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Abstract

Introduction: The most recent study to report Helicobacter pylori antibiotic resistance rates in Bangladesh was published 15 years ago and did
not include levofloxacin. We therefore aimed to determine the current antibiotic susceptibility of H. pylori to amoxicillin, clarithromycin,
metronidazole, tetracycline and levofloxacin in Bangladesh.

Methodology: This study included 133 consecutive patients who underwent endoscopy examination at Dhaka Medical College in November
2014. The serial two-fold agar dilution method was used to determine the minimum inhibitory concentrations of the five antibiotics.

Results: Among 56 cultured strains, H. pylori showed high rates of resistance to clarithromycin and metronidazole (39.3% and 94.6%,
respectively). Moreover, levofloxacin showed an emerging antimicrobial resistance pattern (66.1%), which was higher in patients with gastritis
than that in those with peptic ulcers (p = 0.02). The resistance rate of levofloxacin was significantly higher in patients living in Dhaka city
compared to those living in the village (p = 0.049). However, amoxicillin and tetracycline resistance rates were very low. Resistance to both
metronidazole and levofloxacin was most commonly observed.

Conclusions: The rates of resistance to clarithromycin, metronidazole, and levofloxacin were high in Bangladesh, which suggests that triple
therapy based on these drugs may not be useful as first-line therapies in Bangladesh. Alternative strategies such as furazolidone-based triple

therapy, bismuth-based quadruple therapies, or sequential therapy may be more effective for patients in in Bangladesh.
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Introduction

Successful treatment of Helicobacter pylori, the
Gram-negative bacterium responsible for infections
affecting more than half of the world’s population,
results in pathogen eradication and often also cures and
prevents development of associated diseases, including
chronic gastritis, peptic ulcer diseases, gastric cancer,
and mucosa-associated lymphoid tissue lymphoma [1].
First-line, alternative first-line, second-line, and even
third-line therapies for H. pylori eradication have been
proposed. According to current guidelines, a triple
therapy containing a proton pump inhibitor and two
antibiotics, amoxicillin (AMX) and clarithromycin
(CAM) or metronidazole (MNZ), remains the standard
first-line regimen for treatment of H. pylori infection
[2-5]. However, in recent years, the efficacy of these
legacy triple regimens has been seriously challenged

and eradication rates below 70% have been reported in
many countries [6]. Moreover, some regions in Asia
show patterns of emerging antimicrobial resistance [7].
Local antibiotic resistance screening and selection of
appropriate first-line regimens are essential to combat
H. pylori antibiotic resistance [7]. These steps could
prevent repeated treatment courses that may result in
multiple side effects and spread of secondary antibiotic
resistance [6].

Bangladesh is a country in South Asia with over 160
million people, making it the world's eighth-most
populous country. The prevalence of H. pylori infection
is reportedly high (60.2%), and the prevalence rate is
similar to that noted in developing countries (53.8%
among those aged 12—19 years), which is thought to be
related to overcrowding and poor sanitary conditions
[8]. The H. pylori re-infection rate in Bangladeshi is
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markedly higher than in Western countries, and
duodenal ulcer relapse is clearly related to H. pylori re-
infection [9]. The neighboring countries, India and
Pakistan, have high CAM, AMX and MNZ resistance
rates [7]. Previous studies have reported CAM, MNZ,
AMX and tetracycline (TCN) resistance rates of 58.8%,
83.3%, 72.5%, 53.8%, and 36.0%, 89.0%, 37%, 12.0%,
in India and Pakistan, respectively [10,11].
Levofloxacin (LVX)-based triple regimens or bismuth-
based quadruple therapy has therefore been suggested
to be most effective in this region. Although a previous
study reported antibiotic resistance rates in Bangladesh,
it was performed approximately 15 years ago (1999-
2001) [12]. Moreover, the previous study did not
measure the resistance rate for LVX, which has recently
been used in second-line regimens and as a rescue
treatment for H. pylori eradication. The previous study
reported rates of resistance to CAM, AMX, MNZ and
TCN to be 10%, 6.6%, 77.5%, and 15%, respectively
[12]. The standard CAM-based triple regimen for 7-14
days is still the first option for eradicating H. pylori in
Bangladesh, and LVX-based is the second line
treatment [13]. Because antibiotic resistance is
increasing worldwide [14,15], it is critical to examine
current drug resistance rates in Bangladesh. In this
study, we aimed to determine the antibiotic
susceptibility of H. pylori to CAM, MNZ, AMX, TCN
and LVX in Bangladesh.

