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Abstract
IBS, Helicobacter Pylori (HP) is a Gram-negative bacteria that selectively colonizes the gastric epithelium. The bacteria have
been associated with peptic ulcer disease (PUD), gastric adenocarcinoma, and mucosa associated lymphoid tissue lymphoma. The association between HP and gastric cancer (GC) remains a matter of intense debate owing to the fact that the consequences of the infection depends on multiple genetic and environmental interactions. The ‘African Enigma’ which was
reported more than two decades ago, describes the high prevalence of HP with an apparently low incidence of PUD and GC
in Africa. Despite the dramatic advances in our understanding of the gut microbiome since the Enigma was first described,
the real causes remain unknown. This review will discuss the many attempts to explain the African Enigma, such as role of
HP in the gastric microbiome, the interactions between HP and parasitic infections and the unique African diet which is rich
in antioxidants, and the reasons why some have denied its existence.
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Introduction
Up until relatively recently, the stomach was considered a
sterile environment due to the sterilizing effect of gastric
acid. Peptic ulcers were considered to be caused by acid hypersecretion and treatment was acid suppression or surgical
removal of the acid producing parietal cells. The landmark
studies of Marshall and Clark [1] revolutionized our knowledge of gastric physiology and ulcerogenesis when they
demonstrated that bacteria existed in the stomach and were
associated with ulceration. The predominant bacteria identified, was Helicobacter pylori (HP). Furthermore, the removal of HP by triple antibiotics established the first ‘curative’
medical therapy for peptic ulceration.
HP is a gram-negative bacterial pathogen that selectively

colonizes the gastric epithelium and is best associated with
chronic active gastritis, but also with peptic ulcer disease
(PUD), gastric adenocarcinoma, and mucosa associated lymphoid tissue (MALT) lymphoma. Since 1994, HP has been
recognized as a type I carcinogen for gastric cancer (GC)
development by the International Agency for Research on
Cancer (IARC) [2]. Interestingly, the association between HP
and gastric complications is not strong, and it is important
to note that the majority of people in the world harbor HP in
their stomachs with no proven consequences. Perhaps the
highest incidence is in Africa, where the ‘normal’ state is to
carry HP. Despite this, peptic ulceration and gastric cancer
are uncommon, leading to the term the “African Enigma”. After the original observations by Holcombe [3], researchers
from other geographical locations such as Thailand, India,
Bangladesh, Pakistan, Iran, Saudi Arabian countries, Israel
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and Malaysia [4-7] have also confirmed the high prevalence
of the HP infection along with low incidence of GC and even
named it the ‘Asian Enigma’ [5].
Our recent results [8], have confirmed that HP is almost ubiquitous in rural Africans compared to African American controls,
confirming our previous work that showed that trend [9]. The
chronic HP infection in rural African might explain the high
Ki67 mucosal proliferation that we observed in gastric mucosa
of the studied group (Figure 1). But, despite the high HP colonization in rural Africans, the GLOBOCAN 2012 data shows
that GC in South Africa is not amongst the five most common
cancers in the country [10].

2
Continent

Incidence (Male/female)

Mortality(Male/female)

Africa

4

3.8

Asia

18.5

13.4

North America

4.2

2.1

South America

12.4

10.2

Europe

10.3

7.9

Australia

5.3

3.1

* - /100,000
Table 2: Incidence and Mortality of GC based on Contient [10]*.

Factors Affecting Disease Progression
Host Genetic Predisposition

Figure 1: High Ki67 in gastric epithelia of Rural Africans residing in
South Africa.

In Africa, the correlation between HP and GC seems to depend
on the geographical location; being highest in East Africa and
lowest in South Africa [10] (Table 1). Overall, the incidence
in Africa is lower than all the other major continents (Table
2) [10]. With the progressive westernization of the African
diet and habits, the risk of Africans getting GC is expected to
change. It is important to focus more research on this field
in order to prevent the possible outcome of these developing
countries experiencing a public health ‘double burden’ of cancer in addition to that of infectious diseases.
Incidence (Male/female)

Mortality(Male/female)

North Africa

African Region

3.2

3.0

East Africa

4.7

4.6

Central Africa

4.0

4.8

South Africa

3.0

2.8

West Africa

3.8

3.7

* - /100,000
Table 1: Incidence and Mortality of GC hased on African geography
[10]*.

