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Abstract

Helicobacter pylori is etiologically related to peptic ulcer disease and gastric adenocarcinomas.
Reports of geographical enigmas (African, Asian, Indian and Costa Rican enigmas) are based on
perceptions that clinical presentations in a population or region are not as the authors expected. We
discuss the background for these enigmas and examine the evidence whether they are real or are
medical myths. The African enigma was challenged almost as soon as it was proposed and recent
analyses of endoscopic data have confirmed it is a myth, as H. pylori-related diseases occur in Africa
at the expected frequencies. The Asian and Indian enigmas relate to gastric cancer and peptic ulcers,
respectively, and when one takes the patterns of gastritis in the different regions, these enigmas
disappear. The pattern of gastritis underlies and predicts the clinical outcome and the predominant
pattern of gastritis has been observed to change much more rapidly than can be accounted for by
changes in host genetics. There is also no evidence that these changes relate to changes in the
predominant H. pylori strain. The factors that link most closely to preventing an atrophic corpus are
environmental, with food preservation and diet currently assuming the most prominent roles. This
focus on diseases (cancer vs duodenal ulcers) instead of the underlying patterns of gastritis has
fostered, and possibly helped to perpetuate, these mythical enigmas. We suggest that a better strategy
would be to focus on the pathogenesis of underlying histopathologic differences which could also
lead to the identification of specific chemoprevention strategies.
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INTRODUCTION

Helicobacter pylori is a gastric bacterial pathogen that causes ongoing gastric inflammation
(gastritis). The infection is etiologically associated with iron deficiency anemia, gastric
atrophy, duodenal and gastric ulcer disease, primary gastric B-cell lymphomas and gastric
adenocarcinomas.1= The pattern and severity of the gastritis governs the possible outcomes
of a particular infection (e.g., duodenal ulcer vs gastric cancer). As a general rule, if one knows
the predominant pattern of gastritis in a population, they can predict the predominant clinical
manifestations of H. pylori infections in that population and vice versa. A number of
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investigators have reported geographical ‘enigmas’ (i.e., African, Asian, Indian, Costa Rican
enigmas) based on their perceptions that the outcomes they expected were not achieved in a
particular population or region.6—10

H. pylori-related enigmas are not a new phenomena. Early in the 20th century it was noted that
gastric cancer and peptic ulcer, now known to be caused by H. pylori infections, were virtually
absent in Malays although this was never given the status of an enigma.l! The first enigma
related to H. pylori infections was the African enigma, which described the apparent lack of
peptic ulcers and gastric cancer in Africa.6:11713

Exceptions often provide insights leading to an enriched understanding of a problem. Enigmas,
whether real or mythological, often result in serious investigations and are used as straw men
to justify possibly related studies, sometimes resulting in circular logic where studies support
myths and vice versa. This article addresses the background of the H. pylori-related enigmas
and examines the evidence showing whether they are real or whether they are medical myths.

First and foremost, H. pylori are bacteria that cause an infectious disease. The clinical course
of the infection is characterized by a variable and often lengthy latent period eventually leading
to variable clinical expressions. This pattern is not unique, as it is similar to the other classical
chronic infectious diseases, syphilis and tuberculosis.1# Different expressions of infectious
diseases are common, for example, while streptococcal infections are common, the incidence
of rheumatic fever varies widely among regions and in different time periods. Other examples
include the fact that the incidence of clinical tuberculosis in the developed world in the late
19th and early 20th centuries fell dramatically, despite the high prevalence of latent infections.
1517 However, even today tuberculosis remains a significant problem in some areas. Dramatic
and rapid changes in the incidence of disease occurring in different geographical regions often
stimulates speculations leading to scientific investigations. However, rarely have such
differences been afforded the status of an enigma. It seems that there is more interest in new
experimental studies trying to explain H. pylori enigmas than in trying to discern whether the
enigma itself is real.

