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Summary

Helicobacter pylori is ubiquitous in Africa, with
acquisition in childhood the rule. Despite the
prevalence of a virulent strain (in Soweto, most
H. pylori organisms are cagA- and vacAS1-positive)
H. pylori-associated pathology (duodenal ulcer,
gastric ulcer and gastric cancer) has a variable,
often low distribution in sub-Saharan Africa that
does not parallel H. pylori prevalence in the
population, suggesting a different natural history
from that seen in developed countries. Progression
to atrophic gastritis in Africans does not appear

to differ from that reported in other regions, but
as yet unidentified factors may play a role in
inhibiting progression to gastric cancer. Studies
have suggested that the specific IgG subclass
response to H. pylori is predominately IgG1

(suggestive of a Th2 response), and the Th2
response may provide a protective effect against
development of gastric cancer. Host immune
mechanisms may be the key to different responses
to H. pylori in the developed and developing
worlds.

Introduction

Since the discovery of the vital role that
Helicobacter pylori plays in upper gastroduodenal
disease, a ripple effect has been observed which has
resulted in new insights into the impact of H. pylori
on pathology and physiology of the stomach. Of
interest in this respect is the ‘African enigma’—a
high prevalence of H. pylori with an apparently low
incidence of gastric cancer.1 We explored various
aspects of this enigma, to better understand the
background and role of H. pylori in gastroduodenal
disease in Africa.

Helicobacter pylori infects more than half
the world’s population. The prevalence of the
infection varies, however, both among countries
and within different racial groups resident within

the same country. In both developed and
developing countries, the highest rates of infection
are associated with low socio-economic status,
crowding, poor sanitation and unclean water
supplies.2

In general, in developing countries )50% of
children are infected by the age of 10 years, the
prevalence of infection rising to )80% in young
adults.3 In contrast in the majority of developed
countries, children become infected at a rate of less
than 1% a year.2 Indeed, it is this significant dif-
ference in the rate of childhood acquisition of
infection that is responsible for the differences in
prevalence of H. pylori infection observed between
developed and developing countries.2
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Epidemiology of H. pylori in
sub-Saharan Africa

Serological studies conducted in different regions of
Africa have shown that the majority of subjects are
infected with H. pylori, 61–100% having anti-
bodies to H. pylori.1,4 In the Ivory Coast, 55% of
children aged -10 years have been reported to be
infected, while in northern Nigeria and Gambia,
50% of children under 5 years are infected.1 Studies
in South Africa have shown acquisition at an
early age. Indeed, South African children from
Bloemfontein aged 0–1 year have been reported to
have a seropositivity rate of 41%, although this rate
may be an overestimate, as maternal antibodies
were not considered.5 A recent study in Soweto
found 46% of children at 1 year and 100% of
children at 12 years to be infected with H. pylori.4

H. pylori-associated pathology
in sub-Saharan Africa

Duodenal ulcer (DU)

Tovey and Tunstall6 have shown that there is a
definite geographical pattern to the distribution of
duodenal ulcer in sub-Saharan Africa, with a high
incidence being reported in the Nile/Congo water-
shed and coastal regions of West Africa. High
incidence rates of duodenal ulcer have also been
reported in a number of major cities of Africa
(Johannesburg,7 Durban,8 Nairobi6 and Mombasa6).
In a recent study by Kidd et al., 26% of patients
with dyspepsia had DU, and of these H. pylori was
present in 90%.9

Gastric ulcer (GU)

Gastric ulcer is uncommon in Africa, occurring
6–30 times less commonly than DU.6 In developed
nations, the ratio of DU : GU is between 3 : 1 and
4 : 1.6 In Africa, a wide range of DU:GU ratios has
been reported varying from 3 : 1 to 15–20 : 1.1,7,10

A retrospective endoscopic review of dyspeptic
patients from 12 African countries found that 7%
had GU, and that H. pylori was present in 75% of
these patients.9