The general host immune response has been established as an
important determinant of disease progression. Immune polymorphisms in IL1B, IL1RN [11], IL-8 [12], IL-10 [13,14], TNF
α and IFN γ [15], has been shown to correlate with chronic
HP infection and GC [16,17]. All these cytokines play different
roles in the immune response; IL-1 modulates stomach acidity,
IL-8 regulates the proliferation of the endothelial cells, IL-10
is an inflammatory down regulator and TNF α is an inflammatory up regulator. Most of the SNPs found were located in
the promotor regions of these genes, thereby directly affecting
gene expression [17].

The most important associations was found with IL1RN2,
which was shown to be associated with an increased GC risk
and IL1RN22, which was found to be associated with decreased GC risk. In Asians, IL1B-31 has been shown to be associated with reduced GC risk. IL10-1082G showed an increased
GC risk in Asians and decreased GC in non-Asians [17]. In East
Africans, IL-1 β -511 and IL-1 RN-L/L have been found to exist
more in HP infected individuals suffering from Gastritis, PUD
and GERD [18]. Overall, it is clear that there is scarce data on
the association between genetic polymorphisms and HP disease prevalence in Africans.
HP Virulence Factors

Polymorphisms in several virulence genes of HP has been
shown to be detrimental in the pathogenesis of the disease;
they include cytotoxin-associated gene A antigen (CagA) and
vacuolating cytotoxin (VacA) factor [19]. The cag pathogenicity island (cag PAI) is a 40-kb DNA insertion element that is
flanked by a 31-bp direct repeats and encodes one of the most
important HP proteins, CagA. At least, 18 different Cag genes
have been shown to be components of the type IV cag secretion system, which transports proteins post processing and
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modification into the host epithelial cells. The Cag pathogenicity island genes, unlike the vacA genes, do not exist in all HP
strains. The CagA is the basis of the HP classification based on
the genotype; CagA+ are either vacA s1 m1 or m2 genotype.
While CagA- are vacA s2/m2 genotype [20]. Cag+ has been
shown to be associated with an increased risk of gastritis and
GC when compared to Cag- [19,21,22].

CagA becomes phosphorylated at the glutamateproline-isoleucine-tyrosine-alanine (EPIYA) motifs in the host cells by Src
family kinases and this leads to a disruption of a variety of cellular proteins that have been implicated in carcinogenesis. The
phosphorylation at the EPIYA motifs (A-D) has been shown to
correlate with the geographical distribution of HP. Up to 70%
of Western HP strains and almost all of the East Asian strains
express CagA. The East Asian CagA strain (EPIYA, D) has been
reported to be more virulent than the Western CagA (EPIYA A,
B) and to be associated with more severe gastritis and GC [2325]. The East Asian cagA is exclusively observed in East Asia,
whereas the Western type cagA is widely distributed through
Europe, South and central Asia, North and South American and
regions in Africa [26].
The pathogenesis of CagA has been attributed to both the
phosphorylated and unphosphorylated forms. The phosphorylated CagA interacts with tyrosine phosphatase and affects
the Ras/Erk pathway which regulates downstream both the
NFkB dependent genes and the Elk-1 dependent genes; both
groups playing crucial roles in the immunomodulation of the
inflammatory response [21,27]. The crk and csk/Src on the
other hand have been shown to play a role in the morphological changes of HP related to actin cross linking. Non-phosphorylated CagA targets at least seven different host intracellular
pathways. They are Elk-1 dependent genes, NFkB dependent
genes, NFAT dependent genes Wnt/β-catenin dependent genes
PAR1 kinase, ZO-1/JAM and C-Met [21,27]. These pathways
overall also affect the immunomodulatory, morphology, cell
migration and cell growth [21,27]. CagA has also been shown
to play a role in the degradation of p53, an important tumor
suppression protein that is often referred to as ‘the guardian
of the genome’ [28].

