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Abstract - This review presents a summary of recent publications regarding the epidemiology of Heli-
cobacter pylori infection. We initially discuss the prevalence of H. pylori in several countries in Asia and
Africa. African countries generally have a prevalence of more than 50%, while Asian countries show a high
prevalence in countries such as Korea (43.9%) and China (44.2%), and a low prevalence in countries such as
Indonesia (10.4%) and Sri Lanka (2.5%). The prevalence of H. pylori in children, the geriatric population,
military personnel, and disease-related studies was described by several meta-analyses. We highlight the
current knowledge of risk factors of H. pylori infection. In 2021, various studies were published regarding
age, sex, eating habits, crowding and annual income, drinking water sources, washing hand habits, smoking,
and periodontitis. These risk factors could affect H. pylori transmission, which are divided into family-based
transmission, zoonotic-based transmission, and habit-based transmission. These three transmissions can be
considered as environmental factors that should be managed to prevent further transmission and reinfection.
Finally, we briefly summarise the current knowledge of H. pylori co-infection with Epstein—Barr virus,
hepatitis C virus, and severe acute respiratory syndrome coronavirus 2, which affect the clinical outcome
of H. pylori-infected patients.

Keywords: Helicobacter pylori, Epidemiology, Prevalence, Risk factor, Transmission, Reinfection, Co-in-
fection.

INTRODUCTION

Helicobacter pylori causes persistent infection that leads to the development of gastroduo-
denal complications, including peptic ulcer disease, gastric adenocarcinoma, and gastric
mucosa-associated lymphoid tissue lymphoma'2. In this review, we summarise the recent
findings of H. pylori infection published from April 2021 to March 2022.
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PREVALENCE OF H. PYLORI INFECTION
Africa

The prevalence of H. pylori infection in Africa varies between countries, but it is relatively
high®. The highest prevalence (93.1%) is in the Republic of the Congo. The prevalence is
70.8% in Burundi, 75% in Rwanda, 70.41% in Togo, 89.0% in the Democratic Republic of
Congo (Bukavu City), 63.8% in Morocco, 88% in Ghana, 66.12% in Egypt, 71.5% in the Repu-
blic of Benin, 73.2% in Cameroon, 71.43% in Algeria, 88.9% and 82.8% for men and women
in Ethiopia, respectively, and 54.5% in South Africa®®. These prevalence data were repor-
ted using several methods, and histology was generally the main standard3. Because diffe-
rent methods can provide different results, future studies using the same standard detection
method are warranted to determine the general prevalence of H. pyloriin Africa®. Additional-
ly, some countries have a different prevalence within their area. An example of this difference
is in Nigeria, where the prevalence of H. pylori is 87.8% in the north, but 51.4% in the south
and 34.2% in the southeast?.

Asia

Studies on the prevalence of H. pylori were reported from China, Korea, Iran, Lebanon, In-
donesia, and Sri Lanka. Among these countries, the first four had a similar prevalence (ap-
proximately 40%), while Indonesia and Sri Lanka had a lower prevalence’'. A meta-analysis’
concerning 1.3 million subjects in China showed that the overall prevalence of H. pylori in the
mainland was 44.2%, with the highest prevalence (66.4%) in Xizang and the lowest (35.4%)
in Chongqing. A meta-analysis® conducted on the Korean population showed that the cur-
rent prevalence of H. pylori infection was 43.9%. Fortunately, this prevalence was decreased
compared with that in previous years, ranging from 74.3% in 1990, 66.9% in 1998, 58.6% in
2005, 54.5% in 2011, and 43.9% in 20163. This prevalence is similar to that in Iran where the
prevalence was 46.8% among 233 patients'. A lower prevalence was observed in Lebanon
where the prevalence was 39% among 300 individuals®.

The lowest prevalence of H. pylori was found in Indonesia and Sri Lanka. A review descri-
bed that the overall prevalence in Indonesia was only 10.4% among 1,053 patients, which was
different from its neighbouring countries, although the prevalence was different between
areas within Indonesia'. Sri Lanka also showed an extremely low prevalence (2.5%) among
353 patients'. These results suggest that poor hygiene and low socioeconomic status are not
the only predictors of the prevalence of H. pylori infection.

Prevalence of H. pylori in Children and the Geriatric Population

A worldwide meta-analysis of 152,650 children showed that the overall prevalence of H.
pylori was 32.3%". Different diagnostic methods provided different results, ranging from
28.6% for serology-based methods to 35.9% for the urea breath test (UBT) or stool antigen
test (SAT)"™. A meta-analysis™ showed that the prevalence of H. pylori was 23.6% in Poland,
56.0% in South Korea, 44.3% in Uganda, 72.4% in Egypt, 28.7% in Brazil, and 59.7% in Italy.
This prevalence could vary between areas even within one country. In Japan, the prevalence
ranged from 3.8% to 9.5% depending on the prefecture™. The prevalence of H. pylori is
low (6.0%) in children from North-Central Nigeria, whereas it is relatively high (28%) in the
Southwest part of the country?.

