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Major factors in the pathogenesis of 
gastric cancer
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Background: Helicobacter pylori



Pathogenesis of H. pylori

Yamaoka Y, Saruuljavkhlan B, Alfray RI, Linz B. Current Topics in Microbiology and Immunology 2024
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Helicobacter pylori genetic
-ancient human migration : datation & description  

Helicobacter pylori is a powerful tool to check human migration



Yamaoka Y.  Nature Review Gastro/Hepatol 2010

Helicobacter pylori is a powerful tool to check human migration



Helicobacter pylori is a powerful tool to check human migration



Helicobacter pylori is a powerful tool to check human migration

Unpublished Data



Yamaoka Y, Saruuljavkhlan B, Alfray RI, Linz B. Current Topics in Microbiology and Immunology 2024

Helicobacter pylori is a powerful tool to check human migration



My Team

Department of Environmental & Preventive Medicine, Oita University Faculty of Medicine, Japan

Research Team Objectives:
My team is dedicated to conducting extensive basic and clinical research focused on H. pylori and related diseases, as 
well as exploring the broader microbiome. Our primary goals include:
1) Understanding Pathogenesis: Investigating the mechanisms by which H. pylori contributes to disease development, 
including gastric ulcers, cancer, and other gastrointestinal disorders.
2) Microbiome Interactions: Exploring how H. pylori interacts with the gut microbiome and its impact on health and 
disease.
3) Clinical Implications: Translating our findings into clinical applications to improve diagnostics, treatment, and 
prevention strategies for H. pylori-associated diseases.
4) Global Health Impact: Extensive research to address the epidemiology of H. pylori and related diseases, with a 
particular focus on high-burden regions, such as Africa, to inform public health strategies.



EXTENSIVE COLLABORATIONS FROM ALL OVER THE WORLD

Dominican  
Republic

Kenya 
DR Congo 
Nigeria



Barry J. Marshall （String test）
Aboriginal tribe, Australia

Yoshio Yamaoka (Gastric brush)
Sulawesi Island, Indonesia



The project for institutional capacity building 
for eliminating Helicobacter pylori related death: Bhutan

Science and Technology Research Partnership for Sustainable Development [SATREPS] 
(JICA + AMED project)

JICA: Japan International Cooperation Agency
AMED: Japan Agency for Medical Research and Development)

5 million US$/5 years

PI: Yoshio Yamaoka

Bhutanese government
(Prime Minister’s office)

Khesar Gyalpo University of 
Medical Sciences of Bhutan

Jigme Dorji Wangchuk National 
Referral Hospital 

Royal Center for Disease Control 



Prime minister



Biopsy Selective agar Subculture                        AST x4 drugs
                                            3 days                                 3 days                                  4 days

Teaching how to culture H. pylori

AMR gene panel 
PCR based 

amplification Sequencing

Predicting drug 
susceptibility from genetic 

mutation results.

40minGastric juice

Gene-based AST

Introduction of culture independent AST MIZUHO MEDY Co., ltd.



To set up a research network between Japan and Africa

Collaborations between Japan and Africa …



2017 Kick-off meeting
With collaborators from the DRC, Nigeria, Rwanda, and Kenya



Kinshasa Univ., DRC



Kigali, Rwanda

Nairobi, Kenya





https://www.oita-glocal.jp/en/index.html



https://www.oita-glocal.jp/en/index.html



2022: Nadine Keleku Lukwete University of Mbujimayi, DR Congo

2023: Stella I. Smith Nigerian Institute of Medical Research, Nigeria

2023,2024: Gunturu Revathi Aga Khan University Hospital, Kenya

2024: Evariste Tshibangu Kabamba University of Mbujimayi, DR Congo

RCGLID Awardees from African countries



Yoshio Yamaoka x Evariste Tshibangu Kabamba: 16 international journals
Yoshio Yamaoka x Gunturu Rev:                             3 international journals
Yoshio Yamaoka x Stella Smith:                              1 international journal

Outcomes

2021



• The pathogenicity of H. pylori infection is profoundly 
influenced by the remarkable genetic diversity and 
geographic variation of the species, with the greatest 
diversification observed in Africa, where the bacterium and 
its human host likely originated.

• Many critical questions remain about the impact of species 
diversity on cell biology, pathogenicity, and clinical 
relevance in Africa.

Research questions in Africa



Prevalence (%)

Adapted from
Stella Smith et al. Dig Dis, 2023
Tshibangu-K.E. PLoS Negl Trop Dis, 2021

• Scarcity of data 
H. pylori infection is overlooked 
because of other infections such 
as HIV/AIDS, malaria, TB, that 
are still big issues in many African 
countries 

Prevalence varying :
- Population targeted
- Screening/diagnostic method 
- Regions within the same country

H. pylori infection in Africa

Ghana

Republic 
of Congo



Globocan, 2020

Gastric cancer in Africa



Top 15 countries sorted by Incidence

Gastric cancer incidence and mortality in the world



Top 15 countries sorted by Incidence

Gastric cancer in Africa



A theory that actual clinical 
presentation/outcomes of H. 
pylori infection in African 
population do not correspond to 
expected outcomes. 