Methodology
Patients and H. pylori

This study included 133 consecutive patients (61
male and 72 female; age range, 18 to 65 years; mean
age, 35.2 £ 11.8 years) who underwent endoscopy
examination at Dhaka Medical College in November
2014. Peptic ulcer disease, including gastric and
duodenal ulcers was diagnosed by endoscopic
observation, while chronic gastritis was determined by
histologic examination. Exclusion criteria included a
history of partial gastric resection, eradication therapy
for H. pylori and treatment with bismuth-containing
compounds, H2-receptor blockers, or proton pump
inhibitors (PPI) within four weeks before the study.
Written informed consent was obtained from all
participants and the protocol was approved by the
Ethics Committee of Bangladesh Medical Research
Council (BMRC), Dhaka, Bangladesh and Oita
University Faculty of Medicine, Japan.

For H. pylori culture, antral biopsy specimens were
homogenized and inoculated onto a commercial
Helicobacter  selective  agar  plate  (Nissui
Pharmaceutical Co. Ltd. Tokyo, Japan). The plates
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were incubated for up to 10 days at 37°C under
microaerophilic conditions (10% O, 5% CO,, and 85%
N»). H. pylori isolates were identified based on colony
morphology; Gram staining results and positive
biochemical tests (reactions on oxidase, catalase and
urease). Isolated strains were stored at —80°C in
Brucella Broth (Difco, Franklin Lakes, USA)
containing 10% dimethyl sulfoxide and 10% horse
serum.

Antibiotic susceptibility testing

The serial two-fold agar dilution method was used
to determine the minimum inhibitory concentrations
(MICs) of CAM (Abbott Laboratories, Abbott Park, IL,
USA), AMX, MNZ, TCN and LVX (all: Sigma
Chemical Co., St Louis, MO, USA). Briefly, bacteria
were subcultured on Mueller-Hinton II Agar medium
(Becton  Dickinson) supplemented with 10%
defibrinated horse blood. The bacterial suspension,
adjusted to be equivalent to a McFarland opacity
standard of 3.0, was inoculated onto the plates. After
72hours of incubation, the MIC of each antibiotic was
determined. Quality control was performed using H.
pyvlori ATCC 43504. The resistance breakpoints were
determined as described by the European Committee on
Antimicrobial ~ Susceptibility Testing (EUCAST;
available in http://www.eucast.org/). Strains were
considered to be resistant for MICs >0.125 mg/L for
AMX, 0.25 mg/L for CAM, 8 mg/L. for MNZ, and 1
mg/L for TCN and LVX.

Statistical analysis

Discrete variables were tested using the chi-square
test, while continuous variables were tested using the
Mann-Whitney U and #-tests. A multivariate logistic
regression model was used to calculate the odds ratios
(OR) of the places of residence and antibiotic
resistance. All determinants with p values < 0.10 were
entered together into the full logistic regression model,
and the model was reduced by excluding variables with
p values > 0.10. The OR and 95% confidence interval
(CI) were used to estimate risks. P values < 0.05 were
considered statistically significant. The SPSS statistical
software package version 18.0 (SPSS, Inc., Chicago,
IL) was used for all statistical analyses.

Results

A total of 56 H. pylori strains were isolated: 38 from
patients living in Dhaka city and 18 from the village
outside Dhaka city. They were isolated from 26 male
(age range, 18 to 56 years; mean age, 34.2+11.6 years)
and 30 female patients (age range, 19 to 65 years; mean
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age 36.1+12.1 years). Among these patients, 53 had
chronic gastritis and three had peptic ulcer diseases.
Interestingly H. pylori showed a higher rate of
resistance to CAM and MNZ (22/56, 39.3% and 53/56,
94.6%; Table 1) than previously reported in Bangladesh
[12]. Moreover, the LVX resistance rate also indicated
emerging antimicrobial resistance (37/56, 66.1%), a
similar phenomenon to that reported in India [11].
However, in contrast with other South Asian countries,

Figure 1. Distribution of antibiotic MIC values.
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the AMX resistance rates were very low (2/56, 3.6%)
and no TCN-resistant strains were observed. Overall,
only one strain was susceptible to all tested antibiotics
and 16 strains (28.6%) were resistant to one antibiotic.
Although the number of strains isolated from patients
with peptic ulcers was not sufficient for comparison, the
rate of resistance to LVX was higher in patients with
gastritis than in those with peptic ulcers (P = 0.02). The
distribution of patient age and antimicrobial resistance
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The resistance rates to clarithromycin, metronidazole, levofloxacin were high; in contrast with other South Asian countries, resistance rates to amoxicillin

and tetracycline were very low.

