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Abstract

Background: Helicobacter pylori, the most prevalent infection in the world, has great importance due to being related to peptic
ulcer disease, gastric metaplasia, dysplasia, and even gastric adenocarcinoma or mucosa-associated lymphoid tissue (MALT)
lymphoma. The standard H. pylori eradication regimen is based on antibiotic susceptibility testing. If susceptibility testing is not
available, a standard treatment regimen will be recommended based on records of H. pylori resistance rates to antibiotics in a
region or locally proven highly effective regimens (equal to or higher than 90% eradication rate). The aim of this review was to
define suitable recommendations for local treatment in different cities of Iran.

Methods: This review article consists of randomized controlled trials related to H. pylori eradication in Iran. Data including the kind
of therapy, number of patients and per-protocol H. pylori eradication rates were recorded in data gathering forms. Data search was
conducted in PubMed and Google Scholar databases from 2018 to December 2023.

Results: According to our review of Iranian articles regarding first-line H. pylori eradication regimens, these treatment protocols
could be recommended: Bismuth-clarithromycin quadruple therapy in Ardabil, bismuth-clarithromycin quadruple therapy with
probiotics in Birjand, standard triple therapy in llam, bismuth quadruple therapy or bismuth triple therapy or concomitant regimen
in Sari, sequential therapy in Tehran and bismuth quadruple therapy in Yazd. These regimes can be extended to other regions that
have a similar situation. According to the reports of Iranian researchers, a quinolone-containing regimen (levofloxacin preferred) is
recommended for second-line eradication therapy.

Conclusion: Various H. pylori eradication regimens can be used as first-line therapy; however, choices for second-line therapy are
limited. We recommend the quinolone-containing regimens as the preferred second-line therapy.
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Introduction

Approximately more than 50% of the world’s population is
infected by Helicobacter pylori organism.' The prevalence
of infection is higher in adults than in children.? Over
the past three decades, the number of infected people
worldwide has declined due to improved health care and
eradication treatments.>® The prevalence of H. Pylori
infection is reported to be 70.4% in Ardabil,’ 54.4% in
Ilam,* 72.8% in Neyshabur,” 87% in south of Tehran,?
44.5% in Sari,’ 31.5% in Fardis-Alborz province,' 85.3%
in Mashhad! and 50.9% in Rafsanjan.'? The pooled
prevalence of H. pylori infection among Iranian adults was
estimated to be 62% (61%- 64%)."

Helicobacter pylori infection always causes chronic
gastritis. In most infected patients, there are not any
symptoms, but it is potentially dangerous due to being
related to peptic ulcer disease, gastric atrophy, metaplasia,
dysplasia and gastric adenocarcinoma or mucosa-
associated lymphoid tissue (MALT) lymphoma.'*!
H. pylori infection is also associated with extra gastric
complications, such as respiratory diseases,"” central

g

[m] o

nervous system diseases,'® cardiovascular diseases,"”
metabolic  diseases,'® autoimmune diseases'” and
hematologic disorders (refractory iron deficiency
anemia,” immune thrombocytopenic purpura® and
vitamin B12 deficiency).?

In some particular situations, H. Pylori eradication is
recommended even in patients without any symptoms
to prevent further complications such as gastric cancer
or ulcers.”*'** Multiple risk factors (environmental and
genetic factors) are associated with gastric cancer? A
pooled analysis study of the interaction between H. pylori
infection and other modifiable risk factors of gastric
cancer proved strong interactions between cigarette
smoking and dietary salt in non-cardia cancer cases and
between alcohol and low socioeconomic status of cardia
cancer cases.”

