for eradication of
Dr. Nusrat Noor Tanni H. pylori infection.® The standard CAM-based triple
Lecturer regimen for 7-14 days is still the first option as H. pylori
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recommended as second line treatment in our country
which is an alternative approach for patients with macrolid
allergy and /or treatment failure.%10

Antibiotic resistance is a key factor in the failure of eradication
therapy and recurrence of H. pylori infection. Several
clinical trials have shown that the most commonly used
first line therapies may fail in up to 20% of patients.!!
larithromycin resistance rates have been reported to be
58.8% and 36.0% in India and Pakistan respectively.!213
High resistance rates of H. pylori to levofloxacin (73.2%)
has been reported in north India.!* In Bangladesh 39.3%
clarithromycin and 66.1% levofloxacin resistance had
been reported in patient with gastritis.!3

The more frequent mutations associated with clarithromycin
resistance (>90%) are, a single spontaneous point mutation,
the adenine to guanine transition at 2143 and 2142
positions of 23S rRNA, whilst the transversion of
adenine with cytosine in 2142 position is less frequent.!©
Several other point mutations have been identified such
as A2115G, G2141A, T2117C, T2182C, T2289C,
G224A, C2245T and C2611A.17

In H. pylori (as in several other bacterial species), levofloxacin
resistance is caused by point mutations in the quinolone
resistance determining region (QRDR) of the gyrA gene,
which encodes subunit A of DNA gyrase.!8 The amino
acid substitutions observed in clinical strains have been
primarily reported at position 87 (Asparagine to Lysine)
or 91 (Aspartic acid to Glycine, Aspartic acid to Asparagine,
or Aspartic acid to Tyrosine), although resistant strains
lacking these mutations have also been described.!9:20.21

In routine practice, the detection of antibiotic resistance
is mainly based on phenotypic methods: disk diffusion
method, agar diffusion using E-test or the agar dilution
method.?2 Conventional phenotypic susceptibility testing
is time consuming (10-14 days), and challenging due to
slow growth and fastidious growth requirements of H. pylori,
low bacterial load and overgrowth of contaminating
organism reduce the sensitivity of culture testing method.23
PCR has been used extensively for the diagnosis of
H. pylori from gastric biopsy specimens, saliva, stool,
gastric juice and variable specimens.2*

ASP-PCR method can determine point mutations,
which consists of the specific primers for mutations
within a short period by a PCR amplification alone
without digestion with restriction enzyme or direct
sequencing.?> Using agar dilution as the “gold standard”,
the sensitivity and specificity of ASP-PCR of 23S rRNA
gene were reported to be 100% and for gyrA gene 100%
and 92.7% respectively.2!. 25-26
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The present study was designed to detect the two most
prevalent point mutations; A2143G and A2142G in
23SrRNA gene and point mutations in gyrA gene, for
clarithromycin and levofloxacin resistance respectively
by ASP-PCR. Periodic monitoring of the antibiotic
susceptibility may define the resistance pattern, and will
reduce the proportion of treatment failures and the cost
of treatment. The information on in vitro H. pylori
susceptibility tests and robustness of ASP-PCR for
detecting the mutation is limited.

Materials and methods

This cross-sectional observational study was conducted
at the Department of Microbiology & Immunology,
Bangabandhu Sheikh Mujib Medical University
(BSMMU), Dhaka, Bangladesh from March, 2018 to
February, 2019.