VacA is a 140 kDa protein that undergoes post translational
modification before being released as the active end product
causing alteration in the host cell endosomal maturation, and
subsequent epithelial cell vacuolation. Similar to Cag, VacA
shows variations based on strains [29,30]. Overall, VacA suppresses the T-cell responses to HP, protecting the bacterium
from autophagy [31,32]. VacA has been to shown to play a role
in the process of ulceration by binding to receptor-type protein tyrosine phosphatase (RPTPβ) disrupting cell adhesion
and proliferation [33].
In a previous attempt to understand the role of CagA and VacA

in the pathogenesis and progression of GC in South Africa,
Louw et al. found that the absence of vacA subtype s2 and the
presence of an extended cagA-3′ length might be suggestive of
developing GC in HP infected patients [34]. In a study in West
Africa, mixed infection with cagA positive and cagA negative
strains, was shown to be more prevalent in the study group
with non-ulcerative disease, when compared to the group
with gastric diseases [35]. Further work and larger studies are
crucial to further assess and understand the effect of genetic
polymorphisms and HP genotypes in the African setting. Unfortunately, the exact HP cag strains in rural Africans have not
yet been sequenced.
Stomach Microbiome

Recent developments in the measurement of the gut microbiome have shown that HP is not alone in its ability to survive
in the acid environment of the stomach. Consequently, interactions between HP and other microbes may also explain
variations in the pathogenicity of HP [36,37]. Many scientists
believe that HP is a normal component of the stomach microbiota because research has shown that it coexisted with humans
since man migrated out of Africa 60,000 years ago [38,39]. This
co-evolutionary existence might explain partially the reason
why HP has been shown to have such a wide genetic diversity.
Sequencing of the gastric microbiome has demonstrated more
than 130 bacterial phylotypes which can be organized in up to
thirteen different phyla [39,40]. Overall, the human gastric microbiota can, like the rest of the gut microbiota, be divided into
5 major phyla, including Bacteroidetes, Firmicutes, Proteobacteria, Actinobacteria, and Fusobacteria [40,41].

The effect of HP infection on the gastric microbiome has not
yielded consistent results [40, 42-45]. Significant differences
have been found in the microbiome of HP positive and negative individuals by Maldonado-Contreras et al. [43]. The HP
positive subjects had higher Proteobacteria (not including HP)
and Acidobacteria, whereas, HP negative patients had higher
prevalence of Actinobacteria and Firmicutes [43]. On the other hand, gene sequencing done by another group showed no
differences in mircobiome composition based on HP existence
[40].
The potentiating role of HP in gastric carcinogenesis was
shown experimentally by Lee et al. in transgenic INS-GAS mice
[46]. Transgenic INS-GAS mice overexpress gastrin leading to
increased parietal cell number and overall gastric acid production as early as 1-3 months of age. By 4-6 months, the mice
develop hypochlorhydria, gastric atrophy, metaplasia and dysplasia. Eventually, by 7-9 months of age, all the INS-GAS mice
develop GC. Introducing HP into the gut of these animals orally,
lead to a higher rate of GC than the controls. Treating the mice
with an antibiotic against HP delayed GC progression in these
animals [46]. The interaction between HP and the stomach mi-
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crobiome in INS-GAS mice was also found to be an important
factor affecting the rate and severity of gastritis; the complexity of the commensal flora was found to be associated with less
HP induced gastritis [47]. Overall, it is clear that this field is
rapidly advancing; understanding the role of HP in the gastric
microbiome of patients from different geographical settings
will probably lead to better understanding. Further research is
desperately needed to better understand the normal composition and function of the human gastric microbiome, and how it
protects us from environmental challenges.
Diet

Epidemiological research has shown that high red meat,
heme iron [48] and salt may lead to an increased risk of HP
infection. Recent experimental evidence using human samples
[49] and animal models [50] also support this. Recent work
by Poplawski et al. showed that that DNA damage induced
by heterocyclic amines present in red meat was significantly
higher in HP infected gastric cells when compared to healthy
ones [49]. In Mongolian gerbils, the infection with HP in association with high salt in diet lead to all the animals developing
GC, when compared to WT-infected/regular-diet animals that
showed ≈58% GC development [50].

The antioxidants content in diet might be a significant factor
reducing HP pathogenicity [48, 51]. These results seem interesting, our results have shown that the African diet which is
rich in fiber and antioxidant does not confer any protection
from HP infection [8]; taking into account the reduced overall risk of GC and PUD in rural Africans, the high antioxidant
content of the diet might be protecting these individuals from
gastric diseases despite the high HP infectivity. Fresh fruits and
vegetables have been shown to be associated with a reduced
risk of GC [22]. Our results [8] seem to accord with those of
Epplein et al. [52], which showed that higher carotene levels
might be a factor that decreases HP associated GC. We found
the rural African diet is richer in carotene when compared to
the normal western diet [8]. Most studies assessing GC, HP and
diet used case-control models; this makes driving causative
conclusions impossible. In addition, most studies used serological assessment of HP, which does not always correlate with
the disease [9, 22]. Furthermore, the protective role of fresh
fruits and vegetables in GC is an important confounding factor
that needs to be addressed in future studies before concluding
that these factors decrease HP related GC in specific.
Parasitic Infections