Themostimportantissueisto determine which antibiotic
combination shows the least failure and side effects. This
question does nothavea certain answer due to the increased
antibiotic resistance and treatment failure worldwide over
the past four decades.*® Therefore, empirical treatments
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without considering antibiotic susceptibility testing are
one of the biggest threats to global health, according to
the World Health Organization and the Council of the
European Union.” Drug resistance in H. pylori is mainly
caused by chromosomal mutations, physiological changes
(such as dysregulation of drug uptake), biofilms, coccoid
formation, and other factors.?® In the 1990s, triple therapy
had a high eradication success rate,” but since 2000, it has
become ineffective due to increasing microbial resistance.*
Overall prevalence of clarithromycin-resistant H. pylori
was 27.53% worldwide in 54 different countries.” Based
on the results of a systematic review and meta-analysis in
Iran, the rate of increase in resistance to metronidazole,
amoxicillin, clarithromycin, ciprofloxacin, furazolidone,
and tetracycline in H. pylori isolates was determined
during three time periods (1999-2010, 2011-2016, 2017-
2019). In a total of 66 studies investigating 5936 H. pylori
isolates, the resistance of H. pylori to antibiotics from
2017 to 2019 in Iran was as follows: Metronidazole 62%
(95% CI 57-67), clarithromycin resistance 36% (95%
CI 26-47), amoxicillin resistance 36% (95% CI 26-47),
tetracycline resistance 18% (95% CI 6-34), ciprofloxacin
resistance 36% (95% CI 26-47), levofloxacin resistance
18% (95% CI 9-30), erythromycin resistance 29% (95%
CI 12-50), furazolidone resistance 34% (95% CI 20-50),
and combination of clarithromycin and metronidazole
resistance 16% (95% CI 1-23).* Resistance is a new
concern in the world; at least two antibiotic resistance of
H. pylori have been reported as 43% in one study and 75%
in a recent study in Iran.*>*

The ideal H. pylori eradication strategy is personalized
treatment based on antibiotic susceptibility testing. Two
main methods are culture-based or molecular-based
polymerase chain reaction (PCR) and next-generation
sequencing (NGS) of DNA. The culture-based method
is time-consuming, and, on the other hand, molecular
methods are expensive and unavailable in all hospitals.”
The significance of the test of cure has increased recently,
along with the availability of post-cure susceptibility
testing, which allows the physician to determine whether
a previously susceptible infection has become resistant.*
Understanding the cause of treatment failure provides the
clinician with information on obtaining high cure rates.”
For adequate adherence, careful patient orientation is
needed for medications and how to decide in case of
adverse events.”® If susceptibility testing is unavailable,
eradication therapy should be based on locally proven,
highly effective regimens.* In Iran, antibiotic susceptibility
testing is unavailable in all cities, and we must be aware
of the cure rates of different regimens in our region.
Therefore, if a proven regimen with 90% or higher per-
protocol eradication is introduced in some areas of Iran,
this regimen will be the first choice of treatment in the same
location. But if such a regimen is not available in that area,
the second choice for the first line of treatment could be a
regimen with more than 85% eradication rate. In 2018, we
published a review article on recommended regimens in
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Iran.*” Given the rise of microbial resistance, any regimen
that has worked in the past will not necessarily work in
the future. Therefore, we decided to define the update of
H. pylori eradication treatment in Iran by examining the
results of different treatment regimens in different regions
of Iran during the last 5 years.

Data Collection

This review article consists of randomized controlled trials
related to H. pylorieradicationin Iran. We searched through
the PubMed database and Google Scholar website for
studies published in English between 2018 and December
2023. In our search papers detected by title: (‘Helicobacter
pylori’ or ‘H. pylori’), and (Iran), and (‘eradication’ or
‘therapy’ or ‘H. pylori resistance’). Two gastroenterologists
selected the relevant studies after reviewing the abstracts.
Duplicated papers and non-randomized Persian-language
papers were excluded. Finally, randomized controlled
Persian trials in the English language published between
2018 and December 2023 were included in our analysis.
Because the number of second-line H. pylori eradication
regimens was very small, non-randomized clinical trials
evaluating second-line therapies were also included. The
data, including the kind of therapy, the number of patients
and per-protocol H. pylori eradication rates, were recorded
in data-gathering forms.