Gastric cancer

Gastric cancer has a generally low but variable
incidence in Black populations of sub-Saharan
Africa. Holcombe suggests that in the absence of
accurate population statistics, the most useful
indicator of tumour incidence is the proportional
frequency of one tumour compared with that of

all other tumours.1 Using this index, gastric cancer
accounts for -2% of all malignant tumours in
northern Nigeria, and only 2–3% of malignancies
in the Sudan.1 The mean rate in South Africa per
100 000 population is 2.6,11 in Gambia 2.7,12

Uganda 4.2,13 Mali 15.312 and Zimbabwe
(Harare) 16.1.12 Data on the incidence of gastric
cancer show opposite trends in relative proportions
in Ibadan (falling) and Bulawayo (rising).14 In
Africa, in the majority of cases, cancers were
reported to be located in the gastric antrum, were
of the intestinal type and occurred in patients aged
)50 years.15–20 The male : female ratio is 2 : 1 in
most parts of Africa.

Our experience in Soweto supports the low
incidence of gastric cancer in Black South
Africans.11 Hospital records from Chris Hani
Baragwanath Hospital show that from 1948 to
1964, gastric cancer accounted for 2.2% of all
cancers diagnosed, and in 1992 the figure was 2.8%,
representing on average of 40 cases annually.21

Chris Hani Baragwanath Hospital, with 3200 beds,
serves the population of Soweto which has grown
from half a million people in 1940 to 3–4 million
people in 1998.

Characteristics of H. pylori
in Soweto

H. pylori possesses numerous virulence factors.
Two well-characterized putative virulence determin-
ants are the cytotoxin-associated gene (cagA) and
the vacuolating cytotoxin gene (vacA). Studies in
developed countries have shown disease specific-
associations between infection with cagA-positive
and specific vacA-positive strains of H. pylori.25,26

In particular, carriage of cagA-positive strains of
H. pylori has been consistently associated with
increased levels of inflammation. cagA is part of
a large pathogenicity island, the cagPAI, which
encodes a type IV secretion system.27 This system
permits the transfer of bacterial proteins into the
host gastric mucosal epithelial cell, resulting in the
transcription of pro-inflammatory cytokines such
as IL-8, a molecule known to be responsible for
the recruitment of neutrophils.28,29 Up-regulation of
IL-8 is not associated with cagA directly, but has
been associated with a number of genes within the
cagPAI, in particular cagE.30,31

In a Sowetan study of 89 asymptomatic children
aged 6–15 years, 86.5% were infected with
H. pylori; 61% of these children were infected
with a vacA-positive strain of H. pylori and 87%
with a cagA-positive strain.22 In addition, in a study
of Sowetan adults, the majority of cag-positive
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strains of H. pylori carried the vacAS1 allele of the
vac gene, while most cag-negative strains carried
the vacAS2 allele.23,24 The DNA sequence motifs
at the right end of the cagPAI are similar in
Sowetans to those seen in the US and Europe.32

Discussion

H. pylori is ubiquitous in Africa, with acquisition in
childhood the rule. Most Sowetans studied have a
virulent organism. H. pylori-associated pathology
(DU, GU and gastric cancer) has a variable dis-
tribution in Africa which does not parallel the
prevalence of H. pylori in the population.

It has been suggested that prospective endo-
scopic studies might reveal a higher prevalence of
H. pylori-associated disease in Africa.9 However, if
this were the sole explanation, then in Africa a high
prevalence of H. pylori should be accompanied by
a high level of H. pylori-associated disease. This
does not seem to be the case in (e.g.) Soweto, where
the prevalence of gastric cancer is consistently low.

The following arguments have been advanced to
explain the ‘African enigma’.

(i) Patients may not present to hospital with
carcinoma of the stomach. However, people with
other high incidence cancers such as oesophageal
and cervix cancer seek help from hospitals; why
then should people with gastric cancer not report?

(ii) There is no denying that in symptomatic
patients a cancer incidence of 2.3% may be
observed. However, this is a skewed figure, as it
represents only symptomatic people and not the
vast majority of people harbouring H. pylori who
are asymptomatic.