Studies that focused on the prevalence of H. pylori in geriatric patients were rare in
2021. One study stated that developing countries were still facing the challenge of a high
prevalence of H. pylori infection in geriatric group. For example, the prevalence in Chinese
geriatric patients reached 46.5%". Further studies need to be conducted to clearly determi-
ne the prevalence among geriatric patients in other countries because these patients have
a high risk of developing gastric cancer'®, and H. pylori eradication in these patients can
considerably reduce the probability for the development of gastric cancer™.



REVIEW: EPIDEMIOLOGY OF HELICOBACTER PYLORI INFECTION

E——
Relation of the Prevalence of H. pylori Infection with Occupation and Disease

A unique meta-analysis' that highlighted the prevalence of H. pylori infection among
military personnel was published in March 2022. Among the studies included, six were
performed in Asia, seven in Europe, and three in North America. The prevalence of H.
pylori was 32% overall and varied depending on the region, with the highest prevalence
(50.2%) in Asia™. Further epidemiological studies that analysed the prevalence of H. pylo-
ri related to a particular occupation need to be conducted because different jobs might
have different risk factors for H. pylori infection®.

Two meta-analyses?®?' that determined the prevalence of H. pylori in disease-specific
patients were published. One meta-analysis was based on patients with non-alcoho-
lic fatty liver disease, and the other on patients with non-cardiac gastric cancer®2'.
The proportion of patients with non-alcoholic fatty liver disease was higher among H.
pylori-infected patients than uninfected patients; therefore H. pylori-infected patients
showed a higher risk of developing this disease?®. With regard to patients with non-car-
dia gastric cancer, the meta-analysis performed in China showed that the prevalence of
H. pylori infection in patients with cancer was 66.5%. This prevalence varied between
areas with the highest prevalence (78.9%) in Northwest China and the lowest (53.1%)
in North China?".

RISK FACTORS FOR INFECTION
Age

A community-based survey of 2,232 subjects was performed in Wuwei City, Gansu Province,
China?2. This area had a high prevalence of gastric cancer, and H. pylori infection was found
already in newborns (12%), and its prevalence increased with age each 10 years, with an
odds ratio (OR) of 1.28. The overall prevalence of H. pylori in children (age: 3-11 years) was
22.9% and kept increasing up to 56.3% (adults: 30-39 years)?. A community-based study
in Hanoi, Vietnam, involving 1,272 subjects showed a prevalence of 92.2% in children aged
<12 years, which decreased to 79.8% at >45 years?:. This finding could be due to a higher
exposure to infection by feeding and chewing habits from caretakers?.

Age can be used to determine not only the risk of infection, but also the progression
to intestinal metaplasia (IM) after H. pylori infection. Older H. pylori-infected individuals
were found to have a higher persistent IM, with an OR of 2.47, compared to younger
patients®. Furthermore, persistently infected individuals had a much higher progression
rate of IM to dysplasia than patients without persistent infection. An age older than 65
years together with persistent H. pylori infection and diabetes mellitus may be a signifi-
cant predictor for persistent IM and its progression to dysplasia?*.

Gender

In a community-based study on the Navajo Nation in northern Arizona, USA, male gender
was a factor for H. pylori infection?. This indigenous population has a higher gastric cancer
rate than that in other regions of the USA. A similar result was observed in a household
survey in Bangladesh, which showed a higher prevalence of organic/structural dyspepsia in
male subjects than in female subjects?. Female subjects also showed a tendency to have
functional dyspepsia rather than organic dyspepsia.

Another study?” showed that women (58.22%) possessed significantly higher average
knowledge scores regarding H. pylori infection than men (56.25%). In this study, the preva-
lence of H. pylori-induced gastric ulcers in female patients was significantly lower than that
in male patients?’. This clearly suggests that a lack of general knowledge in men is a predictor
for H. pylori-associated gastric ulcers.
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Eating Habits

In a survey in Wuwei City, China, children > 3 years who frequently consumed yogurt had a
lower prevalence of H. pylori infection (OR: 0.8) than those who never consumed yogurt?. In
the kindergarten age group (4-6 years), fruit consumption was associated with a lower pre-
valence of H. pylori infection??. At the junior-senior high school age (13-18 years), eating at
the school cafeteria more than six times each week increased the risk of H. pylori infection by
1.86 times, compared with the reference. This phenomenon indicates transmission through
meals. Therefore, improving hygiene during meal preparation in the school cafeteria might
be necessary?2.

Crowding and Annual Income

The prevalence of H. pylori infection was found to be higher in people who lived in overcrow-
ded areas®. In a study including an adolescent population, the prevalence of H. pylori was si-
gnificantly higher in the military group than in the civilian group?®. Additionally, the incidence
of peptic ulcers and/or gastric cancers was higher in the military group than in the civilian
group?®. Certain housing conditions such as their source of drinking water and washing hand
habit inside family, are also a main risk factor of transmission in children aged 3-11 years?2.
In adult cases in Vietnam and Korea, subjects whose family members were infected with H.
pylori had a higher risk of H. pylori infection?>2°. This overcrowding was also affected by inco-
me; a lower income was associated with a higher prevalence of H. pylori (p=0.02)?2. A higher
income is related to more living space and better living conditions.