Sample collection and processing

Gastric biopsy samples were collected from 143 adult
dyspeptic patients who attended outpatient department
of Gastroenterology, Bangabandhu Sheikh Mujib Medical
University (BSMMU) and Dhaka Medical College Hospital
(DMCH) and were selected for endoscopy as per inclusion
and exclusion criteria’s. Patients presented with the
symptoms of dyspepsia for more than 1 month were
included in this study.?’ Individuals having severe medical
or surgical illness such as asthma, COPD, previous
gastric surgery etc and history of intake of proton pump
inhibitors, non-steroidal anti-inflammatory drugs,
colloidal bismuth compounds, or antibiotics for eradication
of H. Pylori over the past four weeks of enrolment were
excluded from this study.28 After taking written informed
consent from each patient, four endoscopic gastric
biopsy tissue were collected from lesion and surrounding
sites in gastric antrum and body. First specimen was
inoculated immediately into a screw capped bottle
containing rapid urease test media to detect the presence
of H. pylori and Second biopsy specimen was collected in
Stuart transport media for culture. Third biopsy specimen
was collected in PBS for PCR assay. Fourth specimen,
from margins of lesion or gastric antrum were fixed in
10% buffered formalin and transported to the Department of
Pathology, BSMMU for histopathological examination.
For PCR assay, all the biopsy samples were stored at
20°C for 2 to 4 weeks.

A case was considered as H. pylori positive case, if Positive
H. pylori culture and / or at least two of the following
tests were positive i) Rapid urease test (RUT), ii) ureC
gene PCR and ii) Histopathology for H. pylori.?9:30
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Laboratory procedure

Rapid urease Test

Rapid urease test was done according to Ramis et al
(2012).3! Urease positive organism Proteus spp was used
as a positive control and urease negative organism E. coli
was used as a negative control for the test. Controls were
collected from the stock culture preserved at the Department
of Microbiology, BSMMU.

Culture32-34

Biopsy specimen was minced manually using a sterile
scalpel in a sterile glass slide. Then the tissue materials
were plated on brain heart infusion agar (Oxoid Ltd,
Basingstoke, Hampshire, United Kingdom) supplemented
with 10% sheep blood, Vitamino Growth Supplement
(Twin Pack) (Hi Media, India) and Campylobacter
selective supplement (Hi Media, India) for the culture of
H. pylori. A gas generation pack (CO2 Gen Sachet™, Oxoid,
USA) was used to produce a microaerophilic condition.
The anaerobic jar containing the inoculated plates was
then incubated at 37°C for 3-10 days and growth of H.
pylori were examined on day 3 and colonies were identified
based on their typical morphology (small, round,
convex, translucent colonies), positive characteristic
appearance on Gram staining (curved rod), positive
catalase, urease and oxidase test. If no growth observed
on day 3, the plates were incubated for another 7 days
and checked on every alternative day for the growth of
H. pylori.

DNA extraction

DNA extraction was performed on the gastric tissue
specimens preserved at -20°C using QIAmp DNA mini
kits (Qiagen, Hilden, Germany) in PCR laboratory of
Department of Microbiology and Immunology, BSMMU.

PCR analysis of ureC gene®

The wreC primer sequences were - wureC-F 5'-
AAGCTTTTAGGGGTGTTAGGGGTTT-3", ureC-R
5'-AAGCTTACTTTCTAACACTAACGC-3'; using these
primers, 294 base pair(bp) fragments were amplified.
The PCR assay was performed as described by Lu ef al
(1999)35. The PCR amplification conditions was: initial
denaturation at 94°C for 5 minutes, 35 cycles containing
of denaturation at 93°C for 1 minute, annealing at 55°C
for 30 seconds, extension at 72°C for 1 minute and final
extension at 72°C for 10 minutes. The amplified products
were subjected to electrophoresis on 2% agarose gel.
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Figure-I: Agarose gel electrophoresis analysis showed
amplified DNA product of ureC gene (294 bp). Lane 2,
6, 7, 8: ureC positive. Lane 1, 3, 4 and 5: ureC negative.
Positive control: ureC gene positive H. pylori, Negative
control: Amplified product of PCR without DNA)

ASP-PCR to determine 23S rRNA mutation of H. pylori
for clarithromycin resistance3¢

ASP-PCR for 23S rRNA gene was performed with 4
primers. The primer sequences were FP-1 (5'-TC-
GAAGGTTAAGAGGATGCGTCAGTC-3), FP2143G
(5-CCGCGGCAAGACAGAGA-3), RP-1(5-GACTC-
CATAAGAGCCAAAGCCCTTAC-3"), and RP2142G
(5'-AGTAAAGGTCCACGGGGTATTCC-3").The
PCR was performed as previously reported in another
study?. The amplification was conducted under the
following conditions: 1 cycle at 94°C for 2 min; 40
cycles of 98°C for 10 s, 65°C for 30 s, 68°C for 20 s, with
a final extension at 72°C for 2 min. The amplified products
were electrophoreses in 2% agarose gel, a band of 320 bp
for both wild and mutant type, 238 bp for A2142G
mutation, and 118 bp for A2143G mutation were
obtained.

