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Abstract
The association of Helicobacter pylori with chronic duodenal ulceration was a semi-
nal observation in the short history of gastroenterology. However, H. pylori is now
known to be an ancient bacterium, whereas there is persuasive evidence that the epi-
demic of duodenal ulceration began in the second half of the 19th century and contin-
ued into the second half of the 20th century. Possible explanations for the epidemic
include genomic changes in the organism and environmental or other influences on
the human host. While genomic changes resulted in the appearance of virulence fac-
tors, these seem likely to have appeared thousands of years ago with minimal effects
on gastritis because of coexisting suppression of gastric immunity. In contrast, the
emergence of duodenal ulceration is best explained by a change in the pattern of gas-
tritis from inflammation involving the antrum and body in most individuals to a sig-
nificant minority (10–20%) with antral gastritis but with relative sparing of the body
of the stomach. In the latter group, the increase in serum gastrin (particularly G17)
associated with antral gastritis had trophic effects on gastric parietal cells with an
increase in the parietal cell mass and hypersecretion of gastric acid. Hypersecretion of
acid is seen as the major risk factor for duodenal ulceration with significant contribu-
tions from environmental factors including smoking and use of nonsteroidal, anti-
inflammatory drugs. Host factors favoring changes in the pattern of gastritis include
delayed acquisition of infection and improved nutrition; both with enhancing effects
on mucosal immunity.

Introduction
Helicobacters have been identified in the gastrointestinal tract of
most mammals and birds, usually with restriction of particular
species to particular hosts (i.e. host specificity).1 The helicobacter
of humans has been called H. pylori and appears to have infected
modern humans since their migration from East Africa.2 Yet duo-
denal ulceration appeared to be rare prior to the latter part of the
19th century. Subsequently, an increasing number of cases were
reported from the United Kingdom and other parts of Europe,
and an English surgeon, Berkeley Moynihan, became a celebrity
after developing treatment by gastroenterostomy. His book, pub-
lished in 1910, described the outcomes of 186 patients treated by
surgery, most of whom were men (74%) in the age range of 20–
60 years.3

The epidemic of duodenal ulceration appeared to peak in
about 1920. This was supported by a study that examined the fre-
quency of perforated peptic ulcer in the United Kingdom and
Sweden from late in the 19th century. The papers, published in
1940, documented declining rates in young women but increas-
ing rates in younger and middle-aged men, particularly after
World War 1.4 These studies were supported by data on mortal-
ity from peptic ulceration in England and Wales between 1900

and 1977 and mortality data from various parts of Europe
between 1921 and 2004.5,6 A consistent finding was that mortal-
ity increased in generations born during the second half of the
19th century but then decreased in all subsequent generations.
However, even around the year 2000, a population-based study
from Sweden that included endoscopy revealed duodenal ulcers
in 2% of participants.7

In the current century, incidence rates for duodenal ulcer
have substantially declined in most countries, particularly in high
income countries. Reasons for this change have been discussed
in detail elsewhere but include lower rates of acquisition of
H. pylori in children and young adults, eradication of H. pylori
with antibiotics, and the widespread use of effective medication
to reduce gastric acid secretion.8,9

This review examines the two major hypotheses that have
been proposed as explanations for the epidemic of duodenal
ulceration; namely that the epidemic was caused by genomic
changes in the bacterium or, alternatively, that the epidemic was
related to responses to the infection by the human host. The
review promotes the latter view and attributes the increased risk
of duodenal ulceration to changes in the pattern of gastritis asso-
ciated with improvements in hygiene and nutrition.
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The bacterial hypothesis

H. pylori and humans. H. pylori is a gram negative bacte-
rium that can be transmitted from person-to-person by the oral–
oral or fecal–oral routes.10 The organism is not an acidophile
(acid-loving) but is able to colonize the hostile gastric environ-
ment using a variety of mechanisms including motility, adhesion
proteins, chemotaxis, urease production, and the uptake of nickel
into metalloenzymes.11 Although there are case reports of sponta-
neous resolution of infection,12,13 most individuals develop a
chronic infection with variation in the site and histologic features
of changes in the gastric mucosa.