Drinking Water Source and Washing Hands

H. pylori can be a water-borne pathogen. Therefore, the drinking water source and washing
hands are significant risk factors for infection?2. Drinking from running water and frequent
hand washing are negatively associated with H. pylori infection. Adults older than 18 years
in rural areas also have a higher prevalence (OR: 1.44) than those living in urban areas??. The
soil-water is still used as the main drinking water source in rural areas instead of the sterilised
water found in urban areas. The drinking water source was also significantly associated with a
higher prevalence of H. pylori infection in a study of the Navajo Nation in northern Arizona?.

Smoking

Smoking is a well-known factor contributing to H. pylori positivity®*. A hospital-based study
of 445 dyspeptic outpatients in Turkey reported that a higher rate of waterpipe tobacco
smoking was an independent predictor for H. pylori infection (OR: 5.51, 95% Cl: 3.158-9.617)3".
This result is also supported by a study from Cyprus, which included 445 adult subjects®'. The
waterpipe system has several parts, but only the mouthpiece is changed, thus enabling the
transmission of H. pylori. Moreover, in Vietnam, the tobacco heating system, which requires
charcoal, increases toxic inhalation and this combined with H. pylori infection increases the
risk of gastric cancer®.

Periodontitis

Periodontitis is a chronic inflammation in the tissues supporting the teeth and is accompa-
nied by the growth of microorganisms3. Therefore, the oral cavity is a potential reservoir
for bacteria. A retrospective study of periodontitis in Taiwan involving 134,747 participants
showed that periodontitis increased the risk of H. pylori infection34. This risk was higher at
>50 years old, in male participants, and with the presence of comorbidities, such as hyper-
tension, hyperlipidaemia, chronic obstructive pulmonary disease, and chronic kidney disease.

4
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BACTERIAL TRANSMISSION

Documented epidemiological evidence suggests the transmission of H. pylori directly from
person to person or indirectly from the environment to people3>. The most common route of
its transmission may be oral-oral or fecal-oral from person to person (intrapersonal) among
family members (intrafamilial) or through sexual intercourse. Typically, the bacterium is con-
tracted during childhood when an infant starts to eat. Although person-to-person transmis-
sion is considered as the primary mode of transmission in developing countries, food and
waterborne transmission may also be more likely in developing countries with poor hygienic
conditions.

Moreover, the presence of H. pylori in dental plaque and saliva of infected individuals
suggests more frequent bacterial spread than expected between family members. A recent
systematic review and meta-analysis of 12 eligible articles published up to September 2021
showed the presence of H. pylori in the oral cavity®. The prevalence of H. pylori infection in
the oral cavity ranges from 5.4% to 83.3%. H. pylori colonisation in the oral cavity or perio-
dontal pockets is hypothetically listed as a cause of reinfection and recolonisation in the H.
pylori infection cycle. However, this topic has huge gaps in its comprehension and there is
confusion in the mechanisms of H. pylori infection, especially concerning the role of the oral
cavity in transmission. We shall summarise the most recently published transmission modes
and divide them into three types below.

Family-Based Transmission

A Chinese group published a consensus report on family-based H. pylori infection and its
control and management, including 23 statements to prevent intrafamily transmission of
H. pylori and the complications of its related diseases®. In most developing countries, in-
trafamilial transmission of H. pylori is still the most common route of H. pylori infection,
particularly in children. The infection is primarily transmitted to children by their parents
(particularly by mothers). This theory was supported by a study in Vietnam that also stated
above in the risk factor of age?:. This study showed that children aged <12 years had more
H. pylori infection (92.2%) than adults aged >18 to <45 years (83.5%), and mothers, sons,
and girls had a higher prevalence of H. pylori infection than fathers?:. Intrafamilial transmis-
sion is influenced by factors such as lifestyle (e.g., eating type, gathering), home conditions
(e.g., animals, hygiene), and socioeconomic status. Infected family members are a possible
source of infection and have the potential for continuous transmission to other members.
Again, the Vietnam study supported this theory by reporting that they found a treatment
failure rate of 22.6% because of the infection status of other family members, beside of
eradication treatment regimens®. In patients with related diseases (gastric cancer or gastric
mucosal precancerous lesions), H. pylori infection should be screened using the urea breath
test and family members living in the same household should be treated. In children and
older people, H. pylori infection should be managed according to a risk-benefit assessment
and the individual disease status or condition. Taken together, these findings suggest that
family-based H. pylori infection control and management are essential to prevent new in-
fections or reinfections. This, in turn, can reduce the risk of gastric cancer, as well as medical
expenses for future complications in H. pylori-infected patients.