Table 1. Antibiotic susceptibility of 56 H. pylori strains isolated in Bangladesh

Antibiotics Number (%) of Resistant Patient Isolates
All patients (n = 56) PUD (n=3) Gastritis (n = 53) Male (n = 26) Female (n = 30)
AMX 2 (3.6) 0 (0) 2 (3.8) 0 0) 2 (6.7)
CAM 22 (39.3) 1 (33.3) 21 (39.6) 10 (38.9) 12 (40)
MNZ 53 (94.6) 3 (100) 50 (94.3) 25 (96.2) 28 (93.3)
TCN 0 0) 0 0) 0 0) 0 0) 0 0)
LVX 37 (66.1) 0 0) 37 (69.8) 16 (61.5) 21 (70)
Abbreviations: AMX, amoxicillin; CAM, clarithromycin; MNZ, metronidazole; TCN, tetracycline; LVX, levofloxacin; PUD, peptic ulcer disease.
Table 2. Distribution of antibiotic resistance in Bangladesh by age
e e Number (%) per age group (years)
Antibiotics <20 21-30 31-40 41-50 > 51 Total
Total 6 20 14 10 6 56
AMX 0(0) 0(0) 2 (14.3) 0(0) 0(0) 2
CAM 3 (50) 7 (35) 5(35.7) 5 (50) 2(33.3) 22
MNZ 5(83.3) 18 (90) 14 (100) 10 (100) 6 (100) 53
TCN 0(0) 0(0) 0(0) 0(0) 0(0) 0
LVX 2(33.3) 16 (80) 9 (64.3) 5(50) 5(83.3) 37

Abbreviations: AMX, amoxicillin; CAM, clarithromycin; MNZ, metronidazole; TCN, tetracycline; LVX, levofloxacin; PUD, peptic ulcer disease.

247



Aftab et al. — H. pylori antibiotic susceptibility in Bangladesh

of the isolates is shown in Table 2. Antibiotic resistance
did not differ among different age groups (P = 0.65,
0.99, 0.07, and 0.82 for AMX, CAM, MNZ and LVX,
respectively).

The distribution of MIC values for each antibiotic
is shown in Figure 1. H. pylori showed a high level of
resistance (128 mg/L or more) to MNZ in 23.2%
(13/56) of isolates, and CAM in 1.8% (1/56). We also
compared resistance rates between the two
geographical areas (Dhaka city and village). The
resistance rate for LVX was significantly higher in
people living in Dhaka city than among those living in
the village (73.7% vs. 50.0%, P = 0.049; Table 3). Even
after adjusting for age and sex using multivariate
analysis, the resistance rate for LVX remained
significantly higher in people living in Dhaka city (OR
= 3.7; 95% CI: 1.08-13.2; P = 0.04) (Figure 2). In
contrast, the resistance rates of AMX, CAM, and MNZ
did not differ between these locations.

The distribution of multidrug-resistant strains is
shown in Table 4. Among all strains, 28.6% (16/56)
showed double-drug resistance to MNZ and LVX.
Resistance to three antibiotics (CAM, MNZ, and LVX)
was observed in 17 (30.4%) strains; however, only two
strains were resistant to a combination of AMX, MNZ,
and LVX. No differences were observed in clinical
outcomes between single-drug and multidrug resistant
infections (P = 0.06).

J Infect Dev Ctries 2016; 10(3):245-253.

Figure 2. Distribution of antibiotic resistance in Dhaka city and
village.
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The resistance rate for levofloxacin (LVX) was significantly higher in
people living in Dhaka city than in those living in the village (*).

Discussion

Our study of patients in Bangladeshi observed high
H. pylori resistance rates to CAM and MNZ (39.3% and
94.6%), which are currently recommended as first-line
therapeutics in many Asian countries [2-5]. CAM
resistance has been shown to be associated with any one
of three well-known point mutations in the 23S
ribosomal RNA (rRNA) gene of H. pylori; these three
mutations are responsible for more than 90% of CAM
resistance cases in developed countries [16].

Table 3. Distribution of antibiotic resistance between city and village

N City Village
38 18
Age 34.7+12.5 36.2+10.5

Sex Female 19 (50) 11 (61.1)
Male 19 (50) 7 (38.9)

Disease PUD 2 (5.3) 1 (5.6)
Gastritis 36 (94.7) 17 (94.4)

Antibiotic AMX 1 (2.6) 1 (5.6)
CAM 16 (42.1) 6 (33.3)
MNZ 36 (94.7) 17 (94.4)

TCN 0 0) 0 0)

LVX 28 (73.7) 9 (50)

Abbreviations: AMX, amoxicillin; CAM, clarithromycin; MNZ, metronidazole; TCN, tetracycline; LVX, levofloxacin;

Table 4. Multidrug resistance patterns of H. pylori in Bangladesh

Resistance patterns N (%)
Double drugs
CAM + MNZ 5 (8.9)
MNZ +LVX 16 (28.6)
Triple drugs
AMX + MNZ + LVX 2 (3.6)
CAM + MNZ + LVX 17 (30.4)