One of the possible explanations for the enigma; include the
co-infection with helminthes [53], which has been shown to reduce the extent of HP gastritis most likely due to an enhanced
systemic immunity in response to the intestinal infection. In
a Colombian study, infection with the intestinal parasite As-

caris and Toxoplasma was shown to correlate with decreased
HP infection as evidenced by the IgG and IgE responses [54].
Similar results were observed in a Chinese cohort, where decreased HP IgG titres and CagA seropositivity was seen when
the patients were co-infected with the intestinal parasite,
Schistosoma Japonicum [53]. In addition, in an Egyptian study,
intestinal schistomiasis caused by Schistosoma mansoni was
associated with less severe HP gastritis as confirmed by multiple approaches including endoscopy [55]. These important
observations and others were also supported by experimental
evidence by Martin et al. who showed that the immunological
response to filaria resulted in changes in the extent of gastritis
in the gerbil model [56]. Similar study designs have not been
replicated yet in African cohorts.
Other Factors

The lack of efficient medical recording, low life expectancy,
unavailability of endoscopic services and the vagueness of
GC presentation all added to the difficulty of unravelling the
enigma. The low life expectancy and the late age onset of GC
seemed convincing enough to some researchers to doubt the
existence of the enigma, however the early infection onset and
the extent of the infection was probably missed. In a previous
attempt to understand the enigma, we investigated the association between HP sero-positivity, endoscopic assessment and
clinical outcome in rural Africans. The results showed no association between sero-positivity and HP gastritis, PUD or GC.
Patients with non-ulcer dyspepsia showed similar seropositivity to others with gastric diseases. Our results confirmed that
in African cohorts HP serological testing does not correlate
with clinical outcome and that endoscopic assessment is a crucial tool that should be implemented in the assessment of HP
in Africans [9]. Table 3. Possible Explanations for the African Enigma
1. Different interaction between HP and gastric microbiome.
2. Consumption of diet rich in fiber and antioxidants.
3. Co-infection with intestinal parasites.
4. Prevalence of different less pathogenic strains of HP in rural Africans.
5. Lack of efficient medical recording and statistics in Africa.
6. Lack of efficient diagnostic tools and/or personnel for HP and upper GI diagnosis.
7. Early mortality related to other infectious causes such as Malaria.

Table 3. Possible Explanations for the African Enigma.

Conclusion

Despite the fact that more than 20 years have passed since the African enigma was first described, the causes of the enigma remains
unresolved; although there are some possible explanations (Table
3). Whilst HP certainly plays a role in peptic ulceration and GC, large
sections of the world’s populations have HP colonization throughout
their lives, but never get these diseases. The fact that HP is present in
most if not all rural Africans suggest that the microbe is part of the
normal gastric microbiota, and that it only potentiates disease when
host or environmental conditions change. Thus general HP eradication programs of asymptomatic populations might result in more
harm than good, as the associated disturbances in the gut microbi-
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ome, which can last years after discontinuation of therapy, are likely
to prove more harmful to the host. Better understanding of the gastric microbiota and the HP strains prevalent in the southern region of
Africa and in rural Africans in particular might lead to better understanding of the relationship between HP, PUD and GC.
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1. Marshall B J and J R Warren. Unidentified curved bacilli in the stomach of patients with gastritis and peptic ulceration. Lancet. 1984,
1(8390): 1311-1315.

15. Tahara T, Shibata T, Yamashita H, Yoshioka D, Okubo M et al. Synergistic effect of IL-1beta and TNF-alpha polymorphisms on the H. pylori-related gastric pre-malignant condition. Hepatogastroenterology.
2012, 59(120): 2416-2420.

References

2. Parkin D M, Bray F, Ferlay J, Pisani P. Global cancer statistics, 2002.
CA Cancer J Clin. 2005, 55(2): 74-108.

14. Assis S, Cintia Rodrigues Marques, Thiago Magalhães Silva, Ryan
Santos Costa, Neuza Maria Alcantara-Neves et al. IL10 single nucleotide polymorphisms are related to upregulation of constitutive IL-10
production and susceptibility to Helicobacter pylori infection. Helicobacter. 2014, 19(3): 168-173.