(iii) Average life expectancy in sub-Saharan
Africa is much lower than in industrialized coun-
tries. However, the life expectancy in Black South
Africans has been reported to be 63 years33 (prior
to the AIDS epidemic). Given that H. pylori
acquisition occurs in early childhood, it would
be expected that in many patients gastric cancer
would present before 60 years of age.

(iv) In many Africans, H. pylori seems to have a
different natural history than in developed countries.
In a review article, Kuipers and Meijer33 have
suggested that the progression to atrophic gastritis
in the African population does not differ from that
reported in other regions, but that yet unidentified
factors may play a role in inhibiting progression to
gastric cancer.

(v) The immune response to infectious agents
leads to the expansion of particular CD4qve
T-helper (Th) cell subsets. Th1 cells are reported
to produce Interleukin (IL)–2, IL-12 and interferon
c (IFNc), and are associated with cell-mediated

immunity, while Th2 cells have been reported to
secrete Il-4, IL-5, IL-6, IL-10 and IL-13, and are
responsible for strong antibody responses, including
IgE-dependent allergies of the immediate type.34 In
general, Th1 responses are associated with intra-
cellular micro-organisms including bacteria, pro-
tozoa and fungi, whereas extracellular pathogens
induce Th2 responses. Studies to date have shown
that natural infection with H. pylori, which is by and
large an extracellular infection, leads to a Th1-
predominant response, with IL-2, IL-12, TNFa and
IFNc reported to be present in the gastric mucosa
of H. pylori-positive subjects.35–37 In contrast, the
Th2 cytokines IL-4 and IL-5 have been found to
be virtually absent in H. pylori infected subjects
although a number of studies have reported IL-10
to be present in the gastric mucosa of subjects
with H. pylori-related active gastritis.35,37,38

Recently, Fox et al.39 have provided evidence
for a possible explanation for the ‘African enigma’.
They showed that mice infected with Helicobacter
felis alone showed a Th1 response, but in mice
co-infected with H. felis and the helminth
H. polygyrus, there was a shift to a pattern of
cytokine expression consistent with a Th2 immune
response. This corresponded to a significant reduc-
tion in mucosal hyperplasia, mucosal metaplasia
and glandular atrophy. Thus, associated with the
Th2 immune response, there was a marked reduc-
tion in Helicobacter-associated corpus atrophy,
despite chronic inflammation and high Helico-
bacter colonization. If this is extrapolated to man,
then intestinal helminth infection may provide a
protective effect against development of gastric
atrophy and gastric cancer.

Given that animal models do not necessarily
replicate the human situation, Fox’s study and
Kuiper’s study, although in some respects contra-
dictory, indicate the complexity of biological
actions associated with H. pylori.

In a recent study, Mitchell et al.40 measured the
IgG subclass antibody response to H. pylori, con-
sidered to be a biomarker of the T helper cell
response, in Sowetan, German and Australian H.
pylori-positive subjects. In Sowetans, the specific
IgG subclass response to H. pylori was shown to be
predominately IgG1 (suggestive of a Th2 response)
whereas that in the Australian and German popula-
tion was predominately IgG2 subclass (suggestive
of a Th1 response). Interestingly, in a study by Ally
et al.41 to determine the total IgE antibody levels
(surrogate marker for parasitic infection) in Sowetan
adults and children, a high percentage of subjects
had total IgE and total IgG1/G2 levels above
the normal range. These findings suggest that the
prevalence of previous gastrointestinal parasitic
infection in Sowetans is high, a finding that may
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explain the different immune responses to H. pylori
in this community.

McColl et al.42 have postulated that acute infec-
tion and/or inflammation of the antrum stimulates
increased release of gastrin (a consequence of
depletion of somatostatin). This increased gastrin
stimulates the parietal cells to secret excess acid.
The degree of increased acid released is dependent
on the parietal cell mass. The resulting increased
duodenal acid load leads to the development of
gastric metaplasia and eventually ulceration. In
patients who develop gastric ulcer or gastric
cancer, the infection and gastritis involves the acid-
secreting body mucosa, and is associated with
mucosal atrophy. The inflammation and atrophy
of the acid secreting body mucosa results in hypo-
chlorhydria or achlorhydria. El Omar et al.43

suggest that host genetic factors that affect inter-
leukin 1-beta (a powerful inhibitor of gastric acid
secretion) may determine why some individuals
infected with H. pylori develop gastric cancer and
other do not.