There is persuasive evidence that H. pylori has coevolved
with humans for at least 60 000 years and probably longer. This
conclusion is based on a comparison of nucleotide sequences of
different strains and measurement of mutation rates over time in
subjects with two or more positive cultures.14 There is also evi-
dence that a minority of individuals can have different strains
of H. pylori in different regions of the stomach.15 Whether
H. pylori was acquired from a nonhuman host remains unclear
but, surprisingly, helicobacters have not been identified in
chimpanzees.2

DNA fingerprinting and sequencing of gene fragments
indicate that H. pylori has greater genetic diversity than most
other bacterial species.16 This may reflect a lack of selection for
genotypes showing better adaption for humans or, alternatively,
that bacteria are adapting in different ways to heterogeneous
inflammatory and immune responses by the human gastric
mucosa. This genomic diversity has been used to identify differ-
ences between strains from different parts of the world and as a
tool for tracking human migration.17,18

The diverse clinical presentation of H. pylori has led to a
search for bacterial factors that might influence colonization,
inflammatory responses, immunologic responses, or carcinogene-
sis. These have been called virulence factors and were initially
focused on variation in genes for the cag pathogenicity island
(cagA and others) and vacuolating cytotoxin (vacA).19 Subse-
quently, additional virulence factors were identified and catego-
rized as factors affecting colonization, immune responses, and
disease induction. Some virulence factors such as CagA, VacA,
outer inflammatory protein A (OipA), and blood group binding
adhesion A (BabA) have activities in more than one category.20

Genes for most virulence factors are polymorphic with
variation in the secretion of toxins (CagA and VacA), variation
in adhesion characteristics (BabA and OipA), and variation in
bacterial antigens linked to immune responses. This complexity
is amplified by variation within regions of the genes such that
there are multiple alleles that may result in higher or lower
expression of the virulence protein. Some of this complexity has
been unraveled for CagA, VacA, and BabA but information on
other virulence factors is limited. Additional considerations
include variation in the frequency of virulence factors in different
parts of the world, apparent linkage between virulence factors
and methodological differences between studies. Although toxin-
producing strains of H. pylori might be expected to evoke a
greater inflammatory response, the net effect of toxins on inflam-
mation remains unclear as the bacterium has evolved elaborate
strategies to evade and subvert the gastric immune response,
some mediated by the same toxin (e.g. VacA).21

H. pylori strains and duodenal ulcer. Many studies
have examined the possibility of associations between duodenal
ulcer and the presence of virulence factors. Typically, these have
been case–control studies comparing the frequency of virulence
factors in patients with H. pylori and duodenal ulcer to controls
with H. pylori but without ulcers. Although weak associations
have been found for CagA seropositivity, vacA genotypes, and
babA2 genotypes in several countries, this does not apply in East
Asia where most isolates are positive for CagA, and the riskier
genotypes of vacA and babA. In contrast, weak associations have
been found for dupA genotypes in Asian countries but not in
Western countries.20

Although the presence of virulence factors may have a
minor influence on risks for duodenal ulceration, it seems highly
unlikely that the appearance of virulence factors resulted in the
epidemic of duodenal ulceration late in the 19th century. Much
more likely is the appearance of virulence factors many
thousands of years ago when the bacterium was under higher
selective pressure. This is supported by observations in a
5300-year-old mummy (“Iceman”) where genotyping of H. pylori
showed positive results for cagA and a genotype of vacA with
enhanced vacuolation activity.22

The host and environment hypothesis
This review promotes the hypothesis that the epidemic of duode-
nal ulceration was caused by changes in the pattern of gastritis
with the emergence of gastritis in the antrum with only mild
inflammation in the superficial layer (foveolar component) of the
body. Prior to the period, 1850–1900, it seems likely that
H. pylori infections were almost universal and were mostly
acquired during the first year of life. This eventually resulted in
antral gastritis with more prominent inflammation in the body of
the stomach (with or without atrophy) that restricted the develop-
ment of hypersecretion of gastric acid. This section documents
the presence of antral-predominant gastritis and includes a con-
temporary view of how a pathologic change resulted in a sub-
stantial increase in numbers of patients with duodenal ulceration.
Aspects of this hypothesis have been published previously23–25

but there are only limited attempts to place these observations in
an historical context. A diagrammatic representation of the major
steps influencing risk for duodenal ulcer are shown in Figure 1
while environmental and minor factors influencing risk are listed
in Table 1.