Ladder

(100
bn)

Figure-II: Agarose gel electrophoresis analysis showed
amplified DNA product of multiplex ASP-PCR for
clarithromycin resistance. Lane 1,2,3,4,5,6,7,8,9,10,12
and 13 indicate wild type of gene (band of 320bp). Lane
4,7,9 and 10 indicate point mutation at A2142G position
(238bp), Negative control: amplified product of PCR
without DNA.
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ASP-PCR to determine gyrA gene mutation of H. pylori for
levofloxacin resistance:

Table-I: Primer sequences of gyrA mutation in H. pylori for
levofloxacin resistance

Primer | Primer Mutation | Sequence Tm %C,;C A.mplicon Reference
name direction| ratio | size

F261A1 | Forward| C261A CCCCCATGGCGAGAAaG 57.2 | 64.71 36
F261G1 | Forward | C261G CCC CCA TGG CGAGAAgG 59.6 | 70.59 | 254 bp
F271A5 | Forward | G271A GCGATAACGCGGTTTAGaA 5524737

F271A9 | Forward | G271A GCGATAATGCGGTTTAGaA 53 4411

F271T9 | Forward| G271T GGCGATAATGCGGTTAATA 54.3 1400

F272G1 | Forward | A272G GCGATAACGCGGTTTAGGgT 60.5 | 55.0

F272G9 | Forward | A272G GCGATAATGCGGTTTAGGET 58.4 | 50.0

F87ATC | Forward ?2266?; CCCCCATGGCGAGAcG 59.6 | 70.59

gyrAR | Reverse GTTAGGCAGACGGCTTGGTARAAT] 64.2 | 44.0

A reaction mixture with total volume of 25 pl containing 10 pl
of master mix (ANTP, MgCl, and reaction buffer) (Helini,
biomolecules. INDIA), 0.2 ul Taq polymerase (Solis BioDyne
Germany), 5.8 uL. of primer mixture (0.8 ul of gyrA primer R,
0.2 ul of primer F261A1, 0.2 ul of primer F261G1, 0.8 ul of
primer F271AS5, 0.10 pl of primer F271A9, 0.6 ul of primer
F271T9, 0.6 ul of primer F272G1, 0.6 ul of primer F272G9 and
0.6 ul of primer F87ATC) solution was prepared in a 0.2 ml
PCR tube for each sample. The amplification was conducted
under the following conditions: 1 cycle at 94°C for 2 min; 40
cycles of 98°C for 10 s, 65°C for 30 s, 68°C for 20 s, with a final
extension at 68°C for 2 min. Samples were defined as positive
for mutation of gyrA gene when 254-bp band was detected after
electrophoresis in 2% agarose gel 110V for 42 minutes.

DNA
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Figure-III: Agarose gel electrophoresis analysis showed amplified
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DNA product of multiplex ASP-PCR for levofloxacin
resistance. Lane 1,2,3,6 and 7indicate point mutation of gyrA
gene (band of 254bp). Lane 4, 5, 8,9, 10, 11 and 12 indicates no
mutation of gyrA gene. Positive control: levofloxacin resistant
H. pylori, negative control: amplified product of PCR without
DNA.

Data analysis:

The data were entered into Microsoft Excel 2010 and analyzed
using SPSS software Version-23 (SPSS Inc., Chicago, IL, USA).
Descriptive analyses of all relevant variables were done by
using frequency, percentage, mean, table and figure etc.

Results

The study population (n=143) were between the ages 18-65
years, with the mean age 42.3 + 14.3 years. The highest rate of
H. pylori infection was found in the age group from 41-50 years
(25.5%), while the lowest percentage of H. pylori infection
(4.3%) was in the age group <20 years. Out of those 143
patients, 71 (49.7%) were female and 72 (50.3%) were male and
the male female ratio (1.00: 1.01) was almost equal.