The situation in Africa also highlights other
current controversial issues. It has been suggested
that H. pylori in most people is harmless and may
have potential benefits.44 Indeed, the organism may
be protective against the development of gastro-
oesophageal reflux and its complications.45 Data
indicate that hiatus hernia, gastro-oesophageal
reflux, Barrett’s oesophagus and adenocarcinoma
of the oesophagus are all rare or uncommon in
Black Africans.46–52 The rationale for this protection
is that H. pylori gastritis affecting the corpus may
produce a gastritis severe enough to cause a major
reduction of gastric acid secretion45 and a sub-
stantial elevation of gastric pH, compared to sub-
jects who are not H. pylori-infected. As a corollary,
the decreasing rate of H. pylori in developed
countries will result in a more effective preservation
of acid secretion into old age, with a consequent
greater prevalence of reflux oesophagitis and its
complications.45

Conclusion

H. pylori infection is ubiquitous in Africa and
acquired in childhood, yet complications associated
with the bacterium are variable, unpredictable
and particularly with regard to gastric cancer,
generally low. The reasons for this inconsis-
tency are unknown. A suggestion is that immune
mechanisms play an inhibitory role. Paradoxically,
H. pylori infection may be protective against gastro-
oesophageal reflux and its complications. The
hypothesis can be tested by further studies which
investigate the correlation of H. pylori status with

the topographic extent and severity of gastritis, and
the occurrence of reflux disease.45 Positive results
would call into question the policy of global
eradication of H. pylori.

References
1. Holcombe C. Helicobacter pylori: the African enigma.

Gut 1992; 33:429–31.

2. Graham KS, Graham DY. Contemporary diagnosis and
management of H. pylori associated gastrointestinal
diseases. Pennsylvania, Handbooks in Health Care, 1998.

3. Misiewicz GJJ, Harris A. Clinicians manual on Helicobacter
pylori. London, Science Press, 1995.

4. Ally R, Segal I. H. pylori infection—acquisition in children.
In: Lastovica AJ, Newell DG, Lastovica EE, eds.
Campylobacter, Helicobacter and Related Organisms.
South Africa, Rustica Press, 1998:565.

5. Pelser H, Househam K, Joubert G, et al. Prevalence of
Helicobacter pylori antibodies in children in Bloemfontein,
South Africa. J Paediatr Gastroenterol Nutr 1997; 24:135–9.

6. Tovey FI, Tunstall M. Duodenal ulcer in black populations in
Africa south of the Sahara. Gut 1975; 16:564–76.

7. Segal I, Noormohamed AM, Rachod S, Essop AR, Oettle GJ.
Duodenal and gastric ulcer in Soweto. S Afr Med J 1983;
64:777–8.

8. Robbs JV, Moshal MG. Duodenal ulceration in Indians and
Blacks in Durban. S Afr Med J 1979; 55:39–42.

9. Kidd M, Louw J, Marks IN. Helicobacter pylori in Africa:
observations on an ‘enigma within an enigma’. J Gastrenteroll
Hepatol 1999; 14:851–8.

10. Mohamed AE, Segal I, Riedel L. Analgesics and gastric
ulcers. S Afr Med J 1990; 77:135–7.

11. Sitas F, Blaauw D, Terblanche M, et al. Incidence of
histologically diagnosed cancers in South Africa 1992.
National Cancer Registry, South African Institute for Medical
Research, Johannesburg.

12. Parkin DM, Whelan SL. Ferlay J, et al. Cancer Incidence
in five Continents, Vol. VII. IARC Scientific Publication
No. 143. Lyon, Inter Assoc Res Cancer, 1997.