The first line treatment regimens evaluated in Iran
were: dual therapy, clarithromycin-containing triple
therapy, modified clarithromycin-containing regimens
(sequential, hybrid, reverse hybrid, and concomitant),
bismuth-clarithromycin quadruple therapy, bismuth-
furazolidone containing quadruple therapy, bismuth
quadruple therapy, quinolone containing regimens. Dual
therapy consists of high-dose amoxicillin and proton
pump inhibitors (PPIs). Clarithromycin-containing
triple therapy consists of PPIs, amoxicillin, and
clarithromycin. Sequential therapy is defined as PPIs for
10 to 14 days plus amoxicillin in the 5 to 7 initial days of
therapy, followed by clarithromycin and metronidazole
or tinidazole in the last 5 to 7 days of therapy. Hybrid
therapy consists of a PPI and amoxicillin for 10 to 14
days, adding clarithromycin and metronidazole for the
final 5 to 7 days of treatment. Reverse hybrid reverses
the sequence of drug administration.*” Simultaneously
concomitant is all antibiotics that are administered at the
same time without Bismuth.!

Patients who were diagnosed with ulcer disease
or gastritis caused by H pylori and were treated with
eradication regimens were included in the study. In all
studies, urease breath test or stool antigen test have been
used to confirm the eradication of H. pylori 4-8 weeks
after the end of treatment. Additionally, in cases of gastric
ulcers, repeated endoscopy and biopsy of gastric tissue
have been employed.

An acceptable eradication rate in the per-protocol
analysis was defined as equal to or higher than 90%, as
defined by Graham,*' however, according to the Toronto



Consensus Report, achieving an eradication rate>85%
can also be considered appropriate.*

Results

First-Line pylori Eradication Regimens (2018-2023)
Dual Therapy

Two studies evaluated the effectiveness of this 14-day
regimen in Ahvaz and Sari in the last 2 years. The per-
protocol eradication rates were 72.4% and 82.2%,
respectively. Therefore dual therapy was not effective in
both cities.****

Clarithromycin-Containing Triple Therapy

This regimen is used only if locally proven effectiveness
is>90% or clarithromycin resistance is below 15%, as
Maastricht VI advocated.! Three studies were evaluated:
with 14 days duration in Ilam and with 10 days duration
in Sari and Mashhad. The per-protocol eradication rates
in Ilam, Sari, and Mashhad were 90.5%, 83%, and 78%,
respectively. 7 This regimen has been effective as first-
line therapy only in the Ilam study with 14 days duration.

Modified Clarithromycin-Containing Regimens

Ten studies evaluated different modified clarithromycin-
containing therapy without bismuth subcitrate. Four
studies with concomitant therapy were done in Sari with
10-, 12- and 14-day treatment duration and the results
showed the effectivity of 12-, and 14-day duration only.
Among the different models of this regimen, concomitant
therapy based on patient compliance and eradication rate
has been better than other models. Sequential therapy did
not have an acceptable eradication rate in Khorramabad
and Isfahan studies, but it was acceptable in Tehran and
appropriate in Mashhad (Table 1).

Bismuth-Clarithromycin Quadruple Therapy

Fourteen studies evaluated the efficacy of bismuth-
clarithromycin quadruple therapy in Rasht, Ahvaz,
Birjand, Tehran, Ardabil, Isfahan, Qom, and Kashan. Two
studies achieved an appropriate eradication rate (>85%)
according to Toronto Consensus Report ** in Birjand
and Tehran, and four studies were acceptable (=90%

Table 1. Modified clarithromycin-containing therapy in Iran

Update on H. pylori eradication

eradication rate) in Birjand, Ardabil, and Rasht. This
regimen had acceptable eradication in Rasht in the 2019
study but lost its effectiveness in the 2023 study in the
same city (Table 2).