Zoonotic-Based Transmission

H. pylori can also be acquired from domestic animals®*®. Non-Helicobacter pylori Helicobacters
are frequently detected in domestic animals. One case reported in Japan showed the H.
pylori-specific gene ureAB in biopsy samples from dogs and their owners. Interestingly, even
though both dogs and their owners were positive for H. pylori, both were negative for other
Helicobacters (Helicobacter felis, Helicobacter bizzozeronii, and Helicobacter heilmannii)3.
The theory of zoonotic-based transmission is also supported by another study, which showed
that non-Helicobacter pylori Helicobacters, such as Helicobacter heilmannii, cause dyspep-
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tic symptoms together with erosive disease of the gastric mucosa in humans. These species
should be considered to cause acute peptic ulcer disease, especially in patients who have pets,
such as cats or dogs®°.

Habit-Based Transmission

Habits have been considered as probable risks of H. pylori infection in humans. As mentioned
above in discussing the risk factors for infection, a recent study*® also reported that habits
such as smoking could help H. pylori transmission. However, more research is required to de-
termine whether waterpipe tobacco is a source of H. pylori.

REINFECTION

One of the questionable topics in H. pylori infection is the recurrence of infection. A recurren-
ce can occur via either recrudescence or reinfection®'. The difference between recrudescence
or reinfection is that recrudescence has a shorter time window, and it occurs following H.
pylori-related diseases*'. The other difference is that reinfection is considered if a patient is
infected with a new H. pylori strain due to several factors, such as intrafamilial transmission,
poor hygiene conditions, and health status*'. In this review, we shall focus on reinfection be-
cause recent studies have been based on this topic. In a pilot non-blinded trial study from Chi-
le that included 61 children, the reinfection rate of H. pylori was 13% during the follow-up*2.
This reinfection suggested that H. pylori eradication among children should be supported by
further eradication for their families or environments.

A study on H. pylori infection using 16S rRNA amplicon sequences showed H. pylori DNA in
a gastric biopsy whereas a rapid urease test, culture, and immunohistochemical staining were
all negative®:. The authors concluded that environmental contamination of H. pylori (e.g.,
water, ground, and surrounding contaminations) could be the reason for reinfection in coun-
tries with a high prevalence of H. pylori infection. These studies suggest that environmental
factors should be managed well to prevent the transmission of H. pylori infection, including
a reinfection event.

VIRAL CO-INFECTION

Recently, research regarding H. pylori-viral co-infection has focused mainly on Epstein—Barr
virus (EBV), hepatitis C virus (HCV), and severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2). EBV virus may increase the risk of developing gastric cancer by 3.3 times*. A
study* showed EBV DNA in 40% of gastric cancer cases, and co-infection with H. pylori was
detected in 16% of gastric cancer cases. Moreover, the incidence of H. pylori and EBV co-in-
fection has been frequently reported in the diffuse type of gastric cancer®. EBV infection
enhances the expression of the oncogenic protein gankyrin in H. pylori-infected individuals.
Gankyrin causes dysregulation of cancer-associated genes, such as cell migratory, tumour sup-
pressor, DNA damage response, and pro-apoptotic genes®. In fact, infection with two onco-
genic agents (H. pylori and EBV) leads to enhanced carcinogenic activity in gastric epithelial
cells through enhanced expression of gankyrin®.

The fact that only 1-3% of H. pylori-infected individuals develop gastric cancer suggests
the involvement of other factors. HCV infection in individuals with H. pylori infection inhibits
lymphatic metastasis*’. H. pylori infection increases tumour aggressiveness by promoting lym-
phatic metastasis, whereas HCV infection in H. pylori-infected individuals inhibits lymphatic
metastasis?’. However, this possibility needs to be verified by more research on the inhibitory
effect of HCV in metastatic development of gastric cancer.

With regard to co-infection with SARS-CoV-2, Gonzalez et al*® suggested that this virus to-
gether with H. pylori infection could affect the emergence of the global coronavirus disease
2019 (COVID-19) pandemic because their co-infection could affect the patients’ pathogenesis.
Chronic infection of H. pylori in the stomach may have systemic consequences and lead to cell
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damage in various organs, including the lungs. This process could be facilitated by a molecular
mimicry mechanism. Gonzalez et al*® also stated that the successful eradication of H. pylori in-
fection may help to improve dysfunction and the inflammatory process of the lungs in patients
with SARS-CoV-2 infection. A study from Turkey* showed that the rates of abdominal pain and
diarrhoea were significantly higher in patients with SARS-CoV-2 and H. pylori than in those wi-
thout H. pyloriinfection. This study also showed that the presence of H. pylori did not affect the
duration of hospitalisation or severity of the outcome of SARS-CoV-2-infected patients.

The patient’s clinical profile is also correlated with the management of H. pylori infection
therapy. This correlation was shown by a study on the clinical outcome of COVID-19-associa-
ted proton pump inhibitors (PPIs) in Korea*°. This nationwide cohort study included 111,911
non-users, 14,163 current PPl users, and 6,242 past PPl users. The main finding of this study
was that current PPl use increased the risk of severe clinical outcomes of COVID-19 by 79%
and, in particular, current PPl use (previous 30 days) was increased by 90%.