H. pylori and gastritis. Although the stomach supports a
microbial population of approximately 150 different species,
H. pylori is usually the dominant species in H. pylori infections.26

Furthermore, in most settings, H. pylori induces an inflammatory
response in the gastric mucosa (gastritis) that becomes chronic
because inflammatory and immune responses fail to eliminate the
infection. However, there is variation in the characteristics of gas-
tritis that include severity, location, histologic features, and
longer-term outcomes. These histologic changes have been classi-
fied by the Sydney System27 and updated by an International
Workshop.28

There are only a limited number of reports of endoscopy
and gastric biopsies in acute H. pylori gastritis. In adults, early
endoscopy has occasionally been performed because of symptoms
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such as vomiting and epigastric pain.12 Typical features include
inflammatory changes with erosions that are usually more promi-
nent in the antrum than in the body of the stomach. Histologic
features include hyperemia and edema with an intense infiltrate of
inflammatory cells, particularly neutrophils. Documentation of
acute gastritis in children appears to be rare but at least one case
has been reported in a child aged 8.29 Spontaneous resolution of
infection does occur but whether it is more frequent in symptom-
atic infections with severe gastritis remains unclear.

In contrast, gastric biopsies have been performed on
infants who died at a young age (usually <6 months) because of
trauma or sudden infant death syndrome. Some, particularly
those with sudden infant death syndrome, had H. pylori infection
but gastritis was either absent or minimal.30 This probably
reflects a degree of immaturity of the immune system that
involves both the innate and adaptive (B and T cell) response.

For most individuals, the age of acquisition of H. pylori
remains unclear although there is persuasive evidence that the
infection is acquired during infancy or childhood in most
populations.9 At the time of diagnosis, the infection is almost
always chronic with histologic changes in both the antrum and
body. However, the degree of inflammation as assessed histologi-
cally is normally greater in the antrum.31 In the body of the
stomach, the degree of inflammation is variable ranging from
mild inflammation in the superficial layers (foveolar compart-
ment) to at least moderate inflammation throughout all layers of
the mucosa. In the former, gastric (oxyntic) glands are retained
along with parietal cells, chief cells, and scattered endocrine
cells. In the latter, gastric glands are damaged and lost resulting
in variable degrees of gastric atrophy (atrophic gastritis). In some
patients with atrophic gastritis, lost gastric glands are replaced by
immature glandular elements, usually of the intestinal type (intes-
tinal metaplasia). This subgroup of patients is at higher risk for
dysplasia and cancer. A comparison of histologic features of
H. pylori in patients with and without duodenal ulcers showed
that the severity of gastritis was similar in the antrum but that the
ulcer group had milder gastritis in the body with some biopsies
categorized as histologically normal.32 Atrophic gastritis restricted
to the antrum of the stomach appears to be rare. Although difficult
to study, virulence factors of H. pylori do not appear to determine
the overall pattern of gastritis.33

Endoscopic, histologic, and gastric cytokine changes
induced by H. pylori have been compared between children and
adults. At endoscopy, antral nodularity is more frequent in chil-
dren (40–90%) than in adults and is usually due to lymphoid
hyperplasia.34 With histology, children have fewer neutrophils in
the gastric mucosa but similar numbers of chronic inflammatory

Figure 1 Proposed sequence of major events in duodenal ulcer patients (L column) when compared with non-duodenal ulcer patients (R column).

Table 1 Environmental and other factors known to influence risk for
duodenal ulcer

Environmental factors

Cigarette smoking
Medication with NSAIDs

Other factors

Genetic: Non-secretion of ABO blood group antigens
Lewis blood group phenotype (a+)
Gender: Male (? Protective effects of hormones in women)
Metabolic: Hypercalcemia

Factors of uncertain significance

Variation in pepsin secretion
Gastric metaplasia in duodenal bulb
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cells including lymphocytes and plasma cells. Studies of lympho-
cyte populations have shown that children have an increased den-
sity of gastric regulatory T cells (Treg Foxp3+) and a reduced
density of pro-inflammatory T helper type 17 (Th17) cells. These
cellular changes are corroborated by higher mucosal levels of IL-
10, and Foxp3 mRNA and lower levels of IL-17 mRNA. In addi-
tion, lower mucosal levels of interferon-G (IFN-G) in children are
consistent with a reduced Th1 response to the infection.35,36

Overall, there is persuasive evidence that immune responses to
H. pylori are downregulated in children when compared to adults.