Abbreviations: CAM, clarithromycin; MNZ, metronidazole; LVX, levofloxacin; AMX, amoxicillin.
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Interestingly, the point mutations associated with CAM
resistance in Asian countries differ from those in
Europe and North America [17]. The T2183C and
A2223G mutations have been frequently found to be the
cause of observed CAM resistance, while the A2143G
mutation, which has a much stronger impact than the
A2142G and A2142C [18]. mutations responsible for
90% of primary CAM-resistant H. pylori cases isolated
in Western countries [19], accounted only for 23% of
resistant strains in Asia [19]. In Bangladesh, the T-to-C
transition at position 2182 (T2182C) is the predominant
mutation [20]. Antimicrobial resistance is considered a
leading factor responsible for eradication therapy
failure, in addition to lack of patient compliance,
inadequate length of therapy, and high bacterial burden.
This issue is of particular relevance with regard to
CAM, which can induce a nearly 70% loss of
effectiveness depending on macrolide susceptibility in
vitro [21]. In addition, meta-analysis showed that use of
triple therapy consisting of PPI, AMX, and CAM in
cases of CAM resistance decreased the treatment
efficacy by 66% [22]. CAM was first introduced in
Bangladesh in the late 1990s, and has been widely used
for eradication of H. pylori. The previous study reported
that H. pylori resistance to antibiotics is linked to
consumption of antibiotics in the region [23]. It is
concordance with our results showing increased
prevalence of CAM resistance compared to the
approximately 10% rate reported in the previous study
[12]. The Maastricht III guidelines on H. pylori
infection management recommend substituting MNZ
for CAM when resistance to this antibiotic exceeds 15%
to 20% [24]. This second-line therapy was reported to
be highly successful, with an eradication rate of more
than 90% in Japan [25,26].

However, the resistance rate for MNZ is also very
high in Bangladesh. The high incidence of MNZ-
resistant strains observed in this study might be
attributed to widespread over-the-counter use of this
drug. MNZ is an inexpensive drug frequently used to
treat not only H. pylori infection but also other
infections such as intestinal parasites and periodontal
and gynecologic diseases, which are common in
developing countries such as Bangladesh [21, 23].
Although in vitro resistance to MNZ may not accurately
reflect in vivo resistance and should be confirmed by
measuring blood drug concentrations [27], regimens
that include MNZ are not a preferable choice in
populations with >40% resistance to this drug [28]. In
Asia, only Japan, Thailand, and Malaysia have
populations with <40% MNZ resistance [7], and
preferentially use the PPI + CAM + MNZ regimen

J Infect Dev Ctries 2016; 10(3):245-253.

recommended by the Maastricht III Consensus Report.
However, regimens including MNZ are not suitable and
should not be chosen as first-line treatment therapy in
most other Asian countries, including Bangladesh.

Our findings showed a high prevalence of primary
resistance to LVX (66.1%). LVX has recently been
prescribed as a rescue drug to eradicate infection in
patients with failed first-line therapy [29,30]. However,
the incidence of LVX resistance seems to be increasing
worldwide, which may reduce the efficacy of treatment
with LVX-based regimens [31,32]. Therefore,
according to European, Asia-Pacific, and American
guidelines, LVX should be used in salvage therapy
based on antibiotic susceptibility testing [2,24,33].
Interestingly, the LVX resistance rate was significantly
higher in Dhaka city (73.7%) than in the village
(50.0%). However, both areas showed high LVX
resistance rates and LVX is not sufficiently effective to
be included in treatment regimens in Bangladesh. In
Europe, there was a significant association between
outpatient quinolone use and the proportion of
levofloxacin resistance [23]. Concordant with this data,
since 1990, the ciprofloxacin (CIP) and ofloxacin
(OFX) have been the antimicrobial drugs of choice for
the treatment of multi drug resistance to typhoid fever,
the highly endemic disease endemic in Bangladesh
[34]. The high resistance rate to LVX in Bangladesh
should be a cause of concern that resistance to other
fluoroquinolones such as nalidixic acid, ciprofloxacin,
and ofloxacin, which are commonly wused in
Bangladesh, may lead to cross resistance with LVX.

However, we observed no resistance to TCN,
consistent with reports from other countries [35-38], but
in contrast to studies from India and Pakistan [39-41].
This difference may in part be attributed to different
usage of this antibiotic in various countries. Therefore,
TCN-based or quadruple therapy including TCN may
be a useful alternative first-line regimen in Bangladesh,
as recommended in guidelines [2,24]. The TCN
resistance mechanism has been characterized as a
change in three contiguous nucleotides in the 16S rRNA
gene (AGA 926-928RTTC) [42]. Interestingly, in
contrast to other countries, resistance to TCN in
Bangladesh is not related to mutations at positions 926
to 928 of the 16S rRNA gene [43]. In the present study,
isolates from Bangladeshi patients had low resistance
rate to AMX, similar to several countries in Asia,
including China, Turkey, Bahrain, Malaysia, Bhutan,
and Vietnam [7], but contrary to resistance rates
reported in India and Pakistan [10, 11]. However, AMX
is one of the most commonly used antibiotics in
Bangladesh in recent years [12], and observation of
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only two resistant strains is of some concern. Indeed,
AMX resistance develops by genomic mutation in the
pbplA gene [16,44], and the resistance phenotype may
be lost after storage or freezing [45,46]. However, Hu
et al. concluded that resistance to AMX was stable
before and after storage in -80°C for three months or
years [47]. Further studies using AMX- and TCN-based
regimens are necessary to determine the efficacy of
these two antibiotics for H. pylori eradication in
Bangladesh.