Together, these studies suggested that viral co-infection in H. pylori-infected patients
should be carefully assessed because it could affect the pathogenesis and clinical outcomes
of patients. While the effects of EBV, HCV, and SARS-CoV-2 have been examined, further
studies on viral co-infection are required because each virus could have a different effect on
the development of disease.

CONCLUSIONS

Recent studies have shown that African countries and some Asian countries have a high pre-
valence of H. pylori infection, while other countries, such as Indonesia and Sri Lanka, have a
low prevalence. Studies have highlighted the importance of age, gender, eating habits, crow-
ding and annual income, drinking water source, washing hands, smoking, and periodontitis
as risk factors for H. pylori infection. H. pylori infection can be transmitted by family-based
transmission, zoonotic-based transmission, and habit-based transmission. These transmissions
indicate the importance of managing environmental factors to prevent H. pylori transmission
and reinfection. Furthermore, several studies have shown the importance of viral co-infection
in H. pylori-infected patients. Although viral co-infection affects the clinical outcome, the
exact mechanism is still unknown. Further studies will be needed on several issues related to
H. pylori infection, such as prevalence, risk factors, transmission, reinfection, and co-infection.

Conflict of Interest

The authors declare no conflict of interest.

Funding

This study was supported in part by grants from the National Institutes of Health (DK62813) and Grants-in-Aid
for Scientific Research from the Ministry of Education, Culture, Sports, Science, and Technology (MEXT) of Japan
(19H03473, 22H02871). RIA and SB are PhD students supported by a MEXT Scholarship since October 2019. This
work was supported by the Japan Agency for Medical Research and Development (AMED) (e-ASIA JRP, Science
and Technology Research Partnership for Sustainable Development [SATREPS], Global Alliance for Chronic Diseas-
es [GACD]) and the Japan International Cooperation Agency (JICA) (SATREPS). The study was also supported by
the Thailand Science Research and Innovation Fundamental Fund, Bualuang ASEAN Chair Professorship at Tham-
masat University, and the Center of Excellence in Digestive Diseases, Thammasat University, Thailand.

Authors’ Contribution

Manuscript preparation: RIA, BS, SA, KAF, YY. Leading of manuscript writing: RIA, BS. Essential Revision: RIA, YY.
Supervision and funding acquisition: YY.

ORCID ID

RIA https://orcid.org/0000-0001-7721-9455; BS https://orcid.org/0000-0003-3258-4453; SA https://orcid.org/0000-
0003-1846-1377; KAF https://orcid.org/0000-0001-6901-3270; YY https://orcid.org/0000-0002-1222-5819.



R.l. Alfaray, B. Saruuljavkhlan, S. Ansari, K.A. Fauzia, Y. Yamaoka
I ——————

Acknowledgement

We thank Ellen Knapp, Ph.D, from Edanz (https://jp.edanz.com/ac) for editing this manuscript.

REFERENCES

1. Ishikawa E, Nakamura M, Satou A, Shimada K, Nakamura S. Mucosa-Associated Lymphoid Tissue (MALT) Lym-
phoma in the Gastrointestinal Tract in the Modern Era. Cancers (Basel) 2022; 14: 446.

2. Nath AN, Retnakumar RJ, Francis A, Chhetri P, Thapa N, Chattopadhyay S. Peptic Ulcer and Gastric Cancer: Is
It All in the Complex Host—Microbiome Interplay That Is Encoded in the Genomes of “Us” and “Them”? Front
Microbiol 2022; 13.

3. Smith SI, Ajayi A, Jolaiya T, Onyekwere C, Setshedi M, Schulz C, Otegbayo JA, Ndip R, Dieye Y, Alboraie M, Ally
R, Gunturu R, Hyasinta J, Ugiagbe R, Ndububa D, Arigbabu A, African H, Microbiota Study G. Helicobacter
pylori Infection in Africa: Update of the Current Situation and Challenges. Dig Dis 2021; 40:535-544.

4. Molaoa SZ. Prevalence of Helicobacter pylori infection and the incidence of the associated malignant and
peptic ulcer disease (PUD) at Nelson Mandela Academic Hospital: a retrospective analysis. J Drug Assess 2021;
10: 57-61.

5. de Jésus Ngoma P, Longo-Mbenza B, Tshibangu-Kabamba E, Matungo B, Lupande D, Malu C, Kengibe P, Yaba
ATW, Nlombi CM, Fiasse R, Hafid D, Kabinda J, Yamaoka Y, Nkodila A, Deyi VYM. Seroprevalence and Risk
Factors of the Helicobacter pylori Infection in Bukavu City in the Democratic Republic of Congo. Open Access
Library Journal 2021; 8: 10.

6. Kouitcheu Mabeku LB, Bello Epesse M, Fotsing S, Kamgang R, Tchidjo M. Stool Antigen Testing, a Reliable
Noninvasive Method of Assessment of Helicobacter pylori Infection Among Patients with Gastro-duodenal
Disorders in Cameroon. Dig Dis Sci 2021; 66: 511-520.