Factors predicting H. pylori clinical outcomes

Gastric cancer and duodenal ulcers occupy opposite ends of the spectrum of H. pylori-related
disease and are mutually exclusive, as the one protects against the other. For almost 100 years
it has been recognized that there are fundamental differences in the gastric physiology and
patterns of gastritis that underlie these different outcome (i.e., gastric cancer is related to
atrophic gastritis and duodenal ulcers to nonatrophic corpus-sparing gastritis).18:19 In addition,
gastric cancer and duodenal ulcer have different latent periods; gastric cancer is typically a
disease of the elderly whereas duodenal ulcers are a disease of middle life. It follows that gastric
cancer is expected to be rare in regions where duodenal ulcers (surrogate for nonatrophic
gastritis) are common and in regions where the average life expectancy is low, and that the
incidence of gastric cancer is expected to be increased in regions where atrophic gastritis is
common (especially in areas where the age of acquisition of atrophic gastritis is low).20

H. pylori-related enigmas relate to perceived differences between populations whereas the
pathogenesis of H. pylori-related diseases focuses on individuals and interactions of the host,
bacteria and the environment. Differences in the pathogenesis should be capable of explaining
variations in the outcomes of H. pylori infections among populations. The relation between
H. pylori and gastric cancer hinges on the factors that determine the severity and rate of
progression of atrophic gastritis. The basic underlying condition is mucosal inflammation,
which actually causes the damage. Thus, the questions regarding pathogenesis can be further
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defined in terms of factors that determine the degree and location of the inflammatory response
to the infection. This again comes down to interactions between the host, the bacteria and the
environment.2!

Host genetics

Host genetics play an important role in any inflammatory process and in the interactions
between the host and H. pylori.22 For example, polymorphisms in genes controlling the host’s
response to inflammation can either accentuate or attenuate the inflammatory response and
thus the outcome of an infection. Based on the ground-breaking studies of host—bacterial
interaction leading to periodontal disease, one can generalize that host factors that enhance the
inflammatory response are likely to increase the incidence of clinically significant outcomes.
23,24 Any number of host factors might contribute to the severity of inflammation by a wide
variety of mechanisms, such as providing or denying sites for binding the bacteria to the host.
While the possibilities seem endless, unless the presence or absence of a factor is unique or of
high incidence in a particular population, the effects are likely to be more patient specific and
unlikely to affect overall outcome in terms of which disease is predominant.25

Bacterial factors

H. pylori strains differ in terms of their ability to stimulate an inflammatory response. For
example, it has long been noted that patients infected with strains with an intact cytotoxin-
associated gene (cag) pathogenicity island have a more intense inflammatory response and this
was also associated with an increased chance of developing gastric cancer or peptic ulcer
disease.26 Increased inflammation has also been associated with the presence of the bacterial
factor outer inflammatory protein A (OipA).27:28 However, an absence of these putative
virulence factors does not equate with the absence of mucosal inflammation and strains lacking
these factors are also found in patients with duodenal ulcer or gastric cancer. Currently, there
is no evidence to support the notion that there may be non-pathogenic H. pylori; all infections
cause inflammation and any can lead to significant clinical outcomes. The coexistence of a
more virulent H. pylori strain (e.g., containing a cag pathogenicity island) and genetic
polymorphisms (e.g., in interleukin 1 leads to a pronounced inflammatory response and results
in a further enhancement of the risk of a clinical outcome (such as being assessed to be at risk
of gastric cancer).29731 Just as there are no non-pathogenic H. pylori, there are no disease-
specific strains such as gastric cancer strains (i.e., that are exclusively associated with one or
another clinical outcome). For example, the presence of the cag pathogenicity island is
associated with an enhanced risk of both gastric cancer and of duodenal ulcer disease, despite
the fact that clinically each disease seem to protect against development of the other. Some
other factor must trump the effects of these virulence factors. Those factors group under the
heading of environmental factors.

Environmental factors

Rapid changes in the incidence of different H. pylori diseases have been repeatedly
documented. Notable examples are the changes in relate to immigration, such as the Japanese
immigrants to Hawaii, or even within countries, such as the rise in duodenal ulcers and fall in
gastric cancer seen in the USA in the 20th century.?®> More recently there has been a dramatic
fall in the incidence of gastric cancer in both Japan and Shanghai, despite there being no
significant change in the incidence of H. pylori in the population at risk (Fig. 1).32:33 These
changes occurred without changes in the predominant H. pylori strain or in host genetics.

Such changes, as noted previously, actually reflect changes in the patterns of gastritis (i.e.,
from prevalent atrophic gastritis to nonatrophic gastritis) and should be thought of in terms of
such changes. The interpretation of the changes in the younger population is complicated by
the fact that two events are occurring simultaneously. One is a marked reduction in the
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acquisition of the infection among children, which prevents the development of H. pylori-
related diseases and eventually will result in a loss of such diseases from the population. The
other is changes in the pattern of gastritis, despite there being no change in the prevalence of
infection among the older population. Factors known to protect against gastric cancer (which
are actually factors that promote nonatrophic gastritis) include the presence of a refrigerator
(a surrogate for a method of food preservation and a reduction in eating a seasonal diet) and
the increased use of fresh fruit and vegetables. Correlates with gastric cancer (which arises
from atrophic gastritis) include a high salt intake, seasonal diets and nitrate consumption.2:
21,25 Any claims for the presence of an H. pylori-related enigma must be evaluated in light of
the natural history of H. pylori-related diseases and the predominant pattern of gastritis in the
population thought to represent the enigma.