According to the case definition of H. pylori positive case used
in this study, out of 143 patients, 47 (32.9%) were considered as
H. pylori positive cases. Cultures for H. pylori were done only
in 104 cases, as rest of the samples were not properly collected
and transported for culture among them only 10 yield growth of
H. pylori. Mutational analysis of clarithromycin and levofloxa-
cin resistance were done on 42 (29.4%) ureC gene PCR positive
cases, 5 cases were RUT and histopathology positive but ureC
gene PCR negative.

Point mutation at A2143G and A2142G position of 23SrRNA
gene for clarithromycin resistance were detected by ASP-PCR.
Among 42 ureC gene positive H. pylori positive cases, only
9(21.4%) cases harbored point mutation at A2142G position
and none had point mutation at A2143G position of 23SrRNA
gene. Neither H. pylori positive cases harbored mutation at both
A2143G and A2142G positions. Among ureC gene positive
H. pylori positive cases (n=42) mutations in gyrA gene were
detected in 16 (38.1%) cases by ASP-PCR. Only 1 (2.4%) case
had mutation both in 23Sr RNA and gyrA gene, which confer
multidrug resistant H. pylori strain. Out of 9 clarithromycin
resistant H. pylori cases detected by ASP-PCR, only 2 (22.2%)
cases were H. pylori culture positive, 5(55.6%) were RUT,
ureC gene PCR and histology positive and in 2(22.2%) cases,
were RUT and ureC gene PCR positive. Among 16 levofloxacin
resistant cases detected by ASP-PCR, only 3 (18.8%) cases
were H. pylori culture positive, 7 (43.7%) were positive by
RUT, ureC gene PCR and histology, 5(31.3) cases were RUT
and ureC gene PCR positive and 1 (6.2) case was positive by
ureC gene PCR and histology.
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Table-II: Distribution of clarithromycin resistant H. pylori
and levofloxacin resistant H. pylori detected by ASP-PCR as
per H. pylori positive case definition

Culture Positive by methods other than culture
Resistant positive Total
H. pylori n (%) RUT, ureC gene RUT and ureC ureC gene PCR n (%)
PCR and gene PCR and histology
histology
n (%) n (%) n (%)
Clarithromycin ~ 2(22.2) 5(55.6) 2(22.2) 0(0) 9(100)
resistant
H. pylori
(n=9)
Levofloxacin 3(18.8) 7(43.7) 5(31.3) 1(6.2) 16(100)
resistant
H. pylori
(n=16)
Discussion

In this study, prevalence of H. pylori was 47 (32.9%). This
finding correlated with the finding of Niknam et al (2014) who
reported 31% H. pylori positivity among adult dyspeptic population in
Iran and Aftab et al (2018) reported 47% of H. pylori infection
in adult dyspeptic patients in Bangladesh.* 37

ureC gene was detected in 42 (29.4%) cases in this study.
Similar finding was reported by Pandya et al (2017) where 31%
H. pylori were positive in gastric biopsy by ureC gene PCR.38
However, Mishra et al (2002) had reported 53% H. pylori
positive cases detected by ureC gene PCR.3? A variety of genes
including the cagA gene, ureC (glmM) gene, ureA gene, 16S
rRNA gene and 26-kDa species-specific antigen (SSA) gene
have been used as potential targets to detect H. pylori. Several
studies observed that PCR based amplification of ureC gene is
the most appropriate target gene for detection of H. pylori from
clinical samples.33:40

Only five (10.6%) cases were ureC gene PCR negative but
positive by RUT and histopathology, may be due to insufficient
amount of H. pylori DNA in those samples.*! Presence of PCR
inhibitory substance such as Taq polymerase inhibitors,
prolonged transportation, inappropriate storage of specimen,
also can give negative results.2? All the ureC positive cases
were either RUT or histological staining positive.