Bismuth Quadruple Therapy

Four studies evaluated the efficacy of bismuth quadruple
therapy; two of them had eradication rate of>90%. This
regimen is the suitable choice for the first-line treatment
in Sari and has been successful in Yazd (high dose of
amoxicillin and metronidazole) and has been appropriate
in the Tehran study. In a recent study of bismuth triple
therapy (high dose amoxicillin 1gm every 8 hours) in Sari,
the per-protocol eradication rate was 92.8% (Table 3).

Bismuth-Furazolidone Containing Quadruple Therapy

Six studies investigated furazolidone-containing regimens
in Ardabil, Rasht, Gorgan, and Tehran.*”62676 Except for
the Ardabil study, which had an 85.3% eradication rate,
other studies found that the eradication rate was below the
acceptable value.

Quinolone-Containing Regimen

Levofloxacin Triple Therapy

Two studies evaluated levofloxacin triple therapy, it
was acceptable in Ilam with 95.3% eradication rate
(levofloxacin, esomeprazole, and tinidazole). The same
regimen was not effective in Sari with 10 days duration.**

Levofloxacin and Bismuth-Containing Regimens

Five studies in Ahvaz, Rasht, Kashan, and Isfahan evaluated
the efficacy of levofloxacin and bismuth-containing
regimens with different durations. Only in Kashan it
is appropriate with 14-day treatment duration (89.7%
eradication rate). This regimen was not suitable for the
first-line therapy in Isfahan, Rasht, and Ahvaz (Table 4).

Modified Quinolone-Containing Therapies

Four studies evaluated modified quinolone-containing
therapy as sequential or hybrid regimens. The sequential
type of this regimen was acceptable in Tehran, with
93% eradication rate. The hybrid type of this regimen

First author, Year City Treatment duration (days) Per protocol eradication rate % Regimen Number of patients
Kazemi,*® 2023 Sari 14 92.7% Concomitant 164
14 89% Concomitant 164
10 .
Toosi®, 2023 Sari 14 85.8 % reversed hybrid 153
Yadollahi,* 2022 Sari 14 88.6% Concomitant 114
Hajiani*, 2021 Isfahan 10 64.15% Sequential 53
Mokhtare*®, 2020 Tehran 10 90% Sequential * 92
. . 10 85.9% Concomitant 109
51
Bari*!, 2020 Sari 12 92.6% Concomitant 109
Ravarian?’, 2019 Mashhad 10 87.8% Sequential 66
Moradniani*?, 2018 Khorramabad 14 76% Sequential 100

*Second generation PPl used (esomeprazole).
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was effective as an alternative choice in the first line in
Khorramabad, but the sequential type was not effective
in Kashan, and the hybrid type was not effective in
Ahvaz (Table 4).

Second-Line Therapy for H. pylori Eradication

In patients with first-line treatment failure, five
studies evaluated regimens for second-line therapy. A
levofloxacin-containing regimen in Sari and Ilam for
14 days reported an acceptable eradication rate, and the

Table 2. Bismuth-clarithromycin quadruple therapy in Iran

Gorgan study reported an eradication rate of more than
85%. Quadruple therapy with bismuth and furazolidone
was not effective in Gorgan. Triple therapy with rifampicin
was not effective in Ilam also (Table 5).

Discussion and Recommendation

The Maastricht VI / Florence Consensus Report
recommends prescribing the bismuth quadruple therapy
regimen as the first line of treatment in a region where
the resistance of H. pylori to clarithromycin is unknown

First author, Year City Treatment duration (days) Per protocol eradication rate% Regimen Number of patients
%
Mohtasham?, 2023 Rasht 12 2(5)40 PAPI?CBEU 225
Alavinejad™, 2023 Ahvaz 14 70% PABC 409
Hajiani*, 2023 Ahvaz 14 76.1% PABC 110
86.5% PABC 52
Naghibzade55, 2022 Birjand 14 92.3% PABC+L* 52
94.2% PABC +S" 52
Nikkhah?¢, 2021 Tehran 14 89.4% OABC 100
Pourfarzi®7, 2021 Ardabil 14 96.54% OABC 1333
Ebrahimi,*® 2021 Isfahan 10 79.2% PATCB® 53
%
Sarkeshikian®?, 2020 Qom 14 ?Z?Z";o EAEé\CBfAd 110
Razavizadeh®, 2020 Kashan 14 68.8% OABC 80
Arj®!, 2020 Kashan 14 69.6% OABC 102
Mansour-Ghanaei®?, 2019 Rasht 14 91.9% PABC 172
Sebghatollahi®, 2018 Isfahan 14 81.1% PABC 75
Hajiani®, 2018 Ahvaz 14 83.8% PABC 78