The African enigma

The African enigma predated the discovery of H. pylori by about a half a century and was
commandeered by those studying H. pylori and H. pylori-related diseases (see review in Agha
and Graham, 200534). In fact, the concept of an African enigma was challenged almost as soon
as it was proposed. For example, in 1961 Watkinson wrote, ‘In a carefully planned prospective
necropsy survey performed in Kampala between 1951 and 1956, where particular care was
taken to record all ulcers and scars present in 647 male and 129 female African subjects of
varying tribal origins, Raper (1958) found ulcers in 15.3% of the men and 4.7% of the women
examined. Duodenal ulcers were found six times more frequently than gastric, and ulcers
became progressively more common in successive decades in men increasing from 6.3% in
the second, to 15.3% in the fourth and reaching 27% in the sixth, figures which do not differ
materially from similar prospective necropsy surveys in England and Scotland (Watkinson,
1959). Considerable intertribal variation in ulcer occurrence was apparent reflecting varying
dietary and environmental conditions. This careful survey demonstrates such a striking
disparity between clinical and pathological estimates of ulcer frequency that one is forced to
the conclusion that ulcer must frequently pass unrecognized in the African’.12

The primary reservation was that the data relating to the incidence of peptic ulcers and gastric
cancer were considered inadequate because they were obtained from populations with
extremely limited access to health care and relatively short life expectancies.1? More recent
publications in which objective data were available (e.g., obtained by endoscopy) have
confirmed that the original reservations were correct and that the prevalence of peptic ulcer
disease was not unusually or unexpectedly low (i.e., there is no justification for claiming the
presence of an African enigma3#:3°) and, until proved otherwise, one can consider the African
enigma a medical myth.

There are nevertheless still unanswered questions about Africa. One example is whether there
is a specific pattern of gastritis associated with archetype strains largely restricted to South
Africa. One of these is the so-called hpAfrica2 type strain identified based on the multi-locus
sequence typing of seven housekeeping genes which lack the cag pathogenicity island.36 Other
questions include whether co-infection with parasites might alter the expression of the infection
and result in a change in the pattern and/or severity of gastritis and thus in the prevalence of
clinical disease.37:38 Currently, there are little or no good human data to support this hypothesis
and the few data that are available can be explained by alternative mechanisms. It is easier to
make hypotheses than to test them rigorously using studies that control for diet and the pattern
of gastritis. Such studies are expected to be forthcoming. The African enigma, as described, is
currently considered a medical myth.
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Indian enigma

The Indian enigma was described recently in relation to differences in the prevalence of gastric
cancer among different ethnic groups residing in Malaysia.10 In reality, there is considerable
existing information about H. pylori and its primary manifestation in India and among
immigrants from India to Africa and Malaysia. The primary manifestation of H. pylori in India
is the duodenal ulcer and the duodenal ulcer has long been considered a major problem in the
Indian subcontinent and among migrants from India. This was recognized early in the 20th
century and has been repeatedly confirmed.3® An example is a study done in the 1980s in rural
Bangladesh in which 2675 individuals, 85% of whom were over the age of 15 years, were
interviewed.40 Almost half (41.4% or 1106 participants) reported symptoms of ‘ulcer-like
dyspepsia’ and 313 were invited for an endoscopy. Among the 283 who received an upper
gastrointestinal endoscopy 27% had ulcers, almost all of which were duodenal ulcers: gastric
ulcers were rare.0

This long and continuing association of the duodenal ulcer and the rarity of gastric ulcers in
Indian and Indian migrants is, as noted above, actually indicative of a high prevalence of
corpus-sparing gastritis as well as the rarity of gastric atrophy in this population.3? It follows
that gastric cancer was not to be expected. Wisely, the authors describing the Indian enigma
related the observed differences to differences in the traditional environmental factors known
to affect the pattern of gastritis (i.e., the intake of salt and fresh fruit and vegetables) and it is
not clear from reading their article whether their description of an ‘Indian enigma’ was not
tongue in cheek.19 However, the Indian enigma did not go unnoticed and resulted in letters
criticizing their statistical analyses,*! and others which provided alternative explanations, such
as differences in host genetics.#2:43 Probably the most amazing** of these was a reference to
the Indian enigma to justify why one might not wish to eradicate all H. pylori and thus eradicate
gastric cancer from the world.#> Those whose primary focus is on gastric cancer may need to
be reminded that H. pylori is etiologically associated with other important diseases. For
example, H. pylori-related peptic ulcers in adults and an iron deficiency in children are major
problems in India. In addition, in the H. pylori era, approximately 10% of North Americans
experienced peptic ulcers, of whom 25% also suffered from life-threatening ulcer
complications. Sometime myths can be dangerous.