Among 42 ureC gene positive cases, Clarithromycin resistances
were 9 (21.4%) by ASP-PCR. All 9 (100%) clarithromycin
resistant cases had point mutation at A2142G position, no point
mutation were found at A2143G position. Wani et al (2018) and
Ubhayawardana et al (2015) also reported 65.2% and 100%
point mutation at A2142G position of 23S TRNA gene. 4243
Prevalence of the particular point mutations varies across
geographical areas. On the contrary, Gehlot et al (2016) and
Nakamura et al (2007) reported 87.5% and 99.0% point
mutation at A2143G position.26:44
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This result was consistence with the result of the studies
conducted by Gehlot et al (2016) and Sun et al (2010) in which
resistance to clarithromycin were 11.8% and 20.7% respectively.#4
Higher resistance rate of clarithromycin was reported by Aftab
et al (2016) who detected 39.3% clarithromycin resistance by
agar dilution method.!>

This study was designed to explore two most common
described mutations, A2142G or A2143G for clarithromycin
resistance, other mutations which are less likely to cause
resistance and treatment failure could not be detected due to
time constrains. Additionally, the molecular test correctly
classified all negative patients as no sample showed any
amplification.

gyrA gene mutations were also detected by ASP-PCR for
levofloxacin resistance. Among 42 cases, gyrA gene mutation
was present in 16 (38.1%) cases. Similar to this finding,
Miftahussurur et al (2016) reported 42.9 % levofloxacin
resistance.*® High prevalence (66.1%) of levofloxacin
resistance was reported by Aftab et al (2016).!% Trespalacios
et al (2015) found 100% sensitivity and 92.7% specificity of
ASP-PCR of gyrA gene mutation for levofloxacin resistance,
using agar dilution as the gold standard.3¢

Only 10 H. pylori were isolated from culture, so antibiotic
susceptibility testing could not be performed in all H. pylori
positive cases by disk diffusion method. So, the agreement
between ASP-PCR and disk diffusion method for the detection
of resistance could not be detected and also it was not possible
to observe any discrepancies between these methods to determine
the reproducibility.

Out of 9 clarithromycin resistant cases detected by ASP-PCR,
only 2 (22.2%) cases were H. pylori culture positive, 7 (77.8%)
cases were H. pylori positive as per case definition by methods
other than culture. All 16 levofloxacin resistant H. pylori cases
detected by ASP-PCR were ureC gene PCR positive. Among
them only 3 (18.8%) cases were culture positive, 7 (43.7%)
cases were positive by RUT and histology, 5 (31.3%) cases
were RUT and 1 (6.2%) case was positive by histology. Most of
the resistant cases were detected by ASP-PCR directly from the
gastric biopsy specimen rather than culture as H. pylori culture
is difficult to perform and cultures do not always recover all the
strains present in the sample.

Conclusion

All clarithromycin resistant cases detected by ASP-PCR, have
point mutation at A2142G position. As most of the resistant
cases are detected by ASP-PCR from the biopsy specimen
rather than culture, it could be an alternative approach for detection
of antibiotic resistance pattern of clarithromycin and levofloxacin
where culture facilities are not available or culture cannot be
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done. This may guide towards the therapeutic choices in our
country where culture and susceptibility tests are not routinely
performed.

Acknowledgments

This work was supported by Department of Microbiology and
Immunology, BSMMU and Research fund of Bangabandhu
Sheikh Mujib Medical University (BSMMU) and Bangladesh
Medical Research Council (BMRC).

Disclosure
The author reports no conflicts of interest in this work.

Reference

1.

10.

Brennan DE, Omorogbe, J Hussey M, Tighe D, Holleran
G and O’Morain C. Molecular detection of Helicobacter
pylori antibiotic resistance in stool vs biopsy samples.
World journal of gastroenterology 2016;22(41): 9214.

Kusters JG, Van Vilet AM and Kuipers EJ. Pathogenesis
of H. pylori infection. Clinical Microbiology Reviews
2006; 19(3): 449-90.