13. Wabinga HR, Parkin DM, Wabwire-Mangen F, et al. Cancer
in Kampala, Uganda in 1989–91. Changes in incidence in
the era of AIDS. Int J Cancer 1993; 54:26–36.

14. Parkin DM. Cancer in developing countries. Canc Surv
1994; 19/20:519–49.

15. Niang A, Mbengue M, Diouf ML, et al. Current aspects of
gastric cancer in Senegal. Epidemiological and clinical study
of 220 cases (1984–1991). Dakar Med J 1996; 42:99–103.

16. Johnson O, Ersumo T, Ali A. Gastric carcinoma at Tikur
Anbessa Hospital, Addis Ababa. E Afr Med J 2000; 77:27–30.

17. Ajao OG. Gastric carcinoma in a tropical African
population. E Afr Med J 1982; 59:70–5.

18. Ogutu EO, Lule GN, Okoth F, et al. Gastric carcinoma in the
Kenyan African population. E Afr Med J 1991; 68:334–9.

19. Nkanza NK. The histopathology of carcinoma of
the stomach in Zimbabwe. Cent Afr J Med 1988;
34(9):207–11.

20. Kitmya JN, Lauren PA, Jones ME, et al. Epidemiology
of intestinal and diffuse types of gastric carcinoma in

I. Segal et al.564



the Mount Kilimanjaro area, Tanzania. Afr J Med Sci 1988;
17:89–95.

21. Oliver SJ, Hale M, Mohamed AE, Segal I. Low incidence of
gastric cancer in Sowetan blacks. S Afr Med J 1991; 80:50
(Abstract).

22. Ally R, Mitchell HM, Segal I. Cag A qve H. pylori aplenty
in South Africa: the first systematic study of H. pylori
infection in asymptomatic children in Soweto. Gut 1999;
45(Suppl. 111):A97–8.

23. Mistry R, Berg D, Mukhopayay, Ally R, Segal I. Helicobacter
pylori (Hp) virulence factors vacuolating cytotoxin gene
(Vac A) genotypes and cytotoxin associated gene A (CAG A)
in adult Sowetans. S Afr Med J 1999; 89:888.

24. Berg D, Mistry R, Ally R, Segal I. Sequence motifs at the right
end of CAG PAI in South Africa (Soweto) Helicobacter
pylori. Gut 1999; 31(Suppl. K):A61.

25. Cover TL, Blaser MJ. Helicobacter pylori factors associated
with disease. Gastroenterology 1999; 117:257–60.

26. Graham DY. Disease specific Helicobacter pylori virulence
factors: the unfulfilled promise. Helicobacter 2000; 5:S3–9.

27. Censini S, Lange C, Xiang Z, et al. Cag A pathogenicity
island of Helicobacter pylori, encodes type I specific and
disease-associated virulence factors. Proc Natl Acad Sci USA
1996; 93:14648–53.

28. Crabtree JE, Kersulyte D, Li SD, et al. Modulation of
Helicobacter pylori induced interleukin-8 synthesis in gastric
epithelial cells mediated by Cag PAI encoded VirD4
homologue. J Clin Pathol 1999; 52:653–7.

29. Stein M, Rapuoli R, Covacci A. Tyrosine phosphorylation of
the Helicobacter pylori cag A antigen after Cag-driven host
cell translocation. Proc Natl Acad Sci USA 2000; 97:1263–8.

30. Tummuru M, Sharma SA, Blaser MJ. Helicobacter pylori
picb, a homologue of the Bordetella pertussis toxin secretion
protein, is required for induction of IL-8 in gastric epithelial
cells. Mol Microbiol 1995; 18:867–76.

31. Yamaoka Y, Kodama T, Kita M, et al. Relation between
clinical presentation, Helicobacter pylori density, interleukin
1 beta and 8 production, and Cag A status. Gut 1999;
45:804–11.