Indian and Asian enigmas

The Indian enigmais actually a subset of the previously described Asian enigma, which referred
to the observation that there were areas where H. pylori infection was common such as India,
Thailand, Bangladesh and Pakistan, and gastric cancer was rare, whereas in other areas where
H. pylori was prevalent gastric cancer was frequent (i.e., China, Japan and Korea).”'8 The basis
of this enigma rests on epidemiological observations taken out of their historical context.

Historically, the fact that gastric cancer was closely associated with atrophic gastritis has led
to numerous studies of the epidemiology of gastritis in the pre-H. pylori era (e.g., see Cheli et
al.%6). Unfortunately, this large body of information was, and still is, often underutilized by
H. pylori researchers. In reality, when H. pylori was confirmed as being one cause, if not the
cause, of gastritis, one question should have been how much of what had been learned before
could be directly transferred to H. pylori. Studies asking that question soon showed that most
of the information could be validly transferred.7:48

The link between patterns of gastritis and clinical presentation were also well known, yet many
investigators focus on the outcome (e.g., cancer) instead of the underlying condition. For
example, the Indian and Asian enigma, as well as the potential importance of a particular strain
(e.g., the so-called East Asian strain) often rely on differences in the prevalence of gastric
cancer among populations as the basis for their studies (i.e., gastric cancer is common in some
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parts of East Asia and uncommon in others or in the developed world). Such an approach
focuses on the present while ignoring the fact that recent findings often reflect a rapid change
in the prevalent disease.

For example, at the turn beginning of the 20th century, gastric cancer was more common in
the western world than in Japan.#® In 1930 gastric cancer was the most common cancer in the
USA and more than 25% of adults over the age of 60 were found to have gastric atrophy
(histamine fast achlorhydria) (Fig. 2).2° Duodenal ulcers were also uncommon in the western
world until the late 19th century but by the mid-20th century they had became an important
clinical problem (Fig. 3).33

The change in the pattern of disease actually reflected a change in the underlying dominant
patterns of gastritis (from atrophic to nonatrophic). These factors related to changes in the
pattern of the disease (i.e., the fall in the incidence of cancer) also reflect changes in the pattern
of gastritis (i.e., identifying what potentially protects the gastric corpus or reduces the rate of
development of its atrophy).25:47

As noted above, host genetics affect individuals and generally cannot explain widespread
changes such as the fall in gastric cancer incidence among many populations.2> Similarly,
because the infection is acquired in childhood and is often lifelong, one can, by comparing
strains from the young and old, investigate whether the predominant strain has changed
coincident with marked changes in outcome (here cancer incidence). The answer is no. What
changed was the environment; the most likely candidate is the diet, such as changes in food
storage and perseveration, a change from seasonal diets to a year-round availability of fruit
and vegetables and the fortification of food with vitamins.2%:47 Long ago, we named the pattern
of diet and food presentation associated with corpus-sparing gastritis the banana hypothesis.
47 While the details remain to be worked out, a hypothesis such as an East Asian strain promotes
cancer, or a genetic difference in the host is responsible for preventing gastric cancer in a
population are probably best described as wishful thinking. The real H. pylori enigma is why
so many H. pylori investigators seem to put hard work before hard thinking.

East Asian strain and gastric cancer and the Asian enigma

There has been considerable interest in the role of H. pylori virulence factors in cancer
pathogenesis. The dominant genotype in Japan is the cag pathogenicity island positive/vacA
sic subtype.>! CagA from patients with gastric cancer was noted to have a greater molecular
weight generally compared to that from patients with simple gastritis or with duodenal ulcers.
This difference was found to be related to a different number of repeats in the 3’ region.>2 CagA
is known to be injected into epithelial cells and undergoes tyrosine phosphorylation leading to
the activation of multiple signaling factors. CagA is tyrosine-phosphorylated at Glu-Pro-1Ile-
Tyr-Ala (EP1'YA) motifs located in the 3’ region of cagA gene, result in changes in membrane
dynamics, actin cytoskeletal rearrangements, inflammation, proliferation and anti-apoptotic
nuclear responses based on in vitro studies using gastric cancer cell lines (see Backert and
Selbach %3).