* Lactobacillus ruteri; ® Saccharomyces boulardii; © Sequential regimen; ¢ A: atorvastatin.
B, O, A, C, P, E, T: Bismuth sub-citrate, Omeprazole, Amoxicillin, Clarithromycin, Pantoprazole, Esomeprazole, Tinidazole.

Table 3. Bismuth quadruple therapy in Iran

First author, Year City Treatment duration (days) Per protocol eradication rate% Regimen Number of patients
Kazemi*, 2023 Sari 14 95.58 % PABT 164
Nikkhah?®, 2021 Tehran 14 88.1% OBTM 100
Salmanroghani®, 2019 Yazd 1: 3?2:2 (()D/TS?FAI\/JI* 114

P, A, B, T, O, M.: Pantoprazole, Amoxicillin, Bismuth, Tetracycline, Omeprazole, Metronidazole

*: metronidazole 500 mg and amoxicillin 1000 mg three times a day.

Table 4. Quinolone-containing regimens

First author, Year City Treatment duration (days)  Per protocol eradication rate% Regimen Number of patients

Bismuth quadruple therapy with levofloxacin

Alavinejad*, 2023 Ahvaz 14 81 PTBL 379
Mansour-Ghanaei®, 2022 Rasht 170 2;2 PABL 110

Arj®!, 2020 Kashan 14 89.7 OBAL 87
Sebghatollahi®, 2018 Isfahan 14 70.8 PABT*, L 75

Modified levofloxacin-containing therapy

Razavizadeh®, 2020 Kashan 10 78.8 OA,T* L (sequential) 80
Mokhtare®°, 2020 Tehran 10 93 EA,T* L (sequential) 94
Hajiani®, 2018 Ahvaz 10 78.2 PA,TL (hybrid) 78
Moradniani®?, 2018 Khorramabad 14 87.6 OA,L (hybrid) 100

O, P E B, A L T T*: Omeprazole, Pantoprazole, Esomeprazole, Bismuth sub-citrate, Amoxicillin, Levofloxacin, Tetracycline, Tinidazole.
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or more than 15%." In case of treatment failure, a
levofloxacin-containing regimen is recommended. This
Consensus Report recommends prescribing concomitant
therapy as a second choice if bismuth quadruple therapy is
not available. In case of failure of concomitant therapy in
this Consensus Report, a regimen containing levofloxacin
or bismuth quadruple therapy is recommended.
American  College of Gastroenterology  Clinical
Guideline” and Toronto Consensus* also have a similar
recommendation. The fifth Chinese National Consensus
recommends bismuth quadruple therapy in the first line
of H. pylori eradication.”* The AGA Clinical Practice
Update has recommended that the regimen containing
rifabutin or levofloxacin be prescribed if the first line
of treatment fails.” Based on the findings of Iranian
researchers regarding the first line of H. pylori eradication
in regions such as Yazd, Sari, and Tehran, the bismuth
quadruple therapy regimen and concomitant regimen
in Sari are in accordance with the guidelines of Europe,
Canada, and USA."**7 In the global guidelines, there is
no recommendation for the use of sequential therapy
or regimens containing bismuth and clarithromycin/
furazolidone. In recent Iranian studies in areas such as
Ardabil, Birjand, and Tehran,”*’ the regimen containing
bismuth and clarithromycin has been found efficient. In
areas such as Ardabil,”” the regimen containing bismuth
and furazolidone yielded satisfactory results. Moreover,
in regions such as Tehran and Mashhad,**° sequential
therapy, and in Ilam,* standard triple therapy have been
efficient and effective.