Salih BA . Helicobacter pylori infection in developing
countries: the burden for how long? Saudi Journal of
Gastroenterology 2009; 15(3):201-207

Aftab H, Yamaoka Y, Ahmed F, et al. Validation of
diagnostic tests and epidemiology of Helicobacter pylori
infection in Bangladesh. The Journal of Infection in
Developing Countries 2018 May 31;12(05):305-12.

Mishra S, Singh V, Rao G, Jain AK, Dixit VK and Gulati
AK. Detection of Helicobacter pylori in stool specimens:
comparative evaluation of nested PCR and antigen detection.
The Journal of Infection in Developing Countries
2008; 2(03): 206-210.

Fock KM, Katelaris P, Sugano K, Ang TL, Hunt R and
Jung HC. Second Asia—Pacific consensus guidelines for
Helicobacter pylori infection. Journal of gastroenterology
and hepatology 2009; 24(10): 1587-1600.

Bazzoli F and Pozzato P. Therapy of H. pylori infection.
Journal of Physiology and Pharmacolology 1997;
48(4):39-46.

Papastergiou V, Georgopoulos S D and Karatapanis S.
Treatment of Helicobacter pylori infection: Past, present
and future. World journal of gastrointestinal patho-
physiology 2014; 5(4): 392-9.

Hasan M. Dyspepsia in primary care practice in Bangladesh.
Bangladesh Medical Journal 2014; 42(2):63-69.
Malfertheiner P, Megraud F, O'morain CA, Gisbert JP,
Kuipers EJ and Axon AT. Management of Helicobacter

pylori infection-the Maastricht V/Florence consensus
report. Gut 2017; 66(1): 6-30.

Bangladesh J Med Microbiol

17

Tanni et al

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Gisbert JP, Pajares R and Pajares JM. Evolution of
Helicobacter pylori therapy from a meta-analytical
perspective. Helicobacter 2007; 12 (2):50-58.

Pandya HB, Agravat HH, Patel JS and Sodagar NRK.
Emerging antimicrobial resistance pattern of Helicobacter
pylori in central Gujarat. Indian journal of medical
microbiology 2014; 32(4): 408.

Khan A, Farooqui A, Manzoor H, Akhtar S, Quraishy M
S and Kazmi SU. Antibiotic resistance and cagA gene
correlation: a looming crisis of Helicobacter pylori.
World journal of gastroenterology 2012; 18(18): 2245-52.

Das R, Sureshkumar S, Sreenath GS and Kate V. Sequential
versus concomitant therapy for eradication of Helico-
bacter pylori in patients with perforated duodenal ulcer: A
randomized trial. Saudi Journal of Gastroenterology
2016; 22:309-15.

Aftab H, Miftahussurur M, Subsomwong P, Ahmed F,
Khan AA and Yamaoka Y. Helicobacter pylori antibiotic
susceptibility patterns in Bangladesh: Emerging levoflox-
acin resistance. The Journal of Infection in Developing
Countries 2016; 10(03):245-253.

Binyamin D, Pastukh N, On A, Paritsky M and Peretz A.
Phenotypic and genotypic correlation as expressed in
Helicobacter pylori resistance to clarithromycin and
fluoroquinolones. Gut Pathogens 2017; 9(1): 48.

Klesiewicz K, Nowak P, Karczewska E, Skiba I,
Wojtas-Bonior I and Sito E. PCR-RFLP detection of point
mutations A2143G and A2142G in 23S rRNA gene
conferring resistance to clarithromycin in Helicobacter
pylori strains. Acta Biochimica Polonica 2014; 61(2).

Miyachi H, Miki I, Aoyama N, Shirasaka D, Matsumoto
Y and Toyoda M. Primary levofloxacin resistance and
gyrA/B mutations among Helicobacter pylori in Japan.
Helicobacter 2006; 11(4):243-49.

Cattoir V, Nectoux J, Lascols C, Deforges L, Delchier JC
and Megraud F. Update on fluoroquinolone resistance in
Helicobacter pylori: new mutations leading to resistance
and first description of a gyrA polymorphism associated
with hypersusceptibility. International journal of anti-
microbial agents 2007; 29(4): 389-96

Hung KH, Sheu BS, Chang WL, Wu HM, Liu CC and Wu JJ.
Prevalence of primary fluoroquinolone resistance among
clinical isolates of Helicobacter pylori at a University Hospital
in Southern Taiwan. Helicobacter 2009; 14(1):61-65.