The structure of the 3’ region of the cagA gene varies between strains from East Asian and
western countries.>*5° In East Asian strains two types of repeats are found: 57 bp repeats
followed by 162 bp repeats (East Asian type cagA or type 1a). Strains in western countries also
have 57 bp repeats, but they are followed by a repeat region consisting of 102 bp repeats, which
are completely different from those of East Asian strains (western type cagA or type 2a).
Recently another classification of the repeat region has been proposed based on the sequences
surrounding EPIYA motifs; EPIYA-A, -B, -C, and -D.%% EPIYA-A and -B are conserved in
both western and East Asian strains and correspond to the first repeat region, whereas EPIY A-
C is specific to western strains and EPIYA-D is specific to East Asian strains and corresponds
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to the second repeat region. Overall, western and East Asian strains contain AnBnCn or
AnBNDn, respectively, where ‘n’ is the number of repeating motifs, but ‘n’ does not have to
be equal for A, B, C and D types (e.g., ABBCCC type [A1B2C3]).

CagA has been reported to interact with various target molecules in host epithelial cells. The
best studied of these is SHP-2, an oncoprotein, cytoplasmic Src homology 2 domain of Src
homology 2 phosphatase. Due to structural differences between EPIYA-C and -D motifs, the
East Asian type CagA exhibits a stronger binding affinity for SHP-2 than does the western
type CagA.>"+%8 |t has been hypothesized that this difference in the cagA gene structure might
be related to the high incidence of gastric cancer in East Asian countries compared to many
other countries.

This hypothesis ignores the data discussed above relating to the marked change in gastric cancer
incidence since 1900, and the fact that there are high-incidence western countries. The
incidence of gastric cancer in Costa Rica, a western country, is also currently higher than it is
in Japan. It appears more likely that the presence of the East Asian strain simply describes the
predominant strain in a high cancer region. By definition, the prevalence of atrophic gastritis
is also high, so this association is assured. A comparison with the predominant strain in a region
with a low cancer incidence would expect to find a different strain and thus appear to confirm
the original hypothesis, when in fact it only confirms the fact that the predominant strain often
differs among regions. To test the hypothesis, one would need to compare the strains from a
low risk subpopulation, such as the offspring of migrants from the Japanese mainland or young
Japanese now that the incidence of cancer is fallen. To date the logic supporting a special role
for the East Asian strain in gastric cancer is circular and, considering the rapid changes that
have recently occurred in gastric cancer as well as the changes occurring in the developed
world over the last 100 years, is most likely to be incorrect. However, as noted, it is testable.

In summary, there are very little data to support the premise that any of the so-called H.
pylori enigmas are other than medical myths. Better data served to slay the African enigma.
The only enigmatic feature of its children, the Asian and Indian enigmas, is that they were
called enigmas. The Costa Rican enigma related to CagA and gastric cancer and the author
who defined it also seemed to think it was a nonentity.? It is clear that the predominant clinical
manifestation of H. pylori infection in different regions varies and the details as to why this is
true remain unclear. The rapid change in the incidence of gastric cancer that occurred in the
developed world and that is currently occurring in Japan illustrates that hypotheses based on
differences in disease using a contemporary snapshot are likely to be misleading. The
predominant pattern of gastritis has been observed to change much more rapidly than can be
accounted for by changes in host genetics and there is no evidence that these changes are related
to changes in the predominant H. pylori strain. The factors that link most closely to preventing
atrophic gastric corpus are environmental with food preservation and diet currently assuming
the most prominent roles. A focus on disease (i.e., cancer vs duodenal ulcer) instead of the
underlying patterns of gastritis fostered, and possibly helped to perpetuate, these mythical
enigmas. We suggest that a better strategy is to focus on the pathogenesis of underlying
histopathological differences which could also lead to the identification of better and specific
chemoprevention strategies.
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Figure 1.
Changes in the incidence of (e) gastric cancer and (m) Helicobacter pylori infection among

Japanese men age 65-69 during the latter half of the 20th century (Constance Wang and David
Y. Graham, unpublished observations).
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Proportion of US adults with histamine-fast achlorhydria in the first quarter of the 20th century.
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Figure 3.
Hospital admissions for patients with duodenal ulcers in London in the early 20th centuries

(adapted with permission from Sharma?®).
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