32. Kale R. Impressions of health in the new South Africa: a
period of convalescence. Br Med J 1995; 310:1110–20.

33. Kuipers EJ, Meijer GA. Helicobacter gastritis in Africa.
Europ J Gastroenterol Hepatol 2000; 12:601–3.

34. Bellinghausen I, Brand U, Enk A, Knop J, Saloga J. Signals
involved in the early TH1/TH2 polarization of an immune
response depending on the type of antigen. J Allergy Clin
Immunol 1999; 103:298–306.

35. Delios MM, Andersen LP, Delprete G. Inflammation
and host response. Curr Opin Gastroenterol 1998;
14:S15–19.

36. Ernst PB, Reves VE, Gourley WH, Haberle H, Bamford KB.
Is the Th1/Th2 lymphocyte balance upset by Helicobacter
pylori infection? In: Hunt RH, Tytgat GNJ, eds. Helicobacter
pylori: basic mechanisms to clinical cure 1996. Dordrecht,
Kluwer Academic, 1996:150–7.

37. Bamford KB, Fan XJ, Crowe SE, Leary JF, Courley WK,
Luthra GK, Brooks EG, Graham DY, Reyes VE, Ernst PB.
Lymphocytes in the human gastric mucosa during
Helicobacter pylori have a T helper cell 1 phenotype.
Gastroenterology 1998; 114:482–92.

38. Lindholm C, Quiding-Jarbrink M, Lonroth H, Hamlet A,
Svennerholm AM. Local cytokine response in
Helicobacter pylori infected subjects. Infect Immun
1998; 66:5964–71.

39. Fox JG, Beck P, Dangler CA, et al. Concurrent enteric
helminth infection modulates inflammation and gastric
immune responses and reduces Helicobacter-induced
gastric atrophy. Nature Med 2000; 6:536–42.

40. Mitchell HM, Ally R, Ahmed R, Segal I. The host immune
response to H. pylori infection in Sowetans is significantly
different from that in western subjects. Afr Med J 2000;
90:640.

41. Ally R, Mitchell HM, Segal I, et al. Differences in the
immune response to H. pylori infection in Sowetan subjects
may relate to concurrent parasitic infections. S Afr Med J
2000; 90:642 (Abstract).

42. McColl KEL, Gillen D, El Omar E. H. pylori and disturbances
in gastric secretion. J Gastroenterol Hepatol 1998;
13(Suppl.):A84.

43. El Omar EM, Carrington M, Ho Chow W, et al. Interleukin-1
polymorphism’s associated with increased risk of gastric
cancer. Nature 2000; 404:398–402.

44. Blaser MJ. Helicobacters are indigenous to the human
stomach: duodenal ulceration is due to changes in
gastric micro-ecology in the modern era. Gut 1998;
43:721–7.

45. Dent J. Gastro-oesophageal Reflux Disease. Digestion 1998;
59:433–45.

46. Segal I, Solomon A, Ou Tim, et al. Hiatus hernia in
Johannesburg Blacks. S Afr Med J 1980; 58:404–5.

47. Russel RD, Bremner CG. Hiatal hernia and
gastro-oesophageal reflux in South African
black patients. S Afr J Surg 1981; 19:189–90.

48. Silber W. The prevalence, course and management of some
benign oesophageal diseases in the black population: the
Groote Schuur Hospital experience. S Afr Med J 1983;
63:957–9.

49. Bassey OO, Eyo EE, Akinhanmi GA. Incidence of hiatus
hernia and gastro-oesophageal reflux in 1030 prospective
barium meal examinations in adult Nigerians. Thorax 1977;
32:356–9.

50. Ofoegbu RO. Incidence, pattern and African variations
of common benign disorders of the oesophagus:
experience from Nigeria. Am J Surg 1982; 144:273–6.

51. Whittaker LR. A review of a series of radiological
examinations of the upper alimentary tract in African
patients. E Afr Med J 1966; 43:336–40.

52. Grech P. Radiological analysis of lesions of the upper
intestinal tract during a 4 years period in Africans
in Tangauyika. E Afr Med J 1965; 42:106–16.

H. pylori in Africa 565