H. pylori and gastrin. The hormone, gastrin, is a major reg-
ulator of gastric acid secretion and is released from gastrin-
expressing cells (G cells), predominantly located in the gastric
antrum.37 Physiological stimulants of circulating gastrin include
protein meals, antral distension, vagal stimulation, and gastrin-
releasing peptide while inhibitors include a low gastric pH (3 or
lower) and levels of the inhibitory hormone, somatostatin. Circu-
lating gastrin exists in three forms: G34 (big gastrin), G17 (little
gastrin), and G14 (small gastrin). The latter has no bioactivity.
G34 and G17 have different rates of clearance from the circula-
tion such that G34 predominates during fasting and G17 predom-
inates after meals. Gastrin stimulates acid secretion via activation
of cholecystokinin receptors (CCK2) on enterochromaffin-like
cells in the body mucosa and, to a lesser extent, by direct stimu-
lation of parietal cells.

Although serum levels of gastrin show some variation
with different radioimmunoassays or ELISA kits, there is persua-
sive evidence that H. pylori gastritis is associated with higher
serum levels of gastrin, particularly G17. In one study, a compar-
ison of G17 levels after meals in patients before and after eradi-
cation of infection showed that H. pylori was associated with a
twofold increase in serum gastrin. In contrast, the levels of G34
were largely unaffected by either meals or H. pylori.38 In a dif-
ferent study, serum gastrin levels were higher in patients with
more severe gastric inflammation.39 The rise in gastrin has been
attributed to a fall in the antral density of D cells and the antral
content of somatostatin; both returning toward normal with elimi-
nation of the infection.40

Gastrin levels have also been compared in patients with
H. pylori, with and without duodenal ulceration. Similar levels of
gastrin have been reported in the two groups.41 However, gastrin
seems likely to have different trophic effects with an increase in the
parietal cell mass in individuals with duodenal ulcer and an absence
of trophic effects in individuals with greater inflammation in the
body mucosa.42 Whether mild hypergastrinemia increases parietal
cell mass slowly or more rapidly remains unclear but the interval
between acquisition of infection (usually childhood) and symptom-
atic duodenal ulceration (usually between 25 and 40 years) suggests
that the interval can be two decades or more.

H. pylori, parietal cell mass, and gastric acid
secretion. Prior to reports linking H. pylori to gastritis and
duodenal ulceration, abnormalities in the secretion of gastric acid
were widely considered to be central to the pathogenesis of ulcer
disease. Common investigations included passage of a nasogas-
tric tube and measurement of acid secretion in the basal state
(usually for 1 h) and after use of an acid stimulant for a similar
period. These stimulants included a derivative of histamine

(Histalog), pentagastrin, gastrin-releasing peptide, and standard-
ized meals. Currently, the pentagastrin test can be used to deter-
mine maximal or peak acid output. Although mean levels of
basal or peak acid output are higher in patients with duodenal
ulcer, there is considerable overlap between the two groups.43 A
lesser degree of overlap can be demonstrated if gastric acidity is
measured over 24 h with higher levels in ulcer patients, particu-
larly in the evening and at night.44 Hypersecretion of acid has
also been demonstrated using an endoscopic gastrin test45 and by
prolonged acid secretion after a standard meal.46

Reasons for hypersecretion of acid could include an
increase in the number of parietal cells in the body of the stom-
ach or an increase in the sensitivity of parietal cells to endoge-
nous gastrin. There is persuasive evidence in support of the
former possibility. For example, a publication in 1952 showed a
twofold increase in the number of parietal cells in duodenal ulcer
patients when compared with non-ulcer controls. In contrast,
when gastric ulcer patients were compared with the controls,
there was a minor but nonsignificant fall in numbers of parietal
cells.47 These conclusions have been corroborated by others. The
sensitivity of parietal cells to gastrin is difficult to assess because
of variation in the parietal cell mass but may be relevant to hor-
monal effects on acid secretion in women.48

In most studies, there has been a good correlation between
parietal cell mass and peak acid output. In addition, patients with
recurrent ulcers after H. pylori eradication appear to have higher
acid secretion than non-ulcer controls.49 The cause of duodenal
ulcers (often with hypersecretion of acid) that occur in the
absence of H. pylori is poorly understood but may be related to
vagal overactivity or to functional abnormalities of antral G cells.