What about the so-called “African enigma”

African enigma =





THERE ARE MORE THAN 1500 GENES IN H. PYLORI GENOME; SO NOVEL
VIRULENCE FACTORS SHOULD BE EXISTED!!!

The genome of H. pylori



• Characterizing and mapping the population structure of H. pylori 
across Africa using an expanded dataset incorporating both public 
and unpublished genomic sequences 

• Exploring the potential impact of the genetic diversity and 
population structure on the pathogenicity and the clinical 
relevance of H. pylori isolates colonizing Africa

• Characterizing key virulence factors of H. pylori across Africa

• Discussing the H. pylori related gastric disease risk at the 
continent level

Aims



Methods

• New H. pylori genomes collected between 2018 – 2023 were 
sequenced using various platforms (i.e., MiSeq, Oxford Nanopore, 
HiSeq, and PacBio) 

• Published H. pylori genomes retrieved from NCBI and my lab. 
data.

• Population clustering using fineSTRUCTUCTURE, DAPC, and 
ML phylogenic at both the pangenome and MLST levels 

• Screening of the virulome using ABRICATE against a customized 
database (i.e., HpVDB) with 200 species specific genes
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SA34A
SA34C
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SA253A
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SA172C
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SA29A
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GAM210Bi
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GAM265BSii
GAM120Ai
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GAMchJs136i
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GAM96Ai

GAM260BSi
GAM101Biv
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GAM239Bi
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H. pylori population genetics and ancestry through the African continent (fineSTRUCTURE; n=387)

H. pylori population genetics in Africa: inferences from an expanded dataset  

Cumulated population Genetics of H. pylori Across the 

African Continent 

(~ 1000 MLST sequences from pubMLST and Yamaoka Lab)



Geographic distribution of H. pylori population genetics through the African continent 
(~ 1000 MLST sequences from pubMLST and Yamaoka Lab)

Country n %
1Algeria 7 0.8
2Angola 23 2.5
3Burkina Faso 14 1.5
4Cameroon 125 13.5
5Cape Verde 7 0.8
6Congo* 105 11.3
7Egypt 4 0.4
8Eritrea 2 0.2
9Ethiopia 48 5.2

10Kenya* 67 7.2
11Madagascar 24 2.6
12Morocco 8 0.9
13Mozambique 1 0.1
14Namibia 14 1.5
15Nigeria** 16 1.7
16Senegal 83 9.0
17Somalia 2 0.2
18South Africa 233 25.1
19Sudan 63 6.8
20The Gambia 81 8.7

Geographical distribution of H. pylori population genetics across African countries 



Distribution of Virulence Factors in H. pylori Genomes from Africa: An Overview
 (387 genome sequences from NCBI and Yamaoka Lab)

Non-African reference genomes

Origin countries of H. pylori genomes (n=387)

Population genetics of H. pylori genomes (n=387)

Phylogeographic Distribution of key H. pylori Virulence Factors Across Africa



DISTRIBUTION OF H. PYLORI VIRULENCE GENES ENCODED AMONG AFRICAN POPULATION 
GENETICS



Distribution of different classes of Virulence Factors within H. pylori Genomes from Africa

Distribution of H. pylori virulence 
factors across Africa



H. pylori cag PAI structure 
across Africa

Distribution of the H. pylori cag PAI across Africa and its population genetics

H. pylori cag PAI across African 
population genetics



Distribution and typing of the H. pylori cagA gene across Africa and its population genetics

H. pylori cagA across African population 
genetics

H. pylori cagA types across African 
population genetics



VacA

Suzuki, Shiotaa, and Yamaoka. Infect Genet Evol, 2012

27-bp del.

69-81-bp del.

73-bp del.
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s1m2

s2m2

virulence



Typing of H. pylori Vacuolating Cytotoxin Antigen A (VacA) across Africa

Distribution of H. pylori VacA
types across Africa

Distribution of H. pylori VacA types across African
population genetics



Conclusion 

• Unlike others, hpAfrica1 isolates mostly exhibited a complete cag PAI, 
featuring a CagA oncoprotein with Western ABC-type EPIYA patterns, a 
s1m1i1d1-type VacA, as well as 'ON'-type OipA and type 1 HopQ OMPs.

• In contrast, hpAfrica2 and hpEurope isolates did not encode both the cagPAI 
region and the cagA gene while hpNEAfrica isolated exhibited a mixed 
virulence profile

• The species' population structure shapes the virulence of H. pylori in Africa 
with hpAfrica1, the most extended and most virulent African population. 

• These insights are pivotal for understanding the interplay between H. pylori 
genetic diversity and its pathogenicity, thereby informing targeted therapeutic 
strategies tailored to specific population subgroups.
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Foreign Students Apartments with free Wi-Fi (only 8,000 Yen per month = 55 USD)
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