7.RenS, Cai P, LiuY, Wang T, Zhang V¥, Li Q, Gu Y, Wei L, Yan C, Jin G. Prevalence of Helicobacter pylori infection in
China: A systematic review and meta-analysis. Journal of gastroenterology and hepatology 2022; 37: 464-470.

8. Park Y, Ki M. Population Attributable Fraction of Helicobacter pylori Infection-Related Gastric Cancer in Korea:
A Meta-Analysis. Cancer Res Treat 2021; 53: 744-753.

9. Khoder G, Mina S, Mahmoud I, Muhammad JS, Harati R, Burucoa C. Helicobacter pylori Infection in Tripoli,
North Lebanon: Assessment and Risk Factors. Biology (Basel) 2021; 10: 599.

10. Miftahussurur M, Waskito LA, Fauzia KA, Mahmudah I, Doohan D, Adnyana IK, Khomsan A, Ratnasari N, Rez-
kitha YAA. Overview of Helicobacter pylori Infection in Indonesia: What Distinguishes It from Countries with
High Gastric Cancer Incidence? Gut Liver 2021; 15: 653-665.

11. Doohan D, Fauzia KA, Rathnayake J, Lamawansa MD, Waskito LA, Tuan VP, Dashdorj A, Kabamba ET, Phuc BH,
Ansari S, Akada J, Matsumoto T, Uchida T, Matsuhisa T, Yamaoka Y. Pepsinogen and Serum IgG Detection Is a
Valuable Diagnostic Method for Helicobacter pylori Infection in a Low-Prevalence Country: A Report from Sri
Lanka. Diagnostics (Basel) 2021; 11: 1364.

12. Hojati SA, Kokabpeyk S, Yaghoubi S, Joukar F, Asgharnezhad M, Mansour-Ghanaei F. Helicobacter pylori infec-
tion in Iran: demographic, endoscopic and pathological factors. BMC Gastroenterol 2021; 21: 355.

13. Yuan C, Adeloye D, Luk TT, Huang L, He Y, Xu Y, Ye X, Yi Q, Song P, Rudan I; Global Health Epidemiology Re-
search Group. The global prevalence of and factors associated with Helicobacter pylori infection in children: a
systematic review and meta-analysis. Lancet Child Adolesc Health 2022; 6 : 185-194.

14. Saito H, Nishikawa Y, Masuzawa Y, Tsubokura M, Mizuno Y. Helicobacter pylori Infection Mass Screening for
Children and Adolescents: a Systematic Review of Observational Studies. J Gastrointest Cancer 2021; 52: 489-
497.

15. Huang Q, Jia X, Chu Y, Zhang X, Ye H. Helicobacter pylori Infection in Geriatric Patients: Current Situation and
Treatment Regimens. Front Med (Lausanne) 2021; 8: 713908.

16. Collatuzzo G, Fiorini G, Vaira B, Violante FS, Farioli A, Boffetta P. The role of the occupational physician in con-
trolling gastric cancer attributable to Helicobacter pylori infection: A review. Prev Med Rep 2021; 24: 101527.

17.Lin Y, Kawai S, Sasakabe T, Nagata C, Naito M, Tanaka K, Sugawara Y, Mizoue T, Sawada N, Matsuo K, Kitamura
T, Utada M, Ito H, Shimazu T, Kikuchi S, Inoue M, Research Group for the D, Evaluation of Cancer Prevention
Strategies in J. Effects of Helicobacter pylori eradication on gastric cancer incidence in the Japanese popula-
tion: a systematic evidence review. Jpn J Clin Oncol 2021; 51: 1158-1170.

18. Wang C, Liu J, An Y, Zhang D, Ma R, Guo X, Qi X. Prevalence and risk factors of Helicobacter pylori infection in
military personnel: a systematic review and meta-analysis. Indian J Pathol Microbiol 2022; 65: 23-28.

19. Yan L, Chen Y, Chen F, Tao T, Hu Z, Wang J, You J, Wong BCY, Chen J, Ye W. Effect of Helicobacter pylori Erad-
ication on Gastric Cancer Prevention: Updated Report From a Randomized Controlled Trial With 26.5 Years of
Follow-up. Gastroenterology 2022; 163: 154-162 e153.

20. Heydari K, Yousefi M, Alizadeh-Navaei R, Lotfi P, Sheydaee F, Raei M, Vahdatinia A, Hessami A, Rafati S, Moo-
sazadeh M, Ghasemian R, Salehi F, Massoudi H, Ghaffari-Saravi F, Rismantab S. Helicobacter pylori Infection
and Non-alcoholic Fatty Liver Disease: A Systematic Review and Meta-Analysis. Turk J Gastroenterol 2022; 33:
171-181.

21.Lu Y, Xiao F, Wang Y, Wang Z, Liu D, Hong F. Prevalence of Helicobacter pylori in Non-Cardia Gastric Cancer in
China: A Systematic Review and Meta-Analysis. Front Oncol 2022; 12: 850389.