Multidrug resistance has recently appeared as a
serious challenge in the fight against infections
worldwide. H. pylori strains harboring triple or
quadruple resistance can hinder the choice and success
of eradication regimens. Our findings showed that
37.5% (21 strains) of the isolates were resistant to at
least two antibiotics. Resistance to MNZ and LVX was
most commonly observed (28.6%), and could be the
reason for treatment failure in Bangladesh. In addition,
we observed that 19 strains (33.9%) were resistant to
three of the five antibiotics used in this study, especially
CAM, MNZ, and LVX.

Bangladesh has a high prevalence of H. pylori
infections; increased resistance to the antibiotics used
to treat it might result in increased recurrence rates.
With high morbidity and mortality rates due to H. pylori
infection-associated pathologies, prevention should be
the ultimate solution. Vaccines have been suggested as
a cost-effective alternative to slow the emergence of
drug resistance by decreasing infection rates and hence
antibiotic usage [48]. However, an efficient vaccine has
not yet been developed for several reasons. It is
therefore important to perform susceptibility-guided
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retreatment using a case-by-case approach, if available,
in patients with initial treatment failure. Recently, a
novel fully-automated rapid genetic analyzer was
developed and shown to be capable of determining
CAM resistance (e.g., 23S rRNA gene point mutations
at A2143G and A2144G) within 60-120 min, compared
to the 7-10 days required for culture testing [49].
Genotypic resistance testing is more convenient and
rapid than standard culture susceptibility testing and has
shown promising eradication results in Taiwan, with the
potential to determine resistance even from stool
samples [50]. In the near future, follow-up of
eradication failure with genotypic resistance-guided
methods could even offer tailored therapy for treatment
of naive patients.

The high prevalence of CAM, MNZ and LVX in
this study was in agreement with the result of a previous
study that a cure rate was only 69% when using 14 days
course of MNZ- and LVX-based triple therapy [51].
Other alternative strategies such as bismuth or non-
bismuth-based quadruple regimens or sequential
therapy may be more effective in Bangladesh (Table 5)
[7]. In fact, bismuth-based quadruple regimens with
furazolidone and AMX or furazolidone-base triple
regimens have shown sufficient efficacy in Bangladesh,
with eradication rates of 100% and 96%, respectively
[52]. However, this clinical trial was performed around
15 years ago. The current effectiveness of these
therapies has not yet been established. Additional
clinical trials are required to improve the rate of
successful eradication in Bangladesh.

Table 5. Regions with reported resistance and potential rescue regimens for H. pylori eradication in Asia.

First- and second-line therapy

Rescue therapy

BIS-based non-BIS
. CAM-based MNZ-based quadruple Sequential Hybrid LVX-based RIF-based
Resistance type Country . . quadruple . N . .
triple therapy triple therapy thera concomitant therapy therapy  triple therapy triple therapy
Py therapy
Low resistance to four Taiwan, Thailand, N N N N J N N N
antibiotics Malaysia
High CAM resistance
(>20%) Japan v V y N N \ \
. . China-Hong Kong,
High M(‘jj)gjisme Saudi Arabia, N v \ N N \ v
° Singapore, Bhutan
High CAM and MNZ Turkey, Bahrain V y \/ v v
resistance
High CA.M and LVX South Korea v V y N N N
resistance
China-Beijing and
High CAM, MNZ, and Southeast China, , N N N
LVX resistance Vietnam,
Bangladesh
High CAM, MNZ, and .
AMX resistance Indonesia v v N N
High CAM, MNZ, AMX, Iran, India, N N

and LVX (CIP) resistance Pakistan

Abbreviations: CAM, clarithromycin; MNZ, metronidazole; LVX, levofloxacin; AMX, amoxicillin; CIP, ciprofloxacin; TCN, tetracycline.
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Conclusions

The rates of resistance to CAM, MNZ, and LVX
were high in Bangladesh, which suggests that CAM-,
MNZ-, and LVX-based triple therapies are not useful as
first-line therapies in Bangladesh. TCN can be still
used, although domestic data regarding its successful
eradication rate is lacking. National epidemiological
surveillance of resistance rates is required in order to
determine the optimal treatment strategies in
Bangladesh.

Acknowledgements

This work was supported in part by grants from the National
Institutes of Health (DK62813) and the Grants-in-Aid for
Scientific Research from the Ministry of Education, Culture,
Sports, Science, and Technology (MEXT) of Japan
(24406015, 24659200, 25293104, 26640114 and 15H02657)
(YY). It was also supported by the Japan Society for the
Promotion of Science (JSPS) Institutional Program for
Young Researcher Overseas Visits (YY), the Strategic Funds
for the Promotion of Science and Technology from Japan
Science and Technology Agency (JST) (YY).