3. Holcombe C. Helicobacter pylori: the African enigma. Gut. 1992,
33(4): 429-431.

16. Zambon C F, Basso D, Navaglia F, Belluco C, Falda A et al. Pro- and
anti-inflammatory cytokines gene polymorphisms and Helicobacter
pylori infection: interactions influence outcome. Cytokine. 2005,
29(4): p. 141-152.

5. Hirai I, Sasaki T, Kimoto A, Yamamoto Y, Azuma T et al. Infection
of less virulent Helicobacter pylori strains in asymptomatic healthy
individuals in Thailand as a potential contributing factor to the Asian
enigma. Microbes Infect. 2010, 12(3): 227-230.

18. Kimang’a A N. IL-1B-511 Allele T and IL-1RN-L/L Play a Pathological Role in Helicobacter Pylori (H. Pylori) Disease Outcome in the
African Population. Ethiop J Health Sci. 2012, 22(3): 163-169.

4. Goh K L. Epidemiology of Helicobacter pylori infection in Malaysia--observations in a multiracial Asian population. Med J Malaysia.
2009, 64(3): 187-192.

6. Bhurgri Y, Pervez S, Kayani N, Haider S, Ahmed R et al. Rising incidence of gastric malignancies in Karachi, 1995- 2002. Asian Pac J
Cancer. Prev. 2009, 10(1): 41-44.

7. Graham D Y, H Lu, and Y Yamaoka. African, Asian or Indian enigma,
the East Asian Helicobacter pylori: facts or medical myths. J Dig Dis.
2009, 10(2): 77-84.
8. Kaseb H, Mohammed K, Ou J, O’Keefe S J. Tu1898 Interactions Between Diet, Mucosal Proliferation and GI Cancer Risk in Rural Africans and African Americans. Gastroenterology. 2014, 146(5): 867.

9. O’Keefe S J, Salvador B, Nainkin J, Majiki S, Stevens H et al. Empiric
treatment based on Helicobacter pylori serology cannot substitute for
early endoscopy in the management of dyspeptic rural black Africans.
S Afr Med J. 2000, 90(11): 1129-1135.
10. Asombang A W, R Rahman and J A Ibdah. Gastric cancer in Africa: current management and outcomes. World J Gastroenterol. 2014,
20(14): 3875-3879.
11. El-Omar E M, Carrington M, Chow WH, McColl KE, Bream JH et al.
Interleukin-1 polymorphisms associated with increased risk of gastric cancer. Nature. 2000, 404(6776): 398-402.

12. Ohyauchi M, Naoki Ohmiya, Kennosuke Shirai, Nobuyuki Mabuchi,
Akihiro Itoh et al. The polymorphism interleukin 8 -251 A/T influences the susceptibility of Helicobacter pylori related gastric diseases in
the Japanese population. Gut. 2005, 54(3): 330-335.

13. Xue H, Naoki Ohmiya, Kennosuke Shirai, Nobuyuki Mabuchi, Akihiro Itoh et al. A meta-analysis of interleukin-10 -592 promoter polymorphism associated with gastric cancer risk. PLoS One. 2012, 7(7):

17. Persson C, Canedo P, Machado JC, El-Omar EM, Forman D. Polymorphisms in inflammatory response genes and their association
with gastric cancer: A HuGE systematic review and meta-analyses.
Am J Epidemiol. 2011, 173(3): 259-270.

19. McNamara D and E El-Omar. Helicobacter pylori infection and the
pathogenesis of gastric cancer: a paradigm for host-bacterial interactions. Dig Liver Dis. 2008, 40(7): 504-509.
20. Yamaoka Y. Pathogenesis of Helicobacter pylori-Related Gastroduodenal Diseases from Molecular Epidemiological Studies. Gastroenterol Res Pract. 2012, 2012: 371503.

21. Wroblewski LE, RM Peek Jr, and KT Wilson. Helicobacter pylori
and gastric cancer: factors that modulate disease risk. Clin Microbiol
Rev. 2010, 23(4): 713-739.
22. Bonequi P, Meneses-González F, Correa P, Rabkin CS, Camargo MC.
Risk factors for gastric cancer in Latin America: a meta-analysis. Cancer Causes Control. 2013, 24(2): 217-231.
23. Nguyen LT. Helicobacter pylori virulence and the diversity of gastric cancer in Asia. J Med Microbiol. 2008, 57(Pt 12): 1445-1453.