Nishizawa T, Suzuki H, Umezawa A, Muraoka H, Iwasaki E
and Masaoka T. Rapid detection of point mutations
conferring resistance to fluoroquinolone in gyrA of
Helicobacter pylori by allele-specific PCR. Journal of
clinical microbiology 2007; 45(2): 303-05.

Volume 13: Number 1 January 2019



Mutational analysis of clarithromycin and levofloxacin resistance ...

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Oleastro M, Ménard A, Santos A, Lamouliatte H,
Monteiro L and Barthélémy P. Real-time PCR assay for
rapid and accurate detection of point mutations conferring
resistance to clarithromycin in Helicobacter pylori. Journal
of clinical microbiology 2003; 41(1): 397-402.

Chisholm SA and Owen RJ. Application of polymerase
chain reaction-based assays for rapid identification and
antibiotic resistance screening of Helicobacter pylori in
gastric biopsies. Diagnostic microbiology and infec-
tious disease 2008; 61(1): 67-71.

Lehours P and Mégraud F. Helicobacter pylori molecular
diagnosis. Expert Review of Molecular Diagnostics
2011; 11: 351-355

Furuta T, Soya Y, Sugimoto M, et al. Modified
allele-specific primer-polymerase chain reaction method
for analysis of susceptibility of Helicobacter pylori strains
to clarithromycin. Journal of gastroenterology and
hepatology 2007 Nov; 22(11):1810-5

Nakamura A, Furuta T, Shirai N, et al. Determination of
mutations of the 23S rRNA gene of Helicobacter pylori
by allele specific primer-polymerase chain reaction
method. Journal of gastroenterology and hepatology 2007
Jul; 22(7): 1057-63.

Islam MDU, Rahman SHZ, Shamsuzzaman Sm, Muaz-
zam A, Chowdhury A and Sarkar AR. Comments on
Evaluation of endoscopic findings and detection of
H. pylori Antibody bby serum IgG ELISA. Faridpur
Medical College Journal 2011; 6(1): 24-27.

Tongtawee T, Dechsukhum C, Leeanansaksiri W, Kaew-
pitoon S, Kaewpitoon N and Loyd R.A. Improved detection
of Helicobacter pylori infection and premalignant gastric
mucosa using “‘site specific biopsy”’: a randomized control
clinical trial. Asian Pacific Journal of Cancer
Prevention 2015; 16(18): 8487-90.

Lage AP, Godfroid E, Fauconnier A, et al. Diagnosis of
Helicobacter pylori infection by PCR: comparison with
other invasive techniques and detection of cagA gene in
gastric biopsy specimens. Journal of clinical microbiology
1995 Oct 1;33(10):2752-6.

Lascols C, Lamarque D, Costa JM, Copie-Bergman C, Le
Glaunec JM and Deforges L. Fast and accurate quantita-
tive detection of Helicobacter pylori and identification of
clarithromycin resistance mutations in H. pylori isolates
from gastric biopsy specimens by real-time PCR. Journal
of clinical microbiology 2003; 41(10): 4573-77.

Ramis IB, Moraes EPD, Fernandes MS, MendozaSassi R,
Rodrigues O, Juliano CRV. Evaluation of diagnostic
methods for the detection of Helicobacter pylori in gastric
biopsy specimens of dyspeptic patients. Brazilian Journal of
Microbiology 2012; 43(3): 903-908.

Bangladesh J Med Microbiol

Tanni et al

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Ndip RN, MacKay WG, Farthing MJ and Weaver LT.
Culturing Helicobacter pylori from clinical specimens:
review of microbiologic methods. Journal of pediatric
gastroenterology and nutrition 2003; 36(5): 616-622.

Agudo S, Pérez-Pérez G, Alarcén T and Lépez-Brea M. High
prevalence of clarithromycin-resistant Helicobacter pylori
strains and risk factors associated with resistance in Madrid,
Spain. Journal of clinical microbiology 2010; 48(10):
3703-7.