22. Wang X, Shu X, Li Q, Li Y, Chen Z, Wang Y, Pu K, Zheng Y, Ye Y, Liu M. Prevalence and risk factors of Helico-
bacter pylori infection in Wuwei, a high-risk area for gastric cancer in northwest China: An all-ages popula-
tion-based cross-sectional study. Helicobacter 2021; 26: €12810.



REVIEW: EPIDEMIOLOGY OF HELICOBACTER PYLORI INFECTION

23. Dao LV, Dao HV, Nguyen HT, Vu VT, Tran ATN, Dat VQ, Hoang LB, Nguyen HTV, Nguyen TD. Helicobacter py-
lori infection and eradication outcomes among Vietnamese patients in the same households: Findings from a
non-randomized study. PLoS One 2021; 16: €0260454.

24. Aumpan N, Vilaichone RK, Pornthisarn B, Chonprasertsuk S, Siramolpiwat S, Bhanthumkomol P, Nunanan P, Is-
sariyakulkarn N, Ratana-Amornpin S, Miftahussurur M, Mahachai V, Yamaoka Y. Predictors for regression and
progression of intestinal metaplasia (IM): A large population-based study from low prevalence area of gastric
cancer (IM-predictor trial). PLoS One 2021; 16: e0255601.

25. Harris RB, Brown HE, Begay RL, Sanderson PR, Chief C, Monroy FP, Oren E. Helicobacter pylori Prevalence and
Risk Factors in Three Rural Indigenous Communities of Northern Arizona. Int J Environ Res Public Health 2022;
19:797.

26. Rahman MM, Ghoshal UC, Kibria MG, Sultana N, Yusuf MA, Nahar S, Ahmed F, Rowshon A, Hasan M. Function-
al Dyspepsia, Peptic Ulcer, and Helicobacter pylori Infection in a Rural Community of South Asia: An Endosco-
py-Assisted Household Survey. Clin Transl Gastroenterol 2021; 12: e00334.

27. Malek Al, Abdelbagi M, Odeh L, Alotaibi AT, Alfardan MH, Bargawi HJ. Knowledge, Attitudes and Practices of
Adults in the United Arab Emirates Regarding Helicobacter pylori induced Gastric Ulcers and Cancers. Asian
Pac J Cancer Prev 2021; 22: 1645-1652.

28.Wang C, Liu J, ShiX, Ma S, Xu G, LiuT, Xu T, Huang B, Qu Y, Guo X, Qi X. Prevalence of Helicobacter pylori Infec-
tion in Military Personnel from Northeast China: A Cross-Sectional Study. Int J Gen Med 2021; 14: 1499-1505.

29. Choi J, Kang J. Concurrence of Helicobacter pylori Infection and Its Associated Factors in Korean Couples. Ko-
rean J Fam Med 2022; 43: 77-82.

30. Cardenas VM, Graham DY. Smoking and Helicobacter pylori infection in a sample of US adults. Epidemiology
2005: 586-590.

31. Sirkeci O, Sirkeci EE, Ulag T. Does waterpipe smoking increase the risk of Helicobacter pylori infection? J Res
Med Sci 2022; 27: 7.

32. Sengngam K, Hoc TH, Phuoc LH, Hang DV, Ngoan LT. Interaction of Helicobacter pylori Infection with Water-
pipe Tobacco Smoking in the Development of Stomach Cancer in Vietnamese Men. Asian Pac J Cancer Prev
2022; 23: 1199-1206.

33. Hajishengallis G. Periodontitis: from microbial immune subversion to systemic inflammation. Nat Rev Immunol
2015; 15: 30-44.

34. Li X, Chaouhan HS, Li CH, Yu TM, Wang IK, Lin CL, Li CY, Sun KT. Higher Risk of Gastric Helicobacter pylori In-
fection in Patients with Periodontitis: A Nationwide Population-Based Retrospective Cohort Study in Taiwan.
Int J Environ Res Public Health 2021; 18: 11678.

35. Obayashi Y, Kawano S, Sakae H, Abe M, Kono Y, Kanzaki H, Iwamuro M, Kawahara Y, Tanaka T, Yanai H,
Okada H. Risk Factors for Gastric Cancer after the Eradication of Helicobacter pylori Evaluated Based on the
Background Gastric Mucosa: A Propensity Score-matched Case-control Study. Intern Med 2021; 60: 969-976.

36. Lopez-Valverde N, Macedo de Sousa B, Lépez-Valverde A, Suarez A, Rodriguez C, Aragoneses JM. Possible
Association of Periodontal Diseases With Helicobacter pylori Gastric Infection: A Systematic Review and Me-
ta-Analysis. Front Med (Lausanne) 2022; 9: 822194.