24. Higashi H, Ryouhei Tsutsumi, Akiko Fujita, Shiho Yamazaki, Masahiro Asaka et al. Biological activity of the Helicobacter pylori virulence
factor CagA is determined by variation in the tyrosine phosphorylation sites. Proc Natl Acad Sci U S A. 2002, 99(22): 14428-14433.
25. Naito M, et al., Influence of EPIYA-repeat polymorphism on the
phosphorylation-dependent biological activity of Helicobacter pylori
CagA. Gastroenterology. 2006, 130(4): 1181-1190.
26. Yamaoka Y, Yamazaki T, Tsutsumi R, Higashi H, Onoe K, Yamazaki
S et al. Helicobacter pylori in North and South America before Columbus. FEBS Lett. 2002, 517(1-3): 180-184.

27. Wen S and S F Moss. Helicobacter pylori virulence factors in gas-

Cite this article: Keefe S J O. The ‘African Enigma’ Revisited. J J Gastro Hepato. 2014, 2(1): 011.

Jacobs Publishers

6

tric carcinogenesis. Cancer Lett. 2009, 282(1): 1-8.

28. Ruggiero P. Helicobacter pylori infection: what’s new. Curr Opin
Infect Dis. 2012, 25(3): 337-344.

29. Cover T L and M J Blaser. Purification and characterization of
the vacuolating toxin from Helicobacter pylori. J Biol Chem. 1992,
267(15): 10570-10705.

et al. Participation of microbiota in the development of gastric cancer.
World J Gastroenterol. 2014, 20(17): 4948-4952.

43. Maldonado-Contreras A, Goldfarb KC, Godoy-Vitorino F, Karaoz U,
Contreras M et al. Structure of the human gastric bacterial community
in relation to Helicobacter pylori status. ISME J. 2011, 5(4): 574-579.

30. Leunk R D. Production of a cytotoxin by Helicobacter pylori. Rev
Infect Dis. 1991, 13 Suppl 8: S686-S689.

44. Mai Ping Tan, Maria Kaparakis, Maja Galic, John Pedersen, Martin
Pearse et al. Chronic Helicobacter pylori infection does not significantly alter the microbiota of the murine stomach. Appl Environ Microbiol. 2007, 73(3): 1010-1013.

32. Sundrud M S, et al. Inhibition of primary human T cell proliferation by Helicobacter pylori vacuolating toxin (VacA) is independent
of VacA effects on IL-2 secretion. Proc Natl Acad Sci U S A. 2004,
101(20): 7727-7732.

46. Lee CW, Rickman B, Rogers AB, Ge Z, Wang TC et al., Helicobacter
pylori eradication prevents progression of gastric cancer in hypergastrinemic INS-GAS mice. Cancer Res. 2008, 68(9): 3540- 3548.

31. Roesler BM, E M Rabelo-Goncalves and JM Zeitune. Virulence Factors of Helicobacter pylori: A Review. Clin Med Insights Gastroenterol.
2014, 7: 9-17.

33. Fujikawa A, Victor J Torres, Derya Unutmaz, and Timothy L Cover
et al. Mice deficient in protein tyrosine phosphatase receptor type Z
are resistant to gastric ulcer induction by VacA of Helicobacter pylori.
Nat Genet. 2003, 33(3): 375-381.

34. Louw J A, Kidd MS, Kummer AF, Taylor K, Kotze U et al. The relationship between Helicobacter pylori infection, the virulence genotypes of the infecting strain and gastric cancer in the African setting.
Helicobacter. 2001, 6(4): 268-273.

35. Secka O, Antonio M, Berg DE, Tapgun M, Bottomley C et al. Mixed
infection with cagA positive and cagA negative strains of Helicobacter
pylori lowers disease burden in The Gambia. PLoS One. 2011, 6(11):
e27954.
36. Correa P. A human model of gastric carcinogenesis. Cancer Res.
1988, 48(13): 3554-3560.