H. pylori, gastric acid, and duodenal ulcers.
Although there is a strong association between H. pylori and
duodenal ulceration, the major mediator of this effect is hyper-
secretion of gastric acid. For example, hydrochloric acid can
induce inflammation and ulcers in the gastrointestinal tract in a
variety of experimental settings.50 There is also incontrovertible
evidence that a reduction in gastric acid secretion, either medi-
cally or surgically, not only heals ulcers but prevents their recur-
rence. In addition, the presence of H. pylori does not increase the
severity of ulcers in patients with gastrinoma (Zollinger–Ellison
syndrome).51

In individuals with H. pylori but without ulcers, gastric
acid secretion is either similar or lower than that in uninfected
control subjects. Since this group has similar levels of gastrin,
normal or lower acid secretion could be due to gastric atrophy or
to functional impairment of parietal cells because of corpus
inflammation. The former may apply in older adults but the latter
seems likely to be relevant in children and younger adults. For
example, eradication of H. pylori increased basal and stimulated
acid secretion in children in Bangladesh52 and in some younger
and middle-aged adults from Western countries.53

Other factors influencing risk for duodenal ulcer.
There is good evidence that risk for duodenal ulcer is influenced
by smoking and use of nonsteroidal anti-inflammatory drugs
(NSAID’s), including aspirin. Smoking is associated with a two-
fold risk, perhaps because the proximal duodenum has lower
prostaglandin concentrations or reduced secretion of bicarbonate.
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A similar risk is associated with regular use of NSAID’s. This
has been attributed to inhibition of prostaglandin synthesis that
impairs mucus and bicarbonate secretion, mucosal blood flow,
and mucosal proliferation.54

Minor factors influencing risk involve genetic factors, gen-
der effects, pepsin secretion, and the presence of gastric metapla-
sia in the duodenal cap. Genome-wide association studies have
shown an association between a toll-like receptor locus and sero-
positivity for H. pylori but a relationship with duodenal ulcer
was not explored.55 There is also interest in possible associations
between ulcers and the linked genes affecting ABO and Lewis
blood groups and secretion of blood group antigens. These genes
do not influence susceptibility for H. pylori but non-secretion of
ABO blood group antigens and the Lewis (a+) phenotype may
increase the risk for ulcers.56 These weak associations may be
related to interactions between bacterial adhesins, epithelial
receptors, and gastric glycoproteins.

Another area of interest is the higher frequency of duode-
nal ulcers in men when compared to women, particularly in stud-
ies performed prior to the widespread use of NSAID’s. This can
be partly explained by the higher prevalence of smoking by men
in most populations. However, very low frequencies of ulcer dis-
ease during pregnancy57 raise the possibility of hormonal effects
on gastric acid secretion. Although few studies have been per-
formed during pregnancy, comparative studies between women
(nonpregnant) and men have shown that women have a higher
basal gastric pH, higher levels of G17 after meals, and reduced
sensitivity of parietal cells to gastrin.48

The role of pepsin in the etiology of duodenal ulcer is dif-
ficult to study because the activity of pepsin is largely determined
by gastric acid (pH). Elevated levels of pepsinogen 1 were ini-
tially thought to be related to genetic factors but are now known
to be secondary to H. pylori infection.58 Nevertheless, studies in
animal models indicate that the combination of acid and pepsin
results in greater mucosal damage than acid alone.59

There is also debate about the significance of gastric meta-
plasia in the duodenal bulb and susceptibility to duodenal ulcer.
Gastric metaplasia can occur in the absence of H. pylori but is
more frequent and more extensive in the presence of infection.
Furthermore, bacteria in the duodenal cap are largely confined to
areas of gastric metaplasia and are usually associated with a
polymorphic infiltrate (duodenitis). However, whether gastric
metaplasia is a response to duodenitis, acid hypersecretion, num-
bers of duodenal bacteria, or a combination of factors has not
been resolved.60 It is also unclear whether duodenal ulcers are
more likely to be located in areas of gastric metaplasia than areas
of normal duodenal mucosa.

A related issue is the association of duodenal ulcer with
impaired secretion of mucosal bicarbonate from the proximal
duodenum. This was initially thought to be a secretory defect
peculiar to ulcer patients, but is now recognized as a phenome-
non that resolves after eradication of H. pylori.61

Why did the pattern of gastritis change?. The second
half of the 19th century was associated with major improvements
in education, sanitation, and nutrition as well as limitations on
child labor, the evolution of unions, and improved wages and
conditions for many workers. These developments lifted many
families from poverty and resulted in significant improvements

in health and longevity. In England, for example, public health
measures included the development of sewerage systems, public
waste collection, and the provision of clean water to homes
rather than public pumps. There was also increasing acceptance
of the germ theory of disease; an idea that began early in the
19th century and gained traction from John Snow and others in
the mid-19th century. One well-publicized event by John Snow
(1854) was the control of an outbreak of cholera in London by
removing the handle of the Broad Street pump. However, wide
acceptance of the germ theory did not occur until late in the cen-
tury following the work of Casimir Davaine (1812–1882) and
Louis Pasteur (1822–1895) in France and Robert Koch (1843–
1910) in Germany. Their work led to renewed interest in national
and local legislation related to pollution and food safety as well
as a greater focus on domestic and personal hygiene.62