Authors’ contributions

YY and HA designed the study; YY, HA and MM performed
data analysis, data interpretation, and wrote the manuscript.
PS, FA, AK contributed to data acquisition. YY revised the
manuscript to include important content. All authors read and
approved the final version of the manuscript.

J Infect Dev Ctries 2016; 10(3):245-253.

References

1.

10.

11.

12.

13.

14.

15.

Kuipers EJ (1997) Helicobacter pylori and the risk and
management of associated diseases: gastritis, ulcer disease,
atrophic gastritis and gastric cancer. Aliment Pharmacol Ther
11 Suppl 1: 71-88.

Fock KM, Katelaris P, Sugano K, Ang TL, Hunt R, Talley NJ,
Lam SK, Xiao SD, Tan HJ, Wu CY, Jung HC, Hoang BH,
Kachintorn U, Goh KL, Chiba T, Rani AA, Conference SA-P
(2009) Second Asia-Pacific Consensus Guidelines for
Helicobacter pylori infection. J Gastroenterol Hepatol 24:
1587-1600.

Kim SG, Jung HK, Lee HL, Jang JY, Lee H, Kim CG, Shin
WG, Shin ES, Lee YC, Korean College of H, Upper
Gastrointestinal R (2013) Guidelines for the diagnosis and
treatment of Helicobacter pylori infection in Korea, 2013
revised edition. Korean J Gastroenterol 62: 3-26.

Asaka M (2013) A new approach for elimination of gastric
cancer deaths in Japan. Int J Cancer 132: 1272-1276.

Chinese Society of Gastroenterology CSGoHp, Liu WZ, Xie
Y, Cheng H, Lu NH, Hu FL, Zhang WD, Zhou LY, Chen Y,
Zeng ZR, Wang CW, Xiao SD, Pan GZ, Hu PJ (2013) Fourth
Chinese National Consensus Report on the management of
Helicobacter pylori infection. J Dig Dis 14: 211-221.
Papastergiou V, Georgopoulos SD, Karatapanis S (2014)
Treatment of Helicobacter pylori infection: meeting the
challenge of antimicrobial resistance. World J Gastroenterol
20: 9898-9911.

Miftahussurur M, Yamaoka Y (2015) Appropriate first-line
regimens to combat Helicobacter pylori antibiotic resistance:
an Asian perspective. Molecules 20: 6068-6092.

Matsuhisa T, Aftab H (2012) Observation of gastric mucosa in
Bangladesh, the country with the lowest incidence of gastric
cancer, and Japan, the country with the highest incidence.
Helicobacter 17: 396-401.

Ahmad MM, Ahmed DS, Rowshon AH, Dhar SC, Rahman M,
Hasan M, Beglinger C, Gyr N, Khan AK (2007) Long-term re-
infection rate after Helicobacter pylori eradication in
Bangladeshi adults. Digestion 75: 173-176.

Khan A, Farooqui A, Manzoor H, Akhtar SS, Quraishy MS,
Kazmi SU (2012) Antibiotic resistance and cagAd gene
correlation: a looming crisis of Helicobacter pylori. World ]
Gastroenterol 18: 2245-2252.

Pandya HB, Agravat HH, Patel JS, Sodagar NR (2014)
Emerging antimicrobial resistance pattern of Helicobacter
pylori in central Gujarat. Indian ] Med Microbiol 32: 408-413.
Nahar S, Mukhopadhyay AK, Khan R, Ahmad MM, Datta S,
Chattopadhyay S, Dhar SC, Sarker SA, Engstrand L, Berg DE,
Nair GB, Rahman M (2004) Antimicrobial susceptibility of
Helicobacter pylori strains isolated in Bangladesh. J Clin
Microbiol 42: 4856-4858.

Hasan M (2013) Dyspepsia in primary care practice in
Bangladesh. Bangladesh Med J 42: 63-69.

Kobayashi I, Murakami K, Kato M, Kato S, Azuma T,
Takahashi S, Uemura N, Katsuyama T, Fukuda Y, Haruma K,
Nasu M, Fujioka T (2007). Changing antimicrobial
susceptibility epidemiology of Helicobacter pylori strains in
Japan between 2002 and 2005. J Clin Microbiol 45: 4006-4010.
Cuadrado-Lavin A, Salcines-Caviedes JR, Carrascosa MF,
Mellado P, Monteagudo I, Llorca J, Cobo M, Campos MR,
Ayestaran B, Fernandez-Pousa A, Gonzalez-Colominas E
(2012) Antimicrobial susceptibility of Helicobacter pylori to
six antibiotics currently used in Spain. J Antimicrob
Chemother 67: 170-173.

251



Aftab et al. — H. pylori antibiotic susceptibility in Bangladesh

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Megraud F, Lehours P (2007) Helicobacter pylori detection
and antimicrobial susceptibility testing. Clin Microbiol Rev 20:
280-322.

lerardi E, Giorgio F, Losurdo G, Di Leo A, Principi M (2013)
How antibiotic resistances could change Helicobacter pylori
treatment: A matter of geography? World J Gastroenterol 19:
8168-8180.