37. Correa P. Human gastric carcinogenesis: a multistep and multifactorial process--First American Cancer Society Award Lecture on Cancer Epidemiology and Prevention. Cancer Res. 1992, 52(24): 67356740.
38. Falush D, Thierry Wirth, Bodo Linz, Jonathan K. Pritchard, Matthew Stephens et al. Traces of human migrations in Helicobacter pylori populations. Science. 2003, 299 (5612): 1582-1585.

39. Li X-X, Wong GL-H, To K-F, Wong VW-S, Lai LH. Bacterial microbiota
profiling in gastritis without Helicobacter pylori infection or non-steroidal anti-inflammatory drug use. PLoS One. 2009, 4(11): e7985.

40. Bik EM, Eckburg PB, Gill SR, Nelson KE, Purdom EA et al. Molecular analysis of the bacterial microbiota in the human stomach. Proc
Natl Acad Sci U S A. 2006, 103(3): 732-737.
41. Zilberstein B, Quintanilha AG, Santos MA, Pajecki D, Moura EG et
al. Digestive tract microbiota in healthy volunteers. Clinics (Sao Paulo). 2007, 62(1): 47-54.

42. Li-Li Wang, Xin-Juan Yu, Shu-Hui Zhan, Sheng-Jiao Jia, Zi-Bin Tian

45. Osaki T, Matsuki T, Asahara T, Zaman C, Hanawa T et al. Comparative analysis of gastric bacterial microbiota in Mongolian gerbils after
long-term infection with Helicobacter pylori. Microb Pathog. 2012,
53(1): 12-18.

47. Lertpiriyapong K, Whary MT, Muthupalani S, Lofgren JL, Gamazon
ER et al. Gastric colonisation with a restricted commensal microbiota replicates the promotion of neoplastic lesions by diverse intestinal
microbiota in the Helicobacter pylori INS-GAS mouse model of gastric
carcinogenesis. Gut. 2014, 63(1): 54-63.
48. Epplein M, Zheng W, Li H, Peek RM Jr, Correa P et al. Diet, Helicobacter pylori strain-specific infection, and gastric cancer risk among
Chinese men. Nutr Cancer. 2014, 66(4): 550-557.

49. Poplawski T, Chojnacki C, Czubatka A, Klupinska G, Chojnacki J et
al. Helicobacter pylori infection and antioxidants can modulate the
genotoxic effects of heterocyclic amines in gastric mucosa cells. Mol
Biol Rep. 2013, 40(8): 5205-5212.

50. Gaddy JA, Radin JN, Loh JT, Zhang F, Washington MK et al., High
dietary salt intake exacerbates Helicobacter pylori-induced gastric
carcinogenesis. Infect Immun. 2013, 81(6): 2258-2267.
51. Stanner S.A, et al. A review of the epidemiological evidence for
the ‘antioxidant hypothesis’. Public Health Nutr. 2004, 7(3): 407-422.

52. Epplein M, Nomura AM, Hankin JH, Blaser MJ, Perez-Perez G et
al. Association of Helicobacter pylori infection and diet on the risk of
gastric cancer: a case-control study in Hawaii. Cancer Causes Control.
2008, 19(8): 869-877.
53. Du Y, Agnew A, Ye XP, Robinson PA, Forman D et al. Helicobacter
pylori and Schistosoma japonicum co-infection in a Chinese population: helminth infection alters humoral responses to H. pylori and serum pepsinogen I/II ratio. Microbes Infect. 2006, 8(1): 52-60.

54. Ek C, Whary MT, Ihrig M, Bravo LE, Correa P et al. Serologic evidence that ascaris and toxoplasma infections impact inflammatory
responses to Helicobacter pylori in Colombians. Helicobacter. 2012,
17(2): 107-115.
55. Abou Holw S A, Anwar MM, Bassiouni RB, Hussen NA, Eltaweel HA
et al. Impact of coinfection with Schistosoma mansoni on Helicobacter

Cite this article: Keefe S J O. The ‘African Enigma’ Revisited. J J Gastro Hepato. 2014, 2(1): 011.

Jacobs Publishers
pylori induced disease. J Egypt Soc Parasitol. 2008, 38(1): 73-84.

56. Martin HR, Shakya KP, Muthupalani S, Ge Z, Klei TR et al. Brugia
filariasis differentially modulates persistent Helicobacter pylori gastritis in the gerbil model. Microbes Infect. 2010, 12(10): 748-758.

Cite this article: Keefe S J O. The ‘African Enigma’ Revisited. J J Gastro Hepato. 2014, 2(1): 011.

7