The regimen containing bismuth and clarithromycin
was acceptable in Rasht, according to a study in 2019, but
this regimen lost its effectiveness in the same city after 4

Table 5. Second-line therapy for H. pylori eradication in Iran

Update on H. pylori eradication

years despite adding probiotic (Lactobacillus ruteri, 100
mg). It means the development of resistance over time,
and the fact that a regimen is effective at one time does
not mean it can be used all the time.

The guidelines in the United States, Europe, Canada,
and China recommended levofloxacin-containing
triple therapy as a rescue therapy.>**”*”* In a number of
Iranian studies, levofloxacin has been used in the first
line of eradication. Despite success in some cases, it is a
reasonable second-line regimen in Iran, but this regimen
is not recommended as an initial treatment due to the
high level of quinolone resistance.

However, the local experience is also very
important when considering the global guidelines and
recommendations in each country. The guidelines of
societies should be considered if they are in line with local
experiences and may be ignored if they are in contrast
with valid local experiences. Based on these findings, our
recommendations for the first-line treatment in different
regions of Iran are summarized in (Table 6). Regarding the
second-line treatment, the limited studies that have been
conducted show that regimens containing levofloxacin for
14 days are effective and can be recommended.

It should be considered that in addition to antimicrobial
resistance as the most important factor influencing the
eradication rate, other factors such as patient’s compliance,
efficacy of acid-suppressive drugs, age, and duration of
therapy should be considered in evaluating the different
regimens, which were not possible in this study.”® These
could interfere with eradication rates, as higher doses and
longer duration of therapy could increase the success rates.
Furthermore, our study was limited to English reports of
Iranian studies.

Year City 1 line 2 lines Duration Per protocol eradication (%)  Numbers of patients

OAR 14 72 50
70

Abangah”, 2019 Illam Unknown OAL 14 90 50

OAL 14 86 60
g .
Seyyedmajidi”’, 2019 Gorgan Standard triple therapy OABF 14 78.8 60
Fakheri’?, 2018 Sari Modified clarithromycin-containing regimen PAL 14 91.8 61

O, A, L, R, B, F: Omeprazole, Amoxicillin, Levofloxacin, Rifampicin, Bismuth sub-citrate, Furazolidone.

Table 6. Therapeutic options for first line H. pylori eradication in Iran — 2023

Region First option (290 eradication rate) Second option (>85% eradication rate)

Ardabil 14 days Bismuth-clarithromycin quadruple therapy 14 days Bismuth-furazolidone quadruple therapy
Birjand 14 days Bismuth-clarithromycin quadruple therapy + probiotics 14 days Bismuth-clarithromycin quadruple therapy
llam 14 days Standard triple therapy

Mashhad 10 days Sequential

Rasht *

-12 &14 days Concomitant Therapy
Sari -14 days Bismuth Quadruple Therapy
-14 days Bismuth Triple therapy

Tehran 10 days Sequential

-14 days Bismuth-clarithromycin quadruple therapy
-14 days Bismuth Quadruple Therapy

Yazd 14 days high dose Bismuth Quadruple Therapy

* Bismuth-clarithromycin quadruple regimen was already acceptable in Rasht, but it is ineffective in a recent study.*
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Conclusion

The ideal H. pylori eradication strategy is personalized
treatment based on antibiotic susceptibility testing. If
susceptibility testing isn’t available, standard treatment
based on locally proven, highly effective regimens is
recommended. Based on the recent 5 years studies,
the recommended regimens for each region have been
determined (Table 6). We recommend that physicians who
practice medicine report their H. pylori eradication results
in alocal or national data bank for periodic evaluation and
appropriate decisions based on the best recommendations
according to local data and international guidelines. In case
of acceptable eradication, it is recommended to continue
prescribing the desired regimen, and if that regimen is not
effective, it is recommended to stop prescribing it and use
alternative regimens.
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