The hypothesis developed in this article attributes changes
in the pattern of gastritis to environmental factors that evolved in
the second half of the 19th century. As a result of improvements
in hygiene, one important factor seems likely to be delay in the
acquisition of infection to an age where the mucosal immune
response is more robust. This response fails to eliminate the
infection in most individuals but does appear to restrict the pro-
liferation of bacteria, particularly in the body of the stomach
where colonization is less favorable because of a lower pH. In
contrast, there is persuasive evidence that acquisition of infection
in infancy is associated with an impaired mucosal immune
response because of immaturity of the immune system and the
promotion of immunosuppression, partly mediated by the organ-
ism and partly mediated by anti-inflammatory activities in the
host. Some of these issues have been addressed in a comparison
of gastric responses to infection between adults and children.
Most studies show that children have milder gastritis, greater
numbers of gastric bacteria, more gastric lymphoid follicles, and
regulatory T-cells, and perhaps increases in the activity of anti-
inflammatory M2 macrophages. Although maternal milk may
contain H. pylori antibodies, breast feeding is unlikely to have a
significant effect on the infection63 as animal studies show that
the severity of gastritis is mediated by helper (CD4+) T-cells
and correlates inversely with numbers of bacteria.

An alternative hypothesis attributes changes in the pattern
of gastritis to improvements in nutrition.64 In particular, better
wages were associated with a reduction in childhood malnutrition
in many parts of the world while developments in farming and
transportation resulted in diets that were more varied and more
likely to contain fresh fruit and vegetables. Potential benefits of
nutritional factors include enhanced mucosal immunity and
delays in the development of gastric atrophy and/or intestinal
metaplasia. Factors that enhance mucosal immunity include vita-
min A (largely derived from milk, milk products, and eggs) and
vitamin D (largely derived from endogenous synthesis by the
skin in response to sunlight).65 However, there are no experimen-
tal studies on the effects of vitamin A and D deficiency on gastri-
tis induced by helicobacters. Another nutritional factor of
potential relevance is vitamin C; a vitamin largely contained in
fresh fruit and fruit juices. When associated with H. pylori, defi-
ciency of vitamin C appears to aggravate gastritis and may accel-
erate the development of gastric atrophy.66 An argument in favor
of the nutritional hypothesis is the prevalence of duodenal ulcers
in lower-income countries such as India and Bangladesh where
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most infections seem likely to be acquired in infancy. However,
whether improved nutrition in children or young adults can pro-
mote the immune response to an infection established early in
life remains unclear. The nutritional hypothesis also raises the
possibility that diet may delay the onset of gastric atrophy
induced by H.pylori in some populations, leaving individuals at
risk for duodenal ulcer, perhaps at a younger age. This is not
supported by historical data indicating that duodenal ulcers are
diagnosed at a similar age in low and high-income countries.

The above hypotheses are not mutually exclusive and both
may contribute to emergence of the epidemic. In particular, the
effects of delay in the acquisition of infection could be aug-
mented by improvements in nutrition that further enhance muco-
sal immunity and minimize the development of atrophy in the
body of the stomach. These issues might be clarified by the use
of animal models but, thus far, various models for the human
infection have not been entirely satisfactory.

Conclusion
It seems almost certain that H.pylori has infected humans for
many thousands of years. Yet, peptic ulceration appeared to be
rare prior to the latter half of the 19th century despite the earlier
recognition of gastric cancer. Reasons for the appearance of duo-
denal ulceration are explored in this article including genomic
changes in the bacterium and environmental changes to the host.
The evidence supports the view that environmental changes
including delayed acquisition of infection and improved nutrition
led to the emergence of antral gastritis with minimal inflamma-
tion in the body of the stomach rather than gastritis involving the
antrum and body that prevented the development of hyper-
secretion of gastric acid. Hypersecretion of gastric acid is viewed
as the central risk factor for duodenal ulceration but other risk
factors include smoking, medication, gender, and genes. Whether
risk is also influenced by variation in pepsin secretion or the
presence of gastric metaplasia in the duodenal bulb has not been
clarified.
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