Shahamat M, Paszko-Kolva C, Mai UE, Yamamoto H and
Colwell RR. Selected cryopreservatives for long term
storage of Helicobacter pylori at low temperatures. Journal
of clinical pathology 1992; 45(8):735-736.

Lu 1J, Perng CL, Shyu RY, Chen CH, Lou Q and Chong
SK. Comparison of Five PCR Methods for Detection of
Helicobacter pylori DNA in Gastric Tissues. Journal of
clinical microbiology 1999; 37(3): 772-74.

Trespalacios AA, Rimbara E, Otero W, Reddy R and
Graham DY. Improved allele-specific PCR assays for
detection of clarithromycin and fluoroquinolone resistant
of Helicobacter pylori in gastric biopsies: identification of
N87I mutation in GyrA. Diagnostic microbiology and
infectious disease 2015; 81(4): 251-255.

Niknam R, Seddigh M, Fattahi MR, Dehghanian A and
Mahmoudi L. Prevalence of Helicobacter pylori in
patients with dyspepsia. Jundishapur journal of
microbiology 2014; 7(10).

Pandya HB, Agravat HH, and Patel JS. Prevalence of
Specific Helicobacter pylori cagA, vacA, iceA, ureC
Genotypes and its Clinical Relevance in the Patients with
Acid-Peptic Diseases. Journal of clinical and diagnostic
research 2017; 11(8):23.

Mishra KK, Srivastava S, Dwivedi PP, Prasad KN and
Ayyagari A. UreC PCR based diagnosis of Helicobacter
pylori infection and detection of cag A gene in gastric
biopsies. Indian journal of pathology & microbiology
2002; 45(1):31-37.

Bickley J, RJ Owen, AG Fraser and RE Pounder. Evaluation
of the polymerase chain reaction for detecting the urease
C gene of Helicobacter pylori in gastric biopsy samples
and dental plaque. Journal of Medical Microbiology
1993; 39:338-344.

Park CY, Kwak M, Gutierrez O, Graham DY and Yamaoka
Y. Comparison of genotyping Helicobacter pylori directly
from biopsy specimens and genotyping from bacterial
cultures. Journal of Clinical Microbiology 2003; 41
:3336-3338.

Volume 13: Number 1 January 2019



Mutational analysis of clarithromycin and levofloxacin resistance ...

42.

43.

Wani FA, Bashir G, Khan MA, Zargar SA, Rasool Z, and
Qadri Q. Antibiotic Resistance in Helicobacter pylori: A
Mutational Analysis from a Tertiary Care Hospital in
Kashmi, India. Indian Journal of Medical Microbiology
2018; 36(2):266.

Ubhayawardana NL, Weerasekera MM, Weerasekera D,
Samarasinghe K, Gunasekera C P and Fernando N. Detec-
tion of clarithromycin-resistant Helicobacter pylori
strains in a dyspeptic patient population in Sri Lanka by
polymerase chain reaction-restriction fragment length
polymorphism. Indian Journal of Medical Microbi-
ology 2015; 33:374-377.

Bangladesh J Med Microbiol

19

Tanni et al

44.

45.

46.

Gehlot V, Mahant S, Mukhopadhyay AK, et al. Low
prevalence of clarithromycin-resistant Helicobacter pylori
isolates with A2143G point mutation in the 23S rRNA
gene in North India. Journal of Global Antimicrobial
Resistance 2016 Sep 1;6: 39-43.

Sun QJ, Liang X, Zheng Q, et al. Resistance of Helico-

bacter pylori to antibiotics from 2000 to 2009 in Shanghai.
World journal of gastroenterology 2010; 16(40):5118.

Miftahussurur M, Shrestha PK, Subsomwong P, Sharma
RP and Yamaoka Y. Emerging Helicobacter pylori
levofloxacin resistance and novel genetic mutation in
Nepal. BMC Microbiology 2016; 16(1):256.

Volume 13: Number 1 January 2019