37. Ding SZ, Du YQ, Lu H, Wang WH, Cheng H, Chen SY, Chen MH, Chen WC, Chen Y, Fang JY, Gao HJ, Guo MZ,
Han Y, Hou XH, Hu FL, Jiang B, Jiang HX, Lan CH, Li JN, Li Y, Li YQ, Liu J, Li YM, Lyu B, Lu YY, Miao YL, Nie YZ,
Qian JM, Sheng JQ, Tang CW, Wang F, Wang HH, Wang JB, Wang JT, Wang JP, Wang XH, Wu KC, Xia XZ, Xie
WEF, Xie Y, Xu JM, Yang CQ, Yang GB, Yuan Y, Zeng ZR, Zhang BY, Zhang GY, Zhang GX, Zhang JZ, Zhang ZY,
Zheng PY, Zhu Y, Zuo XL, Zhou LY, Lyu NH, Yang YS, Li ZS; National Clinical Research Center for Digestive Dis-
eases (Shanghai), Gastrointestinal Early Cancer Prevention & Treatment Alliance of China (GECA), Helicobacter
pylori Study Group of Chinese Society of Gastroenterology, and Chinese Alliance for Helicobacter pylori Study.
Chinese Consensus Report on Family-Based Helicobacter pylori Infection Control and Management (2021 Edi-
tion). Gut 2022; 71: 238-253.

38. Kubota-Aizawa S, Matsubara Y, Kanemoto H, Mimuro H, Uchida K, Chambers J, Tsuboi M, Ohno K, Fukushima
K, Kato N, Yotsuyanagi H, Tsujimoto H. Transmission of Helicobacter pylori between a human and two dogs: A
case report. Helicobacter 2021; 26: €12798.

39. Da Cunha T, Dharan M. Acute Peptic Ulcer Disease Caused by Non-Helicobacter pylori-Helicobacter. Cureus
2021; 13: e14993.

40. Sirkeci O, Sirkeci EE, Ulag T. Does waterpipe smoking increase the risk of Helicobacter pylori infection? J Res
Med Sci 2022; 27: 7.

41. Mladenova I. Clinical Relevance of Helicobacter pylori Infection. J Clin Med 2021; 10: 3473.

42. Lucero Y, Lagomarcino AJ, Torres JP, Roessler P, Mamani N, George SA, Huerta N, Gonzalez M, O'Ryan GM.
Effect of Helicobacter pylori eradication therapy on clinical and laboratory biomarkers associated with gastric
damage in healthy school-aged children: A randomized non-blinded trial. Helicobacter 2021; 26: e12853.

43. Gantuya B, El Serag HB, Saruuljavkhlan B, Azzaya D, Matsumoto T, Uchida T, Oyuntsetseg K, Oyunbileg N,
Davaadorj D, Yamaoka Y. Advantage of 165 rRNA amplicon sequencing in Helicobacter pylori diagnosis. Heli-
cobacter 2021; 26: e12790.

44. Gareayaghi N, Akkus S, Saribas S, Demiryas S, Ozbey D, Kepil N, Demirci M, Dinc HO, Akcin R, Uysal O, Tokman
HB, Kocazeybek B. Epstein-Barr Virus and Helicobacter pylori co-infection in patients with gastric cancer and
duodenale ulcer. New Microbiol 2021; 44: 217-226.

45. Rihane FE, Erguibi D, Elyamine O, Abumsimir B, Ennaji MM, Chehab F. Helicobacter pylori co-infection with
Epstein-Barr virus and the risk of developing gastric adenocarcinoma at an early age: Observational study
infectious agents and cancer. Ann Med Surg (Lond) 2021; 68: 102651.

46. Kashyap D, Baral B, Jakhmola S, Singh AK, Jha HC. Helicobacter pylori and Epstein-Barr Virus Coinfection
Stimulates Aggressiveness in Gastric Cancer through the Regulation of Gankyrin. mSphere 2021; 6: e0075121.



R.l. Alfaray, B. Saruuljavkhlan, S. Ansari, K.A. Fauzia, Y. Yamaoka
I ——————

47. Chen C, Chen S, Han Z, Xie W, Zhang T, Mao C, Zhang L, Sun X, Kwok T, Shen X, Xue X. Patients with Helico-
bacter pylori-positive gastric cancer with human cytomegalovirus infection have a low tendency of advanced
lymphatic metastasis in a Chinese population. Oncology letters 2021; 21: 402.

48. Gonzalez |, Lindner C, Schneider I, Morales MA, Rojas A. Inflammation at the crossroads of Helicobacter pylori
and COVID-19. Future Microbiol 2022; 17: 77-80.

49. Balamtekin N, Artuk C, Arslan M, Gulsen M. The Effect of Helicobacter pylori on the Presentation and Clinical
Course of Coronavirus Disease 2019 Infection. J Pediatr Gastroenterol Nutr 2021; 72: 511-513.

50. Lee SW, Ha EK, Yeniova AO, Moon SY, Kim SY, Koh HY, Yang JM, Jeong SJ, Moon SJ, Cho JY, Yoo IK, Yon DK.
Severe clinical outcomes of COVID-19 associated with proton pump inhibitors: a nationwide cohort study with
propensity score matching. Gut 2021; 70: 76-84.

10