De Francesco V, Margiotta M, Zullo A, Hassan C, Troiani L,
Burattini O, Stella F, Di Leo A, Russo F, Marangi S, Monno R,
Stoppino  V, Morini S, Panella C, Ierardi E (2006)
Clarithromycin-resistant ~genotypes and eradication of
Helicobacter pylori. Ann Intern Med 144: 94-100.

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

Khan R, Nahar S, Sultana J, Ahmad MM, Rahman M (2004)
T2182C mutation in 23S rRNA is associated with
clarithromycin resistance in Helicobacter pylori isolates
obtained in Bangladesh. Antimicrob Agents Chemother 48:
3567-3569.

Megraud F (2004) H pylori antibiotic resistance: prevalence,
importance and advances in testing. Gut 53: 1374-1384.
Fischbach L, Evans EL (2007) Meta-analysis: the effect of
antibiotic resistance status on the efficacy of triple and
quadruple first-line therapies for Helicobacter pylori. Aliment
Pharmacol Ther 26: 343-357.

Megraud F, Coenen S, Versporten A, Kist M, Lopez-Brea M,
Hirschl AM, Andersen LP, Goossens H, Glupczynski Y, Study
Group p (2013) Helicobacter pylori resistance to antibiotics in
Europe and its relationship to antibiotic consumption. Gut 62:
34-42.

Malfertheiner P, Megraud F, O'Morain C, Bazzoli F, El-Omar
E, Graham D, Hunt R, Rokkas T, Vakil N, Kuipers EJ (2007)
Current concepts in the management of Helicobacter pylori
infection: the Maastricht III Consensus Report. Gut 56: 772-
781.

Murakami K, Okimoto T, Kodama M, Sato R, Watanabe K,
Fujioka T (2008) Evaluation of three different proton pump
inhibitors with amoxicillin and metronidazole in retreatment
for Helicobacter pylori infection. J Clin Gastroenterol 42: 139-
142.

Shimoyama T, Fukuda S, Mikami T, Fukushi M, Munakata A
(2004) Efficacy of metronidazole for the treatment of
clarithromycin-resistant Helicobacter pylori infection in a
Japanese population. J Gastroenterol 39: 927-930.

Farshad S, Alborzi A, Japoni A, Ranjbar R, Hosseini Asl K,
Badiee P, Amin Shahidi M, Hosseini M (2010) Antimicrobial
susceptibility of Helicobacter pylori strains isolated from
patients in Shiraz, Southern Iran. World J Gastroenterol
16:5746-5751.

Megraud F (1998) Epidemiology and mechanism of antibiotic
resistance in Helicobacter pylori. Gastroenterology 115: 1278-
1282.

Gisbert JP, Gonzalez L, Calvet X (2005) Systematic review
and meta-analysis: proton pump inhibitor vs. ranitidine
bismuth citrate plus two antibiotics in Helicobacter pylori
eradication. Helicobacter 10: 157-171.

Gisbert JP (2009) Second-line rescue therapy of Helicobacter
pylori infection. Therap Adv Gastroenterol 2: 331-356.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

J Infect Dev Ctries 2016; 10(3):245-253.

Glocker E, Stueger HP, Kist M (2007) Quinolone resistance in
Helicobacter pylori isolates in Germany. Antimicrob Agents
Chemother 51: 346-349.

Matsumoto Y, Miki I, Aoyama N, Shirasaka D, Watanabe Y,
Morita Y, Toyoda M, Mitani T, Miyachi H, Tamura T, Kasuga
M (2005) Levofloxacin-versus metronidazole-based rescue
therapy for H. pylori infection in Japan. Dig Liver Dis 37: 821-
825.

Chey WD, Wong BC, Practice Parameters Committee of the
American College of G (2007) American College of
Gastroenterology  guideline on the management of
Helicobacter pylori infection. Am J Gastroenterol 102: 1808-
1825.

Rahman M, Siddique AK, Shoma S, Rashid H, Salam MA,
Ahmed QS, Nair GB, Breiman RF (2006) Emergence of
multidrug-resistant Salmonella enterica serotype Typhi with
decreased ciprofloxacin  susceptibility in Bangladesh.
Epidemiol Infect 134: 433-438.

Vilaichone RK, Yamaoka Y, Shiota S, Ratanachu-ek T,
Tshering L, Uchida T, Fujioka T, Mahachai V (2013)
Antibiotics resistance rate of Helicobacter pylori in Bhutan.
World J Gastroenterol 19: 5508-5512.

Ozbey G, Dogan Y, Demiroren K (2013) Prevalence of
Helicobacter pylori virulence genotypes among children in
Eastern Turkey. World J Gastroenterol 19:6585-6589.
Bindayna KM (2001) Antibiotic susceptibilities of
Helicobacter pylori. Saudi Med J 22: 53-57.

Ahmad N, Zakaria WR, Mohamed R (2011) Analysis of
antibiotic susceptibility patterns of Helicobacter pylori isolates
from Malaysia. Helicobacter 16: 47-51.

Eltahawy AT (2002) Prevalence of primary Helicobacter
pylori resistance to several antimicrobials in a Saudi Teaching
Hospital. Med Princ Pract 11: 65-68.

Vilaichone RK, Gumnarai P, Ratanachu-Ek T, Mahachai V
(2013) Nationwide survey of Helicobacter pylori antibiotic
resistance in Thailand. Diagn Microbiol Infect Dis 77: 346-
349.

Binh TT, Suzuki R, Shiota S, Kwon DH, Yamaoka Y (2013)

Complete Genome Sequences of Helicobacter pylori
Clarithromycin-Resistant ~ Strains. Genome Announc 1:
€00912-13.

Trieber CA, Taylor DE (2002) Mutations in the 16S rRNA
genes of Helicobacter pylori mediate resistance to tetracycline.
J Bacteriol 184: 2131-2140.

Khan R, Nahar S, Mukhopadhyay AK, Berg DE, Ahmad MM,
Okamoto K, Nair GB, Rahman M (2008) Isolation of
tetracycline-resistant clinical Helicobacter pylori without
mutations in 16S rRNA gene in Bangladesh. Microbiol
Immunol 52: 508-511.

Gerrits MM, Godoy AP, Kuipers EJ, Ribeiro ML, Stoof J,
Mendonca S, van Vliet AH, Pedrazzoli J, Jr., Kusters JG
(2006). Multiple mutations in or adjacent to the conserved
penicillin-binding protein motifs of the penicillin-binding
protein 1A confer amoxicillin resistance to Helicobacter
pylori. Helicobacter 11: 181-187.

Dore MP, Osato MS, Realdi G, Mura I, Graham DY,
Sepulveda AR (1999) Amoxycillin tolerance in Helicobacter
pylori. ] Antimicrob Chemother 43: 47-54.

Yakoob J, Fan X, Hu G, Liu L, Zhang Z (2001) Antibiotic
susceptibility of Helicobacter pylori in the Chinese population.
J Gastroenterol Hepatol 16: 981-985.

Hu CT, Wu CC, Lin CY, Cheng CC, Su SC, Tseng YH, Lin
NT (2007) Resistance rate to antibiotics of Helicobacter pylori

252



Aftab et al. — H. pylori antibiotic susceptibility in Bangladesh

48.

49.

50.

51.

isolates in eastern Taiwan. J Gastroenterol Hepatol 22: 720-
723.

Graham DY, Fischbach L (2010) Helicobacter pylori treatment
in the era of increasing antibiotic resistance. Gut 59: 1143-
1153.

Sugimoto M, Furuta T (2014) Efficacy of tailored Helicobacter
pylori eradication therapy based on antibiotic susceptibility and
CYP2C19 genotype. World J Gastroenterol 20: 6400-6411.
Liou JM, Chen CC, Chang CY, Chen MJ, Fang YJ, Lee JY,
Hsu SJ, Hsu YC, Tseng CH, Tseng PH, Chang L, Chang WH,
Wang HP, Shun CT, Wu JY, Lee YC, Lin JT, Wu MS,
Consortium TH (2013) Efficacy of genotypic resistance-
guided sequential therapy in the third-line treatment of
refractory Helicobacter pylori infection: a multicentre clinical
trial. J Antimicrob Chemother 68: 450-456.

Alam MR, Ahmed EU, Rahman MZ, Islam ASMN, Khan
MMR, Ahmed DS, Masud H, Raihan ASMA (2014) A study
on healing of peptic ulcer disease after eradication of
Helicobacter pylori infection. Bangladesh Med J: 84-89.

52.

J Infect Dev Ctries 2016; 10(3):245-253.

Hildebrand P, Bardhan P, Rossi L, Parvin S, Rahman A, Arefin
MS, Hasan M, Ahmad MM, Glatz-Krieger K, Terracciano L,
Bauerfeind P, Beglinger C, Gyr N, Khan AK (2001)
Recrudescence and reinfection with Helicobacter pylori after
eradication therapy in Bangladeshi adults. Gastroenterology

121: 792-798.

Corresponding author

Yoshio Yamaoka MD, PhD

Department of Environmental and Preventive Medicine, Oita
University Faculty of Medicine, 1-1 Idaigaoka, Hasama-machi,
Yufu-City, Oita 879-5593, Japan

Phone: +81-97-586-5740

Fax: +81-97-586-5749

Email: yyamaoka@oita-u.ac.jp

Conflict of interests: No conflict of interests is declared.

253



	Introduction
	Methodology
	Patients and H. pylori
	Antibiotic susceptibility testing
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	Authors’ contributions
	References
	Corresponding author


